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 Our Molecular Future, 2022CliffDrive,#343,Santa Barbara, CA 93109
 
 Introduction and Background By revising risk assessment to account for new scientific discoveries, industry and regulators may be able to collaborate in areas where they might otherwise be at odds over perceived risks and benefits of technology convergence. For example, according to some environmental scientists, new "nanomaterials" are too risky to manufacture until we study them further(1). Other experts disagree and say that potential benefits outweigh the risks.(2) In my book, Our Molecular Future(3), I argue that methods used by both sides to evaluate such risks are becoming obsolete, and that only by overhauling them is it possible to accurately understand risks and benefits. The good news is that tools to revitalize risk assessment are being developed and deployed. Such tools may also let industry adapt rapidly to newly discovered natural environmental threats. This rapid adaptation may let us match nature's complexity.
 
 The author has pioneered environmental risk assessment methods(4) used by chemicals companies and government agencies. Based on that experience, and using research done for my book, I identified categories of technological advances and discoveries that may alter the basis for risk assessment. They include:
 
 Emergence of Enhanced Human and Machine Intelligence. Hans Moravec, head of Carnegie Mellon's Robotics Institute, has shown that the capacity to process information is multiplying exponentially, and the rate at which it is multiplying is increasing(5). For millennia, this exponential rate was imperceptible in real time, because © 2005 American Chemical Society
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 13
 
 14 it took thousands, then hundreds, then tens of years for such capacity to multiply; from the abacus to the microprocessor, and now the nanoprocessor. Today, this exponential acceleration is becoming perceptible. For example, it has enabled the rapid transition from desktop printing to three-dimensional desktop manufacturing (6). Such machines are effectively eliminating the conventional factory. In 2001, a computer used "genetic computing" (7) to build a thermostat and actuator that were superior to the counterparts designed by a human. The computer's programmers were unable to trace how the computer reached its conclusion. This is because genetic algorithms let computers solve problems in their own way. Machines with such enhanced intelligence do certain things far faster and better than we do. Not everything, but many things. Stock brokers now use computers that forecast commodity markets more accurately than humans do(8). Satellites that repair themselves and make unilateral data transmission decisions are already in orbit(0). Such merging of human intelligence with genetic algorithms and-massive networks is being applied to modeling of, for example, climate change. Yet we are only beginning to apply them to real-time evaluation of risk-related phenomena such as hurricane, earthquake, and tsunami that are still unpredictable in the very short term. Many risk assessment methods still implicitly assume that evolution of intelligence will proceed in the same way that it has over the past few thousand years—gradually and without perceptible change in the foreseeable future. For example, it is still assumed that self-assembly and disassembly by complex, intelligent products is science fiction that is not achievable in the foreseeable future. It is assumed that intelligent structures that adapt rapidly to climate changes, earthquakes, and hurricanes are too expensive to be broadly adopted. Yet the aforementioned advances suggest that such assumptions are rapidly becoming invalid.
 
 Technologies That Merge With The Natural Environment Ray Kurzweil, who pioneered technologies such as the flatbed scanner, argues that "technology is a continuation of evolution by other means"(/0). This implies that our technologies are becoming an integral part of the ecology. What are the physical manifestations of this? Smart Dust(/V) comprises a massive array of micromachines made of components that ride on air or water currents, undetected to the human eye. Each expendable machine can have a camera, communications device, and sensors for chemicals, temperature, and sound. It can serve as the eyes, ears, nose, and
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 15 guidance mechanism for everyone from soldiers to tornado chasers. It is cheap to manufacture, and its prototype exists today. It forms part of an array that delivers information to one or hundreds of computers in one or many locations. It will soon be in our environment in the trillions, delivering real-time information about earth, air and water. Such intelligent particles are also gaining the capacity to self assemble. Several universities have pioneered self-assembling photovoltaic materials that generate and conduct an electric current(/2). These materials can be painted onto surfaces, thus eliminating need for solar panels. When we combine self-assembly with intelligent sensing at the nanometer scale, and manufacture trillions of units, we see that technology becomes an integral part of the ecology instead of just impacting it. We may therefore have difficulty to distinguish between what has been manufactured and what has evolved "naturally". This nanoscale level of incursion into the ecology by smart machines suggests emergence of an intelligent environment that is able to sense virtually every part of the ecology, from the epicenter of earthquakes to the heart of a hurricane and the heartbeat of every species, then interpret the data. Just as nature has its own intelligence by acting to balance environmental changes, so we are creating an intelligent human-built environment, not just alongside that, but as part of it.
 
