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ABSTRACT KEYWORDS
Themicrobial contamination of water isaworld-wide environmental prob- Silver nanoparticles;
lem. Nanotechnology is one of the efficient tools which can be applied to Drinking water;
solve this problem. Silver nanoparticles are known to be highly toxic to Microorganisms.

microorganisms, showing strong biocidal effect and are nontoxic to the
human body at low concentration. The aim of this work was to determine
theantimicrobial potential of bio synthesized Ag nanoparticlesfor thetreat-
ment of water. Silver nanoparti cleswere synthesi zed using the microorgan-
isms; Escherichia coli and Klebsiella sp. and the Carica papaya plant
extract. The presence was confirmed by UV-Visible spectroscopy, Scanning
Electron Microscopy (SEM) and Energy dispersive X-ray analysis (EDS).
The silver nanoparticles were adsorbed on granular activated carbon and
were used asabacterial filter for treating contaminated water. Antibacterial
action of Ag nanomaterials was studied using Colony Forming Unit (CFU)
and Most Probable Number (MPN). The effects of Ag nanoparticles on
microbial strains were calculated. Time and dose dependent study of Ag
nanoparticles showed that the effectiveness of particles increases with
increasing particle dose and treatment time. Also the effect of Ocimum
tenuiflorum (Tulasi) and Caesal pinia sappan (Pathimugam) extract on the
antimicrobial activity of silver nanoparticlesin water treatment was studied.
The obtained results showed that the Ocimum tenuiflorum was more effi-
cient compared to Caesal pinia sappan in the treatment of water. Our work
suggests that silver-adsorbed granular activated carbon can be used as an
excellent antibacterial media and would have several applicationsin water
treatment system. Biosynthetic method is an economical, efficient, eco-
friendly simple process and can be used as an alternative to chemical and
physical one. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION crobesinwater isunhealthy and evenlifethreatening.

The WHO estimatesthat 94% of thesediarrheal cases

Water can support the growth of many typesof are preventable through modificationsto theenviron-
microorganisms. The presenceof diseasecausingmi-  ment, including accessto safe water andto improve
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sanitation and hygiene¥. The primary motive for
wastewater treatment isthat |essthan 1 percent of the
world’s water is suitable for drinking while the remaining
isbrackish. Asaresult, thereisagrowing need for
fresh and clean water especialy for drinking purposes.
Theuse of metal nanoparticlesfor water disinfection
isrelatively new!?. Nanoscale particlesarepromising
inthisareabecause of their unique propertiessuch as
small particlesizes, large surfaceto volumeratio and
the ease with which they can be anchored onto the
solid matricesfor enhanced trestment of water, waste
water, and gaseous process streams. The study of
bactericidal nanomaterialsisparticularly timely con-
sidering therecent increase of new resistant strains of
bacteriato the most potent antibiotics. Thishas pro-
moted research in thewell known activity of silver
ions and silver-based compounds, including silver
nanoparticles. Silver hasbeen described asbeing
‘oligodynamic’ because of its ability to exert a bacte-
ricidal effect at minute concentrations®

Ag-nanoparticlesare attractive asthese are non-
toxic to human body at |ow concentration and having
broad-spectrum antibacterid nature. Itiswell known
that silver ion and silver-based compoundsare highly
toxic to microorganisms, showing strong biocidal ef-
fect against asmany as 16 speciesof bacteria, includ-
ing Escherichia coli.l®! Ag nanoparticleinhibitsthe
bacteria growth at very low concentration than anti-
bioticsand as of now no side effectsarereported™. It
isbelieved that silver nanoparticles after penetration
into the bacteriawould inactivate their enzymes, gen-
erating hydrogen peroxideand resultsin bacteria cell
death®. A variety of techniques have been developed
to synthesize metal nanoparticles, including chemica
reduction using anumber of reducing agentsincluding
NaBH,, N,H,, NH,OH, ethanol, ethyleneglycol and
N,N-dimethyformamide (DMF), aerosol technique,
electrochemical or sonochemical deposition, photo-
chemical reduction, and |aser irradiation technique®.
Biosynthetic methodsemploying either biological mi-
croorganisms or plant extracts have emerged as a
smpleand viabledternativeto chemica synthetic pro-
ceduresand physica methods?. Biosynthetic method
isan economical, efficient, eco-friendly smple pro-
cess and can be used as an alternative to chemical
and physical one.
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EXPERIMENTAL

Silver nanoparticlesweresynthesized usngthemi-
croorganisms; Escherichiacoli and Klebsiela sp. and
the Carica papaya plant extract. Theslver nanoparticles
weresynthesi sed by thereduction of aqueousAg+ions
by simultaneous reduction of aqueousAg+ with the
culture broth of sometested bacterid!. The enzyme
involved in the synthesisof nanoparticlesmay bethe
nitrate reductase present in the microbe. Thisenzyme
induced by nitrateionsreducessilverionsto metalic
slver. Theposs blemechanismthat may involvethere-
duction of silver ionsisthee ectron shuttle enzymatic
metal reduction process, which wasproposed for gold
nanoparticles’?. NADH and NADH-dependent nitrate
reductase enzyme areimportant factorsin the biosyn-
thesisof metad nanoparticles. Thecofactor NADH and
NADH-dependent enzymesespecially nitrate reduc-
tase, which might beresponsiblefor thebio reduction
of Ag* to AgP and the subsequent formation of silver
nanoparticles?

