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Specifications: 
NANO SILVER WATER FILTER 
Model: NSWF-2000 
With Metal Housing + Lock + Nano Silver Coated Activated Carbon Filter + 5.0 Micron 
Water Filter Candle + Metal tap, spring loaded for auto shut off 
Life: 2,000 liters (500 gallons) 
Flow Rate:  2 to 3 liters/minute (for storage tank feeding the filter at height of 3 feet to 30 
feet respectively above the filter). 
H X W X D = 12" X 8.5" X 4"  (30.5 cm X 21.5 cm X 10.0 cm) 
Weight: 2.3 Kg (5.0 lbs) 
Gross Weight when packed: 3.000 Kg (6.6 lbs) 
Packing Box Dimensions: L X W X H - 14" X 10" X 7.5"  (35.6 cm X 25.4 cm X 19.0 cm) 
 
The use of safe, natural and eco-friendly nano silver over other harsher methods of 
disinfecting water, such as, chlorination and other costly and other fragile and technically 
complicated methods like UV (ultraviolet) light which besides having delicate electronics, 
requires round the clock electricity and expensive replacement parts like UV Tubes + trained 
technicians to maintain them in working condition. This kind of sophisticated, expensive and 
delicate technology is  not really suitable for remote areas with constant power outages, high 
voltage surges and use by Adivasi / aboriginals / indigenous people who have no experience 
in handling delicate electronic gadgets. 
 

Again, silver is very eco-friendly and traces of it in their drinking water supply will also help 
to disinfect containers used by Adivasis / aboriginals / indigenous people to store their 
drinking water. 
 

One of the hazards of de-chlorination of chlorinated water is that this de-chlorinated water 
now becomes a fertile ground / eco-friendly for bacteria to begin flourishing if the water is 
stored in non-disinfected containers or are contaminated by  poor hygiene of the end users. 
This may be a common hazard encountered due to life style of Adivasi / aboriginals / 
indigenous people. 
 

Traces of silver in the drinking water (within permissible limits) will help to strengthen the 



immunity of the Adivasi / aboriginals / indigenous people, reduce their susceptibility to 
catching infections and help to fight against any existing infections in their body. Silver is 
also know to be effective in curtailing the spread of viral infections of all types including 
HIV. Please see attached test reports. 
 

Silver has been used as a food item in India and large parts of Asia for thousands of years 
and its safety has been proven as a nutritional / dietary supplement. Please see attached 
article explaining the use of silver as a food item in India.  
 

In addition, silver is approved by the Indian FDA as an Ayurvedic Medicine as it has formed 
a part of this ancient Indian medical science for thousands of years. So, leaving traces of 
silver in the drinking water is quite safe and healthy as well. Again, silver is also a part of the 
German Homeopathic medicine. 
 

Again, our Nano Silver Filter does not require electricity for its operation and the need to 
repair is minimized as it is just a passive mechanical water filter with no moving parts that 
will get worn out and need periodic replacement. 
 
All that needs to be replaced is the water filter candle and the nano silver coated activated 
carbon at the end of its useable life of 2,000 liters (500 gallons). 
 

The nano silver coating on the activated carbon is superior to the older standard silver 
impregnation technology used to manufacture silver impregnated active carbon. 
Impregnation is done using silver nitrate basically to prevent bacterial buildup on the filter 
cartridge. This impregnation does not produce nano silver particle which are highly potent 
and effective for controlling the spread of infections of all types - bacterial, fungal and viral. 
In addition, water interacting with nano silver particles will help reduce the incidence of 
water borne bacterial, fungal and viral infections. 
 

Our Nano Silver Water Filter also has an incorporated backwater feature which allows the 
removal of any accumulated sediments from turbid ground water. 
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FAQs 
 
 
Only wrong / excessive / irresponsible use of silver can result in argyria. 
 
But the excessive use of anything including food items is an irresponsible use. 
 
The safe use of silver has been established in Indian diet for thousands of years. It is used on 
Pan and Barfi. People having been eating a few pieces of these food items without any ill 
effects or toxicity. Please refer to page 11 of the attached file to know what the save dose is 
for silver in food items (that have been consumed for thousands of years in India). 
 
Silver is approved by the FDA as an allopathic medicine (in the form of silver nitrate eye 
drops and silver sulfadiazine cream) and as an ayurvedic medicine and also as a food item. 
Silver nitrate eye drops are routinely used in all hospitals worldwide for infants as soon as 
they are born to prevent eye infections and loss of vision. 
 
Of course, as with any good thing silver must be used in a responsible manner. 
 
You can also die due to irresponsible use of iron or calcium which are nutritional 
supplements. There is always a fatal dose for everything including food and water. 
 
Silver can be good safe method of disinfecting drinking water if used in a responsible 
manner. 
 
 
1.  US and Indian FDA has approved the use of creams and ointments with Nano Silver 
particles for topical application. One such formulation has been produced by Dr. Reddy's 
Pharmaceuticals in India since the last few years. 
 
2.  Water filter candles with silver nitrate impregnated activated carbon are now routinely 
used by many drinking water purification machines in India and abroad since the last few 
years. 
 
The water filtration candles being used by other manufacturers of water filters use a very 
small amount of silver nitrate impregnated activated carbon for the sole purpose of prevent 
the growth of bacterial on the water filter candle and inside the water filter chamber. So the 
inclusion of a few grams of silver nitrate impregnated activated carbon can help achieve this. 
But is incapable of counter acting the high bacterial load in the water supply itself. 
 
What we offer, is to stay away from the older silver nitrate impregnation process and go to a 
newer more effective true nano silver coated activated carbon which is 10 time more potent 
and which provides sufficient quantity of nano silver coated activated carbon to impart silver 
anti-microbial properties to the water flowing through it. This should help prevent the 
spreading of water borne diseases and also contribute to the health of the Adivasi tribals. 
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Sub: Use of nano sized silver particles in the treatment of bacterial, fungal, and viral 
infections. 
 

