Bitter Pills: Inside the Hazardous World of Legal Drugs—Stephen Fried. Motivated by his wife's neurological disturbance induced by a prescription antibiotic, Fried exhaustively investigated how drugs make their way from laboratory to medicine chest. He soon realized that more people die from legal drugs than from illegal drugs. Fried reveals the dynamics of the pharmaceutical industry and the Food and Drug Administration that controls it. He questions marketing directly to physicians and patients, neither of which is necessarily well versed in pharmacology. Originally published in hardcover in 1998. Bantam, 1999, 417 p., paperback, $13.95. 

ENIAC: The Triumphs and Tragedies of the World's First Computer—Scott McCartney. The brainchild of John Mauchly and Presper Eckert, ENIAC was the first digital, general-purpose, electronic computer. It occupied 1,800 square feet, weighed 30 tons, housed 18,000 vacuum tubes, and performed "sophomoric" calculations. Today, its power could be reduced to "a thimble of circuitry." McCartney's review of the ENIAC's mechanical predecessors leads to Mauchly and Eckert's unheralded triumph. These inventors harbored the nuts-and-bolts expertise, but they lacked the business savvy to take their place in history. McCartney sets the record straight on their behalf while defining the foundations of modern computing. Walker, 1999, b&w photos, hardcover, $23.00.  

The Fire Within the Eye: A Historical Essay on the Nature and Meaning of Light—David Park. This survey spans history from Greek and neoplatonic philosophy to the modern laser and optical technology. Park shows how ideas about light have evolved and explains why people have been inclined to believe in luminous powers based on religion and astrology. Originally published in hardcover in 1997. Princeton U Pr, 1999, 377 p., color plates/b&w photos/illus, paperback, $16.95.

Frogs: A Wildlife Handbook—Kim Long. In Yiddish they are the zhabe. Ecologists look to them for the first signs of environmental degradation. Some people believe that if a frog sees your teeth, you'll have bad luck. These are among the facts that introduce 66 species of North American frogs and toads. Pictures of each specimen accompany details about its size, location, vocal call, and habitat. Other chapters discuss frogs' predators, the diseases that strike them, what they eat, the way they move, and their anatomy. Johnson Bks, 1999, 182 p., color illus., paperback, $15.95. 

Requiem for Nature—John Terborgh. For the past 25 years, Terborgh has spent half his time doing research in Manu National Park in Peru, which yielded his unique perspective on the role of parks, societies, and concerned institutions in preserving nature. He has witnessed swelling encroachment of humans on tropical rainforests and divined the cultural and economic factors that allow for the pillaging of natural resources. By his estimates, the last tree in the last primary forest will fall in 2045. Modern society's drift toward materialism troubles the author, who believes that a kinship with natural things is a cornerstone to overall quality of life. In presenting his assessment, Terborgh reveals his ideas for preservation through ideological change. Island Pr, 1999, 234 p., hardcover, $24.95.

Wind Energy Basics: A Guide to Small and Micro Wind Systems—Paul Gipe. Some people implement wind power as a means of moving off the commercial energy grid, while others use it as a supplemental source of energy. With an overview of the fundamental principles of wind energy and a survey of current technology, this guide addresses both concerns for homeowners. Methods for estimating performance of these technologies lead to consideration of feasible applications of wind power. A buying guide is followed by details for siting and installing a turbine. Chelsea Green, 1999, 122 p., b&w photos/illus., paperback, $19.95. 

The Win-Win Solution: Guaranteeing Fair Shares to Everybody—Steven J. Brams and Alan D. Taylor. As conflicts over taxes, estates, mutual holdings, contracts, and political boundaries escalate, the urgent need for a quick and fair method of distribution becomes apparent. The authors believe they have devised a practical process for dividing goods and resolving disputes equitably, efficiently, and envy-free. Brams, a political scientist, and Taylor, a mathematician, base their point-based procedure on three steps: assigning points to contested goods or issues, distributing items according to point assignments, and adjusting the outcome. Real-life examples portray the successful use of this plan. The more theoretical version of this book is titled Fair Division. Norton, 1999, 177 p., hardcover, $24.95.

Words to Live By: The Origins of Conventional Wisdom and Commonsense Advice—Charles Panati. The Bible, Ben Franklin, and Aesop (a mystery in and of himself) represent the most prodigious sources of maxims. Panati digs to the source and stories behind a number of well-known phrases: Crime does not pay. Honesty is the best policy. The devil made me do it. In all, he provides a compelling lexicon of the world's most fundamental thoughts, which have sustained generations. Penguin, 1999, 416 p., b&w illus., paperback, $15.95.

Letters

Fishy punch lines

One factor in the scarcity of barndoor skates and other large species may be hiding in the second paragraph of your article "Skating to extinction" (SN: 5/1/99, p. 280). A dirty little secret of the New England fishing industry is suggested in the parenthetical statement that the barndoor tastes like scallops. 

I remember, about 50 years ago, my uncle laughing at the number of times he had seen kitchen workers in Boston restaurants punching "scallops" out of skate fins.

Robert A. Arey

Jersey City, N.J.

I have been a sports fisherman all my life and sometimes a commercial fisherman. Not only does trawling kill everything in its path, it also destroys the bottom and churns it to a muddy soup that covers and kills nearby vegetation. Until we ban indiscriminate methods of fishing, we will see greater and greater amounts of capital spent catching fewer and fewer fish with an ever-increasing by-catch. Using long lines, drift nets, and trawlers has about the same mentality as setting a grass fire to drive a herd of buffalo over a cliff.

Making fishermen bring in everything they catch would also limit by-catch. At least it would fill up their holds and limit the endless hours of trawling to catch a few fish and kill a lot more.

Gordon Couger

Stillwater, Okla.

Befriend a plant, save the world?