Prereration of cell freemicrobial extract

In the case of microbial biosynthesis of silver
nanoparticles, 350 ml of nutrient broth was prepared,
sterilized andinocul ated with fresh cultureof test Strains
of bacteria such as Escherichia coli, Klebsiella sp.
The cultured flaskswereincubated at 37°C for 24h for
bacteria species. After incubationtime, thecultureswere
centrifuged at 12000 rpm for 15 minutesand their su-
pernatantswere used for further experiments.

Prepar ation of thecarica papaya extract

Fully ripped Carica papaya fruit weighing 25g was
thoroughly washedin digtilled water, dried, cut intofine
pieces and were crushed into 100 ml steriledistilled
water andfiltered through Whatmann No.1 filter paper
(pore size 25 um). The filtrate was further filtered
through 0.6 um sized filters. This filtrate was used for
reduction of silver nitrate,

Biosynthesisof silver nanoparticles

Silver nitrate having aconcentration of 10°M was
separately added to the reaction vessel scontaining dif-
ferent supernatants (1% v/v). Thereaction between dif-
ferent supernatantsand Ag+ionswascarried out inthe
sunlight. Aliquotsof thereaction solutionwereremoved

e Tntian frnal, e ——



NSNTAIJ, 5(1) 2011

P.S.Harikumar et al. 25

and the absorptions were measured using aUV-Vis
spectrophotometer. Furthermore, the silver
nanoparticles synthesized were characterized by Scan-
ning Electron Microscopy.In the case of biosynthesis
of silver nanoparticlesfrom Carica papaya fruit ex-
tract, 10 ml of Carica papaya fruit extract was added
into 90 ml of aqueous solution of ImM Silver nitrate
and was kept at room temperaturefor 5 hours.

Adsorbtion of silver nanoparticle on activated
char coal

100 g of activated charcoal was added to 250 ml
of solution containing nanoparticlesand alowed to ad-
sorb by keeping it in orbital shaker for 3 days. After
that activated charcoal wasfiltered, washed and dried
inovenat 105°C.

Characterization

The synthesized silver nanoparticle solutionsand
slver-coated activated charcoa were characterized by
analytical techniques such asUV-VIS Spectroscopy,
SEM and EDX analyzer. Hitachi U-2800 UV-Visible
Double Beam Spectrophotometer was used for the
characterisation of Slver nano particles. Thisingtrument
has a Scan Speedsto 3000 nm/min and exceptional
reliability. Theabsorptioninthevisiblerangedirectly
affectsthe perceived colour of the chemica sinvolved.
Inthisregion of the el ectromagnetic spectrum, mol-
eculesundergo eectronic transitions.UV-Visible spec-
traindicate the presence of metal nanoparticlesby the
surface plasmon resonance absorption peak at
~400 nm for Ag.

Thesizeand shape of the nano- and submicro-par-
tideswasexaminedwithaFHed Emissonscanning elec-
tron microscope equipped with HoribaED X analyser,
made by Hitachi (SU-6600). It utilizesadvanced Vari-
ablePressure (V P) technol ogy and animproved Schottky
field emission e ectron sourcethat providesexceptiona
imaging and high probecurrent with greet sability inboth
high vacuum and variabl e pressure operation.SEM im-
ageswereobserved withameagnification of 2.00pum with
an accelerating voltage of 15.0kV. Thepresenceof Ag
nanoparticlewas confirmed by EDX spectra

Microbiological tests

Antibacterid action of Ag nanomaterid swasstud-
ied using Colony Forming Unit (CFU) and Most Prob-
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able Number (MPN).In CFU detection method
samplestreated with silver nanoparticleswere spread
on nutrient agar platesand after incubation at 37+°C
for 24 h, and the number of CFU/ml was counted.

In MPN method 10 ml, 1 ml, 0.1ml of the sample
wastransferred to Mac Conkey fermentation tubes, in-
cubated at 37+0.5°C. After 48 hours, swirled each tube
and examined for gas production. Recorded the pres-
ence or absence of growth. Presence of both gasand
growth constitutes apositive presumption test. Noted
thenumber of positivetubesfor each dilution and com-
pared withthe M PN index chart to get the Most Prob-
able Number (MPN)/100ml of tota coliforms.

