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In today’s world, a large set of environmental challenges exist. The extent of the environmental damage
is alarming and the consequences could be dire. Existence of healthy life requires availability of safe
food and clean water. Though food supply seem to have improved in last 25 years, the emerging
industrialization (in almost every corner of the world) has rapidly caused serious deterioration in water
quality. The water supply is limited and we cannot make more water (as we can probably do with food).
The consequences of drinking polluted water may not appears. NOW but the price may be very high for
the future generations to pay. Many people exposed and affected by polluted water are the ones who
can least afford to buy clean water. For the past 20 years, we have engaged ourselves in developing Low
Cost, Low Tech Water Treatment Methods Using Locally Available Material. These methods help to
destroy organics and bacteria, and remove metal ions from water for individual consumption. Our
methods ,however, can also be adopted for large bodies of water such as rivers and lakes. We are now
attempting to establish a nonprofit organization to seek funding to spread our technologies amongst the
people who can least afford to buy clean water

The Need

There is an old American Indian saying, “We are not inheriting this land from our ancestor but we are
borrowing it form our children”. |If we were to follow this motto the world would not be facing dire
environmental crisis that we seem to be facing. Dean Gus Smith of Yale University recently published a
very thought provoking book titled [1],“ the Bridge at the Edge of the World: Capitalism, the
Environment , and Crossing from Crisis to Sustainability”. It is an acclaimed book which we highly
recommended to read. In this book -Dr. Speth points out that if we were to continue to release
greenhouse gases and toxic chemicals at current rates, the world will not be an habitable place in the
later part of the this century. What a custodian our generation has been of the resources that were
handed to us by our ancestors 5-6 decades ago — we have not borrowed the land and its resources
from our children but we have pawned them in favor of our stupor and arrogance that unlimited and
unchecked growth was possible and reckless generation and disposal of the waste was of no
importance. Profit was the ultimate goal but the social and moral responsibility was not. It has been
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asked by Speth, Is growth in highly affluent societies actually improving our live?” He quotes in his
book the results of studies performed by psychologists that once a country achieves a moderate level of
income, further rise in income and growth does not significantly improve perceived well being.

What has all this to do with the focus of the work that we are attempting to describe and why is all this
important to any of us? The world in recent years has become aware that the Asian countries and their
people, -especially India and China, are good places for production of low-cost materials for domestic
and global consumption. The standard of living of workers in these countries has gone up tremendously
and people are more prone to spending more of their disposable income to further improve their
standard of living and less prone to save, as did the previous generation. There are many reasons why
goods produced in these countries cost less: cheap labor and lax regulation of wastes, which inherently
result from parts of the production process.

Let us take a look at the state of the treated waste water produced some of the pharmaceutical
companies in India [2]. These Indian factories produce drugs for much of the world, including the United
States. Samples of treated wastewaters were taken from a centralized wastewater treatment plant
located in Pantacheru, India, and were analyzed by Joakim Larsson of University of Gothenburg in
Sweden for 22 drugs used in treatment of such things as hypertension, chronic liver ailments,
depression, gonorrhea and; ulcers. Half of the drugs detected were found to be at the highest levels
ever reported world-wide (>150 times). It was found that some water-borne drugs promote antibiotic
resistant germs, especially when they are mixed with human sewage. The tadpoles grown in such waters
were found to be 40% smaller than those grown in clean water. Larsson asked — who should bear
responsibility for the polluted environment when the emerging economies produce drugs for our well
being? Naturally, this work has created a stir among environmental scientists and a lot of finger
pointing, accusations and denials. Whatever happens and whoever get the blame, the bottom line is
what are the masses of people -going to do? What do future children face for the remainder of their
lives (low 1Q? disease?)? What happens to the unborn child of a pregnant woman? Birth defect? In the
same Associated Press article, Mr. Bashir Ahmed, -80, summarized the helplessness of these hapless
victims, “The poor are helpless. What can we do?”

Quest
That is our quest.

Mr. Bashir Ahmed and 4-5 billions of such other people around the world are the group of people for
whom our efforts are dedicated. We have developed many novel, revolutionary and yet simple and
cheap means to treat polluted water.

Some Solutions

There is probably no single solution for all the water problems throughout the -world, but whatever
solutions are developed and if they were to be useful for the masses, they should incur little or no cost,
should be low--tech and use locally available materials which individuals or the family units should be
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able to use and reuse for treating water for their use. It is similar to Gandhi’s Charkha emblem — small is
beautiful.