 
Dear Health Practitioner: 
  
The use of Silver in western medicine dates back to over one hundred years with the use of 2% Silver Nitrate 
Solution1 in the early nineteen hundreds. Its antibiotic properties are well known since then. 
  
With the advent of Penicillin in the 1940s and other Drug Antibiotics thereafter like Tetracycline, 
Chloramphenicol, etc. the use and importance of Silver in medicine had diminished greatly. 
  
The FDA has approved many formulations with Silver for Medical use. We have Silver Sulphadiazine based 
creams for topical applications and eye drops for ophthalmic use. 
  
With the growing side effects of recently introduced Drug Antibiotics2 and the developing resistance of germs 
to these drugs, the interest in use of Silver has recently been rekindled.  The work on use of Silver began once 
again about 25 years back in the west with the development of Electronics to make Colloidal Silver Solution.  
These Colloidal Silver Solutions were far more effective than Silver Nitrate and required far less quantities of 
Silver (less than 0.25% of the Silver in Silver Nitrate used before) to be administered to the patient making it 
literally a very safe treatment.  Silver is Non Toxic to the human body and has been used in preparation of food 
items in India for hundreds of years e.g. (Silver foil on Barfi / sweets and on Pan).   
  
This makes Silver an acceptable and safe Nutritional Supplement for all.  
  
During the past few years, the Technology for making Nano sized particles of Silver has developed to a great 
extent and the broad spectrum antibiotic properties of Silver have thereby been enhanced to cover in a more 
effective manner all kinds of Gram Positive and Gram Negative Bacteria. Nano Silver particles are also highly 
effective against Fungi and Viruses of all types including Hepatitis, Herpes and HIV Virus to name a few. 
 
Nano Silver Technology has also been introduced in consumer goods like Refrigerators, Air conditioners and 
Washing Machines. Leading International Brands like Samsung, Daewoo and LG have launched these products 
in a very serious manner during the past few years. 
 
Many significant improvements have been made to our Mono Atomic Silver Generator3 during the past few 
years and this small hand held portable device has now been evaluated in an independent Laboratory to validate 
our successful Clinic Trials and claims as to the effective Anti-Bacterial, Anti-Fungal and Anti-Viral Properties 
of the Silver Nano particles produced using it. 
 
 

continued on Page 2 …… 
 

 



 
 

- Page 2  - 
 
The research on the use of Nano Silver Particles to kill HIV-1 Virus which was conducted at the University of 
Texas in 2005 has been successfully duplicated in India in an independent Lab just a few weeks back using our 
Mono Atomic Silver Generator. This has brought mankind a few steps closer to eradicating AIDS from our 
world.  For more information please visit: http://www.space-age.com/silver.html   
 
Our Clinic has been instrumental in setting up an AIDS Awareness Trust whose help lines are manned by the 
Doctors of our Clinic. 
 
As a next step, we will begin transferring our Clinical expertise and the Nano Silver Technology to 
Government, Municipal and other Charitable Hospitals for the benefit of the poor and needy persons. 
 
For more information on the activities of the Trust please log on to: www.stdpioneer.org  
 
Here you will be able to meet the Grandfather of AIDS Awareness Dr. (Major) M. P. Vora, M.B.B.S., D.V.D., 
IMS (R) who has been spreading Awareness on Sexually Transmitted Diseases and Infections for over 70 years 
now. 
 
STD Pioneer’s Awareness Trust or SPAT for short, plans to engage in a lot of activities in the coming months 
for the eradication of AIDS and other Sexually Transmitted Diseases from our Society. We look forward for 
your valuable input and assistance to make this gigantic project a success. 
 
Please feel free to contact me if you need any further information on this subject. 
 
We value your patronage of our Clinic in the past, and thank you for referring your many patients to us.  We 
would like to reiterate the commitment of the Doctors at our Clinic to help achieve the best possible results for 
your Patients. 
 
 All “Mission Impossibles” of the Medical World are welcome. 
                                                                                                                                                                                      
Blessings and Good Health, 

Pramod Vora 
Holistic Educator &  
Natural Health Counselor to Doctors 
 
P.S. I do plan to give a Seminar on the use of Nano Silver in the Treatment of Bacterial, Fungal 
and Viral Infections of all types (including HIV, Hepatitis, Herpes to name a few) some time soon. 
Those who are interested to be notified about this and other interesting Seminars in the future are 
welcome to call and register their names for these upcoming events. Please talk to Mr. Subhash at my 
Health Center in Mumbai. Tel No. 2850-3986 / 8653 and give him your latest mailing and e-mail 
address. This will enable us to keep you informed. Alternatively, please e-mail:  subhash@space-
age.com 
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Notes: 
 
2% means 20 grams of Silver Nitrate in 1.0 liter of water. Silver Nitrate  contains 63.31% of 
elemental Silver by weight. This translates to 12.662 gram of Silver in 1.0 liter of water. 
 
Today we are able to work with as little as 3 ppm (parts per million) of Silver solution 
because of the nano sized particles. This translates to 3 mg of elemental Silver per liter of 
water or 0.750 mg of Silver in a 250ml glass of water. 
 
This is only 0.25% of the dose of Silver in the Silver Nitrate given earlier, making it 
extremely safe. 
 
The weight of a 4 inch X 2 inch Silver Foil used in Food Items is approximately 32 mg. 
 
Assuming a very small size Barfi of 2.5 cm X 2.5 cm (1 inch sq.) size the weight of Silver 
Foil used is approximately 4 mg. The Indian sweet has an area of twice this size in reality. 
This makes the weight of the Silver Foil used approximately 8 mg which is more than 10 
times the Silver nano particles in a glass of water. The weight of Silver Foil on Pan would 
also be in the range of 8 to 12 mg per Pan.  
 