Effect of ocimum tenuiflor um/ceasalpinia sappan
on theantimicrobial activity of slver nanoparticles

Tothes Iver nanoparticle adsorbed activated char-
cod takenindifferent conical flasks, 5ml, 10 ml and
15 ml of Ocimum tenuiflorum/Ceasal pinia sappan
extract were adsorbed. To the media so prepared, 5
ml of bacteriol ogically contaminated water samplewas
added. Then the samplewaskept inorbital shaker for
2 hours. Then it wasthen filtered and spread plating
wasdoneandincubated. A control wasa so kept. Then
the beforetreatment and after treatment resultswere
compared.

RESULTSAND DISCUSSION

Formation of brown coloured solution after addition
of silver nitrate indicates the formation of silver
nanoparticles. Thesereactionsoccurredin thelight
and the nanoparticleswerenot produced in darkness.
Thed lver nanoparticleswere characterized by UV-vis-
ible spectroscopy. The obtained result showed astrong,
but broad peak |ocated at arange 380-420 nm (Figure
5). Thispesk isassigned to asurface plasmon, phenom-
enon that is well-documented for various metal
nanoparticdleswith sizesranging from 2 nmto 1200 nm*,
ThesdIver nanoparticleswerefurther characterissd usang
Scanning ElectronMicrascopy (Fgure3) and EDSandy-
ss(Figure6). Dosedependent study of Ag nanoparticles
showed that the effectiveness of particlesincreaseswith
increasing particledose. (TABLE 1) Also asthereten-
tion time increases antimicrobial activity increases.
(TABLE 2) The obtained results showed that the per-
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centageof reduction of tota coliformbacteriawasabout  ence of Ocimum tenuiflorum and Caesalpinia sap-
95 % and E.coli was 100%. Theantimicrobia activity  pan. Ocimumtenuiflorumshowed high efficency com-
of slver nanoparticleswasfurther improvedinthepres-  pared to Caesal pinia sappan. (TABLE 3)

TABLE 1: Percentage reduction of coliformsby varying TABLE 2: Percentagereduction of coliformsby varying
weight of silver nanopar ticlesadsor bed on activated carbon.  contact time

Weight of Ag adsorbed

0.5 10 15 20 Timein Minuts W eight of Ag adsorbed Charcoal 2g

Charcoal (gm) 30 60 90 120 150 180
Initial CFU 360 360 360 360 Initial CFU 360 360 360 360 360 360
Final CFU 200 75 12 0 Final CFU 200 155 140 20 12 9
Percentage of reduction Percentage of
(9%) after 1 hour 444 791 967 100 reduction () 244 569 611 944 967 975

TABLE 3: Effect of plant extractson theantimicrobial activity of Ag nanoparticles

Ocimum - 1g Ag adsorbed 1g Ag adsorbed
Ag adsor bed tenuiflorum Caesalpinia Charcoal and10ml  Charcoal and10ml
Contents Char coal sappan extract Caesalbini Oci il
(1gm) extract (10mi) pinia sappan Ocimum tenuiflorum
(10ml) Extract extract

Initial CFU 380 380 380 380 380
Fina CFU 75 140 200 20 7

Percentage of reduction (%) 80.3 63.2 47.4 94.7 98.2

Figure?2: Silver nanoparticles synthesize from carica pa-

Figurel: Microbially synthesized silver nanoparticles payaextract

”

: : N f
15 SE m 15.0kV 13.4mm x1.10k SE

Figure3: SEM imageof silver nanoparticlein solution Figure4: SEM imageof slver nanoparticleadsorbed on GAC
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Figure5: UV-visiblespectraof Agnanoparticles

CONCLUSION

From this study it can be concluded that silver
nanoparticlescan besynthesized using themicroorgan-
ismssuch as Escherichia coli and Klebsiella sp. and
also using Carica papaya plant extract. The silver
nanoparticleswerecharacterized usng UV-Visblespec-
troscopy and Scanning Electron Microscopy. Timeand
dose dependent study of Ag nanoparticlesshowed that
the effectiveness of particlesincreaseswith increasing
particle doseand treatment time. Thesilver ionscan
desctivatethebacterid DNA and thusdisinfect thecon-
taminated water. Variousantibacterial plants extracts
such as Ocimum tenuiflorum and Caesal pinia sap-
pan can be used to improvetheantimicrobial activity
of silver nanoparticlesin water treatment. Ocimum
tenuiflorumshowed high efficiency in bacteriad remova
from contaminated water.

Our work suggeststhat silver-adsorbed granular
activated carbon can be used asan excellent antibacte-
ria mediaand would havesevera applicationsinwater
treatment system. Biosynthetic method isan economi-
cal, efficient, eco-friendly simple process and can be
used asan alternativeto chemical and physical one.
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