What makes water unusable is the presence of silt, toxic metals, organics and bacteria. This issue has
been the subject of much scientific research over the past couple of decades. To-date, no universal and
cheap solution has been identified. Some partial solutions include the use of complex metal complexes,
which are not feasible for use in the third world. We have developed novel and simple methods for
removal of the toxic metals, organics and bacteria; the silt be taken care by numerous very simple
methods. In the first group of methods, we have investigated the use of waste biomasses (sawdust,
leaves, crabshells, live plants) to remove a number of toxic metal ions such as lead, chromium, nickel
and cadmium (studies on arsenic are in progress). We have investigated both batch and flow systems
and modules. From our work, we have found that the whole process of removal of metals from water
takes a few minutes only because the adsorption process is extremely fast. We have also found that the
adsorption of metal ions on these materials is also pH dependent. It was found that the sawdust and
crabshells adsorb very efficiently (> 99% for all -of the metal ions that these material were exposed to) at
pH levels found in most potable waters and natural waters. Based on these results, a metal treatment
system could be designed in the following manner.

In the first stage, if any tube or piece of pipe (even a bamboo pipe) is available, the adsorbent could be
filled in the tube and water flowed through it. If a tube is not available, the sawdust could be sprinkled
in water in a bottle, and the bottle shaken for a few minutes. Subsequently, the sawdust could be
filtered using a piece of cloth. This process also gives an opportunity to clean larger bodies of water
such as ponds or lakes. It is proposed that such bodies of water (which can include ship channels,
lakes, rivers, ship locks, etc) if contaminated with metals could be cleaned by sprinkling sawdust and
removing it with later with a mechanical rake-

While we continue to expand our studies on a larger variety of biomasses and metal ions, it is very clear
that the sawdust which is found almost ubiquitous can be used to remove most of the metal ions. Such
studies will also help us to develop a comparative performance matrix. While doing all these, a natural
guestion also arises. What about spent biomass (sawdust)? Technically, it becomes hazardous waste.
We have addressed this issue as well. We have used the fact the adsorption is pH--dependent to wash
out adsorbed metal ions by simply washing them with dilute vinegar. Thus, these biomasses could be
easily regenerated. If one were using a flow system, the regeneration can be done by passing vinegar
through the adsorption media.

The second stage of the water treatment is designed for removal or organics and bacteria, but still
keeping in mind that the methods should be cost effective, simple and should not add additional
disposal problems.

Removal of organics is not as straightforward, and this is a problem that has been tackled by numerous
research groups- The bacteria are currently removed by oxidation with added sodium hypochlorite to
the drinking water. One must immediately notice that this added hypochlorite imparts water that
distasteful chlorine taste (and itchy eyes in the swimming pool). But the other even more serious

NSTI-Nanotech 2009, www.nsti.org, ISBN 978-1-4398-1783-4 Vol. 2, 2009

421



422

problem is that the byproducts of the disinfection process can themselves be even more harmful.
Because of the presence of organic and humic material, for example, trihalomethanes (THMs) such as
chloroform, carbon tetrachloride are formed. Another serious concern has more recently emerged -
the presence of pharmaceuticals in the water. Not only is the presence of these pharmaceuticals of
concern, but their chlorination can potentially give rise to an even more toxic cocktail of halogenated
organics.

We have shown that we can achieve our goal of destroying organics and bacteria in one single step.
Although we cannot currently reveal the exact composition of the system that we are using for
destruction of both organics and bacteria simultaneously, it can be mentioned that material is very
cheap, chemically and biologically inert. It is in fact an edible material. Since we use solar radiation, we
call our methods of removal of organics and bacteria POTS (Photo Oxidative Treatment Systems). We
have tested our systems for the destruction of some of the most stubborn pollutants (such as MTBE,
complexed cyanides, nitrophenols, E. Coli) found in water systems. Typically, % hour sun/light exposure
is enough for mineralization, but our system can be used, although it becomes less effective, even at
dusk. We are feverishly working to test our methods for an increasing number of water pollutants, but
we have enough results to suggest the following complete design of our water treatment system:

Stage 1: Remove silt by Alum or simply allowing water to stand.

Stage 2: Remove metal by passing it through one of the suggested biomass. Collect water in a glass
bottle.

Stage 3: Mineralize (destroy) organics and bacteria by POTS.
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