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Abstract

The aim of this study is to increase the efficiency of a low dogt,energy and low environmental impact
drinking water purification system by using synthesized silver-titaniumidBAg-TiO,) nanocomposite materials that
exhibits strong antibacterial activity. Composite Ag-Iv@s synthesized by one-pot sol-gel method using silver nitrate
(AgNOs) as silver (Ag) source and titanium isopropoxide as titania JTg80urce. Ag-TiQ nanocomposites were
characterized by x-ray diffraction (XRD), scanning electron microscopy (SBW3iae distribution analysis (Zeta sizer).
Prescreening antt-coli bacterial activity of the obtained nanocomposites was tested using eljdiffivsion method and
plate count method.AgTixhanocomposite that has strongest antibacterial activity was selectedpdied &p ceramic
water filter pot(CWP) and then compared with the activity of eurentibacterial substance colloidal silver. Atomic
absorbance spectroscopy (AAS) was used to detect silver ion leakagifaranocomposite coated pots. Negligible Ag
ion leakage was observed in filtered water from nanocomposite coatedpfitteContaminated water samples were
collected from Hlaingriver, Ngamoeyeik creek and Hlaw- gar water hiigton pipe-line, and flowed through the
nanocomposite coating ceramic water filter pots to be tested for baetenaal effectivenes£.coli/coliform petrifilms
were used to determine the bacterial removal efficiency by comparirgtiventrations of target organisms before and
after treatment. The result showed that higher removal of contamiBateliicoliform was obtained by synthesized Ag-
TiO, nanocomposite than colloidal silver. It is seen that,T8€rved as solid support to maintain the dispersion of Ag
clusters that could contribute to the better antibacterial performance in CWF
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1. Introduction

Water is a fundamental human need. Each person on earth reqié@st 0 to 50 liters of clean,
safe water a day for drinking, cooking, and simply keeping tekms clean [1]. Water is the most important
natural resources and the scarcity of safe and clean drinking water isracorgern [2]. An estimated 663
billion people worldwide (about 9%) can access safe drinking water (WHO/UN2OES). According to the
World Health Organization's 2017 report, safe drinking-water is water that "dbe=present any significant
risk to health over a lifetime of consumption, including differentsiities that may occur between life
stages” [3]. As drinking water sources have been severely polluted by varigagsiorand inorganic matters,
turbid materials and pathogens, more than half a million deaths pewgsaraused by contaminated water
[4].

Diarrhoea, one health consequence of consuming unsafe drinking agatemts for 1.8 million
deaths mainly among children under five years of age [5]. Aleitlg poor sanitation and hand hygiene,
drinking-water contamination is one of the routes by which there ctmamsmission of the bacterial, viral or
protozoal pathogens responsible for diarrhea [6]. Low-income countigs & Myanmar, particularly
affected by deficient water systems and services, and poor sanitatidnygiede are urgently needed to
access the provision of microbiologically safe water at both commurdth@msehold levels.

One of the most promising poiof-use water-treatment technologies is ceramic water filter pot
manufactured with local labor using clay, water and rice husk as a conbustganic material and
impregnated with colloidal silver. The ceramic water filter consisting of ausopot-shaped filter element
that can hold 10 liters of water is placed in a larger plastic container wittaadid spigot. The filter element
is manually filled with water from a contaminated source, which seepsdihrthe pore at a rate of 2 to 3
liters per hour. The filtering effect of the clay eliminates a large poxdiowater-borne pathogens but
laboratory tests indicate that colloidal silver is necessary to achieve complefectimm Colloidal silver
used as an antibacterial agent is obtained from an international suppliepngsent a small fraction of the
total cost of the filter (about US $ 1 per filter). One of the main corcabout the application of silver
compounds to ceramic filters is the release of silver (ionic or colloidat) fhe filters over time. The loss of
silver from the filters has two main disadvantages: 1) potentially undesireddtd kffects for filter users and
2) reduction of disinfectant efficiency. Some recent studies have reploatetthe efficiency of ceramic filter
decreased after loading multiple batches of highly contaminated water andptiegnation of silver is not
enough to sustain high efficiencies for a long period of time [7]overcome these problems, fixing silver
nanoparticles on various supports method can be used. These are calledtbpibcenanocomposite materials
that are chemically durable and release silver ions for a long time periochangerform as an excellen
antibacterial coating in the food industry, water disinfection and other disinfeeteted fields [8].

