Global Challenges/Chemistry Solutions No. 6
Promoting Personal Safety & National Security
Introduction

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: Assuring personal safety and national security. 

The September Attacks

September 11, 2001. The day the world as we knew it changed. An undertone of fear swept America in the wake of the attacks on the World Trade Center and the Pentagon and the downing of United Airlines Flight 93 in a Pennsylvania field. The nation went on high alert. U. S. Air Force jets patrolled the skies over our nation’s cities. Shopping malls were deserted. Parents kept their children out of school. Everyone it seemed, was waiting for the next attack. 

Then, a week later, the proverbial other shoe dropped. Anthrax attack! Network news offices and newspapers in New York and Florida started receiving letters packed with a coarse brown granular material resembling dry dog food. Then, three weeks later, letters filled with a fine white powder arrived at the offices of U.S. Senators Tom Daschle of South Dakota and Patrick Leahy of Vermont. Both sets of envelopes contained spores of the bacterium Bacillus anthracis – the cause of anthrax disease – and the letters that implied they were a followup to the September 11 attacks. Twenty two people became ill. Five of them died of anthrax. 


Today, law enforcement officials say that the Amerithrax incident, as the FBI named it, was actually perpetrated by a misguided government research scientist.  He may have been trying to call attention to our vulnerability to such attacks. Whether that was really his intention will never be known.  The suspect committed suicide on the eve of his arrest.

But in the aftermath of 9/11 and the anthrax attacks, the Federal government has poured millions of dollars into research with one purpose in mind:   Developing technologies that can detect potential threats from both biological and chemical weapons before they endanger the public’s health or the safety of our first responders.  They are the soldiers, firefighters, police officers and health care workers who put their lives on the line to protect the public. 
A Host of Threats
Inhalation anthrax, starts off with symptoms resembling a bad cold or the flu, and then rapidly progresses to severe and often fatal respiratory collapse. Not a pleasant way to die. But anthrax is one of the least dangerous of the biological threats that the National Institutes of Health calls Category A agents.

These are the real nasties, the bacteria, bacterial toxins, and viruses that are not only incredibly potent, but also have the potential to be spread among large numbers of people in a bioterrorism attack. Joining anthrax on the Category A list are smallpox; botulism toxin; plague; viral hemorrhagic fevers such as Ebola and Marburg; and tularemia, or rabbit fever. 

Analytical chemist Dr. Troy A. Alexander, of the U.S. Army Research Laboratory, is one of the many scientists who is developing a rapid, high-tech approach to detecting the first signs of a Category A bioterrorism attack. 

“When I started this work, I first looked at the listing of Category A pathogens that’s published by the National Institutes of Health, and if you look at the category A pathogens, about 75 percent of them are viral in nature. So my thought was that this is where we really ought to apply most of our effort to address this problem of being able to detect biological threat agents – bacteria, viruses, and toxins – that have been put in a weaponized form.” 

Optical Fingerprints

The product of Dr. Alexander’s research is a device that generates what is essentially an optical fingerprint.  Within minutes, it can identify specific bioterrorism threats. In a paper that he published in ACS’ Analytical Chemistry, Dr. Alexander describes experiments in which he used viruses from  the smallpox family as a proof of concept for this device.
“When you start to look at work that’s been done with pox viruses you quickly realize that they are unique in the sense that they are invariant irrespective of what the animal host is or even what part of the world they come from. In that respect, they are a good model system to start with, and more closely to our application, smallpox is still a really big threat that can be used in a military application or a bioterrorism threat.”
The device that Dr. Alexander created is based on a technology known as SERS, short for Surface Enhanced Raman  Spectroscopy. SERS works like this: When infrared light shines onto a precisely machined gold surface, known as a SERS substrate, it excites the electrons in the metal atoms and causes them to ripple in unison across the gold surface, much like waves on pond.

When a virus particle or bacterium lands on the SERS substrate, it gets energized by those ripples and gives off light at multiple wavelengths. That pattern of light, or spectral signature, depends on the exact type of virus or bacterium stuck to the SERS substrate. For example, smallpox virus produces one spectral signature, while the closely related cowpox virus produces a different signature.

