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Abstract 

There are a variety of household water treatment systems (HWTS) 

on the market. The key differences are the materials used and the water 

purifying processes used. The majority of available household treatment 

devices are expensive, necessitating the development of low-cost or low-

cost treatment technologies. This study presents the main method of in 

situ reduction for the preparation of household water treatment systems 

using such Polyvinyl chloride (PVC) coated membrane with silver 

nanoparticles by using cloves aromatic extract as a reducing  and 

stabilizing agent. Effectiveness of these filters in reducing physical and 

biological parameters were also assessed. 

 Polyvinyl chloride (PVC) flat sheet membranes were prepared by 

the simplest techniques for membrane preparation by phase inversion at 

different PVC concentrations (10 – 14 wt. %) in solvents (N, N 

dimethylacetamide (DMAc). The antimicrobial activity of coated 

membrane and AgNP solution was investigated against Escherichia Coli 

(E. coli) by using disk diffusion and well diffusion test. Experiments were 

conducted to quantify the deactivation of E. coli in relation to different 

PVC concentration. The results show that the PVC microfiltration  

membranes in different concentrations are highly effective against 

waterborne pathogen bacteria (E. coli). Removal efficiencies for coated 

membranes (10%, 11%, 12%, 13% and 14%) PVC were (88.8%, 90.1%, 

90.9%, 91.9% and 94.1%) respectively.  

 The membrane with (3.5 wt. % PVC; 21.5 wt. % DMAc) was 

chosen due to its efficiency in removing E.coli, produces permeate with 

turbidity below 1 NTU, and has a high permeate flow rate. E. coli 

removal efficiency was above  99.8 % for a period of  2 hour of 

continuous filtration for synthetic feed. The Atomic Absorption 



  
 
 
 

II 
 

Spectrometer (AAS) results showed that the leaching of silver from the 

coated filters over time was always below 0.1 mg/L, which satisfies with 

the United States Environmental Protection Agency's (US-EPA) drinking 

water guideline and World Health Organization (WHO). 

 Scanning Electron Microscopy (SEM), Atomic Force Microscopy 

(AFM), contact angle, X-ray diffraction (XRD), and UV–Vis 

spectroscopy, were used to analyze the structure and grain size of the 

produced particles and membrane. SEM study was appeared that some 

substance on the surface of the Polyvinyl chloride coated membranes was 

recognized as AgNPs. The results of surface roughness of the membranes 

calculated from the AFM show that the average contact angle values of 

PVC membrane decreased with the addition of AgNP because of that the 

addition of AgNP had improved membrane hydrophilicity and the 

membrane with  concentration 14 wt. %,  had highest contact angle value 

(70.3º) decrease after the addition of AgNPs to (50.4º). The crystallinity 

and position of the crystal plane of the produced particles were similar to 

the standard Nano silver pattern, and the  average size of the 

nanoparticles was 46.99 nm, as established by the XRD pattern. In UV–

Vis spectroscopy, the silver colloids' absorption spectrum shows a surface 

plasmon absorption band with a maximum wavelength of 435 nm.  
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CHAOTER FOUR 

RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter discusses the results of the incorporation of AgNPs on 

the Polyvinyl chloride (PVC)  membranes, investigate the characteristics 

of the coated membrane, the bacteriological analysis of the filtered water 

samples before and after percolation through AgNPs membrane, evaluate 

the antibacterial effectiveness of the coated membrane whenever it comes 

into contact with bacteria medium, and an analysis of the silver content  

in the effluent water by using AAS. 

4.2 Coated membrane with silver nanoparticles 

Ag nanoparticles have been synthesized by reducing the aqueous 

solution of AgNO3 with clove extract. One interesting aspect here is that 

reduction time is quite small (few minutes instead of hours as compared 

to other natural precursors).The membranes color was changed from 

white to brown as shown in Fig. 4.1. This change was indicating the 

presence of silver nanoparticles and due to surface Plasmon resonance of 

silver nanoparticles. 

  

Fig. 4.1: Membranes; a) uncoated membranes, b) coated membranes. 

 

a

 

b 
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4.2.1 Characterization 

4.2.1.1 UV–vis spectroscopy 

UV-visible spectroscopy is one of the most widely used  techniques 

for structural characterization of silver  nanoparticles. The absorption 

spectrum  (Fig. 4.2) of the pale yellow-brown silver colloids  showed a 

surface Plasmon absorption band with a maximum of 435 nm indicating 

the present of  AgNPs. a surface Plasmon absorption band dictates the 

optical absorption spectra of metal NP. 

 

Fig. 4.2: UV–Vis absorption spectrum of silver nanoparticles obtained. 

4.2.1.2 X-ray spectroscopy (XRD) 

The XRD spectra for the AgNPs coating is shown in Fig. 4.3. X-

ray spectroscopy is widely used for qualitative and quantitative chemical 

analysis, in particular, in electron microscopes. The X-ray results show 

that the silver nanoparticle is a pseudo-random substance with crystal 

structure in some directions and in the main direction 38.2̊, 44.4̊, 64.9̊ and 

78.0̊. The SEM results are supports these results, which show that the 

particle size ranges between (35-110) nm and the average nanoparticle 

size ranges between (41-72.5)nm,  and this support the results of X-ray 
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diffraction in some directions, which tend to randomly structure 

(nanostructure). 