The article "Plants signal stress with a toluene burst" (SN: 5/1/99, p. 279) points out how important it is to say there is much we do not know about our environment. The environmentalists who insist we fall on our swords because of conclusions reached with incomplete knowledge and data now have another piece of crow to digest. But digest it they will. I can see it now. EPA will create a program to "increase the self-esteem of plants" in order to reduce stress and therefore pollution.

Jim Seeser

Columbia, Mo.

Scientists recognize that even in urban areas, a significant portion of volatile organic compounds are from natural, biological sources. So, reducing emissions from cars and industry may not make a dent in urban smog. 
-C. Wu

E-cology?

In agriculture, monocultures often enhance the evolution or spread of disease-causing organisms, and crop failures can be devastating. The Melissa virus "evolved" on a monoculture of PC clones, and virus-protection software is applied like pesticides ("Looking beyond the Melissa virus," SN: 5/8/99, p. 303). Perhaps ecology could be considered in future designs for computer-operating systems. Like biodiversity, computer diversity may provide greater stability. At least, we could use some hybrid vigor.

Stuart Croghan 

La Grande, Ore.

CORRECTION

In "The case of the missing carbon dioxide" (SN: 6/12/99, p. 383), Richard A. Houghton originally calculated in 1994 that residents of the tropics add 1.6 billion tons of carbon to the atmosphere each year. 

A Vaccine for Alzheimer's Disease?

Stunning, unexpected results from experiments with mice have given scientists cautious optimism that simple injections can prevent or slow the development of Alzheimer's disease. Such therapy might even reverse some of the brain damage in people already afflicted with the devastating disorder.

Scientists at Elan Pharmaceuticals in South San Francisco, Calif., injected mice with beta-amyloid, the very protein fragment suspected of causing Alzheimer's disease. This immunization, they found, generated antibodies that prevented the accumulation of beta-amyloid within the mouse brain and even cleared existing amyloid deposits, known as plaques.

"This is the first time that anyone has stopped the development of amyloid plaques in a mouse model of Alzheimer's," says Marcelle Morrison-Bogorad of the National Institute on Aging in Bethesda, Md. "This is a major step forward. Conceivably, you could immunize people against Alzheimer's disease."

"It's wild and amazing," agrees Sangram S. Sisodia of the University of Chicago.

Several years ago, Elan's Dale Schenk wondered whether the immune system could be aroused to clear the amyloid deposits seen in the brains of people with Alzheimer's. To test Schenk's idea, Elan scientists turned to genetically engineered mice that develop large numbers of plaques because they harbor a mutant version of the human gene for the protein that forms beta-amyloid. The researchers began injecting these mutant mice with human beta-amyloid and an immune-stimulating agent called an adjuvant.

Starting at 6 weeks of age, the mice received the injections once a month for nearly a year. At the end of the immunization, the scientists examined the rodents' brains and found that seven out of nine had virtually no amyloid deposits. Both of the two remaining mice had significantly less beta-amyloid than untreated animals, Schenk's team reports in the July 8 Nature. The treated mice also lacked other brain alterations associated with amyloid deposits, such as misshapen nerve connections.

Taken aback by their findings, the investigators then gave a similar series of injections to 11-month-old mice that had already developed amyloid plaques. The shots prevented additional amyloid deposits and even triggered clearance of some existing plaques, the scientists found.

The immunizations create large amounts of antibodies that bind to beta-amyloid, prompting Schenk to speculate that some of the antibodies circulating in the blood sneak into the brain and latch onto any plaques. That may alert the brain's immune cells, microglia and monocytes, to clear the beta-amyloid. 

"It's as if the microglia and monocytes are garbagemen and the antibodies act as signposts stuck on the garbage," says Schenk. He notes that Elan has found beta-amyloid inside those immune cells in the brains of treated mice.

The immunization strategy may resolve the great debate in Alzheimer's disease research. Most neuroscientists believe that the accumulation of beta-amyloid within the brain somehow causes the cell death and resulting memory impairment seen in people with the illness. Other investigators suggest accumulations of a protein called tau are the real villains in Alzheimer's disease.

If the beta-amyloid shots prevent plaques in people as well as mice, "we're going to test the amyloid hypothesis very thoroughly," says Schenk.

While the benefits of a vaccine for Alzheimer's are obvious, it's less clear whether the immunization strategy will serve people already impaired. "Even if you get rid of the amyloid deposits, what will happen to the patients? Will they level off or actually get better?" asks Sisodia. Eliminating amyloid deposits may not prevent accumulation of the tau protein, he notes.

Still, Sisodia marvels at Elan's novel strategy. Almost all scientists would have dismissed the immunization approach, he notes, because of the "dogma" that the so-called blood-brain barrier keeps circulating antibodies out of the brain.

The immunization tactic may also prove useful for the other diseases in which amyloids accumulate in the brain or elsewhere, notes Peter H. St. George-Hyslop of the University of Toronto. The approach might even tackle Huntington's and Parkinson's diseases, both of which involve abnormal brain aggregations of other proteins, he speculates.

While the mice given the beta-amyloid injections suffered no obvious ill effects, scientists caution that the shots could trigger an autoimmune response to the beta-amyloid precursor protein, which is present throughout the body.

By the end of the year, Schenk and his colleagues plan to begin testing the immunization approach on people with mild to moderate Alzheimer's disease. Their initial goal is to confirm the strategy's safety, but they'll also monitor the people for cognitive improvement or slower-than-normal decline. Elan would then like to quickly launch a prevention trial in people known to have a high risk of developing Alzheimer's disease.

"If it does work, it would stand as one of the great scientific success stories of all time," says Morrison-Bogorad.  -J. Travis

Drug to treat flu also protects against it 

For 3 decades, scientists have been experimenting with medications that stifle the influenza virus. Two drugs, amantadine and rimantadine, can impede the disease and limit symptoms. However, neither works against one of the two major strains of influenza, and both can be eluded by the evolving virus. In addition, amantadine causes some disagreeable side effects, including confusion and nightmares.