Even better, using software that can run on a personal computer, Dr. Alexander found that his device can analyze the light emitted from the SERS substrate and identify specific pox viruses within a matter of minutes even when there are multiple types of viruses present on the substrate. That’s an important finding because in the real world, the air is full of harmless viruses and bacteria that might interfere with the detection of bioterrorism agents. 

And in fact, Dr. Alexander has already shown that this device can detect and identify members of the Bacillus family of bacteria that includes anthrax, and could find use with other threat agents, too.
“Yes, this could be extended to include not only the pox viruses but also Bacillus spores and also it's very easily applicable to chemical threat agents such as mustard gas and VX, and one of the big challenges, of big military interest right now, is detection of explosive materials. It could really be used to develop a broadly applicable sensor platform that could be used to sense all of those different categories of agents of interest… For more civilian applications, this could be used in football stadiums, airports, shopping malls, areas where you have high volume, high numbers of people, and it could be really easily automated.”
“Chemical Radar”
In 1935, Sir Robert Watson-Watt, a British physicist, developed the first practical radar system. By 1939, at the outbreak of World War II, the United Kingdom had installed a string of radar stations along its south and east coasts to provide advanced warning of potential attacks from both sea and land. For the first time in history, a nation could use machine-enabled remote sensing to prepare its defenses in advance of an imminent attack. Undoubtedly, the invention of radar saved countless lives, both soldier and civilian.

Today, researchers such as Dr. Claire Hartmann-Thompson, of the Michigan Molecular Institute, are developing what might be called chemical radar. Instead of using radio waves to see distant bombers and battleships, these new technologies use laser beams to detect atmospheric chemical weapons. 
“It’s nice to detect something dangerous at a distance, and obviously it's safer for humans… The main challenge is getting high quality information from a distance, and  you find there's a trade-off between the number of things you can detect and the sensitivity. So you normally find a sensing technique that can easily detect one thing down to very, very low levels, and an example of that would be land mines. Some techniques can detect parts per trillion of a nitroaromatic vapor above ground, above a buried land mine or  buried ordinance, and then at the other end of the spectrum one has a system where you don't know what to expect – you could expect any one of a number of different chemical warfare agents and you may want to be able to distinguish those, but you normally find that the more things you can distinguish, the higher the levels have to be before you can detect them, so you're always working with that trade-off and trying to strike a balance for the application you're working on.”
Dr. Hartmann-Thompson’s research involves that tradeoff between versatility and sensitivity. In the ACS journal Chemistry of Materials, she and her colleagues provided details on a system that uses a collection of laser-sensitive nanoparticles to detect at a distance chemical warfare agents such as the nerve gas VX.

The nanoparticles in the collection carry different fluorescent dyes, each of which emits light of a unique color when struck by a laser beam. But more importantly, those colors change when the nanoparticles come in contact with various chemicals, in this case nerve agents. The exact manner in which the array of particles change colors depends on which chemicals are interacting with the nanoparticles.  The set of colors associated with a particular chemical is like a fingerprint for that chemical.

In its current form, this technology would be useful for detecting nerve agents drifting into an area in a suspicious-looking cloud and distinguishing them from chemically similar but less harmful pesticides that might have been sprayed on a farm field.
“In a real-world setting I can imaging some kind of military or homeland security application where you could launch a mixture of these particles into a cloud and then monitor what comes back from the cloud. All these techniques exist – the military is good at launching projectiles to defined locations. A lot of technologies are good at detecting various wavelengths of radiation coming back from the remote location, from the IR to the visible to the UV. So it's a matter of putting together existing technologies to apply this in the real world. “
But Dr. Hartmann-Thompson is already thinking beyond this current system to one that could be set up to create a permanent monitor for airborne chemical weapons.

“We’re working on that right now. We've managed to create analogous sensors in the form of a coating, and once you can coat something you can deploy it.”
Keeping Food Safe
Most of us are confident in the safety of our food supply here. Yes, there was the recent outbreak of Salmonella that sickened a few hundred people who had eaten contaminated jalapeño peppers, but by and large, we don’t spend much time worrying about terrorists poisoning our hamburgers. 

