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ABSTRACT 

The present work highlights the high efficiency of silver nanoparticles (Ag-NPs) coated onto activated carbon 

(AC) granules in antimicrobial activities for water purification. Silver nanoparticles (Ag-NPs) were prepared by 

chemical reduction method. The formation of silver nanoparticles was monitored using UV-Vis spectroscopy. 

Green Activated carbon (AC) granules were synthesized from agricultural waste, the rice husk. The green 

activated carbon granules were coated with silver nanoparticles by impregnation of AC in super saturation 

solutions with different concentrations of Ag-NPs. The resulted Ag-NPs/AC were characterized by X-ray 

diffraction (XRD) and scanning electron microscopy (SEM). The antimicrobial susceptibility of the synthesized 

Ag-NPs/AC was investigated using inhibition zone and shake flask techniques against E. coli. The inhibition zone 

diameter increased with increasing NPs concentration. Thus, the minimum inhibition zone was 9 mm at Ag-

NPs/AC (50 µg/g) whereas the maximum inhibition zone diameter was 20 mm at Ag-NPs/AC (500 µg/g). In the 

Shake flask test, it was observed that the number viable bacterial cells incubated with the nanoparticles reduced 

drastically within 1 hour after treatment, while a 100% reduction in E.coli count was found after 3 hours 

incubation. This study reveals that the silver nanoparticle coated activated carbon can achieve effective 

antibacterial activity and can be efficiently utilized as an efficient composite material for removal of pathogenic 

bacteria in drinking water samples. 
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INTRODUCTION 

Removal of microorganisms from drinking water to obtain potable water is a critical requirement in various 

societies across the world, and particularly in India. World Health Organization (WHO) investigation showed that 

80% of diseases are due to contaminated drinking water. For that reason, there is an urgent need to re-evaluate 

conventional disinfection methods and to consider innovative approaches that enhance the reliability and 

robustness of disinfection. Water quality improvements inspired by these goals are currently focused on reducing 

diarrheal illnesses and, hence, are focused on biological contamination and related pathogen removal. To meet the 

increasing need for potable water, the use of nanotechnology has been increasing in recent years. Advancements in 

nanotechnology are being applied in the water purification industry, to keep harmful bacteria out of drinking 

water. 
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While the effectiveness of Activated Carbon (AC) to act as adsorbents for a wide range of contaminants is well 

documented (Junaid Saleem et al., 2019), the activated carbon is not easily and economically available because of 

its expensive cost. This has led to a search for low-cost and locally available materials, which could be considered 

the source of adsorbents. Hence, the need for production of activated carbon from locally available agricultural 

wastes is gaining prominence as they offer the most available and cheapest of all the known raw materials 

(Kushwaha et al., 2013; Rafatullah et al., 2013).  

However, carbon on its own does not remove or kill microorganisms. Silver nanoparticles (AgNPs) deposited or 

impregnated materials (metal, polymer, metal oxide, carbon, cellulose) have been widely investigated for their 

unique physico- chemical properties such as optical, electrical, catalytic and anti-microbial, due to their unusual 

interfacial effects. Among the available metal nanoparticles, silver and related materials have been utilized in 

many nano based commercial products for their antimicrobial property. Studies suggested that the antimicrobial 

performance is enhanced due to an increased surface area/reduced particle size. Hence, an intensive research effort 

has been made to introduce AgNPs in various materials for the effective antimicrobial properties. Recently, 

nanocomposites with multifunctional properties receive more attention as they represent a novel approach for the 

development composite films with antimicrobial activity. Hence, in order to impart antimicrobial properties to 

activated carbon, it is necessary to establish the maximum possible contact area between Ag with any 

microorganisms present in the water flowing through the activated carbon (Abdel Hameed et al., 2013). We expect 

this to be achievable, if Ag is coated as nanoparticles on the external surface of the granules of AC. 

In the current proposed research, we will address different parameters – isolation of the water borne E. coli from 

the Mudasarlova Reservoir, a drinking water supply system for Visakhapatnam city in Andhra Pradesh and the 

synthesis of silver nanoparticles coated activated carbon from agricultural wastes. Finally, we will investigate the 

efficacy of silver coated activated carbon (Ag-AC) as a composite material for the elimination of E. coli in 

drinking water samples. 

