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ABSTRACT 

Bactericidal water filters were developed. For this purpose, nitrocellulose membrane filters 

were impregnated with different biosynthesized silver nanoparticles. Silver nanoparticles 

(AgNPs) from Aspergillus niger (AgNPs-Asp), Cryptococcus laurentii (AgNPs-Cry) and 

Rhodotorula glutinis (AgNPs-Rho) were used for impregnating nitrocellulose filters. The 

bactericidal properties of these nanoparticles against Escherichia coli, Enterococcus 

faecalis and Pseudomona aeruginosa were successfully demonstrated. The higher 

antimicrobial effect was observed for AgNPs-Rho. This fact would be related not only to 

the smallest particles, but also to polysaccharides groups that surrounding these particles. 

Moreover, in this study, complete inhibition of bacterial growth was observed on 

nitrocellulose membrane filters impregnated with 1 mg L
-1

 of biosynthesized AgNPs. This 

concentration was able to reduce the bacteria colony count by over 5 orders of magnitude, 

doing suitable for a water purification device. 
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1. Introduction 

Globally, eighty percent of gastrointestinal infectious and parasitic diseases are due 

to the use of non-potable water. Poor hygiene and lack or malfunctions of health services 

are some of the reasons for which diarrhea remains a major health problem in developing 

countries. Contaminated water and food are regarded as the main vehicles involved in the 

transmission of bacteria, viruses or parasites. Most pathogenic microorganisms contained in 

the water are removed in the early stages of treatment for water purification. However, 

water disinfection is necessary as one of the last steps to prevent drinking water is harmful 

to our health. In special situations, silver salts are used to maintain the bacteriological 

quality of drinking-water [1]. However, high levels of silver content in water could cause 

possible human health effects [2]; so it must be taken with special care. 

In the last years, the biosynthesis of metallic nanoparticles has been proposed as an 

environmental friendly alternative to chemical and physical methods [3]. These last 

methods, usually,  employ hazardous and toxic chemicals such as reducing agents, organic 

solvents, or non-biodegradable stabilizing agents which are potentially dangerous to the 

environment and biological systems [4]. 

Recently, microbiological methods for synthesis of metallic nanoparticles have 

attracted an ever-growing research interest [5-9]. These biological methods are a green 

chemistry approach that interconnects nanotechnology and microbial biotechnology. On the 

other hand, among the metallic nanoparticles, silver nanoparticles (AgNPs) have received 

much attention in various fields, such as antimicrobial activity [10], therapeutics [11], bio-

molecular detection [12], silver nanocoated medical devices [13] and optical receptor [14]. 



Hence, biogenic approach, in particular the usage of microorganisms has offered a reliable, 

simple, nontoxic and environmental friendly method [15-17]. 

According to the World Health Organization [18],  many people worldwide do not 

have access to clean and potable water sources. The greatest water borne threat to human 

health is bacterial contamination of drinking water sources, leading to outbreaks of several 

diseases [19]. Recently, considerable interest has arisen in the use of nanotechnology for 

water purification [20]. In particular, nanomaterials can be used for small-scale or point-of-

use systems for water systems [2, 21] that are not connected to a central network and for 

emergency response following disasters. Such systems should be cheap, highly portable, 

non toxic, easy to use and distribute and require low energy input.  

In the present study, we have incorporated different kind of biosynthesized AgNPs 

obtained from Aspergillus niger, Cryptococcus laurentii and Rhodotorula glutinis into 

nitrocellulose membrane filter. The antibacterial effectiveness of developed filters was 

evaluated in contaminated water samples with Escherichia coli, Enterococcus faecalis and 

Pseudomona aeruginosa. To our best knowledge, until now, has not been found 

bibliography to report the use of biosynthesized AgNPs incorporated to nitrocellulose 

membrane filter used to purify drinking water. 

2. Materials and methods 

2.1. Silver nanoparticles used and their characteristics  

In the present work were used commercial AgNPs (Sigma Chemical, St. Louis, MO, 

USA) obtained by chemical synthesis and different extracellular biosynthesized AgNPs 



obtained from A. niger (NRRL 1419), C. laurentii (BNM 0525) and R. glutinis (BNM 

0524). The nanoparticles were synthesized and characterized in Industrial Microbiology 

Laboratory of Universidad Nacional de San Luis (Data unpublished). Characteristics are 

shown in Table 1. 