The same logic applies to the use of Nano Gold for its anti-inflammatory and analgesic 
properties. Here Gold foils have been used as a food item on barfi and pan for thousands of 
years in India. The density of Gold being 85.0% higher than silver the mg weight of gold in 
food will be almost double that of silver. So you are looking at 14 mg to 20 mg of gold in 
daily diet. 
 
Of course, it doesn’t mean that if you eat 10 pans or barfis in a day you will die of food 
poisoning.  
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Notes Added:

COLLOIDAL SILVER SOLUTION EFFICACY TESTING

100 ppm Silver Solution prepared as per manufacturer’s instructions using Mono Atomic Silver

Generator of SpaceAge Natural Health Centre Division of SpaceAge Concepts (I Ltd.,

Mumbai and for STD Pioneer’s Awareness Trust, Mumbai.

Strength of Silver Solution used: 100 ppm (freshly prepared)

Incubation Temperature: 37
0
C Incubator

Treatment Time: 72 hours

Viral Load before Silver treatment: 905,355 IU/ml

Silver Solution treatment done using 10 ml of 100 ppm Silver Solution every 24 hours and

terminated at the end of 72 hours.

Result:

HIV-1-RNA Quantification by Below 53

Real time SDS IU/ml

(India)
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ALTERNATIVE MEDICINE

Low Immunity is the prime reason why
some people constantly catch colds/Sore
Throat and other infections.

Rather than use drug antibiotics in such
situations, it is always better to first explore
the possibility to improve the body’s own im-
munity.

One of the factors, governing low immu-
nity, is pH (potential Hydrogen or number of
Hydrogen Ions or Acidity) of the body. The
Natural pH of a healthy body, free of any dis-
ease, is always slightly Alkaline at a pH of 7.4.

When the body becomes acidic at the cellu-
lar level, it creates a breeding ground for
germs, bacteria, and other micro-organisms.
These can only flourish and multiply in an
acidic environment. If the fluids of the body
(blood, saliva, etc), are maintained alkaline, it
will be well nigh impossible for these organ-
isms to multiply or even survive.

Standard pH Test Kits are available to deter-
mine the pH of the fluids in the body by sim-
ply testing the pH of the saliva. There exists a
very good co-relation between the pH of the
saliva and other body fluids, like the blood for
instance. There are Dietary Supplements
available which helps to rapidly adjust the pH
of the body and maintain it at an alkaline level.

It is noteworthy, to remember that, cancer
cells do not easily multiply in an alkaline envi-
ronment. Controlling and regulating body pH
is one of the safest non-invasive techniques of
reducing the risk of cancer or controlling or
curbing or slowing down cancer cell prolifera-
tion in the Body.

Another technique to improve the immu-
nity of the Body, is to use a Natural Antibiotic
like Mono Atomic Silver. When administered
orally, it can boost the Immunity of the Body.
Mono Atomic Silver has been tested in UCLA
School of Medicine, California against 650
known pathogens, microorganisms, bacteria,
fungi (including Candida Albicans and Can-
dida Globata), protozoa and viruses. In com-
parison, Drug Antibiotics are perhaps effec-
tive only against half a dozen organisms.
Mono Atomic Silver has also been used to im-
prove immunity of AIDs patients. It has no
side effects as it is Biocompatible with the hu-

There is a growing concern
about the rampant and unnec-
essary use of Drug Antibiotics
for treatment of some non-life
threatening ailments such as

common colds and sore throat.

Antibiotics are also now in the
environment, as farmers and

livestock breeders have in
discriminately begun using

these for commercial gains.
Antibiotic shots are routinely

given to animals kept in unhy-
gienic conditions as a preven-

tive measure.

Antibiotic now, have therefore
entered the Food Chain and

are gradually damaging every-
body�s health.

Pramod Vora
Natural  Health Counselor

Misuse of ANTIBIOTICS
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ALTERNATIVE MEDICINE

man body. It also has strong Antiviral proper-
ties.  A portable pocket sized instrument for
domestic use can, within seconds, produce a
glass of Mono Atomic Silver. It is a low cost
natural Antibiotic that is very ideally suited
for treatment of the masses of a low cost
economy like India which live below poverty
level.

Remember, a healthy body always has
higher immunity. Eating nutritionally and pH
balanced meals can also go a long way to help
raise and maintain the Body’s immunity.

Use of Herbal Dietary Supplements and
Bio-Magnetic Devices to enhance the func-
tioning of the thymus gland can also increase
the production of T-cells and improve the
Body’s Natural Defense Mechanism. Info at:
http://www.space-age.com/thymus.html

Improving immunity, to prevent infections,
is a safer and naturally a more harmonious
way of maintaining the human body in bal-
ance. Trying to remove an infection once it has
invaded the body, by trying to “kill germs”
with Antibiotics can only create an imbalance
in the body and weaken it further. Drug Anti-
biotics being “Dumb Chemicals”, kill every-
thing in sight - friends and foes. They destroy
the infection causing germs as well as the
healthy bacteria required for digestion which
work as Probiotics in the human body. This
ends up lowering the immunity, forcing the
body into a perpetual and vicious cycle of re-
petitive infections coupled with still lower im-
munity at the end of each cycle. ( Fig. 1 & Fig.
2)

Remember, the germs also have intelligence
and they will continue to evolve (develop re-
sistance) to fight their destruction due to Bio-
Chemical Warfare that you would like to con-
duct on the human body.

The stage is now set for diseases like Can-
dida, Colon Cancer, etc to invade and perma-
nently reside in the body, speedily taking it to
its final destruction and premature death.