In order to investigate integrated performance of bacterial inactivatiorrapid antibacterial
treatment of drinking water, AJiO, nanocomposites were fabricatd by two-step approach viagedol
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method followed by calcination. A common challenge to engineering ssfoteantimicrobial composite
materials is to obtain highly dispersed, small (sub-10 nm) Ag particliés mehintaining high Ag loading. To
meet this requirement, we used a novel method to synthesize Agidi@composite powders that consist of
TiO, nanoparticles supporting high-loading and well dispersed Ag nanocl@iéssan that have been used
as stabilizing agents for synthesis of pure metallic nanoparticles serve aspiisats and stabilizers to
control Ag cluster growth. To the best of our knowledge, this isitsestudy to demonstrate the stabilizing
effect of chitosan on metal particle size control in composite hanomaterialg dyrthesis. We expected to
get good result in a lower risk to human and environmental expfieunéAg and a lower cost by substituting
this synthesized antibacterial nanocomposite materials. Potent antibacterial activity Bgeliesichia coli
(E. coli), a typical gram-negative bacterial strain, has been achieved usintatbigal. The main aim of this
study is to provide a sustainable and long term water treatment sollticim helps to build local economies
that has low capital costs and uses local resources.

2. Materialsand M ethods
2.1.Chemicals and Materials

Titanium (IV) isopropoxide (TIP), N,N-dimethylformamide (DMF), thiwer nitrate (AgNQ), acetonitrile
and ethanol used in our experiments were of analytical grade. ColloidqdArygnol, Collargol) and
Chitosan(Degree of Deacetylation 80) were used as received. Deionized watasegathroughout the
experiments except for in the antibacterial tests, when sterilized water wasAllsegperiments were
conducted in high-grade glassware. Ceramic water filter pots (CWPljeslipy Thirst aid association were
used as received (pore size, 0.2 pum). Three type of polluted water were collected from Hlaingriver,
Ngamoeyeik creek and Hlaw-gar water distribution pipe-line to test the effafatye water treatment with
environmental samples. The collected water was allowed to pass through CWHieatbirbacteria count of
treated water and untreated water was comparatively determined by using E.awlivcpétrifilm.

2.2.Methods

2.2.1.Synthesis of Ag-10, nanocomposites

Five grams of chitosan powder was poured into a vessel contaidtngllof deionized water and 5 ml of
acetic acid. The mixture was stirred for 12 h at 90 °C and finally coaleglally to room temperature. 20 ml
of this as-synthesized chitosan solution was added drop wise intssal wentaining 180 ml of DMF, in
which 5% AgNQ was dissolved. TIP (20 ml) was slowly introduced into thetmwmwith vigorous stirring.
Deionized water (5 ml) was added drop wise to hydrolyze the TIPaarmdd gel. After overnight aging, the
gel was washed with acetonitrile repeatedly to remove the entrapped chitasanm-dried at 80 °C, and
calcined in air at 550°C for 2 h to produce Ag/Jigwders. Another Ag/TiQsample was also prepared as
the same procedure without using chitosan for comparisons. Theomapasite materials thus synthesized
were characterized using x-ray diffraction (XRD), scanning electron sticpe (SEM) and size distribution
by Nano-ZS Zetasizer dynamic light scattering detector (Malvern Instigrkf) equipped with a 4.0 mwW
internal laser.
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2.2.2.Antibacterial Activity Test
2.2.2.1.Agar-well diffusion method

Synthesized nanocomposite powders, colloidal silver and, pi@vder were weighed separately and
dissolved in a known volume of distilled water, to obtain a final concemratiog / 25ul of each. Antibiotic
amoxillin was used as negative control. Gram-negative E. coli (ATCC) wereasgsetbdel organisms to
perform antibacterial tests and it was prepared as culture broth solution. Mirdten agar solution was
prepared and sterilized in the autoclave at 121°C and 20 min. After cookngoltition was poured into
sterile petri dishes.10 pl of E. coli broth solution were spread on the whole medium surface. Agar plate was
punched with a sterile cork borer of 8 mm size and 25IL of eachlsamag poured with micropipette in the
bore. The plates were allowed to standby for 30 min and then incub&etCafior 24 h. After incubation, the
diameter of the growth inhibition zones was investigated [Fig. 1(a)].