Fortunately, there are experts who do worry about that possibility. One such expert is Dr. John Mark Carter, a supervisory research chemist at the U.S. Department of Agriculture’s Agricultural Research Service. Dr. Carter leads a team of researchers who have developed a method for rapidly detecting ricin, a plant toxin found in castor beans. 
Ricin is on the National Institutes of Health’s list of Category B agents, which includes potential bioterrorism threats that aren’t quite as dangerousas the Category A agents. Nonetheless, the amount of ricin obtained from 8 beans is enough to kill the average person, and terrorism experts have stated that Al Qaeda has experimented with ricin. There is also no known antidote for ricin poisoning. 

Enter Dr. Carter and his team at the USDA, who reported on their work in the ACS Journal of Agricultural and Food Chemistry. 
“Ricin is considered a biosecurity threat agent, and a more efficient detection was required…Immunochemical assays are available, but they're unsuited for use with complex foods such as hot dogs or powdered eggs. Animals tests are simple but expensive, and enzymatic tests are subject to interference by food.”
The unusual thing about ricin as a potential bioterrorism threat is that it’s very simple to isolate in a slightly impure, but still potent form, from beans that almost anyone can grow. Another potential source of ricin is the more than 100 million pounds of waste generated during the production of castor oil, which is used as a laxative and for other purposes. But that simplicity also created an opportunity for Dr. Carter and his colleagues.

“The RT-PCR test that we developed doesn't actually detect the ricin toxin itself. Instead, it detects castor bean DNA which is present in partially purified preparations of ricin.”
RT-PCR is short for Real-Time Polymerase Chain Reaction, a technology used widely in research, medical, and crime laboratories to identify DNA. RT-PCR has gained such wide use because of its exquisite sensitivity and accuracy — it can accurately detect even the slightest amount of castor bean DNA. In fact, Dr. Carter’s team showed that their test can detect ricin contamination in ground beef at levels nearly 1,000 times lower than the lethal oral dose for the typical adult. Dr. Carter says that when coupled with new technologies such as microfluidics that can automate RT-PCR assays:
“They have the potential to provide a faster and more definitive result coupled with reduced expense, which is critical for routine food safety analysis.”
Touchy, Touchy. . .
Of course, terrorists aren’t the only threat to our health and well-being. Mother Nature, with our ready cooperation, occasionally does a pretty good job of making us sick. Think doorknobs. Think escalator handrails. Think grocery carts. The places that dozens or even thousands of people touch every day. Numerous scientific studies have shown that viruses and bacteria can survive on such surfaces, just waiting to be picked up when that surface comes in contact with the human body. 

“There's certainly been growing concern and certainly growing media coverage about the transmission of germs through surfaces. Every flu season and whenever there's another disease outbreak, we hear the stories where they swab people’s grocery carts or desks or computer laptops or trays on airplanes and find germs there, so having surfaces that are not good for the germs to grow on will help cut down on some of  this contamination.” 

That was Dr. Virginia Davis, a chemical engineer at Auburn University, who teamed with colleague Dr. Aleksandr Simonian to create a rugged antibacterial coating made of carbon nanotubes coated with a natural microbe-fighting substance known as lysozyme. Lysozyme is an enzyme found in egg whites, as well as in human saliva and tears, and it kills bacteria by chewing up their cell walls. But by itself, lysozyme doesn’t stick well to surfaces. Carbon nanotubes, which are about 1/50th the width of a human hair, form the strongest materials known, and they adhere strongly to surfaces. However, they also form big clumps, rather than a uniform coating, when applied to most surfaces.
“It's easy to make a coating of large clumps of nanotubes, but then you're not getting the benefit of the nanotubes.”
But a strange thing happened when Drs. Davis and Simonian tried to combine the two substances – they found that they could firmly attach lysozyme to the surface of carbon nanotubes and when they did, the nanotubes stopped clumping. Voila! Two problems solved. As described in the ACS journal Nano Letters, the new coating is easy to apply to a wide variety of surfaces.  Once dried, is tough as nails. In fact, initial tests on the new coating show that it remains untouched by common household cleaners and repeated contact, though further tests are needed outside of the laboratory to determine how useful the coating will ultimately be in public settings.
Conclusion
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 how chemists are developing new ways of combating disease that may reshape the practice of medicine in the 21st Century.

Today's podcast was written by Joe Alper. Our editor is Michael Woods. I'm Adam Dylewski at the American Chemical Society in Washington.