 Smaller Ag nanoparticles have a number of advantages, including 

high conductivity, chemical stability, and catalytic and antibacterial 

activity, making them ideal for a variety of applications. 

 

Fig. 4.3:  XRD patterns of the AgNPs on the coated membrane for 2 theta 

angles between 30o and 80o. 

4.2.1.3 Morphology 

In SEM, the membrane sample is struck with a narrow beam of 

electrons and these electrons cause the sample to release secondary 

electrons which are then detected and an image of the surface is formed, 

[Shrestha, 2012]. Surface morphologies of the membranes were observed 

using SEM to find numerous small particles generated on all membrane 

surfaces. Fig. 4.4 shows the SEM micrographs of the uncoated and coated 

membranes .  
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1pva)  1b) pv 1pv c) 

2pva)  2pvb)  2pvc)  

3pv a) 3pvb)  3pvc)  
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- continued  

   

   

Fig. 4.4: Structure of Polyvinyl Chloride obtained by SEM: a) the membrane 

before embedding with AgNPs, b) cross section of uncoated membrane, c) the 

membrane after embedding with AgNPs. 

The Polyvinyl Chloride (PVC) structure of membranes was visible 

in micrographs. There appeared to be no significant difference in the 

morphology of uncoated and coated membranes and the cross section of 

MF membrane showed a sponge-like morphology with interconnected 

pores. However,  some matter was observed on the surface of the coated 

membranes that was postulated to be the AgNPS. The low magnification 

SEM image of Ag NPs loaded PVC membrane illustrates that the AgNPs 

4pva)  4pvb)  4pvc)  

5pva)  5b) pv 5pvc)  
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uniformly distributed on membrane surface on a relatively large surface 

area. The present of silver on PVC membranes did not significantly affect 

the original pore structure of membranes on the macroscopic scale. 

4.2.1.4 Atomic Force Microscopy (AFM) 

As seen in 3-D image in Fig. 4.5, AFM images gave further 

information concerning the topography of the PVC-based membranes 

before and after the addition of AgNPs . The brightest regions in this 3-D 

image show the most elevated areas of the material surface, while the 

darkest regions represent the membrane pores. 

Uncoated membrane Coated membrane 
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- Continued 

Uncoated membrane Coated membrane 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

Fig. 4.5: Three-dimensional (3-D) Atomic Force Microscope (AFM) images of the 

uncoated and coated surfaces of the PVC membranes. 

Pv3 Pv3 
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The results of the AFM assays do not show the particle size, but 

rather the size of the folds of the surface of the membrane and may 

include more than one particle due to the agglomeration of nanoparticles, 

which is evidenced by the UV results, which indicate that high absorption 

occurs after 435 nm and this is the result of nanoparticles agglomeration 

in the liquid The result of the delay in conducting the examination. 

 The surface roughness of the membranes calculated from the AFM 

analysis play a decisive role in the fouling propensity of the membranes. 

One of the most effective variables to enhance the antifouling capacity of 

membranes is the surface roughness. Thus, membranes with a smoother 

surface have better fouling impedance, as conducted by Ghadhban, 2020. 

The roughness value of PVC membrane decreased after the addition of 

AgNP. These results agree with  Mollahosseini et al., 2012, has been 

reported that smoother surface was formed by the introduction of 

inorganic nanoparticles into polymeric membrane. AgNP aggregates onto 

membrane surface could cause the increase in surface roughness,this is 

what happened in the membranes pv1 and pv3. The mean pore size refers 

to the diameter on the entrance of the pores where AFM generally gives a 

funnel structure due to the tip-sample convolution, which is agree with 

the finding conducted by  Carvalho et al., 2011. All membranes present a 

mean pore size in the range of microfiltration. Table 4.1 supports these 

outcomes. 
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Table 4.1. Mean pore size and the mean roughness (Ra) of prepared membranes. 

 

Membrane 

Mean roughness (Ra), nm Mean pore size, nm 

Uncoated pvc Coated pvc Uncoated pvc Coated pvc 

Pv1 

Pv2 

Pv3 

Pv4 

Pv5 

2.75 

3.99 

2.52 

5.01 

8.66 

2.95 

2.57 

2.7 

1.46 

4.17 

204.71 

308.53 

259.28 

462.63 

322.67 

298.24 

273.76 

281.14 

206.41 

278.08 

 

4.2.1.5 Contact  angle 

The membrane hydrophilicity was evaluated from the surface 

contact angle, [Samree et al., 2020]. The average contact angle values of 

the uncoated and coated PVC membranes are given at Table 4.2. It was 

clearly seen that the contact angle of PVC membrane decreased with the 

addition of AgNP, because that the addition of AgNP had improved the 

membrane hydrophilicity and the membrane with 14 wt. %  had highest 

contact angle value (70.3º) decrease after the addition of AgNPs to 

(50.4º). This decrease in hydrophobicity can be potentially beneficial in 

preventing chemical fouling, but is beyond the scope of this study and 

will not be discussed here. This results agree with the results conducted 

by Basri et al., 2011, they are found that Ag particles had low surface 

tension of pristine PES and so the water can easily spread on membrane 

surfaces. Thus the membrane hydrophilicity was improved. 
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Table 4.2: The average  water contact angle values of the uncoated and 

coated PVC membrane with AgNps. 