The number of Antibiotics capable of con-
trolling infections, are diminishing rapidly,
due to the indiscriminate and repetitive use of
Antibiotics. The day is not far away, when the
Pharmaceutical Industry may be unable to of-
fer newer and more powerful Antibiotics. The
strength of the Antibiotics now being used has
grown to such an extent that their after effects
linger on in the body for days after their use
has been stopped. Replacing the friendly bac-
teria lost from the body is getting more diffi-
cult with each passing day. The present typical
Therapeutic Dose of Lactobacillus Acido-
philus is 1.0 Billion living organism to be taken
twice a day for at least 10 to 15 days after com-
pleting the Antibiotic course. Such therapeutic
doses are presently not available at the chem-
ists; so correction of the damage done by Drug
Antibiotics becomes an uphill task. The body
then becomes unbalanced and depleted of its
internally manufactured B-Complex Vitamins.
Therapeutic doses of B-Complex, as per US
Standards, not being readily available, sets the
ground work for a host of chronic ailments to
invade and begin destroying and rapidly ag-
ing the body.
Ø Please stop the unnecessary use of danger-

ous Antibiotics.
Ø Please reserve drug Antibiotics only for life

threatening situations.
Ø Please protect the environment and your

body by minimizing the use of these Drug
AntibioticsFig. 1 Fig.2

The body weakens further with each cycle
and the germs develop further resistance and
immunity with each onslaught of Antibiotics.

Pramod Vora
Natural Health Counselor
SpaceAge ®

Natural Health Center # 9/123 Marol Co-op. Indl. Estate,
Marol  Sagbaug, Andheri (E),  Mumbai 400 059
Tel.:  850 - 8653 /  3986 Fax: 91 - 22 - 850 - 6214
Email:  spaceage@space-age.com
Web:  http://www.space-age.com

Vicious Cycle of Lowered
Immunity from Use of
Drug Antibiotics

Vicious Cycle Broken by the Use
of Natural Antibiotics and
Corrected Body pH



Micron Size and ppm of Silver in Colloidal Solution 
 
  
Please note micron in Metric system is micrometer = 1.0 μm = 1000 nanometers = 1000 nm 
  
Most Silver Colloidal Solutions available in the market are 30 ppm and have particle of 100 to 200 
nanometer diameter or 0.1 to 0.2 μm (micrometer in size). 
  
When you say 30 ppm it means 30 parts per million or 30 mg of silver in 1000 mL = 1.0 liter = 1.0 
L or 1.0 Kg of water. 
  
Silver particles around 200 nanometer are able to kill microorganisms - bacteria and fungi which 
affect skin and hair. 
  
For viral infections you need to go below 200 nanometer in size. 
  
So colloidal silver is effective inside the body and the mg doses are small enough not to be of any 
toxic consequences. 
  
We consume 4.0 mg to 8.0 mg of silver foil on one pan or a single piece of barfi as a food item in 
India without any toxic effect. We have done this for thousands of years. 
  
However the dose in milligram of colloidal silver is too low to cause any toxicity in the human 
body. 30 ppm silver solution will have only 30.0 mg of silver if you drank a whole 1000 mL (1.0 
Liter) at a time. 
  
Typically for human consumption 3 ppm silver solution is fine. This means there is 0.75 mg in a 
250 mL of silver solution. This dose is roughly 10% of the amount one consumes in a single piece 
of pan or barfi. This dose is good for oral use to fight gram positive and gram negative bacterial 
and fungal infections of all types. 
  
200 nanometer silver particles can easily penetrate the pores of the skin which are typically 2 
micron = 2 micrometer = 2 μm = 2000 nanometer in size and larger. Hair diameter is typically 50 
to 200 μm in diameter. Red Blood Cells are 8 μm (micrometer) in diameter. So 200 nanometer 
(0.2 μm) silver particles can easily penetrate the skin and also be in a position to enter the cells in 
the body i.e. are effective for transdermal and intracellular penetration. 
 
Typical dose required for topical applications either by way of gel or spray is 30 ppm. In case of 
very high bacterial load one can safely go up to 100 ppm. 
 
Another important use of silver is to disinfect OR / OT in hospitals and areas where 
pharmaceutical and food preparations are being made to keep the bacterial count to very low 
levels. It is important to note that bacteria do not develop resistance to silver and are therefore 
very safe and effective in the long run as you are using a natural antibiotic which is a know 
nutrient for the human body. 
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Water treatment using activated carbon supporting silver and magnetite.
Valušová E , Vandžurová A, Pristaš P, Antalík M, Javorský P.

Abstract
Recent efforts in water purification have led to the development of novel materials whose unique properties can offer
effective biocidal capabilities with greater ease of use and at lower cost. In this study, we introduce a novel procedure
for the preparation of activated carbon (charcoal) composite in which magnetite and silver are incorporated (MCAG);
we also describe the use of this material for the disinfection of surface water. The formation process of magnetic
MCAG composite was studied using ultraviolet-visible spectroscopy. The results demonstrated the high sorption
efficiency of AgNO₃ to magnetic activated carbon. The antimicrobial capabilities of the prepared MCAG were examined
and the results clearly demonstrate their inhibitory effect on total river water bacteria and on Pseudomonas koreensis
and Bacillus mycoides cultures isolated from river water. The bacterial counts in river water samples were reduced by
five orders of magnitude following 30 min of treatment using 1 g l⁻¹ of MCAG at room temperature. The removal of all
bacteria from the surface water samples implies that the MCAG material would be a suitable disinfectant for such
waters. In combination with its magnetic character, MCAG would be an excellent candidate for the simple ambulatory
disinfection of surface water.
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Abstract

