Global Challenges/Chemistry Solutions

The Crisis in Clean Water-1
Water Purification

Combating disease . . .providing clean water and safe food. . .developing new sources of energy. . .confronting climate change.  Hello, from Washington, DC, this is “Global Challenges,” a special podcast from the American Chemical Society — whose 160,000 members make up the world’s largest scientific society.  Today’s headlines are a drumbeat of dilemmas that affect the everyday lives of people everywhere. “Global Challenges” takes you behind those headlines for eye-opening glimpses of how chemistry is responding to those challenges — improving and sometimes saving people’s lives.  You’ll hear the stories and meet the scientists whose discoveries are helping to make life longer, healthier, and happier for millions of people. Today’s global challenge in this ongoing saga of chemistry for life: Providing a thirsty world with clean drinking water.
From San Diego to Santiago to Seville to Sydney, billions of people are facing shortages of clean water. At least 80 countries already have water shortages that threaten health and economic activity.  More than one billion people have no access to clean drinking water.

And things are getting worse.  World population is growing.  Farms, factories, and cities are using more water.  Demand for water is doubling every 21 years — and faster in some areas.
`
Global climate change adds an unsettling element of uncertainly to what many experts term a global water crisis.  What effect will global warming have on water supplies to homes, factories, and farms — especially during parched summer months when demand peaks?

A Naturally Scarce Resource
Look down at Earth from space and you see a sparkling blue-and-white jewel. Most of what you see is water.  Earth is the “water planet.”  How can a planet with 71 percent of its surface covered by water face a water shortage?

In reality, we face a natural shortage of water that people can use.  About 97 percent of Earth’s water is salt water in the oceans and brackish water on land. Polar ice caps and glaciers hold another 2 percent in their frozen embrace.  Barely one percent of the world’s total supply of water is in lakes, rivers, and groundwater sources.  This is freshwater that people can use.

The Liquid Fantastic
This natural shortage involves a substance that — second only to air — is the most essential material for life.  As Dr. Julie Zimmerman put it, shortages of clean water are at the basis of other global problems.
The water crisis seems to be at the crux of so many other things like population increase, climate changes scenarios, land use changes.  All of it really goes back to water quality — water quantity and availability.  We wanted to bring that to the forefront for the ES&T community.
A chemical engineer at Yale University, Zimmerman was a guest editor of a special edition of Environmental Science & Technology, one of the American Chemical Society’s 36 peer-reviewed scientific journals.  Dr. Jerald L. Schnoor, ES&T’s editor-in-chief, who is with the University of Iowa, explains that the issue, entitled “The World’s Water,” focused on global water problems. Here is Dr. Schnoor:
It is a global focus, everything from how we look into the future and how various countries are going to obtain safe drinking water to details the technology side. How do we prevent build-up of lead? How do we prevent deterioration of home water supply systems in the connection from the city supply to the home? And even within the home.  I am very pleased with the articles.  The authors really are among the leaders in this field in the nation and even the world.

Water is the liquid fantastic, a scientific marvel with secret properties that still puzzle and perplex chemists.  It is the only substance, for instance, that at room temperature can exist in all three states of matter.  Water can be a solid, a liquid, and a gas.

Few people realize it, but almost everything we eat, wear, or rely upon in everyday life requires water.  It takes 150 gallons of H2O to make one loaf of bread.  Growing the cotton in a pair of jeans takes 1,800 gallons.  Cars don’t roll off the assembly line.  They float off, on an invisible river of water. Producing a passenger car slurps up 39,000 gallons of water.

Unfortunately, most fresh water available to meet humanity’s needs cannot be used straight from lakes, rivers, or wells. Water naturally contains suspended and dissolved impurities. Natural sources of water often bear disease causing bacteria, viruses, and parasites. This water must be purified.  

In Sickness and in Health
In 1999, the U. S. Centers for Disease Control and Prevention — the CDC — tallied up the 20th Century’s 10 greatest public health achievements.  Control of infectious diseases — especially cholera and typhoid — by providing clean water was No. 4 on that list.  Public water purification and supply systems in the United States and other developed countries provide clean drinking water.


Those systems do not exist in parts of many developing countries. The lack of clean water claims a terrible toll. Water-related diseases are among the leading causes of illness and death among the poor in developing countries.