 

Membrane 

Average Contact Angle, º  

Uncoated PVC Coated PVC 

PV1 

PV2 

PV3 

PV4 

PV5 

54.2 

63.1 

65.4 

67.02 

70.3 

18.2 

37.6 

41.95 

46.7 

50.4 

 

Many attempts have been made to enhance the hydrophilic layer on 

the existing membrane surface in order to enhance the hydrophilicity, 

antibacterial characteristics and membrane performance, resulting in 

more efficient membrane applications such as water and wastewater 

treatment. 

The contact angle values of  microfiltration and ultrafiltration 

membranes depend on their surface hydrophilicity (or hydrophobicity), 

roughness, porosity, pore size, and pore size distribution. For a membrane 

with a highly porous nature, the contact angle value may become very 

low, although the membrane is not necessarily hydrophilic. Similarly, the 

contact angle value of a membrane of higher surface roughness is higher 

compared to that of another membrane of lower surface roughness, 

although both membranes are of similar hydrophilic nature, [Kumar et al, 

2013]. 

4.2.2 Measurements of permeation flux 

In order to investigate the effects of deposition of AgNPs on the 

permeability of different membranes, the permeability of  PVC 

immobilized with AgNPs using the method described in chapter three 
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(section 2). The results of permeation flux and flow rate are illustrated in 

Table 4.3 

Table 4.3: Membrane  flow rate and permeation flux for different PVC 

microfiltration membranes. 

 

Sample 

Flow rate, (L/h) 

Uncoated 

PVC 

Coated 

PVC 

Pv1 

Pv2 

Pv3 

Pv4 

Pv5 

10 

9.7 

9.4 

9.2 

9.1 

7.8 

7.5 

7.2 

7 

6.6 

 

The decrease in membrane permeability were attributed to the 

deposited AgNPs on the membranes, which reduced the membrane 

surface porosity and pore size. Because that an increase in the number 

and size of the silver nanoparticles on membrane surface lead to the 

reduction of water permeability because the nanoparticles create a barrier 

to water transport.  The same phenomena were explained by Sawada et 

al., 2012. Generally, pv1 appeared to have the highest flow rate and flux, 

as expected, and the flow rate of pv5 were slightly lesser than another 

membrane, also as it  was expected. 

Furthermore, incorporated Polyvinyl Chloride with AgNP 

exhibited the increased hydrophilicity, leading to the increase of water 

permeability associated with higher affinity. This was because of high 

specific surface area and fraction of nanoparticles that provide specific 

functionality to the modified membrane for facilitating the hydrophilicity 

and permeability. 

 



esults and DiscussionR                                                                           Four Chapter 

  
 
 
 

63 
 

4.2.3 Porosity 

 Table 4.4 shows the porosity of the uncoated and coated  

membranes prepared from different PVC concentrations in dope solution. 

As it can be seen, the porosity of the flat sheet PVC uncoated membranes 

decreased from 90.5% to 70.84% with increasing of PVC concentration 

in dope solution from 10 wt.% to 14 wt.%, and the porosity of the flat 

sheet PVC coated membranes with AgNPs decreased from 79.8%  to 

65% with increasing of PVC concentration in dope solution. However, 

among the modified membranes, the porosity was decreased, which 

might be due to the blockage of membrane pores by the aggregation of 

nanoparticles.  

Table 4.4: The porosity of the uncoated and coated  membranes prepared 

from different PVC concentration in dope solution. 

Sample Porosity, %, PVC Porosity, %, PVC/AgNPs 

Pv1 

Pv2 

Pv3 

Pv4 

Pv5 

90.5 

89.1 

73.1 

71.1 

70.84 

79.8 

79.5 

78.3 

73.8 

65.8 

  

4.3 Determining disinfection efficacy 

4.3.1 Well diffusion 

The silver nanoparticles synthesized by natural plants extract was 

showed efficient antimicrobial property. The diameter of inhibition zones 

around each well (50, 100, and 150µL) is recorded in table 4.5. 150 µL of 

silver nanoparticles were found to have highest antimicrobial activity 

against E. coli (20 mm) and 50 µL the lesser antimicrobial activity of 

silver nanoparticles was found (17 mm) as shown in Fig. 4.7.  
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Table 4.5: Zone of inhibition of silver nanoparticles synthesized by natural plant 

extracts against Escherichia coli. 

Silver nanoparticle samples, 

µL 

Zone of inhibition (mm) 

against E.coli 

50 

100 

150 

17 

18 

20 

 

 

Fig. 4.7: The inhibition zones of AgNP in well diffusion method. 

4.3.2 Disk diffusion 

The results of disk diffusion test are shown in Fig. 4.8. Around 

uncoated membrane there was growth of Escherichia coli (E. coli) 

observed and no zone of inhibition formed for high E.coli concentration 

used in the test . However, there was clear zone  of inhibition around 

three  piece of  impregnated membrane with three different AgNO3 

concentration (0.001, 0.002, and 0.003 M). The largest zone of  inhibition 

(10mm) resulted in the highest AgNO3 concentration, while, smallest 

zone of  inhibition (6mm) resulted in the lowest AgNO3 concentration . 