The present work highlights the high efficiency of silver nano-particles deposited over activated carbon, by electro-chemical deposition
method, in controlling microorganisms in water. The anti-bacterial activity of the catalysts were determined qualitatively by testing the
presence of coliforms in water after contacting with the catalyst, using a Readycult reagent. The catalytic characteristics of these materials
are obtained by SEM (scanning electron microscopy), XRD (X-ray diffraction) and TPR (temperature programmed reduction). TPR results
clearly indicate the presence of metallic silver in the dried catalyst prepared by electro-chemical deposition method and the presence of
silver oxide and/or nitrate precursors in the catalysts prepared by impregnation method. SEM results indicate the presence of Ag particles
in nanometer size. Comparison of the anti-bacterial activity of the Ag/C catalyst prepared by electro-chemical deposition method with that
of the Ag/C catalyst prepared by conventional impregnation technique indicate that lower amount of former is sufficient in controlling the
microorganism which is not the case with the latter. The main advantage of Ag/C catalyst prepared by electro-chemical deposition is that
no pretreatment conditions like reduction are required for deactivation of microorganism in water, which is not the case with the catalysts
prepared by impregnation technique.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Ag nano-particles; Electro-chemical deposition; Microorganisms; Active carbon

1. Introduction

Water pollution is one of the main crisis faced by mil-
lions of people and majority of the 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-purification, reverse osmosis and
using silver catalysts. Chemical purification like adding chlo-
rine or iodine or applying ozone to kill the bacteria has several
disadvantages, for example excess chlorination could lead
to cancer. Other methods like UV-purification and reverse
osmosis are not cost affective. Ever since silver has been

∗ Corresponding authors. Fax: +91 40 271 60921.
E-mail address:ksramarao@ins.iictnet.com (K.S.R. Rao).

recognized as an anti-bactericide, its application in purifica-
tion of water is increasing. Heinig[1] developed a catalytic
cartridge-containing layer of silver micro-crystals deposited
on �-alumina and showed that lightly bound nascent oxy-
gen on micro-crystals of silver readily oxidizes bacteria or
viruses and completely disintegrates them. The anti-bacterial
and antibiotic action of silver compounds are reported in the
literature[2–4]. The catalytic oxidation by the metallic sil-
ver in the walls of the container as well as reaction with the
dissolved monovalent silver ion probably contributes to the
bactericidal effect of silver vessels[5]. Supported silver cata-
lysts are reported to be effective in deactivating microorgan-
ism [6,7]. Antelman[8] in his research indicated that in an
aqueous medium the peroxide Ag(III) works about 240 times
as fast as Ag(I) and is upto 200 times more effective a disin-
fectant than Ag(I) compounds or metallic silver. Electrically

1381-1169/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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https://www.researchgate.net/publication/17405845_Control_of_Pseudomonas_infection_in_burns_by_silver_sulfadiazine?el=1_x_8&enrichId=rgreq-ca4117b0-15b5-4a1f-8b43-6ce847728d36&enrichSource=Y292ZXJQYWdlOzI0NDI3Nzg1MjtBUzoxNTk2NTE3MDY0NDk5MjBAMTQxNTA3NTM0MTYzNg==
https://www.researchgate.net/publication/18798000_Antiviral_activities_of_silver_sulfadiazine_in_ocular_infection?el=1_x_8&enrichId=rgreq-ca4117b0-15b5-4a1f-8b43-6ce847728d36&enrichSource=Y292ZXJQYWdlOzI0NDI3Nzg1MjtBUzoxNTk2NTE3MDY0NDk5MjBAMTQxNTA3NTM0MTYzNg==
https://www.researchgate.net/publication/5375869_Inactivation_of_Enveloped_Viruses_by_a_Silver-Thiosulfate_Complex?el=1_x_8&enrichId=rgreq-ca4117b0-15b5-4a1f-8b43-6ce847728d36&enrichSource=Y292ZXJQYWdlOzI0NDI3Nzg1MjtBUzoxNTk2NTE3MDY0NDk5MjBAMTQxNTA3NTM0MTYzNg==


314 V.S. Kumar et al. / Journal of Molecular Catalysis A: Chemical 223 (2004) 313–319

driven silver ions are reported to overcome a critical problem
in the treatment of serious bone infections[9] and severely
burned hands and figures[10]. Further, silver is used in the
silver–copper ion treatment in the sanitation of swimming
pools with minimal or no chlorine usage[11].

Generation of silver nano-particles in water by silver ion
generators is recently a popular technique. The present work
aims in the generation of silver nano-particles on active car-
bon by electro-chemical deposition method where in these
nano-particles are utilized in controlling the microorganisms
in water. Also, the advantages of these catalysts over the Ag/C
catalysts prepared by conventional impregnation technique
have been emphasized in the study of the biological activity
of these catalysts in controlling the microorganisms. Further,
the differences in the activities of the two catalysts has been
explained by the characteristic techniques used viz., XRD,
SEM and TPR.

2. Experimental

2.1. Preparation of catalysts

2.1.1. Preparation of Ag/C catalyst by conventional
impregnation method

Ag/C catalyst with silver loading of 2 wt.% was prepared
by impregnating aqueous solution of requisite amount of sil-
ver nitrate on to dried and purified active carbon. The excess
amount of water was then evaporated on a hot plate followed
by drying in an oven at 110◦C for about 12 h. The dried sam-
ple thus obtained was calcined in air at 400◦C for 4 h followed
by reduction in H2 flow for a period of 2 h at 250◦C. The re-
sultant catalyst has been designated as AgC-IMP. The active
carbon (M/S. Norit, with surface area∼1000 m2 g−1) sup-
port used, has been purified by a sequential treatment with
hot conc. HNO3, hot distilled water, hot conc. NH3 solution
and hot distilled water for at least three times and was then
dried in an oven at 110◦C prior to the impregnation of silver
over it.