Table 1 

 

2.2. Microorganisms and culture  

Water borne pathogens such as E. coli (ATCC 8739), P. aeruginosa (ATCC 9027) 

and E. faecalis (ATCC 29212) were used as testing organisms. E. coli measures 

approximately 0.5 μm in width by 2 μm in length, while E. faecalis measures 0.6 μm in 

width by 2 μm in length and P. aeruginosa measures 0.5 μm in width by 1.5 μm in length. 

To prepare bacterial culture, bacteria were added to 100 mL of sterilized nutrient broth and 

agitated on a shaker (120 rpm) at 37 ºC during 24 h. The bacteria were separated from the 

nutrient broth by centrifuging for 10 min at 2800 rpm and then suspended in sterilized tap 

water and diluted to approximately 10
5
 colony-forming units (CFU) mL

-1
. 

 

2.3. Impregnation of nitrocellulose membrane filters with AgNPs  

The characteristics of nitrocellulose membrane filters employed (Sartorius Stedim 

Biotech) were: pore size 0.45 µm, thickness 130 µm, bubble point 2.4 bar and diameter 47 

mm. Prior to application, AgNPs were diluted with deionized water to achieve the 



appropriate concentrations. Solutions of the following concentrations were prepared: 1 mg 

L
-1

, 0.5 mg L
-1

 and 0.1 mg L
-1

. The nitrocellulose membrane filters were sprayed with 250 

μL of the different solutions of AgNPs. Then, the filters were dry at 60 ºC for 30 min and 

cooled at room temperature by 4 hour (Figure 1). The filters were characterized by 

scanning electron microscopy and energy dispersive X-ray spectroscopy (SEM–EDX) 

using a LEO 1450 VP. This instrument equipped with an energy dispersive X-ray 

microanalyzer (EDAX Genesis 2000) and a Si(Li) detector allowed the analytical electron 

microscopy measurements. The samples were sputter coated with gold. 

Figure 1 

 

2.4. Antimicrobial activity of nitrocellulose filter impregnated with Ag NPs  

The antimicrobial activity of the nitrocellulose membrane filters impregnated with 

AgNPs was measured by membrane filter method using APHA procedures [22]. Different 

solution with microorganisms were filtered through nitrocellulose membrane filter with the 

different AgNPs and subsequently incubated at 37 ºC for 48 h. Three replicates were 

performed for each sample. The retention capacity of the filter was also analyzed in the 

filtered liquid using the plate count method [22]. The culture of E. coli, E. faecalis and P. 

aeruginosa were performed in Chromocult Coliform Agar (Merck KGaA), Azide Agar 

(Merck KGaA) and Pseudomonas Agar P (Britania) respectively. In addition, control 

growth of different microorganisms was performed using filters without AgNPs. 

 



2.5. Silver content in effluent  

The silver loss from nitrocellulose membrane filter impregnated with AgNPs was 

determinate in the filtrate by ICP-OES [BAIRD (Bedford, MA, USA) ICP 2070]. The 1 m-

Czerny Turner monochromator had a holographic grating with 1800 grooves mm
-1

. The 

328.068 silver wavelength was used and systems were expressed as peak height, which was 

corrected against the reagents blank. 

 

3. Results and Discussion 

3.1. Characterization on nitrocellulose paper impregnated with Ag NPs 

Nitrocellulose filter impregnated with different AgNPs were characterized. The 

aggregation of AgNPs in the nitrocellulose paper was studied by SEM. Figure 2 shows 

SEM characterization of the nitrocellulose filters with different AgNPs and water (negative 

control). There, it can be seen that the adhesion of the chemical nanoparticles (Sigma 

