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Abstract: The development of bacterial communities in drinking water distribution systems leads to a food

chain which supports the growth of microorganisms incompatible with water quality requirements and
esthetics. The efficient conversion by gold nanoparticles to heat energy suggests that use as selective

photothermal agents in controlling microorganisms in water. Two bacterial strains and three viral strains
were incubated with different concentrations (3.125-50µM) of gold nanorods and then exposed to 30 mW

white light. It was found that the photothermal effect of gold nanorods increased with increasing the
concentration of nanorods. No photothermal effect is observed for all strains in the absence of nanorods.

Gold nanoparticles thus offer a novel class of selective photothermal agents using a visible light.
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INTRODUCTION

Drinking water distribution systems are colonized

by saprophytic heterotrophic microorganisms (bacteria,

fungi, yeasts, actinomycetes)  that grow on[1 ,4 ]

biodegradable organic matter  making water pollution.[5 ,8]

Water pollution is one of the main crises faced by

millions of people and majority of water-borne diseases

are spreading because of the poor quality of water,

particularly due to the presence of bacteria and viruses

in the water. There are several methods of water

purification like chlorination, iodination, ozonation, UV,

reverse osmosis and using silver catalysts . Chemical[9]

purification like adding chlorine or iodine or applying

ozone to kill bacteria and viruses has several

disadvantages, for example excess chlorination could

lead to cancer. Other methods like UV and reverse

osmosis are not cost affective. Nanoparticles have

attracted great attention as alternative materials to aid in

the purification of water and air  because of their[10 ,14]

unusual chemical and physical properties that make

them suitable for many technological applications .  [15]

The unique properties of nanomaterials make them

superior  and indispensable in much area of biology and

medicine such as drug carrier , biolables , cancer[16] [17]

therapy and imaging , gene delivery . Gold[18 ,19] [16]

nanoparticles  are  considered to be a new generation of

photosenstizers because of their strong absorption which

is  three  orders  of magnitude greater than any organic

photosensetizers  this strong absorption is due  to[20 ,22]

surface  plasmon  resonance,  which  originates from the

excitation of the surface electrons. The absorption
spectrum of gold nanoparticles not only depends on the

size but also the shape of the particles. The rod shaped
gold nanoparticles have two absorption bands. The first

one, which appears at 520 nm, corresponds to the
oscillation of the electrons perpendicular to the long rod

axis and so called transverse plasmon absorption. This
band is insensitive to the nanorod length, and coincides

with the surface plasmon  absorption  band of the gold
nanospheres. The other absorption band appears at a

lower energy and is caused by the oscillation of the free
electrons along the long rod axis and is known as

longitudinal surface plasmon absorption. Gold
nanoparticles are photostable, nontoxic, and easily

conjugated to antibodies or proteins . In addition,[23,2 4 ]

their maximum absorption  can be shifted to near-

infrared spectral range (700 - 900 nm), allowing deeper
penetration of the laser radiation into biotissues by use

of its shape and structure .[25]

Currently, gold nanoparticles have been used for

cancer therapy because of their strong absorption of
light which efficiently converted into thermal energy

which destrect malignant cells . Zharov and co-[26]

authors  used gold nanospheres in targeting and killing[24]

of  S. aureus bacteria by irridation with Nd-Yag laser .[27]

In this present work, we study the biological activity

of gold nanorods prepared by seeding methods in
controlling the microorganisms in water in presence of

white light.   
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MATERIALS AND METHODS

Preparation of Gold Nanorods: Gold nanorods were

prepared by using seed –mediated method  at which[28 ,29]

a tinny spherical gold nanoparticles prepared by

4reduction of gold ions by NaBH  and capped with

cetyltrimethyl ammonium bromide (CTAB), followed by

adding growth solution of gold ions reduced gently by

ascorbic acid. This method leads to production of

nanodispersed gold nanorods.

Characterization of Gold Nanorods: The shape and

size of the nanocrystales were determined by

Transmission Electron Microscopy (TEM) with a Joel

microscope,  operating at an accelerating voltage of 120

kV. A drop from a very dilute sample solution was

deposited on an amorphous carbon-copper grid and left

to evaporate at room temperature. For the absorption

measurements, the sample was dispersed in 10 mm

quartz cuvettes, filled with sample dissolved in aqueous

solution. Absorption spectra were recorded with a

Perkin-Elmer Lambda 40 spectrometer. Different

concentrations (3.125 - 50 µM) of gold rods were

prepared as a stock solution in distilled water and kept

at room temperature until used. 