2.1.2. Preparation of Ag/C by electro-chemical
deposition

The silver solution was firstly generated by passing low
but constant dc voltage electricity (40 V) through the silver
electrodes (0.4 mm thickness and 10 mm width and 100 mm
long plates) immersed in distilled water. This solution was
then used to test the presence of microorganism activity in
the water samples. The Ag/C catalyst by electro-chemical
deposition method designated as AgC-EC was prepared by
taking requisite amount of purified active carbon in distilled
water and silver particles were generated by the above method
while maintaining a constant rapid stirring for a calculated
amount of time so as to obtain a 2 wt.% of Ag in the fin-
ished catalyst. The excess water was then evaporated over
a hot plate followed by drying in an oven at 110◦C for
12 h.

2.2. Characterization of catalysts

2.2.1. Scanning electron microscopy (SEM)
This technique has been used to find out the range of Ag

particle sizes obtained when run time of passage of low volt-
age current passed through the silver electrodes immersed
in water was varied. The aqueous samples containing silver
particles were mounted on aluminium stubs coated with gold
in Hitachi-5GB vacuum evaporator and micrographs were
recorded on a Hitachi S-520 SEM instrument.

2.2.2. Powder X-ray diffraction
The XRD patterns of reduced sample of AgC-IMP and

dried sample of AgC-EC were recorded on a Siemens D 5000
X-ray diffractometer using Ni filtered Cu K� radiation.

2.2.3. Temperature programmed reduction (TPR)
TPR patterns of dried samples of AgC-IMP and AgC-

EC were obtained using a home made on-line quartz micro-
reactor interfaced to a thermal conductivity detector (TCD)
which in turn is connected to a data station (comprising of
a standard GC-software supplied by Hindetron, India) for
recording the profiles. H2/Ar (6 vol.% of H2 and balance Ar)
mixture was used as the reducing gas at a heating ramp of
5 K/min from 303 to 973 K and kept at the final temperature
isothermally for 30 min. The experimental details of the TPR
run are discussed elsewhere[12].

2.3. Activity test

Ready cult® Coliforms 50 supplied M/S. E. Merck; Ger-
many was used for the detection of total coliforms in the water
samples. The composition of this reagent is as follows.

2.3.1. Composition in g/blister
Tryptose-0.25, NaCl-0.25, sorbitol-0.05, tryptophan-0.05,

di-potassium hydrogen phosphate-0.135, potassium dihydro-
gen phosphate-0.1, lauryl sulfate sodium salt-0.005, X-GAL-
0.004, MUG-0.0025 and IPTG-0.005.

2.3.2. Principle
The high nutritional quality of the peptones and the in-

corporated phosphate buffer guarantee rapid growth of col-
iforms where as lauryl sulfate largely inhibits the accompa-
nying flora, especially the gram positive. By adding the chro-
mogenic substrate X-GAL, which is cleaved by coliforms
and the fluorogenic substrate MUG that is highly specific for
E. coli, the simultaneous detection of total coliforms andE.
coli is possible. The presence of total coliforms is indicated
by a blue-green color of the brath andE. coli by a blue fluo-
rescence under UV-light.

2.3.3. Procedure
To a 50 ml of water (to be tested for coliforms) sample

taken in a sterile, transparent 100 ml vessel with screw cap,
the granules of Ready cult coliforms reagent was added by
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Table 1
Effect of run time on the particle size of silver

S. no. Voltage
(V)

Run time
(min)

Range of Ag particle
size (nm)

1 40 5 50–100
2 40 10 100–120
3 40 20 250–1000
4 40 30 600–1500

breaking the snap pack. The vessel was sealed, shaken com-
pletely to dissolve the granules and incubated for 24 h at
310 K. Any color change of the brath to blue-green confirms
the presence of coliforms. If the brath remains slightly yel-
low (no color change), it is an indication of absence of total
coliforms. This is a blank test, i.e., without adding any Ag cat-
alyst. The same procedure was adapted for testing the activity
of the catalysts by adding required amount of the catalyst to
the water sample and stirred well for∼1 h, followed by fil-
tration to remove the catalyst particles, before the ready cult
was added to it.

3. Results and discussion

3.1. SEM results

The Ag nano-particles are generated electro-chemically
by passing a dc current (40 V) through silver electrodes
dipped in distilled water (50 ml). The effect of run time (du-
ration of passage of the current) on the size of the particles
generated is examined by carrying out SEM analysis of the
Ag solutions thus obtained.Table 1presents the Ag particle
size obtained from SEM analysis at different run times. It can
be seen that just a 5 min time is sufficient enough to generate
the Ag particles in the nano-range in 50 ml water when a 40 V
dc current is applied and beyond this time agglomeration of
particles seem to take place producing Ag particles of bigger
size.Fig. 1represents the SEM micrograph of nano-size Ag
particles in water generated by electro-chemical method after
a run time of 5 min. The figure clearly shows the formation
of nano-particles of Ag in the range of 50–200 nm.

During the electrolysis run, as the size of the particle (Ag)
increases, the distance between the particles decreases which
results in the increase in the current (mA) (initial current
of 5 mA has been increased up to 8 mA). It is reported that
the aqueous solution containing the silver particles (nano-
range) by electro-chemical method to be in the range of
10–20 ppm of Ag[13]. For supporting Ag particles on ac-
tivated carbon by this method, it is thus assumed that the
concentration of Ag is∼10 ppm. Based on this assumption,
a 2 wt.% of Ag deposited on activated carbon (AgC-EC)
has been prepared by suspending∼5 g of carbon in the dis-
tilled water with vigorous stirring and maintaining 40 V dc
current through the silver electrodes, for sufficient amount
of time.