The piece of coated membrane with 0.002M of AgNO3 concentration has 

(9mm) of inhibition zone. A clear zone of inhibition around impregnated 

membranes was an indication of the antimicrobial  effect. This showed 

AgNp 

Inhibition  

AgNP 

sample, µL 

E.coli colonies  



esults and DiscussionR                                                                           Four Chapter 

  
 
 
 

65 
 

that the antibacterial action was purely due to the AgNPs imbedded in the 

PVC membrane and not to the membrane itself. Other investigations had 

come to the same conclusion, conducted by Dankovich, 2011; Achisa et 

al., 2014 

 

Fig 4.8: Represented to disk diffusion test with different AgNO3 concentration 

(s1=0.001M; S2=0.002M; S3= 0.003M; S4= uncoated membrane). 

4.3.3 Removal efficiency 

Experiments were conducted to quantify the deactivation of E. coli  

in relation to different PVC concentrations. E. coli was chosen as a model 

for the reduction of bacterial pathogens in water. 55000 CFU/100 mL of 

E.coli concentrations  were employed for this test using synthetic feed. 

Water samples were also collected in sterile glass bottles, to conduct the 

microbiological analyses in order to determine the number of E. coli 

bacteria before and after disinfection. 

Fig. 4.9 shows that PVC micro filtration  membranes in different 

concentration are highly effective against waterborne pathogen bacteria 

(E.coli). Removal efficiency for coated membranes pv1, pv2, pv3, pv4 and 

pv5 was (88.8%, 90.1%, 90.9%, 91.9% and 94.1%) respectively. 



esults and DiscussionR                                                                           Four Chapter 

  
 
 
 

66 
 

 

Fig. 4.9: The removal efficiency of un coated and coated PVC membrane. 

The removal efficiency for uncoated was less than the removal  

efficiency for coated as shown in Fig. 4.9, which indicate that colloidal 

silver reduces bacterial contamination as it kills bacteria by inactivating 

their metabolic enzymes or by attaching to the cellular membrane, and 

because the silver has bacteriostatic properties and  inactivates bacteria by 

disrupting the desulphated bonds of proteins in the  cell membrane or by 

inhibiting DNA replication. 

The reality is that all correctly manufactured filters reduce  

microbiological contaminants significantly, and that silver is a necessary  

additive to the membrane to prevent bacterial growth in the filter itself. 

Pv5 membrane (3.5 % PVC; 21.5 % DMAS) was chosen due to its 

efficiency in removing E.coli. 

 

4.4 Turbidity   

Turbidity is the suspension of particles in water that obstructs the 

transmission of light. Turbidity is the measurement of water clarity, 
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caused by a wide spectrum of suspended matter, ranging in size from 

colloidal to coarse dispersion depending on the degree of turbulence, and 

ranging from pure inorganic to highly organic compounds. The results 

from the filtration using both the uncoated and coated filters (PV5) are 

shown in  

Fig. 4.10. 

 

Fig. 4.10: Average permeate turbidities for river water (60 NTU) using uncoated 

and coated membrane. 

As shown in Fig. 4.10, AgNPs/PVC microfiltration membrane 

reduced the turbidity of water sample to 0.5 NTU over time. The turbidity 

of the permeate from both the uncoated and coated filters was generally 

less than 1 NTU, and so met the specified requirements for potable water 

[WHO, 2017]. PVC  membrane filtration are highly effective at reducing 

turbidity provided that the membranes are intact. In general, 

microfiltration process achieve filtered water turbidity of less than 1 
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NTU. This finding was agreed with the other studies conducted by Laine 

et al., 2000; AWWA, 2005; and Guo et al., 2010. 

Membrane filtration is an absolute barrier to remove any particle 

that is larger than the exclusion characteristic of the membrane system. 

However, any breach in the integrity of a membrane or leak in the system 

could allow particulate matter into the filtrate and therefore increase the 

turbidity. The ability of turbidity monitoring to detect breaches can vary 

significantly. 

 

4.5 Effect of time on silver elution from AgNPs coated materials 

 Silver nanoparticles may leach into drinking water filtration 

systems when polymeric materials incorporating silver nanoparticles are 

used. Deionized water were filtered with  system test over period 2 h at 1 

bar to investigate the evolution of silver elution over time and 

investigation of the effect of permeate flow rate on silver leaching. The 

silver content of the filtered water analysis after every 15min was 

measured by using an Atomic Absorption Spectrophotometer as shown in 

Fig. 4.11. 

The silver elution is mainly caused by weak adhesion forces 

between AgNPs and the pvc membrane, as well as nanosilver dissolution 

in water, which leads to the release of silver ions. As shown in Figs. 4.11 

and 4.12, silver elution decreased significantly of continuous filtration 

(the Ag+ concentration in the filtrate decreased as more water was 

filtered). The biggest part of silver release occurs at the beginning of 

immersion in the water bath. This fast decrease  in  the  release  of  silver  

is  qualitatively. This results was similar to other results conducted by, 

Dong et al., 2017; Aline et al., 2020.   
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Fig. 4.11: Silver concentration in permeate over time. 