Consider just one plague — diarrhea and other gastrointestinal illness.  The World Health Organization estimates that 1.5 million children under age 5 die each year from such diseases. That’s almost 4,000 deaths each day. Millions of others fall ill each year from these diseases.  And almost all of this toll could be prevented.
The Miracle Packet
April 2008 brought a dramatic example of how advances in research and development are having clear applications in addressing this global challenge — and in improving the quality of human life.  The place:  A rural health clinic near Ibadan, Nigeria, a country in which 66 million people lack safe drinking water.  The occasion: A celebration of the production of the one billionth quart of clean drinking water with a purification technology developed by chemists at Procter & Gamble and the CDC.

The technology consists of small easy-to-use packets that people in rural areas can add to a container of dirty water. These so-called PUR water purification packets work like a mini-water treatment plant. PUR packets contain powdered water clarification and disinfectant chemicals similar to those used in municipal water purification plants.

One ingredient:  Calcium hypochlorite, which kills parasites, bacteria, and viruses.  Another: Ferric sulfate, which removes dirt and other impurities.  PUR packets kill microbes that cause cholera, typhoid and dysentery.  They remove potentially toxic metals like lead, arsenic and mercury.  PUR packets also remove pesticides like DDT and other undesirable material. It takes less than 30 minutes to purify 10 quarts of water.  The packets are provided in the developing world for only pennies.

At the clinic, John Pepper, P&G’s former Chief Executive Officer, President and Chairman, donated the PUR packet that provided the one-billionth liter of safe drinking water. Local and national government officials and others gathered at the clinic to observe the milestone. Among them was Dr. Greg Allgood, director of Children's Safe Drinking Water Program at P&G, which supplies the packets. Here is Dr. Allgood:  

We’re thrilled about reaching 1 billion liters of safe drinking waters provided so far by PUR purified water.  It’s a little packet of powder and it transforms dirty, contaminated water into clear safe drinking water.  You add it to 2 ½  gallons, stir for 5 minutes and the water visibly and physically transforms in front of your eyes to clear water. Pour it into a cloth, wait 20 minutes, and then it’s safe to drink.

How effective is this chemical magic?  Dr. Allgood’s report at one American Chemical Society national meeting described the clinical trials.  One involved 25,000 people in three countries — Guatemala, Pakistan, Kenya, and Liberia.  PUR packets reduced the incidence of diarrhea by an average of 50 percent. One of the trials in a refugee camp found a 90 percent reduction in diarrhea.
Tales of Telemedicine

Many of the countries without access to clean water are impoverished lands, with per capita incomes of barely $1 per day. More than 1 billion people — one-sixth of humanity — struggle under these conditions of extreme poverty. They lack more than clean water. There is no basic equipment to test water for purity.  And there are shortages of medical personnel and laboratories to test water for purity and diagnose water-borne diseases and select the proper treatment. 

A team of scientists led by Dr. George M. Whitesides described a solution to those challenges in May 2008.  They published results of a study in Analytical Chemistry, another American Chemical Society journal. Their solution combines chemistry and. . . you guessed it.  Cell phones. Almost 3 billion people — about half the world’s population — now own cell phones. 

After launching a communications revolution, cell phones are talking up a potentially lifesaving new role in telemedicine. That’s the use of telecommunications technology to provide medical diagnosis and patient care when the physician and patient are hundreds or thousands of miles apart.
Simple, Inexpensive System 


Dr. Whitesides and his colleagues at Harvard University and the University of Sau Paulo in Brazil developed and tested a simple, inexpensive telemedicine system.  It is ideal for developing countries or remote areas lacking advanced medical equipment.