2.2.2.2.Plate Count Method

Nanocomposite stock solutions(1000 mg/l) used for bacterial viability ass@yprepared by stirring Ag-
TiO, nanocomposite vigorously in ultrapure deionized water followed bmidOsonication (FS30H, Fisher
Scietific, 100W, 42 kHz). The suspensions were sonicated again for at least Before use. E. coli
suspension was inoculated into fresh sterilized Muller Hinton broth ofl 8 an150 ml conical flask. These
stock agar slants were incubated at@06n a rotary shaker at 150 rpm for 1 h under aerobic cond[8bns
Nanocomposite stock solution was added into bacteria agar slants and incula@tedsagbove. 25ul of
serially diluted bacteria suspensions and permeate solution were spteddutler-Hinton agar plates. All
plates were incubated at & for 16 h, and the numbers of colonies on the plates were then detebyitied
plate count method. The same experiments were repeated three times [Fig.1 (b)
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Fig.1 (a) Screening of antibacterial activity by agar-well diffusion method@r8icreening of
antibacterial activity by Plate count method

2.2.3.Nanocomposite application to CWF

Forty six milligram of approximately 200ml of synthesized nanocoitgmare applied to the inside of the
ceramic water filter pot using a paint brush. 23mg of 100 ml of m&xdve applied to the outside of the pot. A
higher volume is applied to the inside because there is more water in coitiaittisvsurface. Additionally,
as water passes through, it will impregnated the nanocomposite deeper ceoathe&e wall. The application
on the outside of the pot also helps to prevent pathogens growihg outside of the filter wall [10]. At the
same time, colloidal silver supported by Thirst aid association was also afpk&d/F as their standard
concentration. Once the filters have been painted, these are allowed toalshéot time. After disposing 30
| of water (3 pots full), first filter water was checked for silver ion leachadhp AAS method.

2.2.4.Measuring microbiological efficacy of nanocompositated CWF

The consumption of drinking water contaminated with human andahr@xcreta is the greatest risk for
infection from microbes in water. The non-pathogenic organisms that argsghnesent in the intestines of
humans and animals are excreted along with the pathogens, butgreder numbers. Several of these
coliforms are easily isolated and are ideal for use as indicators of fecamioation. E. coli, a member of
the coliform group, can survive for several weeks under ideal comglitind are far more easily detectable
than the other indicator bacteria. The dimensions of E.coli are 0.5X01Lu®s. E.coli are almost exclusively
of fecal origin and their presence confirms fecal contamination. The WHid2lige value for all water
directly intended for drinking water is that the E.coli concentration moste detectable in any 100 ml
sample [11]. Microbiological efficacy of nanocomposite coated CWF wasunmeshby reduction in indicator
bacteria count of treated water. The bacterial removal efficiency was obtainecbrbyaring the
concentrations of target organisms before and after treatment. The kill tageeemas calculated by the

followino ennatinn 1121 _
) . Survivor count
The kill % = 100 - ———— x 10
Initial count
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3. Results and Discussion

3.1.Characterization of AGiO, nanocomposite

The X-ray diffraction pattern of the synthesized Ag-Ti@nocomposites using chitosan as stabilizing
agent was shown in Fig 2(a). The crystalline phase of silver andutitavere observed with the presence of
secondary or impurity peaks. It indicates that more purification stepsemded to get pure Ag-TO
nanostructure.

The XRD pattern of the sample synthesized without chitosan was inditetethe material includes
mainly the TiQ anatase phase and some peak combining with Ag. This mighteé¢oduanosized Ag
particles were embedded within TiOGnatrix. The presence of Ag or AghOphase confirms the
imcomplete doping of Ag in TiOmatrix. Therefore, hybridization of Ti¥with Ag clearly leading to a
composite phase with both anatase and metallic Ag diffraction patterns was olisé&iige@(b).
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Fig.1 XRD pattern of Ag-Ti@nanocomposite synthesized by (a) using chitosan as stabilizing agent and
(b) without chitosan
From SEM results of the Ti@Ag composite prepared with chitosan (Fig 3.a), it can be deduced that

many impurities are contained and the titania particles with and without polesiding Ag are spreading
inconsistently. Fig.3(b) shows the micrographs of Ag-Ti@nocomposites prepared without chitosan as
stabilizing agent. As it is clearly indicated from the presentedognaphs, the aggregated growth of
spherical particles with the presence of metallic silver on mesopstotece of the Ti@nanoparticles
can be seen. And also some Tigrticles without pores and Ag are observed. The obtained composition is in
good agreement with the experimental result from XRD analysis.