A new antiviral-zanamivir-seems to ease or eliminate many symptoms of either flu strain if taken within a day or two of the disease's onset, and the viruses seem powerless to develop resistance to it. Now, researchers find that the medication also works as a preventive against both strains of influenza when taken for 4 weeks during the height of flu season. In the July 7 Journal of the American Medical Association, they also report that zanamivir shows no side effects.

The two classes of disease-causing influenza virus are dubbed A and B. "The potential of having access to a new class of antiviral agents that can be used in the prevention of both influenza A and B is very exciting," says Linda C. Lambert of the National Institute of Allergy and Infectious Diseases in Bethesda, Md.

To test the drug, researchers gave each of 1,107 people in Michigan and Missouri an inhaler that dispensed a powder and instructed them to take one dose per day. Half of the people received an inert substance, or placebo; the rest got zanamivir. Neither researchers nor participants knew which was the placebo.

Of 554 people getting the placebo, 34 subsequently came down with the flu, and 19 of them also ran a fever. Of 553 getting zanamivir, only 11 got the flu and just 3 had a fever. 

About 14 percent of each group had already received a flu shot. Among these people, zanamivir imparted additional protection and didn't hinder the vaccine's effectiveness, says study coauthor Arnold S. Monto, of the University of Michigan in Ann Arbor. Zanamivir is made by Glaxo Wellcome of Durham, N.C.

"This is a noteworthy piece of science," says Fred Y. Aoki, of the University of Manitoba in Winnipeg. "It confirms... that drugs for prevention of the flu are an important adjunct to vaccine."

Flu virus consists primarily of RNA molecules wrapped in proteins. Once a virus has invaded a cell and multiplied, new virus particles emerge from the cell bound together. One viral protein, an enzyme called neuraminidase, is required for the bundle to unglue itself so that individual virus particles can infect other cells.

Zanamivir foils the flu by binding to neuraminidase and deactivating it. The virus particles then stay bundled. The molecular docking site the drug uses to attach to neuraminidase doesn't vary much among different strains of flu virus, so scientists call it a conserved site. 

In earlier laboratory efforts intended to induce the virus to become resistant, it didn't find a way to substitute an enzyme impervious to the drug, Aoki says.

This gives zanamivir an advantage over the flu vaccine. The immunization, which uses a disabled virus to elicit an antibody response to the active flu virus, aims at a moving target. The vaccine-triggered antibodies recognize the flu virus less often as it spreads in a population, mutating rapidly. Even in young adults, a flu shot is at best 70 to 90 percent effective. Indeed, the vaccine used in the 1997-1998 flu season, when the scientists conducted the new study, proved only marginally effective. 

Many scientists believe it's only a matter of time before doctors will be up against a highly lethal flu, such as the 1918 strain that killed tens of millions of people. In such a pandemic, zanamivir may work against the virus even as flu shots fail because it will still be able to dock to neuraminidase's conserved site, Monto says.

"There's no doubt this has the potential to become a really important stopgap measure in case of a new pandemic," Aoki says. "The limiting factor is in the logistics of having enough drugs readily available to distribute in such a circumstance."

The drug may initially prove most valuable to people who are allergic to flu vaccine or those whose immune system has been compromised by anticancer medications or drugs that limit rejection after an organ transplant, says W. Paul Glezen, of Baylor College of Medicine in Houston. Among elderly people, whose immune response is weakened, the vaccine is only 30 to 50 percent effective.

Researchers still need to test zanamivir on high-risk patients, elderly people, and those with asthma, he says. The participants in Monto's study averaged 29 years old. "These were [mostly] healthy young people," Glezen notes.

Zanamivir might also be useful as an interim measure among people who are exposed to the virus before getting a flu shot. Daily doses may fend off the disease while the vaccine mounts its antibody response, Glezen says.   -N. Seppa

Seabed yields mark of nearby supernova

A stellar explosion rocked Earth's neighborhood about 5 million years ago, according to German researchers who have uprooted the first direct evidence of a supernova so recent and so close.

Such an explosion would have shone 10 times as brightly as the full moon for months, and a star remnant that appeared the size of 20 moons would have smoldered for millennia. Had the supernova been much closer to Earth, its energy would have caused mass extinction, the researchers say. "What was over the years only a subject of speculation-namely, that a stellar explosion could happen very close to the solar system-now seems to be a reality," says study coauthor Wolfgang Hillebrandt of the Max Planck Institute for Astrophysics in Garching, Germany.

Hillebrandt's team sampled and dated three thin layers of a deep-sea sediment called a ferromanganese crust. The researchers sought particles of iron-60, a radioactive iron isotope produced abundantly in supernovas but having few other sources in the solar system. The group used a method known as accelerator mass spectrometry to isolate iron-60 from elements and molecules of different masses. A gas-filled magnet then teased iron-60 apart from nickel-60, another isotope of the same mass.

The handful of iron-60 ions that emerged was enough to point to a supernova, the group says. The newest layer in the sample contained 14 iron-60 ions; the middle layer, 7 of the ions; and the oldest layer, only 2, the team reports in the July 5 Physical Review Letters. The researchers used the layers' known ages to take into account radioactive decay. They conclude that the quantity of iron-60-especially in the 4- to 6-million-year-old middle layer-indicates a massive stellar explosion, probably a type II supernova, about 5 million years ago.

Although there are other explanations for iron-60 on Earth, such as cosmic ray bombardment, the group says that none accounts for the samples' high concentration. "Everything hangs together on just those few ions," notes physicist Louis Brown of the Carnegie Institution of Washington (D.C.). Nonetheless, he says, "my impression would be that these people know what they're doing."

The German researchers say that after the stellar explosion, gaseous iron-60 condensed on dust particles, probably from inside the star. Hitching a ride on these particles, the iron-60 had enough velocity to pierce the solar wind and reach Earth. From the amount of iron-60 in the samples, the supernova must have been within about 90 light-years, they calculate. 

