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ABSTRACT

Metal nano particles have an enormous potentiahvgeveral applications in which they involve witrea
selectivity and high efficiency. In this contekXfartium dioxide nanoparticles belong to a new gatien of such
particles, due to their brilliant and interestingfical, dielectric, and photo-catalytic characteits. Hence they are
now being widely used in electronic devices, cossiepharmaceutics and other products. Extensiagesand
applications has also lead to the indiscriminaterghing of their related products, after use, inte #gnvironment.
Incremental amounts may also add up in the enviertinas “by products” and wastage during the synihex
their commercial products. In this study, the cl@eaization of commercially available titanium dide
nanoparticles has been carried out by X-ray diffrac analysis and UV-VIS spectroscopy. Their tdxievith
respect to certain bacteria, both MTCC cultures alslo those isolated from environmental samples been
studied by suspending these particles in wateriaratidic solution.
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INTRODUCTION

Nano particles are finding increasing applicatiamsindustries [1, 2] and during their life cycleogess, may
inevitably enter into natural ecosystems. Thisus tespecially for entry into the soil which acs¢saasubstantial sink
to these particles [3]. Studies evaluating the ichjph metal nano particles on microbes have beetedaout. They
have found these particles to be potentially t¢#ic5]. Thus, the effect of engineered nanopasice ecosystems
may affect either the population in general or dipalar community. However, several reports invotythe effect
of metal nanoparticle toxicity on soil bacteria areonclusive. The diversified results vary froneithbeing non-
toxic [6] and physiologically important [7] to cddsrably toxic [8], with several mechanism beingmprsed for
their toxicity [9]. Due to accelerated developmeintshe field of nanotechnology, determining thegodial toxicity
of these nanoparticles on human health and onrthieomment is considered to be important. Titanidioxide, less
than a hundred nm in diameter, have become a newrgion of advanced particles due to their novel a
interesting optical, dielectric and photo-catalypioperties [10]. They are being used in many pectglsuch as
additives, white pigments, food colorants, sunstreesmetic creams [11] gas sensors [12] and selr[13].

In this study, the characterization studies ofniiten dioxide nanoparticles using X-ray diffractomyeand UV

spectroscopy have been reported. The effect oéthagicles on several microorganisms, both stahdaltures and
those isolated from environmental samples havelsea studied and recorded.
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EXPERIMENTAL SECTION

Chemicals and media: Pure rutile Titanium dioxidgmaparticles and other fine chemicals were purchésenm
Sisco Research Laboratories Pvt. Ltd. Media chdmigare from Hi Media.

Microbial cultures: MTCC bacterial cultures wereogured from Institute of Microbial Technology, Cluégarh,
India. The test organisms used were 430d@icrococcus luteus3160 - Staphylococcus aureuddl - Bacillus
subtilis, 8076 -Pseudomonas aeroginos&493 - Proteus mirabilis, 7407 - Klebsiella pneumoniae443 -
Eshcherichia coli3231-Salmonella typhimuriuni,11- Enterobacter aerogenes

Environmental samples. Micro-organisms were isolated from three souregs, soil, marine source and sewage
by following standard procedures.

Characterizations of Titanium dioxide nanoparticles

a. UV analysis: The absorption spectra of the Ji@noparticles were measured by UV/Vis spectrophetem
equipped (Perkin Elmer Lambda 35) with an integgsphere. The spectra were recorded at room teoperin
the range of 250-450 nm.

b. XRD Analysis: X-ray powder diffraction (XRD) eggments on Ti@ nanoparticles were conducted using
Shimadzu 27000S spectrometer with at 40 kV, 40 mikgiCuka radiation. Scans were made in ttgerdnge 10-
80° with a scan rate of 1°/min in wide-angle ditfian.