The leaching process can be caused by physical damage or 

improper nanoparticles embedding techniques, [Ng et al., 2013]. The 

major causes of silver elution include weak adhesion forces between 

AgNPs and the pvc membrane, as well as nanosilver dissolution in water, 

which results in the release of silver ions, [Achisa, 2014].   

 

Fig. 4.12: Permeate  flow rate over time. 

Silver ion concentrations in the permeate were very low in 

filtration testing, with less than 0.01 µg/L, which satisfies with the United 

States Environmental Protection Agency's (US-EPA) drinking water 
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guideline (less than 0.1 mg/L). This was related to the silver 

nanoparticles' stability in the filters. From this viewpoint, employing 

silver immobilized membranes for membranes is unlikely to cause any 

health risks, as the Ag released was significantly lower than the WHO 

standard. 

4.6 Effect of permeate flow rate on leaching of silver 

To investigated the effect of permeate flow rates on the leaching of 

silver from polymer  by using pump, the filter was run at different 

operating pressure in order to obtain difference in permeate flow rates for 

1  day. The leaching of Ag+ was confirmed by Atomic Absorption 

Spectrophotometer (AAS) analyses, the leaching value is 0.005 µg/L at 

20 kPa and 0.009 µg/L at 45 kPa after continuous use for a period of 

1day. The Ag+ concentration in the filtrate decreased as more water was 

filtered. This study concluded that a higher operating pressure does not 

release the silver impregnations from the polymer, which means the silver 

embedded into the filter is held very strongly by PVC polymer. 

 

4.7 Disinfection efficacy over time 

The current study endeavored to test the performance of the coated 

filters without formation of the cake layer by using synthetic feed over 

time. 20 L synthetic feed (66000 CFU/100mL) was filtered and 100 mL 

of permeate was collected randomly into a sterile glass bottle and 

analyzed for the presence of E. coli and investigated for silver. 
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4.7.1 Effect of silver leaching on the disinfection efficacy 

The present study attempted to investigate the relationship between 

the elution of silver from the coated filter and the disinfection efficacy 

achieved over time. Figs. 4.13 show the effect of time on permeate flux . 

 

Fig. 4.13: Permeation flux from the membrane with time. 

Decrease in flow rate over time is because the particles of the 

component(E.coli) being rejected by the membrane  and killed by Ag +  

ions accumulate on the membrane surface and obstructs the passage of 

the solvent through the membrane. If the process is allowed to continue to 

run, the rejected layer on the membrane surface grows thicker and 

becomes more and more resistant to solvent flow and this result in the 

flux dropping (Initial flux is a term used mostly with constant pressure 

systems, initial flux is the flux at the beginning of filtration and is usually 

high because at this stage the membrane is clean and flux is affected 

mainly by four factors: pressure, concentration, temperature and 

turbulence adjacent to membrane surface). Fig. 4.13 shows the silver 

elution findings from the filters. Silver leaching decreased with time, 

most likely due to decreased silver concentration on the filters. This agree 
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with  [Zodrow et al, 2009], they were reported that as more water was 

filtered, the silver concentration in the filtrate was observed to drop. They 

are observed that when 10% of the silver put on the UF polysulfone 

membranes was lost, the antibacterial and antiviral properties of the 

coated membranes were significantly reduced. 

In this study the term disinfection refers to both physical removal 

of E.coli due to size exclusion by filtration and inactivation by AgNPs. 

The efficiency of E. coli removal above  99.8 % (Fig. 4.14) . Moreover,  

the performance of the silver nanoparticle-coated PVC membrane was 

evaluated in terms of silver in the effluent and compliance with the 

drinking-water quality standards. This clearly demonstrates that PVC 

membrane embedded with AgNPs had good antimicrobial activity against  

E. coli. E. coli colony forming units (CFU) per 100 mL should be zero in 

drinking water and in municipal water filtration, and LRV of 4 or 5 is 

recommended, as cited by Baker and Richard, 2004. From Fig. 4.15 the 

results do not match these specifications. [WHO, 2003] categorizes the 

risk of poor water quality as “low” if there are 1–10 CFU per 100 mL, 

“moderate” for values between 11 and 100, and “high” for levels greater 

than 100. 
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Fig. 4.14: Effect of sample collection time on the disinfection efficacy for 

synthetic feed of  (66000 CFU/ 100 mL). 

It was however noted that the removal efficiency remained  

high despite the decreasing silver leaching was below 0.004 mg/L. Pore 

blockage by E. coli itself may be responsible for the improved rejection in 

the synthetic feed water. Aside from pore blockage, another mechanism 

that could contribute to E. coli rejection in synthetic feed water is E. coli's 

release of sticky biofilm after death. This biofilm totally closes the pores 

of the membrane, according to the findings of the membrane bioreactor 

by Simon, 2010, because it coats the membrane's surface and is usually 

very sticky. These results suggest that Ag+ was the main antimicrobial 

agent. 
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Fig. 4.15: Colony of bacteria formed: a) before percolation through uncoated 

PVC membrane . b)After percolation through coated PVC membrane. 