Light Source: All illuminations were carried out with

white light from halogen lamp with variable output

power reaching up to 400 mW. Manufactured by photon

scientific (Egypt). To avoid heating of the samples, the

light was passed through a 1-cm thick water filter. The

irradiance at the level of the tested organisms  was  30

mW/cm  as measured with a power meter.2

Activity test:

Test microorganisms:

Bacterial Test Organisms: Standardized suspensions

(10 viable cells/ml) of Staphlococcus aureus (Gram +ve8 

bacteria) and Escherichia coli (Gram -ve bacteria) were

kindly provided by Dr. W . Philip, University of

Holenheim, Germany, were prepared freshly  and used

after  inoculation in TSB (Oxoid) at 37 C for 24 h. Theo

cultured bacteria were diluted till 10  and 10  then the-3 -5

bacterial count determined from these dilution. 

Photothermal Guiding of Light Treatment: To a 50

ml of water sample taken in a sterile transparent 100 ml

test tube with screw cap, inoculated with different

bacterial test organisms after adding gold nanorods to

get a final concentration ranging from 3.125 – 50 µM

was added. Then, the tube containing samples was

agitated for 5 min in orbital shaker. After this period,

the content of each sample was irradiated as follows:

C Control samples, were exposed to neither the light

nor gold nanorods (L  N ).- -

C Samples  were  treated  only  with gold nanorods

(L  N ).- +

C Samples were treated with light radiation only for

30 min (L  N ).+ -

C Sample were irradiated with light in presence of

different concentrations of gold nanorods (L  N ).+ +

After each contact time period, 0.2ml of the mixture
was spread upon plate count agar Petri dishes (12 cm

diameter). The plates were incubated at 37 C for 24 h.o

The growing colonies were counted with binuclear

microscope and compared with the initial count.  

Viral Test Organisms:
Viruses and Cells: Buffalo green monkey (BGM) cell

line was obtained from the tissue culture department at
Holding Company for Biological Products and Vaccines.

Poliovirus types 1 and 2 (Salk strains) and poliovirus
type 3 (Saukette strain) were kindly provided by Prof.

Dr. Abdel-Wahab K.S. at department of microbiology,
Faculty of medicine, Al-Azhar University, Cairo.

Inoculation of Polioviruses in Water Samples: Small

volume of water samples (50 ml) were autoclaved and
inoculated with different doses of poliovirus 1(1x105

pfu/ml), poliovirus 2(1x10  pfu/ml), and poliovirus6

3(5x10  pfu/ml). Viruses were inoculated separately5

without mixing   more than one virus in the same
sample. Inoculated samples were incubated with

different concentrations of gold nanoparticles (3.125,
6.25, 12.5, 25, and 50 µM) then irradiated with light

radiation for 30 min.

Concentration of Water Samples: Adsorption-elution
technique was used to concentrate viruses from

inoculated water samples before (control) and after
treatment with gold nanoparticles. Briefly, water samples

were concentrated by filtration through negatively
charged nitrocellulose membranes (Whatmann 0.45 mm

3pore size and 47 mm diameter) after addition of AlCl
to a final concentration of 0.5 mM and acidification to

pH 3.5 and after passing through W hattman no. 1 filter
paper. The viruses adsorbed to the membrane were

eluted with 40 ml of 0.05 M glycine buffer, pH 9.5
containing 3% beef extract (Lab-Limco powder, Oxoid)

(31,  32 ). Eluted viruses were reconcentrated using
organic flocculation according to (katzenelson et al. .[32]

Concentrated water samples were decontaminated using
penicillin,streptomycin,fungizone mixture (Bio with).

Viral Assays: Plaque assay was used with minor

modifications of the technique originally described by
Hausing and Melnick . Titres were measured using[33]

continuous cell line cultivated in Eagle's, minimal
essential medium (MEM, Gibco, England) supplemented

with 10% fetal calf serum (Sigma, Germany). Volumes
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of 200 µl were inoculated onto BGM monolayer grown

in 12 multi well plates. After 1 hr incubation at 37°C,

the inoculum was removed and the cells were overlaid

with agarose (BDH Limited Poole, England) and 2X

MEM (1:1). Plaques were counted after 5 days

incubation at 37°C. 

Physico- Chemical Analysis: Physicochemical

parameters were determined according to APHA,

1998 .[34]

RESULTS AND DISCUSSION

Gold nanoparticles absorb and scatter visible and

near infrared light in resonance with their surface

plasmon oscillation  and are useful as light scatters and[35]

absorbers for molecular sensing. They are optically

tunable over a braod spectrum by changing their size

and shape. They are nanophotobleachable and much

brighter than molecular fluorophores .[35]

The prepared gold nanorod sample is found to be 12

nm width and 40 nm length according to their TEM

images. The absorption spectrum of these gold rods has

two characteristic absorption bands, one at 523 nm for

the transverse surface plasmon resonance and the other

at 753 nm for the longitudinal surface plasmon band

(Figs. 1&2). 

Light Irradiation of Cells in Absence of

Nanoparticales (Light Toxicity): The irradiation of

bacterial and viral cells with white light at 30 mW for

30 min did not induce inhibiting effect on the colony

forming units in the absence of the rods nanoparticles

(data not shown).