Antibacterial activity of TiO, nanoparticles against M TCC cultures and environmental samples

The antibacterial activities of Tihanoparticles against nine MTCC organisms and thamsms isolated from
environmental samples, were tested by the wellisiiéin method [14]. The cultures were inoculateduitrient broth
at 37°C for 24 hours, and swabbed onto Muller Hintgar (MHA) plates. A concentration of 1% Ti@ water
was prepared and used to check for the zone dbitidn on standard bacterial cultures. Wells wemaghed onto
the MHA plates using a sterile well borer and tample was added to the wells. Water was used atiteol. The
plates were incubated at 37°C for 24 hours and wheeked for zones of inhibition. The activitiesagt the
standard cultures were also tested, following #aes procedure, with 1 % Ti(prepared in dilute sulphuric acid
based acidic water by checking for the zone ofhition. Methicillin, rifampin, ciprofloxin, tetraayline and
bacitracin discs were used as positive controlsthedliluted acid were used as controls.

RESULTSAND DISCUSSION

Metal oxide nanoparticles are known to have antiofii@al activities and numerous other biomedicalliapfions
[1,2]. In this context, reports have shown Ti@anoparticles to possess excellent photocatadgtiwity [10]. It has
also been reported that these particles check thgpiication and reproduction of certain bactdriadecomposing
the cell membrane and its components. There has ibeseasing interest in utilizing photocatalytimperties of
TiO, for disinfection of surfaces, air and water andtoalling water pollution and in waste water treatrh[15].
However, TiQ is an insoluble powder which is itself not dissalvéuring the degradation of complex organic
compounds.

Characterisation of TiO, nanoparticless. Commercial rutile TiQ nanoparticles were analyzed by UV-VIS
spectroscopy and X-ray diffraction technique. Thé &pectrum showed maximum absorbance at 340nmeas se
from Fig 1.
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Fig 1: UV-Visspectrum of 1 % Titanium dioxide nanoparticlesin water
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This is responsible for the photocatalytic activitf the nanoparticles to a major extent. Many repaf
photocatalytic mechanism for antibacterial actégtiare based on UV/TiQystems, which propose that there are
different pathways for inhibiting bacterial growih¢luding the major ones which have detrimentiéas on DNA
molecules, and cell wall along with cell membramendge and lysis that leads to leakage of cell cts{d6, 17].
Decrease or loss of respiratory activities duexidation/loss of coenzyme A has also been obsegig&ld

Fig. 2 shows the XRD analysis results of Titaniuxitle nanoparticles in water shows narrow diffi@ttipeaks of
sharp intensity with these corresponding to thiteerphase (TiO2, JCPDS card #75-1753).
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Fig 2: X ray diffraction of Titanium dioxide nanoparticles

Antibacterial activity of TiO, nanoparticlesagainst MTCC cultures

No zone of inhibition was observed for 1% Jifrepared in aqueous medium, against the nine Mb&erial
cultures. However, with Ti@dispersed in acid, slight zones were seen, as a@dfo the plain diluted acid, in case
of certain bacteria. Most of these zones were ant gignificant. The results are depicted in Tdble

Table 1: Zonesof inhibition (cm) with 1% TiO; in acid and diluted acid

MTCC cultures| 1% TiQin diluted acid| Diluted acid (cm

441 1.4 1.00
9493 1.7 1.7
111 1.7 1.6
8076 1.5 1.4
3231 1.8 15
3160 15 14
443 1.3 1.5
4300 2.0 1.6
7407 1.7 1.€

Characterisation of bacteria isolated from environmental samples
Using colony morphology, the bacteria isolated frtme various environmental sources were charaetbrand
identified askE.coli, Pseudomonasp, andBacillussp. The analysis is illustrated briefly in Table 2,r&lad.
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Table 2: Colony characteristics of organismsisolated from sewage sample

Dilution No. of colonies cfu Colour Form Margin | Elevation Opacity Consistency Gram character
off-white circular entire flat opaque butyrous Cetvacilli
off-white irregular undulatd umbonate  opaque butgro G +ve bacilli

17100 48 (4) 048 off-white circular entire convex opague mucoid @-vocco bacilli
Yellow circular entire convex opaque butyrous G beeilli
iridescen irregulal undulate | flat translucer | viscid G -ve cocco bacil
off-white irregulal undulate | flat opaqu viscid G +ve bacill
off-white irregular undulatg flat opague butyrous -8 bacilli

1/1000 40 (7) 0.04 | greenish yellow| irregular undulate flat translucenbutyrous G +ve bacilli
off-white circular entire flat opague butyrous @ Hacilli
off-white punctiform | entire flat opaque butyrous -\@& cocco bacilli
off-white circular entire flat opague brittle G -becilli