Chemical, St. Louis, MO, USA) in filter fibers was less successful than the nanoparticles 

biosynthesized. Compounds surrounding the biosynthesized nanoparticles would be 

responsible of this phenomenon. Functional groups would interact with functional groups 

of nitrocellulose. It is possible that an interaction would occur between the carbonyl groups 

of proteins coated to the biosynthesized AgNPs and the nitrate groups of nitrocellulose 

filters (Figure 1). The macromolecules bind to nitrocellulose is not well understood, but 

both electrostatic and hydrophobic interactions have been suggested as possible binding 

mechanisms. According to van Oss et al. [23], the mechanism of binding of 



macromolecules to nitrocellulose by hydrophobic interaction is demonstrated by a 

minimum contact area of 100 Å and minimum value of free energy of adhesion (ΔG) of -

1.5 kT being required for stable fixation to the matrix. An example of this is SDS-protein 

complexes, which are negatively charged, bind to negatively charged nitrocellulose 

membranes [24]. Additional support for the hypothesis that hydrophobic interactions play a 

dominant role in the binding of proteins to nitrocellulose membranes comes from a study 

that compared the binding of antibodies and other proteins to nitrocellulose membranes in 

acidic, neutral and basic buffers [25]. 

 

In Figure 3, the different deposited AgNPs on the nitrocellulose filters was also 

evidenced using EDS (energy dispersive spectrometry). The presences of Ag peaks were 

observed in greater proportion in the nitrocellulose filters with biosynthesized AgNPs 

(Figure 3b, 3c and 3d) than commercial AgNPs (Figure 3a). These results confirmed 

micrographs obtained by SEM. 

In order to analyze the dispersion of the nanoparticles on the nitrocellulose filters, 

an Ag mapping was performed (Figure 4). As can be observed, the higher silver loading 

retained is observed in Figure 4b, 4c and 4d; in agreement with that seen in Figures 2 and 3. 

Figure 2 

Figure 3 

Figure 4 



 

3.2. Antibacterial effect of AgNPs in nitrocellulose filter 

E. faecalis and E. coli are considered to be indicator organisms of fecal 

contamination. Moreover, in costal marine waters, enterococci are the preferred fecal 

indicator [26]. On other hand, P. aeruginosa is an opportunistic pathogen and is capable of 

growing in water and colonizing various surfaces including water pipes [27].Thus, these 

bacteria were selected to evaluate the effectiveness of the system.  

After filtration, the filtered liquids were analyzed by plate count method [28]. In all 

cases the bacterial growth was negative, since the bacteria were retained on the filter also in 

the case of nitrocellulose filter without nanoparticles. But the control nitrocellulose 

membrane filter (without silver particles) did not show any inhibitory activity against the 

pathogen bacteria when the count of pathogens was performed with the retained by the 

filters. Table 2 show the degree of inhibition of filters impregnated with the different 

AgNPs. The bacterial growth is represented with the plus sign (+), and growth inhibition is 

shown with a minus sign (-). It is noted that the inhibition of E. coli, P. aeruginosa and E. 

faecalis was depended on the concentration and the origin of AgNPs.  

Filters with nanoparticles from R. glutinis and C. laurentii were more effectives 

than filters with nanoparticles from A. niger or chemicals (Sigma Chemical, St. Louis, MO, 

USA), against all bacteria. But, filters with nanopaticles from A. niger were more effectives 

against P. aeruginosa, than filters with chemical nanoparticles. 



The increased antimicrobial activity by biosynthesized AgNPs incorporated to 

filters, could be given by the polysaccharides arabinogalactan, arabinan and 

galactoglucomannan confirmed by Fourier transform infrared spectroscopy (FTIR) analysis 

(data not shown). These polysaccharides could contribute to the enhancement of the 

antibacterial activity of the biosynthesized AgNPs due to its ability to anchor the microbial 

cell wall and then penetrate it, thereby causing structural changes that affect the 

permeability of the cell membrane and cause cell death [29, 30]. In addition, the size and 

surface area of the nanoparticles are closely related since with decreasing size increases the 

surface area of biosynthesized AgNPs leaving a greater number of atoms exposed on the 

surface, which will be available interactions with cells [31, 32]. For example, the smaller 

particle size of AgNP-Rho (see Table 1) contributes to greater bactericidal activity. 