"It's not exact, but it's a pretty close window on when and where such an event happened, so in that sense I think it's quite exciting," Hillebrandt says. He adds that further tests must confirm the results. His team is searching for iron-60 elsewhere and for other supernova products, such as plutonium-244. 

Astrophysicist Stanford E. Woosley of the University of California, Santa Cruz says that the group's data are compelling but additional confirmation is essential, given the importance of the discovery. 

"If this holds up, it's so astonishing that it's going to spur a tremendous amount of research," says astronomer Donald D. Clayton of Clemson (S.C.) University. "The scientific tentacles of this are very deep."
-S. Carpenter

A nearby supernova (SN) sends stardust (blue) toward the solar system. (Hillebrandt)

Vitamin C's stretch

Healthy blood vessels expand slightly with each pulse of blood pumped by the heart, and they temporarily stretch even more during bouts of exercise. This dilation occurs in response to nitric oxide produced by the vessels themselves. The nitric oxide-induced dilation diminishes in persons with coronary artery disease, but vitamin C supplements can help restore it, a new study finds. 

A normal vessel can dilate up to 15 percent in diameter. Having found that a single, large dose of vitamin C can temporarily increase a vessel's ability to dilate appropriately, Joseph A. Vita of the Boston University School of Medicine and his colleagues wondered whether that responsiveness would persist after longer term and more moderate vitamin C supplementation. They gave 500 milligrams daily of either the vitamin or a placebo to 46 heart-disease patients.

In the June 29 Circulation, the researchers report that vessels that initially dilated on average just 6.6 percent could, after a month of treatment, expand some 9 percent. No similar improvement resulted from the placebo. Vita suspects that vitamin C works by restoring the ability of a blunted vessel enzyme to produce nitric oxide.                           -J.R.

Even ants suffer superpests in big farms

Ignoring a few difficulties with language, the ants that tend giant networks of fungus globs could swap horror stories about pests with any wheat farmer in Kansas.

The ant species with the biggest, fanciest farms in their nests-and with the least genetic diversity in their crops-attract more of the specialized pests than ant species with smaller, more diverse crops do, report Cameron R. Currie of the University of Toronto and his colleagues. Their weed analysis, the first detailed one for ant farms, appears in the July 6 Proceedings of the National Academy of Sciences.  "This parallels human agriculture," Currie says.

The pest problems may soothe human egos ruffled by the knowledge that ants beat us to the invention of agriculture by about 50 million years (SN: 11/21/98, p. 334). A tribe of 200 some species, called attines, cultivate spongy masses of fungi for food.

For decades, these ants had a reputation as farmers of almost supernatural ability, managing farms with miraculously few weeds. Entomologists had proposed that ant glands secrete pesticides and that workers police intruding microbes before they take over. "People thought, 'Oh, they just weed out diseases,' and didn't really look for them," Currie remembers.

Ants do weed with amazing energy, he acknowledges. He's watched a stream of ants lug fungus debris some 4 feet up a vine and drop it, forming a perfect cone on the forest floor. "Their dumps are just beautiful," Currie says.

Only a few opportunistic weeds had been identified when Currie and his colleagues began their systematic 3-year search for intruders in 201 colonies from eight ant genera. The survey turned up what the scientists believe to be specialized foes of ant gardens, fungi of the genus Escovopsis. If they get out of control, they can reduce a healthy farm to dark goo in days. The most common pests in the survey, these fungi have not been detected anywhere except ant farms. 

The ants aren't taking this assault lying down. Currie and other colleagues discovered that a farming ant's body carries patches of Streptomyces bacteria that produce a toxin for Escovopsis (SN: 4/24/99, p. 261). 

The new paper describes evolutionary trends in the ancient clash between farmers and weeds. The bigger, more specialized ant farms, which tend to have less-diverse food fungi, were less likely to show weeds overall. Yet the dangerous Escovopsis represented around 70 percent of the pests that did attack the big gardens versus about 30 percent of weeds in smaller gardens. "As ants evolved to be better gardeners, the parasites evolved too," Currie says.

Jacobus J. Boomsma of the University of Copenhagen calls this "very exciting work." The findings mesh with what he sees as a growing appreciation of the role of parasites in evolution.

Ant specialist Ted R. Schultz of the Smithsonian Institution in Washington, D.C., welcomes the new study for its demonstration of the benefits of the small-farm lifestyle to ants. Its adherents seem to have either gone back to the wild and domesticated new forms of their food fungus many times in their history or snatched crops from their neighbors. 

If such ants reduce their vulnerability to specialized parasites, "the question now becomes, What's the benefit of sticking with a clone?" he says. Fine-tuned cultivation, better harvests-the answers might be pretty much the same ones you'd hear in Kansas. 
-S. Milius

Before and after: The fungus Escovopsis can ruin the fungal crops tended by ants. (Ulrich G. Mueller/PNAS)

How dishwashers pollute the indoor air

Using an automatic dishwasher to clean up plates, glasses, and cutlery may dirty the kitchen's air, a new study finds.

Tap water contains trace quantities of potentially toxic organic chemicals, often a result of water-system chlorination. When such water is heated and sprayed, some of the waterborne pollutants enter the air. 

Cynthia Howard-Reed of the Environmental Protection Agency in Reston, Va., and her colleagues now report that the heating and spraying actions of modern automatic dishwashers make these ubiquitous kitchen aids the home's most efficient means of releasing waterborne chemicals into indoor air.

The researchers conducted 29 experiments, running a residential dishwasher through its paces under a range of conditions-with varying cycles, temperatures, and numbers of dishes. Each time, they spiked the incoming water with four volatile organics. The researchers chose these chemicals to represent typical pollutants having different water solubilities. The more soluble a compound, the less likely it is to escape into the air. 