1/1000( 12 (L 0.001: | off-white circulal entire flat opaqu viscid G +ve bacilli

Table 3: Colony characteristic of organismsisolated from marine water samples

Dilution | No. of colonies | Cfu Colour Form Margin | Elevation | Opacity | Consistency | Gram character
1/100 11 (1) 0.11 off-whitg  circular| entire flat ajue butyrous G -ve bacilli
off-white | circular | undulate| flat opaque butyrous +@ cocci
off-white | irregular| undulatg flat opaque butyrous -8 cocco bacilli
1/10000 54 0.000 off-white | circular | entire flat opague butyrous Getaocco bacilli
off-white | irregulal | undulate | flat opaque butyrou G -ve cocco bacil

Table 4: Colony characteristics of organismsisolated from soil sample

Dilution | No. of colonies | cfu Colour Form Margin | Elevation | Opacity Consistency | Gram character
off-white | irregular| lobate flat opaque butyrous Gbacilli
off-white | circular | entire flat opaque butyrous @ dvacilli

1/100 26 (5) 0.26 | off-white | circular | entire flat transluscent  butysou G +ve bacilli
off-white | irregular| undulatg umbonate opaque viscid G -ve bacilli
off-white | irregular| undulatg flat opaque butyrous -v&bacilli
off-white | circular | entire flat opague viscid G Pecilli

171000 5(2) 0.005 off-white | irregular| lobate flat opaque butyrous G-bacilli
off-white | circular | entire umbonate  opaque viscid -v8 bacilli

1710000 31() 0.003 off-white | circular | entire flat | opague viscid G Pecilli

Water dispersed Tighanoparticles showed no inhibitory activity agaimganisms isolated from the environmental
samples listed in Tables 2, 3 and 4, that largetjuded three ubiquitous organismg., E.coli, Pseudomonasp,

and Bacillus sp. This is in contrast to previous reports whermeiconcentration dependent inhibition has been
observed [19]. In this study, there was an obséevabne of inhibition with 1% Ti@prepared with diluted acid.
This zone was also seen with the plain diluted aaid hence it can be inferred that it may be du@ecacid which
serves as a medium for the nanoparticle dispeesidmot due to the particles themselves.

Though reports discussed previously show antibiattectivity for titanium dioxide particles, sigigant activity

has not been observed in the present work. It lsasteeen suggested that the resting stages, gdarticbacterial

endospores, fungal spores and protozoan cystglemerally more resistant than the vegetative fopossibly due
to the increased cell wall thickness. The degradatif the microbes, whenever it happens is possibky to cell

wall damage and cytoplasmic membrane lysis. Thig logadue to the production of reactive oxygen smesiich as
hydroxyl radicals and hydrogen peroxide that ifiiti®eads to leakage of cellular contents followg cell lysis

leading to complete mineralisation of the organisims inferred that the inhibition and degradatishenever
observed is due to the medium of dispersion ofpidaticles (in case of it not being water) and netduse of the
particles themselves. Hence it is recommended ¢othusse particles as their dispersions in waterretdn any
other solvent as it may harm the environmental ofiies in the long run if their disposal is not prbpeffected.

Currently the dispersion these nanoparticles irunahtoil based aqueous emulsions is being explanedur

laboratory.

CONCLUSION

Commercial rutile TiQnanoparticles were characterised using with UV-8if8 by XRD techniques. They showed
an absorbance at 340nm and rutile crystal strucilineir one percent dispersions in water and diadiel were
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tested for antibacterial activities against MTCQtunes as well as bacteria isolated from soil, ma@nd sewage
sources. No activity was observed for water dispasswhereas an observable activity was seen Wwighsample
prepared in acid which largely might have been ttu¢he acid matrix. The microbial activity studies the
organisms isolated from environmental samples sHosimilar results. Thus, antimicrobial effects bBtTiO,
nanoparticles may essentially be due to their dipe matrix and not per se because of the narofesrt
themselves. Hence they may be safely used fordvapplied applications in different industries bgpérsion in
water or in other natural component based matrices.
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