Moreover, this also justifies the best antimicrobial activity of AgNP-Asp regarding AgNP-

Com. Although both have similar particle sizes, the polymers associated with the 

biosynthesized AgNPs allowed a better bactericidal activity.  

According to US EPA standards, for a water purification device to meet, it must 

reduce the bacteria colony count by over 5 orders of magnitude [33-37]. In this context, 

biosynthesized AgNPs inhibited bacterial growth at level of concentration equal 1
 
mg L

-1
. 

Moreover, AgNPs-Rho obtained the same results with a concentration of 0.5 mg L
-1

. 

It is necessary to emphasize that the tested AgNPs have bactericidal effects resulting 

not only in inhibition of bacterial growth but also in killing bacteria. This irreversible 

inhibition of bacterial growth is desirable to prevent bacterial colonization of drinking 

water sources. In addition, all the impregnated filters preparations were perfectly stable for 

at least 8 month. 



Table 2 

 
 

3.3. Leaching of silver ion released from AgNPs 

The content of silver was analyzed in the effluent water by ICP-OES. The 

maximum average concentration of Ag
+
 leached from Ag NPs in the liquid filtrate were 

16.10
-5 

mg L
-1

, 2 .10
-5

 mg L
-1

, 7.10
-5

 mg L
-1 

and 1.10
-5

 mg L
-1 

for AgNPs-Com, AgNPs-

Asp, AgNPs-Cry and AgNPs-Rho respectively.  According to World Health Organization 

(WHO) [1], higher levels of silver, up to 0.1 mg L
-1

 (a concentration that gives a total dose 

over 70 years of half the human with no observed adverse effect level of 10 g), could then 

be tolerated without risk to health. In all case; levels of silver were below the limit 

recommended by WHO in relation to human health.  

Furthermore, the average concentration of Ag
+
 in the liquid filtrate of commercial 

AgNPs was an order of magnitude higher than biosynthesized AgNPs. Probably the major 

adherence to the biosynthesized AgNPs could be due to the protein and carbohydrate 

groups, encouraging a greater interaction with nitrocellulose membrane filter. 

 

3.4. Stability of AgNPs and porosity of the nitrocellulose membrane filter 

In order to establishing the stability of filters impregnated with AgNPs, a tap water 

solution was prepared with E. feacalis at a concentration of 10
5
 CFU mL

-1
. Different levels 

of the solution (0.5, 1, 3, 5 and 7 L) were filtered at a flow of 25 mL min
-1

. The filters used 



were impregnated with AgNPs-Asp. Subsequently, the filters were incubated for 48 hours. 

No growth was observed on any of the filters. These results showed a significant stability 

of impregnated filters, making them cheap and reliable for purifying water.  

Another test was conducted to evaluate if AgNPs will affect the porosity of the 

nitrocellulose membrane filter. In this context, the different membrane filters were analyzed 

by “bubble point method”, to detect the largest pores in a membrane filter. The analysis 

was performed using Bubble Point Tester "it-BP-HP” (measure range 200-7500 mbar), 

wetted with water. According to the results observed in Table 3, the pores sizes were 

slightly reduced by applying of different nanoparticles, especially by biosynthesized 

nanoparticles. However, using ANOVA test, there were no significant differences (p <0.05) 

between the groups with respect to commercial nitrocellulose membrane filter without 

nanocomposites. 

Table 3 

 

4. Conclusions 

In general, biosynthesized AgNPs had a higher antimicrobial activity than 

commercial AgNPs. The coated of polysaccharides on the surface of the biosynthesized 

AgNPs contributed to a better antimicrobial activity. The content of silver particles in the 

effluents water was below the limit recommended by WHO. The higher antimicrobial 

effect was observed for AgNPs- Rho, which is related not only to the smallest particles, but 

also to polysaccharides groups that surrounding the particles. Moreover, in our study, 



complete inhibition of bacterial growth was observed on nitrocellulose membrane filters 

impregnated with 1 mg L
-1

 of biosynthesized AgNPs. This concentration was able to reduce 

the bacteria colony count by over 5 orders of magnitude, doing suitable for a water 

purification device.  