The antibacterial mechanism of AgNP, as reported in previous 

literature, is the release of silver ions (Ag+) that can induce cell 

membrane damage, promote generation of Reactive Oxygen Species 

(ROS) and Disrupt Adenosine Triphosphate (ATP) production and DNA 

replication, ultimately causing the death of bacteria. This finding was 

agree with the finding conducted by [Qi et al., 2018] . 

 

4.7.2 Effect of leaching rate on the disinfection efficiency 

Samples of permeate from the filters from the disinfection 

performance were collected randomly and investigated for silver leaching 
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using Atomic Absorption Spectrometer (AAS). Fig. 4.16 shows the silver 

elution findings from the PV5. Silver leaching decreased with time, most 

likely due to decreased silver concentration on the filters. This agree with  

[Zodrow et al, 2009], who reported that as more water was filtered, the 

silver concentration in the filtrate was observed to drop. They were 

observed that when 10% of the silver put on the UF polysulfone 

membranes was lost, the antibacterial and antiviral properties of the 

coated membranes were significantly reduced. 

 

Fig. 4.16: Silver concentration from the membrane with time at PV5. 

Although silver elution contributes to the disinfection efficacy, it 

also reduces the amount of silver on the membranes, potentially reducing 

the filter's effectiveness. Bacterial removal effectiveness improves with 

membrane usage and increased filtration time. This can be attributed to 

the biological layer maturing as a result of greater membrane usage. The 

biological layer is also responsible for the decrease in flow rate when the 

pores become clogged due to dirt collection, which lengthens the contact 

period between membrane and the biological layer, which agree with the 

results Achisa, 2014. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction 

This chapter contains the concluding remarks, obtained from this  

study. It also provides suggested recommendations, that could be 

valuable in upcoming works. 

 

5.2 Conclusions 

The following conclusions were formed based on the results 

obtained: 

1. The chemical reduction of AgNO3 using cloves extract as a reducing 

agent produced spherical silver nanoparticles that were efficiently 

disseminated and stabilized on Polyvinyl chloride PVC polymer, and can 

successfully embed silver nanoparticles into PVC membrane. 

2. The flow rates were high in the early stages of filters use and operation 

and decreased with an increase in time and the volume of water filtered 

through. 

3. The Poly Polyvinyl chloride vinyl chloride micro filtration membrane 

can produce enough drinking and cooking water for a family of small 

members due to their flow  rates. These filters may be considered for 

treating contaminated water at household scale in places where water is 

taken directly from the source without treatment. 

4. The membrane characterization analysis revealed that increasing the 

PVC percentage in the dope solution reduced the size of macro voids and 

revealed sponge-like elements in the reported SEM images. The 

roughness of the PVC membrane decreased after the addition of AgNP. 

Furthermore, the contact angle of the PVC membrane was clearly seen to 

decrease with the addition of AgNP. 
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5. The turbidity of the permeate from both the uncoated and coated filters 

was generally less than 1 NTU, and so met the specified requirements for 

potable water.  

6. The results show that, porosity will decrease with the increase of 

polymer concentration .  

7. The results show that, it is possible to conclude that the PVC 

microfiltration membrane that prepared from ( 14 PVC wt.% and 86 wt.% 

DMAS) with lower porosity were found to be have the better removal 

efficiency (94.1%). 

8. Using Polyvinyl chloride micro filtration membrane to treat water 

eliminates the need to add chemicals to the water, avoiding chemical taste 

and odor issues as well as the formation of disinfection by-products, 

many of which are toxic (carcinogenic) over time. This therapeutic 

strategy is suitable for long-term use, especially in the context of 

development. 

9. Polyvinyl chloride microfiltration membrane simple to apply and to 

use, no need of high-skill labor and low level of training requested. 

10. The amount of silver leaching from the PVC membrane was very 

low, therefore the silver content in the effluent meets the 0.1 mg/L 

drinking water limits set by the Environmental Protection Agency (EPA) 

and the World Health Organization (WHO). Therefore the system can be 

used for potable water treatment without risk to human health resulting 

from high silver concentrations in treated water. 

 

5.3 Recommendations for future work 

 The following recommendations are suggested for future work:- 
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1. Studying other types of materials to be embedded with AgNPs for the  

purpose of water disinfection. 

2. Investigating the impact of organic and inorganic components found in 

natural water on the performance of AgNPs, coated membrane. 

3. Assessing the expulsion productivity of AgNPs membrane for different 

kinds of microbes present in water that could have health impact. 

4. Studying the relationship between particle sizes formed and removal  

efficiency. 

5. Investigate how the lifespan can be increased and how silver elution 

can be controlled. 

6. Develop a feasibility study to find out the cost of this treatment. 
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APPENDIX – A 

A1: Granularity AFM Normal Distribution Report And 

Chart Before Coating with AgNPs. 

 

 

 

 

Fig. A1.1: PV1 granularity AFM normal distribution report and chart before 

coating with AgNPs 
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Fig. A1.2: PV2 granularity AFM normal distribution report and chart before 

coating with AgNPs. 
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Fig. A1.3: PV3 granularity AFM normal distribution report and chart before coating with AgNPs. 
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Fig. A1.4: PV4 granularity AFM normal distribution report and chart before coating with AgNPs. 
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Fig. A1.5: PV5 granularity AFM normal distribution report and chart before coating with AgNPs. 
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A2: Granularity AFM Normal Distribution Report And Chart 

After Coating with AgNPs. 