Within a minute or two, the first cycle in the dishwasher stripped the water of 96 to 100 percent of toluene, ethylbenzene, and cyclohexane, the researchers report in the July 1 Environmental Science & Technology. Because dishwashers continuously vent some 5 to 7 liters of air per minute into the kitchen, the volatilized pollutants almost immediately begin circulating within the house.

Acetone, the most volatile of the tested chemicals, is also the most soluble in water. That's why, depending on the conditions, dishwashers spewed into air just 18 to 55 percent of the waterborne acetone, explains coauthor Richard L. Corsi, a civil engineer at the University of Texas at Austin. 

Per gallon, showers release only about three-quarters as much waterborne toluene as dishwashers; hot cycles in a clothes washer, only about half as much; and kitchen faucets and washing-machine cold cycles, a mere 20 percent. However, owing to the smaller volume of water used in dishwashers, Howard-Reed's team estimates that these devices contribute only about 10 percent of the waterborne pollution spewed into indoor air, while showers contribute about 45 percent.

The amount of contamination in the incoming water largely determines how much all this water use contributes to a home's indoor-air pollution. Under some conditions, however, Corsi's team has found that appliances can add troublesome chemicals to the water. Their washing-machine tests showed that chlorine bleach reacted with organic materials in dirty clothes to generate chlorinated organic chemicals. 

Since many dish detergents contain chlorine, Corsi suspects that as they react with food scraps, they "will form some pretty nasty chlorinated organics in the dishwasher, and they will volatilize." This will add to whatever chemicals had been in the water, he says. 
-J. Raloff 

All-plastic lights for a lightweight glow

A new device takes researchers one step closer to making electronic displays completely out of plastic. A group at the University of Cambridge, England, has succeeded in replacing crucial inorganic components of a light-emitting diode (LED) with ones made out of polymers.

At the heart of the novel, almost entirely plastic device is a material called poly(p-phenylenevinylene), or PPV, which emits green light when stimulated with electricity (SN: 8/24/96, p. 119). Other polymers could, in principle, be incorporated into LEDs that glow in different colors and could be arrayed into a plastic television or computer screen. 

To create the LED, the researchers sandwiched PPV between two mirrorlike layers: a thin metallic film and a layered structure called a distributed Bragg reflector. Like a butterfly's iridescent wings, this reflector bounces back a single wavelength of light while it absorbs the others (SN: 12/13/97, p. 375). Light emitted by the PPV layer reflects back and forth between the two surfaces until a single wavelength emerges from one side of the device.

The new LED, developed by Peter K.H. Ho, D. Stephen Thomas, Richard H. Friend, and Nir Tessler, emits light at a wavelength of 530 nanometers. The researchers describe their device in the July 9 Science.

A distributed Bragg reflector consists of several alternating layers of two materials with different optical properties. Light that enters the reflector bounces back and forth between the layers. Interference between the shuttling signals amplifies one wavelength but cancels out others. By tailoring the thickness and properties of the layers, the researchers can select a particular wavelength of light for the LED.

Most Bragg reflectors use two different inorganic materials. The Cambridge group used PPV not only as the light-emitting film but also in the reflector. The team blended PPV with tiny silica beads just 5 nm in diameter and then alternated layers of the composite and pure PPV.

The same coating process can lay down most of the critical components of the device. Moreover, PPV's electrical conductivity makes integrating the different components of the device much easier. The researchers have more flexibility in where they place the electrodes because electricity can travel through the reflector, Friend notes. 

Organic materials have several advantages over the inorganic ones used in displays today. "It's much easier to mix and match functionalities with polymers," says Friend. Experimenters can easily tune polymers' optical and electrical properties by changing their chemical composition.

"Although further studies are clearly needed to make practical devices, this work shows much potential," William L. Barnes of the University of Exeter and Ifor D.W. Samuel of the University Durham, both in England, comment in the July 9 Science.  The goal is a polymer display that is cheaper and lighter than today's products.
-C. Wu

A polymer light-emitting diode is built in layers. When an electric current passes between a transparent anode and the metal cathode, PPV (green) emits light that is reflected between two mirrors: a reflector (light and dark blue) and a metal film (purple). Green light of a single wavelength emerges through the glass.

Modified from Ho et al./Science
Quenched fire found in Greenland ice

More than 7,000 years ago, Mount Mazama in Oregon exploded out of existence. In the largest known eruption in the Cascades mountain range, this 12,000-foot peak blew its top-and much of its torso-into the sky, leaving behind Crater Lake, the deepest lake in North America. Researchers have now turned up shards from this eruption deep within the Greenland ice cap, providing clues to how the blast affected the globe. 

From past studies of Mount Mazama ash found in western North America, geologists have dated the eruption to within a decade of 7,680 years ago. Christian M. Zdanowicz of the University of New Hampshire in Durham and his colleagues found volcanic debris of just that age in a core of ice extracted from the Greenland's ice sheet in the early 1990s. 

The distinct band of volcanic chemicals and ash particles was discovered in a layer of ice dated to 7,676 years ago. Moreover, analysis of the ash shards indicates that they are chemical cousins of volcanic samples taken near Crater Lake, the team reports in the July Geology. 

From the amount of sulfuric acid found in the ice, the researchers estimate that the eruption filled the stratosphere with 88 million to 224 million tons of sulfuric acid droplets. By blocking sunlight, the droplets would have lowered Earth's temperature by 0.6øC. The blast also shot up 8.1 million tons of chlorine that would have chewed away part of the protective ozone layer.

"It gives us an idea of what could be expected from a very large eruption along the Pacific Rim of the U.S.," says Zdanowicz.

Geologists have previously tried to estimate the atmospheric effects of the eruption, but the Greenland ice provides a direct measurement of the chemicals that drifted around the globe. "It's probably the best place to learn about that stuff," says Charles R. Bacon, a volcanologist with the U.S. Geological Survey in Menlo Park, Calif., who has studied the Mount Mazama eruption.