 New Evidence of Punctuated Equilibrium The theory of "punctuated equilibrium(/5) was first proposed in 1972 by Niles Eldredge and Harvard evolutionary biologist Stephen J. Gould. This holds that evolutionary changes occur relatively rapidly in comparatively brief periods of environmental stress, separated by longer periods of evolutionary stability. After many years of skepticism, their theory is gaining acceptance because proof is emerging. Intelligent tools such as those described earlier, are helping us to discover that the natural ecology undergoes periodic large scale and localized instability that threatens our society, and not just in the extended timeframes that we used to think. In 1994, Comet Shoemaker-Levy 9 (SL9) hit Jupiter(/4), blasting holes the size of Earth in its atmosphere. Had this hit the Earth, human life would have been virtually extinguished. Until then, it was thought that such disruptions happened only every few million years and that we'd have time to see them coming. SL-9 demolished this idea. It demonstrated that we live in a galaxy where life can be snuffed out on a planetary scale without warning.
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 16 Furthermore, scientists have found that smaller events have upset the ecology here on Earth. Ice core and tree ring records show that in the year 536 A.D. an unknown event triggered a catastrophic cooling of the northern hemisphere, resulting in years without summers that led to wholesale crop failures and starvation(75). Other ice core and tree ring samples from around the world show that naturally induced climate flips have occurred far more frequently and suddenly than we once thought(/5). At the regional scale, in 1700 a fracture at the Cascadia subduction zone produced a tsunami that scoured the Pacific coast for miles inland where many of our cities now stand(77). In 1958, a fifteen hundred-foot high wave swept away a forest after a mountain collapsed into Lituya Bay, Alaska(/5). At the other end of the scale, nanosized organisms a hundred times smaller than most bacteria have been discovered( 19,20,21). For decades, researchers around the world have theorized that many prevalent diseases such as atherosclerosis are caused by infection(22).This was proven for stomach ulcers decades ago, but for other illnesses no one could find a culprit. Now it seems that we have one. Skeptics claim that nano organisms don't exist, but studies in 2002 by the Mayo Clinic and other well-known universities now confirm their existence(2J). Furthermore, there seems to be a treatment^). Most recently, in March of 2003, nano scale micelle-like entities were found in large numbers in polluted river water(25), suggesting that a world of nano scale life forms may lie beneath the one that we are used to dealing with. Such nano and macro scale phenomena may pose big threats, yet government agencies and insurers know of precious few defenses against them, and moreover they often do not have adequate methods for detecting them. Thus, punctuated equilibrium is not part of the environmental risk assessmentframeworkrightnow, and as such, a chunk of the ecological equation is missing. This is especially true when considering the environmental risks and benefits posed by nanotechnologies. Such technologies may at once be driving the next "punctuation" in evolution, yet give us the tools to protect ourselves from conventional and newly discovered natural threats. That is the new paradox.
 
 Discussion Most of our agricultural, medical, and housing systems struggle to respond to the natural environment's complexity. Right now, many of our technologies are note very good at it. For example, we use antibiotics to cure infections, but they lose their potency when the environment that they work in adapts to them.
 
 Karn et al.; Nanotechnology and the Environment ACS Symposium Series; American Chemical Society: Washington, DC, 2004.
 
 17 Yet this imbalance may shift. Technology convergence may let us do something that we have only dreamed of until now: Adapt rapidly to nature's complexity. For example, we may be able to adapt rapidly to big natural onslaughts. We may build earthquake-proof and storm-proof structures based on newly discovered, super-strong, nanostructured aerogels that slash the costs and risks of building in risky zones. In medicine, drugs may be so precise that they backfire only occasionally instead of generating widespread immune responses as they do now. This ability to adapt rapidly to nature's complexity may allow the institutions that underpin our economy, such as insurers for example, to redefine the boundaries of risk assessment for everything from property protection to disease vectors.
 
 What to Do Intelligent systems along with newly discovered natural threats are the elephants in the room of risk assessment. They must be investigated with a view to developing adaptive technologies such as those described in this paper. Yet this is not occurring among many of the institutions responsible for risk assessment. For example, although nanoscale organisms have been identified in geological formations and the human body since the early1990's, neither the USEPA or insurance companies seem to examine the implications for human or natural ecology. Yet NASA is extensively studying it, as are Universities of Texas, McGill Canada, Regensburg and Hamburg Germany, Kuopio Finland, Melbourne Australia, and many others. At the macro end of the scale, neither EPA nor insurance companies have yet examine newly discovered anomalies such as the naturally induced climate flip of circa 536 A.D., or the west coat tsunami of 1700. These might disrupt natural ecosystems and bankrupt insurers if they recur. Furthermore, no government agency or insurance company examines how nanotechnologies might be used to adapt to such phenomena. I therefore suggest that as a first small step, EPA, FEMA, and selected insurers sponsor a forum: "Match Nature's Complexity: Using technology convergence to adapt to newly discovered natural threats". The goals of this forum would be: -Summarize newly understood natural threats at the nano and macro scale, -List advanced technologies that may help us adapt to them, -Determine how risk assessment methods might be revised accordingly.
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 18 The forum might bring together experts who have never met as a group, such as: scientists who have developed aerogels and intelligent materials that can be used to adapt structures to climatic and seismic threats; researchers who discovered nanobacteria and developed methods to reverse nanobacterial infections; and scientists who have uncovered new naturally induced threats that warrant a new type of defense.
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