MATERIALS AND METHODS 

Collection of water samples and isolation of water borne E.coli 

Water samples were collected from the Mudasarlova Reservoir, a drinking water supply system for 

Visakhapatnam city in Andhra Pradesh. The water samples were serially diluted and inoculated onto the nutrient 

agar media and incubated at 37οC for 24 hrs. The obtained bacterial colonies were observed and E. coli were 

isolated based on the macroscopic and microscopic morphological methods as per Bergey manual. E. coli was 

purified by quadrant streaking on nutrient agar and maintained on the same medium as a working culture, while 

the stock was maintained in 10% glycerol at -20°C. 

Synthesis of Green Activated Carbon from Agricultural wastes 

Based on the main objectives of this research, as raw materials to produce activated carbon, rice husk was 

collected from the local market. The rice husk was placed in the furnace for thermal activation at about 500°C for 
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5 hours. Carbonization was followed by activation with treatment with 25% solution of CaCl2 for 24 hours. The 

activated carbon was then rinsed thoroughly and placed in an oven at approximately 100°C. 

Preparation of silver nanoparticles 

Silver nanoparticles were prepared according to the chemical reduction method adapted by Fang, et al., (2005). 50 

ml of 3 M silver nitrate was prepared, and then heated till boiling and 5 ml of 1% tri-sodium citrate was added 

drop by drop. The solution was mixed vigorously and heated until the colour changed to pale brown followed by 

stirring until cooled to room temperature. The aqueous solution was air dried up to 4 days so as to obtain a 

powdered form of sliver nanoparticles. 

Coating of Silver Nanoparticles onto the Activated Carbon Granules: 

The activated carbon granules were impregnated in 20 ml of silver nanoparticles solution of different 

concentrations (0.1, 1.0 and 1.5 mol/L) under vigorous stirring at room temperature overnight to make sure the 

coating was complete. The activated carbon coated with silver were then cured in a vacuum oven at 110°C for at 

least 2h to allow full coating of the silver nano-particles onto the activated carbon. 

Characterization of Ag-AC  

The ultraviolet–visible (UV–Vis) spectra was used for structural characterization of silver nanoparticles. The 

crystalline structure of Ag-Ac was examined by X-ray diffractometry (XRD) and Scanning electron microscopy 

(SEM). 

Antibacterial test 

Silver nanoparticles impregnated activated carbon was tested for their antibacterial effect against waterborne 

pathogenic E.coli under test. If this organism is killed, as a standard, all other borne-disease-causing organisms are 

assumed killed. 

(a) Plate Assay Method (Qualitative test) 

The E.coli seeded agar plates were prepared and seven mm diameter holes are made in the seeded agar using a 

sterilized cork borer. Different concentrations (50 µg/g, 100 µg/g, 250 µg/g and 500 µg/g) of Ag-AC particles 

were added in the holes and incubated at 37οC for 24 hours and the antibacterial effect is measured referring to the 

inhibition zone diameter. The inhibition zone of Ciproflaxin 20g is considered as control.  
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 (b) Shake flask test in saline (Quantitative test) 

For the shake flask test, 50 ml of sterile saline (0.9% NaCl) was inoculated with 1 ml bacterial suspension. 50 mg 

of Ag-AC nanoparticles were added to the flask and the contents were stirred on a rotary shaker at 37 οC. The 

samples were drawn periodically (0, 1, 3 & 24 hrs) from the flask and tested for the surviving E.coli by plate count 

method on M-Endo agar using standard procedures.  

RESULTS AND DISCUSSION 

Isolation of water borne E.coli 

The three basic tests to detect coliform bacteria in water i.e. presumptive, confirmed and completed were 

performed sequentially for each water sample by means of the most probable number tests (MPN). Measured 

aliquots of the water to be tested were added to a lactose broth (LB). These tests detect the presence of coliforms, 

Gram negative, non-spore forming bacilli that ferment lactose broth with the production of acid and gas that is 

detectable following a 24 h incubation period at 37°C. After the presumptive analysis, bacterial strains that showed 

close resemblance with E. coli were selected and analyzed for colony and cell morphology. Strains that differ in 

morphology were selected and streaked on their respective medium such as Eosin Methylene Blue Agar (EMB) or 

nutrient agar. Finally, bacterial strain that was sorbitol non-fermenting E. coli were selected for further study.  