While the ancient blast dwarfs the 1980 shot from Mount St. Helens, Mazama doesn't hold a candle to truly giant eruptions. When Bacon compares Mount Mazama to the volume of a half-gallon milk carton, the Mount St. Helens blast would fill half of a small espresso cup and the 1991 eruption of Mount Pinatubo would equal a 6-ounce coffee cup. A giant eruption, like one that occurred in Yellowstone National Park 600,000 years ago, would stuff a 30-gallon garbage can. 
- R. Monastersky 

Microscopic glassy shard from ancient Oregon eruption found in Greenland. (Zdanowicz/Geology)

Born in a blast, Crater Lake measures almost 6 miles across. (Bacon)

The Bitter End

Enticing agricultural pests to their last repast

By JANET RALOFF

Though it looks like any ordinary watermelon-and smells deliciously sweet-this mutant is no picnic treat. Its juicy red fruit is overwhelmingly bitter. Even a small nibble provokes an intense gagging reflex and imparts an aftertaste that lingers for close to an hour-unless you're an adult corn rootworm, also known as a cucumber beetle. 

The juice of this mutant melon "tastes like a hot-fudge sundae to rootworms," explains Albert DeMilo, a chemist at 

the U.S. Department of Agriculture's Beltsville (Md.) Agricultural Research Center (BARC). 

A student of this insect's taste preferences, DeMilo is helping concoct tempting flavorings for pesticides that smite the rootworm, which costs U.S. farmers up to $1 billion annually. 

Growers currently fight this scourge by lacing the soil with as much as 30 million pounds of poisons a year. Corn rootworm larvae are the target for roughly half of all insecticides applied to U.S. crops grown in rows. Though using some of the most toxic compounds in agriculture's arsenal, this chemical warfare has not routed the pest. In fact, rootworms have in many areas evolved a tolerance to some of these strong poisons.

Enter the BARC scientists, with their armloads of melons, gourds, and other natural products. Instead of targeting the larvae, which feed on the anchoring roots of corn and the rinds of melons, these researchers are developing a mean cuisine for the adults, beetles that feed on leaves and corn silk. The idea is to knock out most of the beetles before they can plant their eggs-and next year's blight-in the ground. If the researchers succeed, farmers won't have to continue spreading chemicals onto the soil, a practice that risks contaminating groundwater and killing off a host of beneficial insects and worms.

Under the direction of entomologist Robert F. Schroder at BARC's Insect Biocontrol Laboratory, the researchers have been cooking up poison-laced recipes for the beetle's discriminating palate. His team wants to make a smorgasbord of pesticide treats so deliriously irresistible that the beetles will gorge.

Judging by the results of preliminary taste tests, the insects indeed find the scientists' bitter cuisine to-die-for.

Like most other melons, squashes, cucumbers, and gourds, the watermelon that Schroder and his colleagues have enlisted in their war contains a chemical called cucurbitacin. Compared with grocery store watermelons, the mutant melon that they use has dramatically more of this compound, which belongs to a family of perhaps 15 bitter chemicals known as steroid terpenes. These compounds, which many insects and vertebrates find unpalatable, evolved as natural pesticides.

The rootworm's unusual appetite for cucurbitacin apparently developed as a canny evolutionary ploy to appropriate the plants' defense. A bird needs to taste only one of these bitter insects-and promptly vomit it up-to learn an indelible lesson. With such an incentive, rootworms are passionate for the bitter chemical. Once entomologists realized this, they began investigating cucurbitacin-rich flavorings for rootworm poisons.

In 1993, the Environmental Protection Agency approved the first bitter mixture for crop spraying. Carbaryl, a carbamate pesticide, is flavored with cucurbitacin-rich buffalo-gourd powder. Marketed under the trade names Slam, primarily for corn, and Adios, for other crops, it remains the only embittered rootworm pesticide that is commercially available. 

When blended with water and dispersed from a plane, the pesticide forms small droplets that dot the leaves of plants, beckoning beetles to their last meal. Aerial application of the cucurbitacin-baited pesticide allows farmers to reserve the poison for use only after the pest has invaded.

Today, however, most farmers apply unflavored carbaryl or other toxic pesticides to the soil without first determining whether rootworm larvae are present. Explains Larry Chandler of USDA's Northern Grain Insects Research Laboratory in Brookings, S.D., roughly half of the soil insecticides applied to combat rootworms probably are unnecessary. "The farmer uses them as insurance," he says, and as a preemptive strike.

Applying soil insecticides at planting-literally, as the tractor is laying down seed-adds no more than $10 per acre, says Chandler. Aerial application of Slam, by contrast, costs about $15 per treated acre-and another $3 to $7 per acre for the services of a beetle scout, who periodically surveys fields for signs of rootworms.

 Farmers find it unnerving to leave  newly planted fields untreated, says Chandler. So selling them on Slam has been difficult. Far fewer than half of corn growers in his region have been willing to adopt this strategy-despite some potential advantages. 

For instance, in some years the scout doesn't find many beetles on plants,  so spraying isn't needed. When it is required, about 5 percent as much Slam on the leaves can achieve the same kill rate as poisons applied to the soil. Furthermore, the embittered poison threatens little collateral damage to friendly insects-from ladybugs to parasitic wasps-that help growers by naturally attacking many pests.

Chandler has commissioned studies to pin down the precise cost differences between use of soil pesticides and aerial spraying with Slam. They will examine regional factors that affect the economics of farming. "Economics is going to drive many of the decisions that determine whether this is ever going to fly big-time," he predicts.

Schroder's group thinks it has an even more tempting and environmentally friendly alternative-one whose merits may sway more farmers to try cucurbitacin baits for adult rootworms. Their recipe starts with the beetle-pleasing juice of the mutant melons. The poison additive they've picked is phloxine B, a photoactive chemical also known as red dye #28. 