 

 

 

Fig. A2.1: PV1 granularity AFM normal distribution report and chart after coating with AgNPs. 
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Fig. A2.2: PV2 granularity AFM normal distribution report and chart after coating with AgNPs. 
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Fig. A2.3: PV3 granularity AFM normal distribution report and chart after coating with AgNPs. 
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Fig. A2.4: PV4 granularity AFM normal distribution report and chart after coating with AgNPs. 
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Fig. A2.5: PV5 granularity AFM normal distribution report and chart after coating with AgNPs. 
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P1: Water droplets on the surfaces of the uncoated and coated 

membranes. 

 Photographs of water droplets on the surfaces of the uncoated 

and coated membranes are  shown in Figures below: 

 

 

  

P1.1: Water droplets on the surfaces of the uncoated (a) and coated (b) PV1 membranes. 
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P1.2: Water droplets on the surfaces of the uncoated (a) and coated (b)  PV2 

membranes. 
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P1.3: Water droplets on the surfaces of the uncoated (a) and coated (b)  PV3 membranes. 
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P1.4: Water droplets on the surfaces of the uncoated (a) and coated (b)  PV4 membranes. 
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P1.5: Water droplets on the surfaces of the uncoated (a) and coated (b)  PV5 

membranes. 
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APPENDIX – B  

DRINKING WATRE GUIDELINES 

Table B.1: World Health Organization Guideline values for bacteriological 

quality. 
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Table B.2: US Environmental Protection Agency Drinking Water Standards 

and Health Advisories. 

1Chemicals evaluated under the 2005 Cancer Guidelines or the 1996 or 1999 drafts are demoted by an abbreviation for 

their weight-of-the-evidence descriptor (see page iii). If the agency has not completed a new assessment for the 

chemical, the 1986 Guidelines Group designation (see page iii) is given in the Cancer Descriptor column. 
2 When Acrylamide is used in drinking water systems, the combination (or product) of dose and monomer level shall not 

exceed that equivalent to a polyacrylamide polymer containing 0.05% monomer dosed at 1 mg/L. 
3 The MCL value for any combination of two or more of these three chemicals should not exceed 0.007 mg/L because of 

a similar mode of action. 
4 Administrative stay of the effective date. 
5 PAH = Polycyclic aromatic hydrocarbon. 
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- Continued 

 

1 1998 Final Rule for Disinfectants and Disinfection By-products: The total for trihalomethanes (THM) is 0.08 mg/L 
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- Continued 

 

1 Under review. 
2 1998 Final Rule for Disinfectants and Disinfection By-products: The total for trihalomethanes is 0.08 
mg/L. 
3 1998 Final Rule for Disinfectants and Disinfection By-products: The total for five haloacetic acids is 0.06 mg/L. 
4 The values for m-dichlorobenzene are based on data for o-dichlorobenzene. 
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- Continued 

 
1 Technical grade.  
2 When epichlorohydrin is used in drinking water systems, the combination (or product) of dose and 
monomer level shall not exceed that equivalent to an epichlorohydrin-based polymer containing 0.01% 
monomer dosed at 20 mg/L. 
 3 1,2-dibromoethane. 
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- Continued 

 

1 Carcinogenicity based on inhalation exposure.  
2 Regulatory Determination Health Effects Support Document for Hexachlorobutadiene  
(http://www.epa.gov/safewater/ccl/pdfs/reg_determine1/support_cc1_hexachlorobutadiene_healtheffects.p
df).  
3 HMX = octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine. 
 4 Lindane =   hexachlorocyclohexane.  
5 MCPA = 4 (chloro-2-methoxyphenoxy) acetic acid. 
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- Continued 

 

11998 Final Rule for Disinfectants and Disinfection By-products: the total for five haloacetic acids is 0.06 
mg/L.  
2 The Health Advisory Document for nitrocellulose does not include HA values and describes this compound 
as relatively nontoxic.  
3 RDX = hexahydro -1,3,5-trinitro-1,3,5-triazine. 
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- Continued 

 

1 Under review.  
2 1998 Final Rule for Disinfectants and Disinfection By-products: The total for five haloacetic acids is 0.06 
mg/L. 
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- Continued 

 

1 MFL = million fibers per liter.  
2 Carcinogenicity based on inhalation exposure.  
3 Monochloramine; measured as free chlorine.  
4 1998 Final Rule for Disinfectants and Disinfection By-products: MRDLG=Maximum Residual Disinfection 
Level Goal; and MRDL=Maximum Residual Disinfection Level.  
5 IRIS value for chromium VI.  
6 Copper action level 1.3 mg/L; lead action level 0.015 mg/L. 
 7 This RfD is for hydrogen cyanide. 
 8 In case of overfeed of the fluoridation chemical see CDC Guidelines in Engineering and Administrative 
Recommendations on Water Fluoridation www.cdc.gov/mmwr/preview/mmwrhtml/00039178.htm. Elevated F 
levels ≥ 10mg/L require action by the water system operator. 
 9 Based on dental fluorosis in children, a cosmetic effect. MCLG based on skeletal fluorosis. 10 Dietary 
manganese. The lifetime health advisory includes a 3 fold modifying factor to account for increased 
bioavailability from drinking water. 
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- Continued 