Characterization of Ag-AC  

Silver nanoparticles coated green activated carbon granules were prepared as mentioned in the above section. The 

structural characterisation of silver nanoparticles was monitored using UV-Vis spectroscopy. A single broad peak 

centered at 430 nm in Figure 1 was observed that corresponds to the formation of silver nanoparticles (Lee et al., 

2007). The crystalline structure of Ag-AC was examined by X-ray diffraction (XRD) Philips Model PW 3710. 

Scanning electron microscopy (SEM) observations (Figure 2) were carried out on a JEOL JSM5900LV equipped 

with an OXFORD EDX probe. For SEM analysis, the loaded activated carbon sample was coated with a thin film 

of Au. The XRD pattern of impregnated Ag over active carbon showed amorphous carbon phase and silver in 

metallic phase (Kumar et al., 2004). All prominent peaks in Figure 3 at respective 2θ values known for zerovalent 

fcc silver representing the 111, 200 and 220 crystal planes due to Bragg's reflections are present (Khanna et al., 

2007).  
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Figure 1: UV-Vis Spectra of Silver Nanoparticles (AgNPs) 

 

 

 

Figure 2: SEM of Ag-AC 
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Figure 3: X-ray diffraction (XRD) of Ag-AC 

 

Antibacterial test 

(a) Plate Assay Method (Qualitative test) 

The antimicrobial susceptibility of synthesized Ag-NPs/AC was investigated using inhibition zone.  The diameter 

of inhibition zone (in mm) around the different concentrations of Ag-NPs granules with E.coli are shown in Table 

(1) which shows the inhibitory effect of silver impregnated activated carbon. It is revealed that inhibition of E.coli 

was obtained with all concentrations (Figure 4). The inhibition zone diameter increased with increasing NPs 

concentration. Thus, the minimum inhibition zone was 9 mm at Ag-NPs/AC (50 µg/g) whereas the maximum 

inhibition zone diameter was 20 mm at Ag-NPs/AC (500 µg/g). 

Table 1: Inhibition zone (mm) test results for E.coli with different concentrations of Ac/Ag NPs granules. 

Ag-NPs/AC 

50 µg/g 

Ag-NPs/AC 

100 µg/g 

Ag-NPs/AC 

250 µg/g 

Ag-NPs/AC 

500 µg/g 

Ciproflaxin 

20g 

 

9.00 11.00 18.00 20.00 29.00 
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Figure 4: : Inhibition zone for E.coli with different concentrations of Ac/Ag NPs granules 

 

(b) Shake flask test in saline (Quantitative test) 

In the Shake flask test (Table 2) to determine the antibacterial effect of the Ag-AC particles against E.coli, it was 

observed that the number viable bacterial cells incubated with the nanoparticles reduced drastically within 1 hour 

after treatment, while a 100% reduction in E.coli count was found after 3 hours incubation. Thus the activated 

carbon coated silver nanoparticles showed efficient antibacterial activity against E. coli that was similar to that 

found by Rastogi et al., 2011. 

Table 2: Total viable count as affected by the exposure time to different nanoparticles, using shake flask 

test. 

 

Contact time 

(hr) 

CFU/ml x 104 

0 100.00 

1 14.0 

3 0.0 

24 0.0 

CONCLUSION:  

In this study, silver nano-particles were coated onto green activated carbon from rice husk. The prepared Ag-AC 

NP were characterized by UV-Vis spectrophotometer, XRD and SEM. The active antibacterial property was 

measured by the clear zone formed by the silver containing activated carbon granules on the plate. The batch 

method showed that with the increase in contact time and the decrease in the bacterial count and complete 

inhibition was achieved. This study reveals that the silver nanoparticle coated activated carbon can achieve 
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effective antibacterial activity and can be efficiently utilized as an efficient composite material for removal of 

pathogenic bacteria in drinking water samples. 
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