Fig. 1. Scanning electron micrograph of silver nano-particles in water gen-
erated by electro-chemical method.

3.2. X-ray diffraction

Fig. 2 depicts the XRD patterns of AgC catalysts, i.e.,
AgC-EC (dried) and AgC-IMP (reduced). The XRD pattern
of impregnated Ag over active carbon is recorded for the

Fig. 2. X-ray diffraction patterns of AgC catalysts.
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Fig. 3. Temperature programmed reduction profiles of AgC Catalysts.

reduced form of the catalysts where as the pattern of Ag/C
catalyst prepared by electro-chemical deposition method is of
the dried form. The two catalysts showed amorphous carbon
phase and silver in metallic phase [Ag withd values 2.36x,
2.044, 1.253 – ASTM card no. 4–783]. The pattern of AgC-
EC clearly shows that the dried form of the catalyst itself is
in metallic form and thus need not be reduced any more. On
the other-hand, the impregnated catalyst has to be reduced in
H2 flow for at least 2 h at 250◦C to get the metallic phase of
Ag.

3.3. TPR results

The TPR patterns of dried Ag catalysts viz., AgC-EC and
AgC-IMP are presented inFig. 3. The TPR pattern of AgC-
EC catalyst exhibit only a single reduction peak centered at
Tmax of 740 K that which is also observed in TPR pattern of
the other catalyst, AgC-IMP. This signal may be attributed
to the gasification of the support, active carbon. It is reported
to be due to the reaction of carbon with hydrogen resulting
in the formation of methane confirmed by the coupled FID
analysis technique[14] and is represented as follows:

C + H2 → CH4

No other peaks corresponding to reduction of oxidic species
of Ag are observed in the TPR pattern of AgC-EC catalyst.
This clearly suggests that silver is already in the metallic
form in this catalyst. It can be further confirmed from the
TPR pattern of conventionally prepared AgC-IMP catalyst
which showed a low temperature reduction peaks centered at
Tmaxof ∼600 K. This reduction signal is originated due to the
reduction of Ag precursors, possibly either the reduction of
AgNO3 precursor or the reduction of Ag2O. It is reported by
Gang et al.[15] in the H2-TPR carried out on silver catalysts
pretreated in oxygen below 100◦C after reduction at 500◦C
for 2 h to have observed the existence of three peaks at 80, 140
and 460◦C. They attributed it due to molecularly adsorbed
oxygen, to surface adsorbed atomic oxygen and the high tem-
perature one assigned to the bulk-dissolved oxygen, which is
the most difficult one to be reduced, respectively. Boccuzzi
et al. [16] have shown in the TPR patterns of Ag/Ti fresh

samples, that a broad and asymmetric peak atTmax = 383 K
is ascribed to the reduction of oxygen species on finely dis-
persed silver and to the reduction of Ag2O. Also, Paryjczak et
al. [17] have ascribed a double peak at 370–500 K observed
in the TPR study carried out by them over 4 wt.% Ag on�-
Al2O3to be due to different oxide species of Ag. Based on
these reports it seems that the reduction signal observed in
the TPR pattern of AgC-IMP sample in this study correspond
to the reduction of AgNO3 precursor and/or the reduction of
silver oxide. Thus it clearly indicates that silver is in reduced
form in AgC-EC where as in oxidic form or in unreduced
state in the impregnated catalyst.

For controlling the microorganisms in raw water, it is as-
sumed that silver should be in metallic form so that it can take
dissolved oxygen from water. Thus for the catalyst AgC-EC,
no pretreatment is needed for controlling the microorganisms
in water. Whereas the silver catalyst prepared by conventional
impregnation technique requires reduction prior to use in con-
trolling microorganisms in water because silver is in oxidic
form and also AgNO3 precursor in the catalyst may leach
into the water there by causing depletion of concentration of
silver in the catalyst.

3.4. Activity test

TheE. coli lacZ gene encoding ß-galactosidase (ß-gal) is
the classical histochemical reporter gene[18]. It can be de-
tected using a variety of substrates, all of which have galac-
tose linked through a ß-d-glycosidic linkage to a moiety
whose properties change upon liberation from galactose[19].
Several substrates yield colored or fluorescent soluble prod-
ucts, which are useful when quantifying ß-gal activity[20,21]
or visualizing transduced cells live in vivo[22–24]. The flu-
orescent products can even be used to kill cells in vivo[23].
However, for localization of cells containing transduced lacZ,
chromogenic substrates that yield a precipitated product are
desirable[25–27]. The most common such substrate is an in-
dole derivative, 5-bromo-4-chloro-3-indolyl-ß-d-galactoside
[28].

When ß-gal cleaves the glycosidic linkage in X-gal, a sol-
uble, colorless indoxyl monomer is produced. Subsequently,
two of the liberated indoxyl moieties form a dimer, which
is non-enzymatically, oxidized (Fig. 4). The resultant halo-
genated indigo is a very stable and insoluble blue compound
[28]. The dimerization and oxidation reactions require trans-
fer of an electron, which is facilitated by electron acceptors
of the proper redox potential[29]. The ferric and ferrous ions
included in most X-gal reaction buffers provide this function
[30].

The scheme presented inFig. 4 shows the action of X-
gal in detecting the presence of microorganisms, which is
evidenced from the blue coloration, found after incubation.
The Readycult containing X-gal is mixed in the raw water
sample to be tested along with required amount of catalyst
stirred well for an hour and incubated for 24 h. The resulting
bluish-green coloration of the brath indicates the presence of
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Fig. 4. Scheme showing the action of X-gal (from Readycult reagent) in detecting the microorganisms in water.

microorganisms and the absence of any coloration show the
effectiveness of Ag catalyst in controlling the microorgan-
isms. Since, if the microorganism is killed by the action of
Ag, then there is further reaction of ß-galactosidase present in
the microorganism with X-gal responsible for the coloration
of the brath.