 

Acknowledgements 

The authors would like to thank Universidad Nacional de San Luis, the Agencia 

Nacional de Promoción Científica y Tecnológica, and the Consejo Nacional de 

Investigaciones Científicas y Técnicas (CONICET) for providing the financial means and 

laboratory facilities. 

 

References 

[1] W.H. Organization, Guidelines for drinking water quality, fourth edit., World Health 

Organization, Geneva, 2011. 

[2] T.A. Dankovich, D.G. Gray, Bactericidal paper impregnated with silver nanoparticles 

for point-of-use water treatment, Environ. Sci. & Tech. 45 (2011) 1992-1998. 

[3] S. Otari, R. Patil, N. Nadaf, S. Ghosh, S. Pawar, Green biosynthesis of silver 

nanoparticles from an actinobacteria< i> Rhodococcus</i> sp, Mater Lett, 72 (2012) 92-94. 

[4] M.N. Nadagouda, G. Hoag, J. Collins, R.S. Varma, Green synthesis of Au 

nanostructures at room temperature using biodegradable plant surfactants, Cryst. Growth 

Des. 9 (2009) 4979-4983. 

[5] X. Zhang, S. Yan, R. Tyagi, R. Surampalli, Synthesis of nanoparticles by 

microorganisms and their application in enhancing microbiological reaction rates, 

Chemosphere, 82 (2011) 489-494. 



[6] N. Durán, P.D. Marcato, Biotechnological routes to metallic nanoparticles production: 

Mechanistic aspects, antimicrobial activity, toxicity and industrial applications,  nano-

antimicrobials, Springer, 2012, pp. 337-374. 

[7] N. Durán, P.D. Marcato, M. Durán, A. Yadav, A. Gade, M. Rai, Mechanistic aspects in 

the biogenic synthesis of extracellular metal nanoparticles by peptides, bacteria, fungi, and 

plants, Appl. Microbiol. Biotechnol. 90 (2011) 1609-1624. 

[8] K.B. Narayanan, N. Sakthivel, Biological synthesis of metal nanoparticles by microbes, 

Adv. Colloid Interface Sci. 156 (2010) 1-13. 

[9] A. Gade, A. Ingle, C. Whiteley, M. Rai, Mycogenic metal nanoparticles: progress and 

applications, Biotechnol. Lett. 32 (2010) 593-600. 

[10] M.M. Husein, E. Rodil, J.H. Vera, A novel method for the preparation of silver 

chloride nanoparticles starting from their solid powder using microemulsions, J. Colloid 

Interface Sci. 288 (2005) 457-467. 

[11] X. Wang, S. Li, H. Yu, J. Yu, < i> In situ</i> anion-exchange synthesis and 

photocatalytic activity of Ag< sub> 8</sub> W< sub> 4</sub> O< sub> 16</sub>/AgCl-

nanoparticle core–shell nanorods, J. Mol. Catal. A: Chemical, 334 (2011) 52-59. 

[12] B. Tomšič, B. Simončič, B. Orel, M. Žerjav, H. Schroers, A. Simončič, Z. Samardžija, 
Antimicrobial activity of AgCl embedded in a silica matrix on cotton fabric, Carbohydr. 

Polym. 75 (2009) 618-626. 

[13] F. Furno, K.S. Morley, B. Wong, B.L. Sharp, P.L. Arnold, S.M. Howdle, R. Bayston, 

P.D. Brown, P.D. Winship, H.J. Reid, Silver nanoparticles and polymeric medical devices: 

a new approach to prevention of infection?, J. Antimicrob. Chemother. 54 (2004) 1019-

1024. 

[14] S. Schultz, D.R. Smith, J.J. Mock, D.A. Schultz, Single-target molecule detection with 

nonbleaching multicolor optical immunolabels, P Natl Acad Sci. 97 (2000) 996-1001. 

[15] L. Zhao, Y. Wang, Z. Chen, Y. Zou, Preparation, characterization, and optical 

properties of host–guest nanocomposite material SBA-15/AgI, Physica B: Condensed 

Matter, 403 (2008) 1775-1780. 