The system combines a cell phone camera with easy-to-use, paper-based diagnostic tests that undergo color changes when exposed to certain disease markers. The paper strips analyze urine, saliva, or other samples from patients and show the results with a color change. The cell phone camera records the results as a digital picture and transmits the image for reading by off-site medical personnel.  Here is Dr. Whitesides:
Water is probably the key element in public health.  There are many approaches to measuring clean water. Contaminates in water range from microorganisms to arsenic.  You often must have an analysis carried out locally.  If one can’t afford to have the information collected by an expert and that means hours of travel just to get one point of information, our idea is to use a very simple and inexpensive analytical system. People  can collect the information locally and then the device records and reports the information as a colorimetric or color change.  That information can be transmitted by a cell phone to a central facility staffed by an expert who would not have to travel. The facility could receive information from a number of agents who were out collecting information in a different way.
Global Challenges at Home
Can people in the United States and other developed countries trust their drinking water?  With almost universal municipal water purification, developed countries do not face ongoing problems with water-borne diseases.  Epidemics of typhoid and cholera transmitted by contaminated water — a major cause of illness and death early in the 20th century — are not even a memory.


However, other concerns do exist about the quality and safety of our tap water. Consumers in some areas complain about unpleasant taste and odor in drinking water.  In other areas, water supplies have levels of lead and other substances. 

Scientists are concerned about an emerging group of water pollutants that challenge traditional water treatment plants.  Among them are the so-called PPCPs — pharmaceuticals and personal care products.  These contaminants include ingredients in prescription and nonprescription medicines, cosmetics, and other products.
Professor of Plumbing
So how safe is our tap water? For answers, Global Challenges turns to Dr. Marc Edwards, who Time magazine dubbed “The Plumbing Professor” and featured in 2004 as one of the nation’s leading scientific innovators.

One focus of this Virginia Tech professor’s research is lead leaching into drinking water as a result of water purification plants switching to chloramine disinfectant. Edwards reported on the topic in that special issue of Environmental Science & Technology. Dr. Edwards’ overall assessment of drinking water quality in the United States is reassuring. 
The biggest issue is really lead in water.  Unless you’re immune compromised, most people are just as well off drinking tap water as bottled water, but the big exception is young children who are very susceptible to lead’s effects.  There are some situations, rare as though they may be, where tap water from the homes has extraordinary high lead levels that are very unsafe for children. So we have to do a better job of finding those problems and making sure people take the simple steps necessary to avoid that exposure through use of Brita filters or flushing or other approaches or even bottled water.  But in general the state of tap water in the United States is very good.                       
With traditional health threats like bacterial contamination largely under control, scientists are tackling new challenges, such as corrosion caused by new disinfectant and others that many people do not even suspect exist.  Some even result from well-intentioned efforts to conserve this precious resource.  Here again is Dr. Edwards:
As you know, water conservation is moving to the forefront as we try to become more sustainable, and that means lower water use shower heads, using rainwater or reclaimed water to flush toilets, and other issues.  One of the things we are discovering is that because we are not drawing as much fresh water into the home, the quality of water is sometimes adversely impacted, meaning a few years ago you would flush the toilet and you would draw large amounts of fresh water into your house. But nowadays, we are using less of that water for flushing of toilets, showers and those types of activities.  The potable water just sits in the line for much, much longer periods of time.  So just like milk can go bad if it stays around too long, so too can potable water go bad, and we are discovering this is a downside of water conservation, and that we’ve got to come up with ways to maintain this higher water for longer period of time in our house as it sits. So there's always new challenges, and that can involve changing the water treatment so that the water stays fresher longer, to over simplify the problem. Or changing the type of plumbing materials involved so that they might have a lesser impact, or can preserve the purity of water for a longer period of time.
Conclusion
We face enormous challenges in meeting global needs for clean water.  Some of the roadblocks are not strictly scientific.  They result from extreme poverty and national priorities that limit use of existing water purification technology. However, as these glimpses of chemistry’s responses show, progress is being made. Here is Dr. Whitesides: 
Drinking water is really a tough problem because it involves a commodity, which people use a lot of and they want at very low cost. So I have to be candid and say that parts of this problem strike me as extremely difficult.  It is a problem of getting pure water — a problem that would benefit enormously from smart chemists thinking in creative ways.  We just desperately need as many new ideas as possible about how to purify water. 

Smart chemists.  Innovative thinking.  That’s the key to solving global challenges of the 21st Century. Please join us at the American Chemical Society for the next chapter in this ongoing saga of chemistry for life. In our next special Global Challenges podcast, we’ll examine what could be a magic bullet for water shortages — efforts to put water on a salt-free diet and produce freshwater from the limitless resource of H2O in the oceans. 
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