 

1 These values are calculated for a 4-kg infant and are protective for all age groups. 
 2 Subchronic value for pregnant women.  
3 Based on a cosmetic effect.  
4 AMCL = Alternative Maximum Contaminant Level.  
5 Soluble uranium salts. Radionuclide Rule. 
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Table B.3: Microbiology 

 

 



 ةالخلاص

  رئيسي بشكل وهي تختلف. في الاسواق وبكثره المنزلية المياه معالجة أنظمة من عدد يوجد       

  مكلفة المتاحة هذه الاجهزة ان معظم. المياه المستخدمة في تنقية والأليات طريقة التصنيع في

تعرض هذه الدراسة  .معقولة وبأسعار رخيصة معالجة تقنيات ابتكار إلى حاجة هناك وبالتالي

 حيث ومقبولة من فعالة منزلية مياه معالجة فلاترالتضمين الموضعي لجزيئات الفضة النانوية في 

بولي )كلوريد الفينيل( باستخدام مستخلص القرنفل العطري  مثل للبيئة صديقة مواد باستخدام التكلفة

 .كعامل مختزل ومثبت

بأبسط التقنيات و الفينيل( يد)كلورمن بوليمير البولي  المسطحة  تم تحضير أغشية الألواح       

،  Nانعكاس الطور بتركيزات مختلفة من المحاليل في المذيبات ) ةطريقباستخدام لتحضير الأغشية 

N ( ثنائي ميثيل أسيتاميدDMAc.)  المضاد للبكتريا  تم فحص نشاط الغشاء المطلي بالفضة النانوية

مناطق تثبيط  فأعطيت الفضة النانوية  القولونية وبطرق فحص مختلفة يةالأشريكبكتريا باستخدام 

خلال الفلتر المطلي بجزيئات الفضة  الماء ترشيح تمحيث  الية كلما زاد تركيز نترات الفضةع

 بفاعلية تتميز مختلفة بتركيزاتوبولي )كلوريد الفينيل(  الدقيق الترشيح أغشيةان فلوحظ  النانوية

 الإزالة كفاءة كانت(. القولونية الإشريكية) بالمياه المنقولة للأمراض المسببة البكتيريا ضد عالية

 ، ٪90.1 ، ٪88.8)بولي )كلوريد الفينيل( ٪( 14 و٪ 13 ،٪ 12 ،٪ 11 ،٪ 10) المطلية للأغشية

 .التوالي على٪( 94.1 ، 91.9٪ ، 90.9٪

كان الاعلى كفائه  (DMASمن  ٪ 22.5الفينيل ( ومن البولي )كلوريد  ٪ 2.5)لتر بتركيز فال       

خلال عند تمرير الماء الملوث بالبكتريا  ٪ 99.8الى التي وصلت في ازالة بكتريا الاشريكية القولونية

بنظر الاعتبار لمحددات  بالأخذ وبمعدل جريان عالي. NTU  1ه اقل من عكوردرجة وبساعتين 

المضمن بدقائق الفضة النانوية بواسطة  الفلترنوعية مياه الشرب، تم تحليل المياه بعد الترشيح خلال 

التحليل الطيفي للامتصاص الذري، حيث وجد ان جميع التراكيز تنطبق مع محددات منظمة الصحة 

يزيد تركيز الفضة في مياه الشرب عن  لا العالمية ووكالة حماية البيئة الامريكية والتي تنص على ان

 .لتر\ملغم 0.1

،  AFM( ، والفحص المجهري للقوة الذرية SEMتم استخدام المسح المجهري الإلكتروني )       

وزاوية التلامس ، وحيود الأشعة السينية ، والتحليل الطيفي للأشعة المرئية وفوق البنفسجية لتحليل 

انه لا يوجد فرق كبير في   SEMاظهرت دراسة . والأغشية المنتجةبنية وحجم حبيبات الجزيئات 



المطلية ومع ذلك، تم التعرف على بعض المواد الموجودة على سطح ة وشكل الاغشية غير المطلي

 AFM من المحسوبة الأغشية سطح خشونة نتائج ظهرتأ .الفلتر المطلي على انها فضه نانوية

 إضافة الفضة النانوية لأن الفضة النانوية إضافة مع PVC لغشاء التلامس زاوية قيم متوسط انخفض

 (70.3كانت أعلى قيمة زاوية تلامس ) 14 ٪الغشاء بتركيز  .للماء الغشاء قابلية تحسين إلى أدت قد

كان التبلور وموضع المستوى البلوري . ( بعد اضافة الفضة النانوية50.40والتي قلت الى )

حجم الجسيمات النانوية للجسيمات المنتجة مشابهاً لنمط الفضة النانوية القياسي ، وكان متوسط 

. في التحليل الطيفي للأشعة المرئية وفوق البنفسجية XRDنانومتر ، كما هو محدد في نمط  46.99

الأصفر والبني الشاحب نطاق امتصاص  ، يظُهر طيف امتصاص الغرويات الفضية ذات اللون

 نانومتر. 435البلازمون السطحي بطول موجي أقصى يبلغ 
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