[16] M. Choi, K.-H. Shin, J. Jang, Plasmonic photocatalytic system using silver 

chloride/silver nanostructures under visible light, J. Colloid Interface Sci. 341 (2010) 83-

87. 

[17] C. Hu, Y. Lan, J. Qu, X. Hu, A. Wang, Ag/AgBr/TiO2 visible light photocatalyst for 

destruction of azodyes and bacteria, J. Phys. Chem. B. 110 (2006) 4066-4072. 



[18] W.H. Organization, International Travel and Health 2010: Situation as on 1 January 

2010, World Health Organization, 2010. 

[19] W.H. Organization, Guidelines for drinking-water quality: First addendum to volume 

1, Recommendations, World Health Organization, 2006. 

[20] Q. Li, S. Mahendra, D.Y. Lyon, L. Brunet, M.V. Liga, D. Li, P.J. Alvarez, 

Antimicrobial nanomaterials for water disinfection and microbial control: potential 

applications and implications, Water Res. 42 (2008) 4591-4602. 

[21] X. Qu, P.J.J. Alvarez, Q. Li, Applications of nanotechnology in water and wastewater 

treatment, Water Res. 47 (2013) 3931-3946. 

[22] APHA. Standard Methods for the Examination of Water and Wastewater 21st edit. 

APHA American Public Health Association, 2005. 

[23] C.J. Van Oss, M.K. Chaudhury, R.J. Good, Interfacial Lifshitz-van der Waals and 

polar interactions in macroscopic systems, Chem Rev. 88 (1988) 927-941. 

[24] P.G. Righetti, Immobilized pH gradients: theory and methodology, Elsevier, 1990. 

[25] U.S. Singh, J. Kumar, A. Sachan, P. Singh, R. Singh, U. Singh, Use of DNA-binding 

fluorochromes for the nuclear staining in fungi, Molecular Methods in Plant Pathology. 

Singh RP, Singh US, CRC, Lewis Publishers, Boca Raton, London, 1995, pp. 53-60. 

[26] C. Almeida, S.O. González, M. Mallea, P. González, A recreational water quality 

index using chemical, physical and microbiological parameters, Environ Sci Pollut R. 19 

(2012) 3400-3411. 

[27] R.L. Anderson, B.W. Holland, J.K. Carr, W.W. Bond, M.S. Favero, Effect of 

disinfectants on pseudomonads colonized on the interior surface of the PVC pipes, Am J 

Public Health. 80 (1990) 17-21. 

[28] F. Gelman, L. Halicz, High-precision isotope ratio analysis of inorganic bromide by 

continuous flow MC-ICPMS, Int. J. Mass spectrom. 307 (2011) 211-213. 

[29] I.A. Shurygina, B.G. Sukhov, T.V. Fadeeva, V.A. Umanets, M.G. Shurygin, T.V. 

Ganenko, Y.A. Kostyro, E.G. Grigoriev, B.A. Trofimov, Bactericidal action of Ag (0)-

antithrombotic sulfated arabinogalactan nanocomposite: coevolution of initial 

nanocomposite and living microbial cell to a novel nonliving nanocomposite, 

Nanomedicine: NBM. 7 (2011) 827-833. 

[30] S. Prabhu, E.K. Poulose, Silver nanoparticles: mechanism of antimicrobial action, 

synthesis, medical applications, and toxicity effects, Int. Nano Lett. 2 (2012) 1-10. 



[31] A. Panáček, L. Kvitek, R. Prucek, M. Kolar, R. Vecerova, N. Pizurova, V.K. Sharma, 
T.j. Nevečná, R. Zboril, Silver colloid nanoparticles: synthesis, characterization, and their 
antibacterial activity, J. Phys. Chem. B. 110 (2006) 16248-16253. 

[32] G.A. Martínez-Castañón, N. Niño-Martínez, F. Martínez-Gutierrez, J.R. Martínez-

Mendoza, F. Ruiz, Synthesis and antibacterial activity of silver nanoparticles with different 

sizes, J Nanopart Res. 10 (2008) 1343-1348. 