This commercial colorant tints a    number of cosmetics, such as lipsticks, and drugs, such as Pepto Bismal. It also has provided some of the pesticidal wallop in an experimental brew intended to kill Mediterranean and Mexican fruit flies  (SN: 4/15/95, p. 237). 

Dispersed from a plane, the dye-laced melon juice stains crop leaves with tiny carmine dots. When the rootworm beetle encounters them, it stops to feed on a treat considerably more enticing than the plant it had intended to eat. As it gorges on dot after dot, the bug's body acquires a deepening blush.

Exposure to sunlight unleashes toxic chemical reactions in the now crimson bug. "We're not sure what happens," Schroder acknowledges. His best guess is that the light triggers oxidation reactions that damage tissues throughout the pest's body. In field trials, 5 minutes of sunlight killed red-dyed beetles.

As with Slam, Schroder notes, "only the targeted rootworms should be tempted to eat the pesticide." Beneficial insects, which avoid the bitter taste, can visit sprayed fields with impunity. The dyed juice should prove no risk to people's health, he adds. The additive already colors products humans ingest, and the cucurbitacin concentrations are extremely low-less than 1 gram per acre.

Since early spring, USDA has had a group of farmers ready to try the baited dye on their fields, but they must wait for EPA approval. Schroder says, "We've got the juice, the planes are ready-even the sprayers are lined up."

What's the holdup? EPA has required toxicity data to determine any potential danger for workers who handle and spray the photoactive dye in sunlight. The 

USDA had hoped to use data submitted by the company that is trying to commercialize the red dye to kill fruit flies. However, those data have turned out to be inadequate, acknowledges Phyllis A. Martin, a microbiologist working at BARC.

"There were deficiencies in the [dye's] registration application," agrees EPA spokeswoman Ellen Kramer, "and they have not been addressed yet."

If the dye-toxicity studies must be repeated, field trials with the melon juice may have to wait a season or be conducted using a more conventional pesticide, such as carbaryl, as the poison.

Meanwhile, cucumber growers in North Carolina are anxious to try the experimental red-dyed melon concentrate, asserts entomologist Bill Jester of the North Carolina State University Cooperative Extension Service in Kinston. Their motivation, he says, is concern for honey bees. With parasite infections having killed so many bee colonies in recent years (SN: 6/29/96, p. 406), growers have become very protective of those pollinators that remain and are keen to test insecticides that would minimize ancillary damage to honey bees, he says.

Farmers need a broad arsenal of weapons so they can tailor the attacks on rootworms according to the crop, conditions, and the insects' resistance to pesticides. 

Both Slam and Adios rely on carbaryl to kill adult rootworms. "We know that we probably need to develop some alternative active ingredients," says Morris Gaskins of Micro Flo Co., the products' Memphis-based manufacturer. Moreover, Gaskins notes that the company is seeking alternatives to buffalo-gourd root as its source of cucurbitacin. "We have found several varieties of cucumbers that have extremely high concentrations of these compounds and are much easier to grow," he says. 

Schroder's group is also investigating an alternative source of cucurbitacin: the root of a wild Brazilian plant called taiuia. Schroder and USDA ecologist Guillermo Cabrera Walsh, based in Buenos Aires, independently encountered South American corn growers who were extolling taiuia's ability to lure rootworm beetles away from their crops. Local farmers sliced the cassava-like root, soaked it overnight in insecticide, then set it out in the fields as bait. 

Cabrera Walsh's experiments with taiuia indicate that this plant actually "draws cucumber beetles away from the corn-often from quite a distance." He even sprays extracts of it on cloth as a bait to collect live beetles for study. In contrast, insects have to contact the cucurbitacin in buffalo gourd and the bitter melon before they feed on it.

"In theory, [all] the cucurbitacin molecules are too heavy to become airborne," Cabrera Walsh says. This suggests that some other agent in the root may be the airborne lure that rings a dinner bell for the pest. "So, we are trying to investigate that-because an attractant, if it were a different substance [than the bitter compound]-could be important" as an adjunct to any future pesticides. 

Indeed, if it worked well enough, a bait in traps between crop rows might obviate the need to actually treat plants directly. 

The important thing to remember, Chandler cautions, is that no matter how well it works, no insecticide is likely to eradicate a pest. "The best we can hope for is to control it" at a cost that doesn't prove prohibitive, he says. 

For corn and other crops, the bitter medicines under development offer not only a partial cure to their rootworm ills, but one having a minimum of environmental side effects.  
n

Cucumber leaves speckled with dye-laced melon juice.

Soil-dwelling larval rootworms (center of inset) eat the roots of corn, eventually causing damage called goosenecking. Robbed of their anchoring roots, severely affected corn will simply fall down. (Purdue University, Dept. of Entomology)

(USDA-ARS)

Adult rootworms will fight for the right to eat dye-laced melon juice. The resulting red bugs (inset) die quickly upon exposure to sunlight. (Ann Sidor/IBL/USDA-ARS)

Rootworms: A U.S. export?

Until 1992, corn rootworms were a distinctly American phenomenon. Then, the scourge took a Balkan vacation-and found the venue so hospitable that it stayed.

Because the first beetles outside the Americas were sighted in corn fields just outside an airport in Belgrade, Yugoslavia, it appears that the insect hitched a jet ride, notes entomologist C. Richard Edwards of Purdue University in West Lafayette, Ind. It probably began its air travel in the Midwest. Indeed, the rootworm infesting Belgrade fields is identical to the pest, known as the western corn rootworm, plaguing crops in Iowa, Illinois, and Indiana. This variety bears the name Diabrotica virgifera virgifera. Elsewhere in the United States, related Diabrotica species often dominate.

Shortly after the initial Belgrade sighting, Yugoslav officials put out an international call for help. Neither the United States nor United Nations came through with assistance, Edwards notes, owing to their sanctions against the nation for its actions in Bosnia. As coordinator of the regional rootworm-management program for Illinois and Indiana, Edwards unofficially offered his expertise.