IPTG, isopropyl ß-d-thiogalactopyranoside is a chemical
analogue of galactose, which cannot be hydrolyzed by the
enzyme ß-galactosidase. Therefore, it acts as an inducer for
activity of the lac operon of the microbe by binding and in-
hibiting the lac repressor without being degraded and is hence
often used in conjunction with a ß-galactosidase substrate
such as X-gal.

MUG, 4-methyl lumbelliferyl-ß-d-glucuronide trihydrate
is a fluorescent substrate for ß-d-glucuronidase (GUS) en-
coded by the gusA gene isolated originally fromE. coli.
Cleavage of the substrate MUG by a ß-glucuronidase activ-
ity leads to the generation of the fluorigenic product 4-MU,
7-hydroxy-4-methyl coumarin, which can be visualized or
detected by irradiation with UV-light.

A report [31], discuss three mechanisms of deactivation
that silver utilizes to incapacitate disease-causing organisms.

They are catalytic oxidation, reaction with cell membranes,
and binding with the DNA of disease organisms to prevent
unwinding. Among all the metals, silver is unique in its affin-
ity towards oxygen. It is reported that atomic oxygen has an
almost prefect fit in the octahedral holes of gold, silver[32]
and copper. However, in gold the electron cloud of oxygen
tends to be expelled by lattice oxygen of gold atoms and this
block the movement through holes. Copper, on the other hand
forms the oxide providing an impossible barrier. Silver offers
so little repulsion to oxygen that only a small amount of ther-
mal energy is required to readily move the atomic oxygen
through the silver lattice[33].

Silver in its atomic state, has the capacity to absorb oxy-
gen and act as a catalyst to bring about oxidation. Atomic
(nascent) oxygen absorbed onto the surface of silver ions in
solution will readily react with the sulfhydryl (S H) groups
surrounding the surface of bacteria or viruses to remove the
hydrogen atoms (as water), causing the sulfur atoms to form
an R S S R bond; blocking respiration and causing the bac-
teria to expire. Micro-crystals of silver have a tendency to
lightly bound nascent oxygen (with a binding energy of only
40 kcal/mol) and these species readily oxidizes bacteria or
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Table 2
Effect of Ag concentration in water on the destruction of coliforms

S.
no.

Catalyst code Volume of
10 ppm Ag aq.
solution (ml)

Volume of
raw water
(ml)

Total coliforms
status (A: absence,
P: presence)

1 Without catalyst – 50 P
2 Ag solution (10 ppm) 10 40 P
3 Ag solution (10 ppm) 20 30 P
4 Ag solution (10 ppm) 30 20 A
5 Ag solution (10 ppm) 40 10 A

Table 3
Comparison of activities of AgC-EC and AgC-IMP in controlling the
microorganism

S.
no.

Catalyst Catalyst
weight (g)

Volume of
water (ml)

Total coliforms
status (A: absence,
P: presence)

1 AgC-EC 1 50 A
2 AgC-EC 0.5 50 A
3 AgC-EC 0.2 50 A
4 AgC-IMP 1 50 A
5 AgC-IMP 0.5 50 P
6 AgC-IMP 0.2 50 P

viruses, resulting in complete disintegration[1]. There are
many forms of silver viz., silver salts, organic precursors of
silver, metallic form of silver on carbon, which may exhibit
microscopic particle size and show germicidal, antibiotic and
other effects, but are not always found to be safe and are
less effective than the silver generated by electro-deposition
method. In the case of silver nano-particles in water solu-
tion generated by electrolytic method,∼30 ml of such so-
lution is required to deactivate bacteria in a 20 ml raw water
(Table 2). Moreover, it is very difficult to separate the Ag par-
ticles in the solution and to reuse them. Thus this Ag solution
deposited on active carbon seems to be more advantageous
particularly in reusing the catalyst. Silver particles produced
by this method are ideal sized and provide the greatest bio-
logical benefit and are proved to be non-toxic as well. The
biological activities of AgC-EC and AgC-IMP, the two dif-
ferent types of silver catalysts used, are presented inTable 3
clearly shows the difference and superiority of the AgC-EC
system in controlling the microorganisms. Although the im-
pregnated Ag catalyst (AgC-IMP) showed anti-bacterial ac-
tivity, they are needed in high concentration, i.e., only if taken
≥1 g amount (in∼50 ml raw water) can effectively control
microorganisms in water. Also, more importantly these cat-
alysts have to be pretreated subjecting to reduction in H2
flow at 523 K for at least 2 h to get metallic silver particles
on active carbon prior to their application. Thus, again AgC-
EC catalyst prepared by electro-chemical deposition method,
which contains silver already in metallic form, is advanta-
geous over the impregnated catalyst as the pretreatment is
not required. Moreover, even∼0.2 g of this catalyst is suffi-
cient enough or effective in controlling the microorganisms
in water.

4. Conclusions

1. The catalytic ability of the silver deposited on carbon by
electro-deposition route is more effective than that of sil-
ver deposited on carbon by conventional impregnation
technique in controlling the microorganisms in water.

2. The electro-deposition method is easier and less expen-
sive.

3. Silver is deposited in metallic form directly in this method,
which is more cost effective as the pretreatment processes
viz., calcinations and/or reduction can be avoided.

4. This method yields smaller particles (nano-particles)
which increases the intrinsic activity (activity per site) and
hence superior activity compared to the catalysts prepared
by conventional method. The high intrinsic activity of this
catalyst is evidenced from its effectiveness in controlling
the microorganism in water with lower weight.

5. The electro-deposition method can also be extended to
make other supported catalysts like Cu, Ni to increase the
catalytic activity in various other reactions too.
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