(@)
Fig. 3  Scanning electron micrographs of (a) Ag-Ji@nocomposite prepared with chitosan as stabilizing
agent and (b) AgriO, nanocomposite prepared without chitosan
Fig. 4(a) and 4(b) show the size distribution of synthesized Ag-Té@ocomposite, wide size
distribution with two peaks ranging from 68.06 to 1484 nrs wlatained from preparation method with
chitosan. The Z-average size of 453 nm in diameter ranging f0ord fo 955.4 nm was observed in size
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distribution result of Ag-Ti@synthesized by method 2. These data shows that there are two size papulation
present in both samples.

Size Distribution by Intensity
Size Distribution by Intensity
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Fig.4 Size distribution of Ag-Ti@nanocomposite synthesized by (a) using chitosan as stabilizing agent
and (b) without chitosan

3.2. Antibacterial Activity Tests

The bactericidal activity of synthesized Ag-Ti@as studied by well diffusion method and plate count
method. In agar-well diffusion method, after 24 hours of iatioh, the inhibitory effect of Ag-Ti®
nanocomposite was significant as compared to colloidal silver and pus@GC5). Zone of inhibition (Zol)
was used as a measure for comparing bactericidal activity of these nansitempAg-TiQ showed about 13
mm zone against the test organisms: E. coli.

Fig.5 Comparison of antibacterial activity of synthesized Ag,Thi@hocomposite against E. coli by agar well
diffusion method

The plate count result of Ag-TiOsample with 1x105cells/mL of E. coli was examined after 24
hours. For comparison, pure Li€ample was also tested and the images are presenteg. i6. Hihe
results reveal that, Ag-TiGsample shows complete inhibition of the bacterial growth under thenprese
incubation condition of 24 h (Fig. 6), whereas, pure ,T¥ample shows the presence of bacterial
colonies. The enhancement of antibacterial property of Ag-G@npared to pure Tids mainly due to the
following reason. When Ag-TiQparticles are dispersed in the growth media, the Ag atoms present in these
particles interact with the bacterial cells and adhere to the bacterial cell walls. Theos&ldc forces
between bacteria and Ag atoms may be the reason dir datihesion. Due to the excess number of
carboxylic and other groups, the overall charge on theerlzccell surface at biological pH values
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is negative [13]. Further, Djokic and Burrel reported that ionic Ag gltyoimteracts with thiol groups of
vital enzymes and inactivates them and once treated with Agtih@ensDNA loses its replication
ability which results in cell death[14,15]. Thus in our prestmty, the solid supporter Ti®ignificantly
enhanced the antibacterial property of Ag.

Fig. 6 Plate count results of (a) Ag-Ti€®mples and (b) pure Ti@fter 24 h with 1x 105 cells/ml of E.
coli

3.3.Silver Loading and silver leaches out Test

The resulting silver concentrations in both Ag-Ti®amples were quantified by atomic absomptio
spectroscopy analysis. According to the results, the amouhedbaded silver on Ag-TiOsample 1 is 0.5
g/kg and that of sample 2 is 1.3g/kg.

AAS analysis of released silver concentration from ceramic water filter pot wasaatsed out. Silver
ions resident within the metal oxide TiOr Ag-TiO, nanocomposite coated to CWF can leached to the
filtered water. The silver release in the treated water was observed in the Vst fieater through colloidal
silver coated CWF pot and the concentratian wlittle bit higher than the WHO guideline of 100 pg/1[16].
Silver leached out result from CWF pot in comparison with WHO standard geidedia described in table-

1.