Dark Toxicity of the Rod Nanoparticles: Both

concentrations 50 and 25µM of rods nanoparticles

induce complete reduction of the colony forming units

of the bacterial tested microorganisms after incubated

with these concentrations for 5 min. There was a

markedly decrease in the percentage of reduction of the

colony forming units when the tested microorganisms

were incubated with the concentrations ranging between

3.125 - 12.5 µM (Fig. 3), reaching the maximum

reduction 35.7 %, 34.9%, 33.3%, 23.7% and 16.3% at

the concentration 12.5 µM in case of S.aurus, E.coli,

Poliovirus I, Poliovirus II and Poliovirus III,

respectively. The concentration 3.125 µM did not show

any type of dark toxicity. The dark toxicity of the gold

nanoparticles might be due to the toxicity of the capping

materials (CTAB) which used to prepare gold nanorods.

Further experiments are undergoing to study the effect

of capping materials on the dark toxicity of gold

nanoparticles. 

Fig. 1: TEM images and the absorption spectra of rod

shaped gold nanoparticles. Spheres show one

surface plasmon band at 520 nm. In case of the

rods, the plasmon band split into two

(transverse and longitudinal).

Fig. 2: TEM images and the absorption spectra of rod

shaped gold nanoparticles. Spheres show one

surface plasmon band at 520 nm. In case of the

rods, the plasmon band split into two

(transverse and longitudinal).

The Photo Thermal Inactivation of the Tested

Microorganisms: A significant decrease in the viable

count of CFU/ml for both tested bacterial species and

viral strains was induced upon incubating cells with

different concentrations of rods nanoparticles (3.125 - 50

µM) followed by illuminations by 30 mW of white light

for 30 min. In particular, upon illuminations of cells in

presence of 3.125 µM solution of rods nanoparticles, no

photothermal effect is demonstrated, where as, upon

increasing the concentration of rods nanoparticles up to

12.5 µM (Fig. 4), photo thermal increased  reaching to

82.4  %  &  80  %  for S.aurus and E.coli, respectively
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Table 1: Result of water sample analysis with different concentrations of rods gold nanoparticles

Parameters Unit Concentration Concentration Concentration Concentration Egyptian

 3.125 µM   6.25 µM   12.5 µM     25 µM Standard

pH 8 8 8.2 8.4 6.5-9.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Odor Odorless Odorless Odorless Odorless Odorless

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Color Co-pt unit 5 5 5 5 20-30

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Turbidity NTU 0.6 1.5 1.5 1 10

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Electric Conductivity mmohs/Cm 310 320 320 310

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3Total Alkalinity (CaCO ) mg/L 120 120 100 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3Total Hardness (CaCO ) mg/L 124 124 124 124 500

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3Calcium Hardness (CaCO ) mg/L 80 80 80 80

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3M agnesium Hardness (CaCO ) mg/L 44 44 44 44

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nitrite mg/L N Nil Nil Nil Nil 0.005

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nitrate mg/L N 0.056 0.003 0.07 0.056 10

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Phosphorus mg/L P 1.17 0.01 Nil 0.033

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Chloride mg/L 28 28 28 28 500

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sulphate             mg/L 9.4 9.4 9.4 9.4 400

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Iron mg/L 0.18 0.18 0.17 0.17 1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M anganese mg/L 0.01 0.01 0.4 0.4 0.5

Fig. 3: Effect of different concentrations of rods gold nanoparticles on the percentage reduction of the different

tested microorganisms.

and 87%, 80% and 66% in case of poliovirus I,

poliovirus II and Poliovirus III, respectively.

There are complete reductions in the colony forming

unit of the bacterial cells at the concentration 50 µM. It

is obvious that the bacterial cells after incubation with

gold nanorods suffered photothermal destruction when

irradiated to 30mW white light for 30 min. This is due

to that, the gold nanoparticles absorbed on the cell

membrane, then when it is irradiated with light, it

absorbs   this   light   strongly  and  converted  it  into
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Fig. 4: Effect of different concentrations of rods gold nanoparticles irradiated with 30mW white light for 30 min

on the percentage reduction of the different tested microorganisms.

heat  which  is responsible for the cell death. The gold
nanoparticles served as photo-absorbers due to
overlapping of its absorption band and the white light
wavelength . [26]

The water analysis parameters showed that
incubating rods gold nanoparticles with concentrations
(3.125 - 25 µM) in the water samples the results
accepted levels of water analysis parameters of an
Egyptian Standard, while concentration 50 µM is higher
than theses levels (Table 1).

This study demonstrated that gold nanoparticles are
a novel Class of photo thermal agents Causing Cell
injury and death through Conversion of the strongly
absorbed light to thermal energy .  According to the[27]

available literature, no similar studies are known, so
comparison with other works are not possible, and this
point of research needs further work in future.
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