[33] Guide standard and protocol for testing microbiological water purifiers,  US EPA. 

Office of Pesticide Programs, US EPA: Washington, DC, 1987, p. 19. 

[34] M. Abbaszadegan, M.N. Hasan, C.P. Gerba, P.F. Roessler, B.R. Wilson, R. Kuennen, 

E. Van Dellen, The disinfection efficacy of a point-of-use water treatment system against 

bacterial, viral and protozoan waterborne pathogens, Water Res. 31 (1997) 574-582. 

[35] R.G. Sinclair, J.B. Rose, S.A. Hashsham, C.P. Gerba, C.N. Haas, Criteria for selection 

of surrogates used to study the fate and control of pathogens in the environment, Appl. 

Environ. Microbiol. 78 (2012) 1969-1977. 

[36] C.D. Ericsson, R. Steffen, H. Backer, Water disinfection for international and 

wilderness travelers. Clin. Infect. Dis. 34(3), 355-364. 

[37] K.A. Reynolds, K.D. Mena, C.P. Gerba, Risk of waterborne illness via drinking water 

in the United States,  Rev Environ Contam T. Springer, 2008, pp. 117-158. 

 

Highlights  

A new method including nanotechnologies was used for water treatment. 

  An impregnated filter with commercial and biosynthesized AgNPs was used. 

Antibacterial effectiveness was evaluated in water samples according to WHO.  

Biosynthesized AgNPs reduced the bacteria colony count.  

Antimicrobial activity could be given by polysaccharides over silver nanoparticles. 
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Table 1. Principal characteristics of AgNPs used  1 

Origin 
Size 

(nm) 
Compounds surrounding nanoparticles 

Chemical 40 ± 4 None 

Aspergillus niger 40 ± 5 
High concentration of proteins and low 

concentration of  carbohydrates 

Cryptococcus 

laurentii 
35 ±10 

High concentration of carbohydrates type 

arabinogalactan. Low concentration of proteins. 

Rhodotorula 

glutinis 
15 ± 8 

High concentration of carbohydrates type 

arabinan and galactoglucomannan 

 2 

Table 1



1 

 

Table 2. Bacterial growth exposed to different concentration and type of AgNPs. 1 

 Ag NPs-Asp
a
  Ag NPs-Rho

a
  Ag NPs-Cry

a
  Ag NPs-Com

a
 

 1
 

0.5 0.1
 

 1 0.5 0.1  1 0.5 0.1  1 0.5 0.1 

E. coli - - +  - - +  - - +  - + + 

E. faecalis - + +  - - +  - - +  - + + 

P. aeruginosa - + +  - - +  - - +  + + + 

a 
Concentration 

 
expressed as mg L

-1 2 

Table 2



Table 3. Study of pore size change of the nitrocellulose membrane filters by AgNPs, using 

the bubble point method. 

 

Type of membrane filter Bubble point (bar) 

Without nanoparticles 2.48±0.01 

+ AgNPs-Com 2.55±0.01 

+ AgNPs-Asp 2.67±0.03 

+ AgNPs-Cry 2.73±0.02 

+ AgNPs-Rho 2.74±0.01 

 

Table 3



 

 

Figure 1. Scheme for possible interaction mechanism between the carbonyl groups of 

proteins coated to the biosynthesized AgNPs with the nitrate groups of nitrocellulose filters. 

Figure 1
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Figure 2
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Figure 2. SEM characterization of the nitrocellulose filters with different AgNPs and water 

(negative control). (a) AgNP-Com, (b) AgNP-Asp, (c) AgNP-Cry, (d) AgNP-Rho and (e) 

negative control. 
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Figure 3
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Figure 3. EDS spectra of the nitrocellulose filters with different AgNPs. (a) AgNP-Com, 

(b) AgNP-Asp, (c) AgNP-Cry, (d) AgNP-Rho, and (e) a negative control.  
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Figure 4
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Figure 4. Silver mapping on nitrocellulose filters with different AgNPs. (a) AgNP-Com, 

(b) AgNP-Asp, (c) AgNP-Cry and (d) AgNP-Rho. The bright areas correspond to AgNPs. 

 