Table 1. Silver leach out result

Description Silver leached out concentration

Colloidal silver coated 0.0143 mgl/l
CWF pot

Acceptable level of silver  0.01 mg/l
in drinking water

(WHO Guideline)

3.4.Microbiological efficacy of nanocomposite coated EW

Removing pathogenic indicator microorganisms from the watemésob the main tasks of hanocomposite
coated ceramic water filter pot. E.coli/coliform in the influent and effluentn@asured to determine the
removal efficiency of the filters. Three types of polluted water sample waltected and passed through
these CWF pot and indicator bacteria removal concentration in influenefflndnt was comparatively
determined by using petrifilm.
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The main parameters that determine the quality of drinking water i analyzed in the water
quality analysis. Water quality analysis of the water samples (pre atdrpatments) such as pH, total
dissolved solids, total coliform, E.Coli are determined by using standatidods. From the results, it was
found that the total dissolved solids, coliform count etc. of the samplesnot within the permissible limit
as specified by WHO Drinking water quality standard(Table 2). Hence the seaitgnies are not suitable for
direct utilization. So the usage of this water without proper treatment lehdstéul diseases [19].

Table 2.Physicochemical parameters of raw water samples

WHO Guideline
Parameters Sample A Sample B Sample C

standard
pH 8.25 8.5 7.2 6.5-8.5
Total dissolved solids 5500 3200 720 1000 mg/I
Total coliform 120 x 107100 ml 25x10°100 ml 3x10%100 ml | 0/100 ml
Fecal coliform 37x10%100 ml 10x10%100 ml 0/100 ml 0/100 ml

whereas Sample A = Ngamoeyeik creek water sample, Samplél@ng river water sample, Sample C = Hlawgar pipeewsample

The results of removal effectiveness tests for E.coli/coliform bacteriallungd water samples are shown
as graph in Fig.7. According to the graph, nanocomposite Ag-Ti@9g coated CWF pot has the strongest
removal efficiency to total bacteria and the kill percentage is 99.97%. So it hagdeibeal efficiency than
commercial colloidal silver coating CWF pot. Tested E.coli/coliform petrifilm phashown in Fig.8.

Original L .
8 m Hlaing river E.coli

53 M Hlaing river Coliform

s2 Ngamoeyeik creek Ecoli

S1

sample name

W Ngamoeyeik creek Coliform

IS M Hlaw Gar Tap E.coli

T2 Hlaw Gar Tap Coliform

T1

0 100 200 300
Bacterial count

Fig.7 Graph showing the comparative analysis of ceramic water filtermgtdoli and Coliform count

whereas T is test sample and S is standard sample, [T1= A¢X.0B9 g) coating CWF pot, T2 = AgTiO
0.012 g coating CWF pot*Thirst aid formula, T3 = colloidal silver 0.@lL2oating CWF pot, S1= no
materials included CWF pot, S2 = commercial Twantae pot , S3 = CWF pot that contaig]AgNO
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(©)
Fig. 8 E.coli/coliform petrifilm showing microbiological efficacy of nanogmsite coated CWF for (A)
Hlaing river water sample (B) Ngamoeyeik creek water sample and (C) Hlpipgaline water sample[Each
red or blue dot indicates a CFU (colony forming unit), red for total colifomchblue for E. coli.]

4. Conclusion

Silver-Titanium dioxide (Ag-Ti@ nanocomposite powders were synthesized successfully by sol-gel
method using titanium isopropoxide (TIP) as titanium precursor. Detdil@cterization of the nanocoposite
was carried out using SEM, particle size distribution and XRD analyses, whidhimed the presences of
silver loading on the titanium substrates. Although silver concentriatigynthesized nanocomposite is lower
than colloidal silver that have been already used as antibacterial agent in CWF ptiy enttbacterial
activities of these two materials were not different. This may be due to waty &amount of Ag loading in
TiO, was sufficient to inactivate bacteria and better antibacterial performance ofstey dispersed on TiO
surface. Bacteria removal efficacy of Ag-Li@anocomposite in disinfection of water by coating to ceramic
water filter pot was analyzed. According to the comparison result of the colkiied effectiveness, Ag-
TiO, nanocomposite were found to be more effective for disinfectionligicted water sample contaminated
with E. coli/coliform bacteria. The observations from this study sugbas the silver ion leached out from
colloidal silver coated CWF pot may be the point of decreasing microbial disdmfed herefore, the
application of these antibacterial Ag-Ti@anocomposite that maintain well dispersed Ag loading in CWF
pots provide a sustainable and long term water treatment solution velpshtb build local economies that
has low capital costs and uses local resources.
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