For the past 4 years, he has been mapping the insect's advance. By 1996, it had spread to Hungary, Romania, and Croatia. Since then, scouts have spied it in Bulgaria, Bosnia-Herzegovina, Montenegro, and Italy. The insect currently stands poised to invade Spain, France, Germany, and Portugal, Edwards says. 

Rootworm infestations have become severe in only 8 percent of the affected area-all of it in Yugoslavia. There, corn yields have fallen by at least 20 percent, typically 36 bushels per acre, which is similar to what farmers in the U.S. corn belt experience. Unlike their U.S. counterparts, many of the Yugoslav farmers cannot afford to fight the blight, he says.

On sabbatical last year with the U.N. Food and Agriculture Organization, Edwards helped launch a permanent European monitoring program for the insect. He also initiated a model aerial-control program using Slam, the only commercial bitter-baited insecticide.

In many ways, Edwards says, the bitter bait is well suited for these small farmers. A single plane can hit many fields at once, ensuring areawide control of the bug.

Having already dispersed over almost 46,000 square miles, an area the size of Pennsylvania, this blight represents "the most important introduction of an agricultural-crop pest into Europe since the Colorado potato beetle's arrival there in 1876," says Edwards.                           -J.R.

When half-inch-long adult beetles can't find a bitter meal, they will dine on corn silk, shown here, or other crops. (Tom Hlavaty USDA-ARS)

Different pest, similar tactic

A corn earworm moth feeds on the nectar of a Gaura plant, a night-blooming relative of evening primrose. This insect costs U.S. farmers $2 billion annually. 

USDA scientists in College Station, Texas, are working to harness chemicals responsible for this flower's perfumed scent to attract the earworm-also known as the cotton bollworm, tomato fruit worm, and sorghum head worm-to pesticides. As with the lethal treats being designed for rootworms, trace quantities of the earworm poisons would be dissolved in a liquid tailored to the pest's palate. That will probably be sugars, explains Juan Lopez Jr., an entomologist who's been working on the project for 8 years.  -J.R.

(Lopez/ARS)

Biology

From Lewisburg, Pa., at the annual meeting of the Animal Behavior Society 

Damselfly nightlife has its own traditions

Damselflies may not have holiday barbecues, but they do have traditional roosting places, according to a new study of their nighttime gathering spots.

The twigs, grass blades, or other perches look like miniature versions of the trees or bridges where flocks of starlings or cowbirds spend the night, note Paul V. Switzer of Eastern Illinois University in Charleston and Gregory F. Grether of the University of California, Santa Barbara.

By day, male rubyspot damselflies in California lead a macho life. They defend empires of a square meter or so from intruding males and chase whatever females flit by. As night falls, however, the action shuts down. Groups of up to 75 males and females return to a roosting place and show no inclination to mate or fight. "A male could be a quarter of an inch away from some male he was beating up on during the day," Grether remarks. 

He and Switzer wondered whether the nightspots represent some kind of tradition, selected primarily because insects had used them the previous evening. Alternatively, the gathering places could represent the only good choices for spending the night.

At unused spots, the researchers set fake damselflies made of paperclips and clay and observed that real insects settled down next to them for the night. After a week, researchers removed the fake insects and found that damselflies continued to cluster at the new roosts. This willingness to accept a new site led Switzer and Grether to argue that damselflies have tradition. Switzer even goes so far as to say, "It is culture."
    -S.M.

What color is your carnivore? 

The splotches, rings, and stripes on a carnivore's face reveal the fingerprints of evolutionary forces in its past, argues Alessia Ortolani of the University of California, Davis. She is   trying to crack the code.

Ortolani pieced together a huge family tree showing the evolutionary relationships of 200 terrestrial carnivores. Its twigs bristle with dogs, cats, hyenas, and weasels, as well as lesser-known species such as somewhat catlike African genets. Then, Ortolani focused on particular facial markings, looking for patterns in the histories of the animals that bear them.

In her analysis, white markings around the eyes, like the crescents under a tiger's eyes, often appear in lineages of nocturnal predators that prowled dense forests. The white marks could have aided communication among creatures sorting out friends and foes by their facial expressions in the gloom, Ortolani speculates. 

In lineages of grassland species, like African wild dogs, that roam open spaces, Ortolani found many dark muzzles. In daylight, these features stand out, suggesting they might serve as a conspicuous signal for diurnal animals.

   -S.M.

A rubyspot damselfly roosts near fake insects. (Switzer)

Natural white eyeliner turns up often in nocturnal carnivores.

News Flash: Astronomers Demystify Gamma-Ray Bursts

Brightest lights may herald the birth of black holes

By RON COWEN

For a few brief shining moments, a gamma-ray burst radiates more light than anything else in the universe does. Then the light vanishes, never to be seen again.

For 3 decades, astronomers have puzzled over the nature of these fleeting powerhouses. A growing body of evidence now suggests that the brightest events in the cosmos signify the birth of its very darkest inhabitants. Gamma-ray bursts may herald the formation of the dense, collapsed stars known as black holes.

"After 30 years, the mystery of gamma-ray bursts has been partially resolved," says Tsvi Piran of Hebrew University in Jerusalem and New York University. He described recent progress at a cosmology meeting last May at the Fermi National Accelerator Laboratory in Batavia, Ill.

A supermassive black hole-the remains of millions to billions of stars at the center of a galaxy-can produce an extensive assortment of fireworks. Astronomers similarly suspect that stellar black holes-bodies formed from a single star-may produce a wide assortment of gamma-ray bursts lasting from one-hundredth of a second to several minutes.

Material falling onto a stellar black hole accelerates rapidly and releases a huge amount of energy. According to models that astronomers have been tinkering with for years, such energy is more than enough to power a gamma-ray burst. Recent observations have made such theories more compelling. 

It takes a massive star to make a stellar black hole. Over the past 2 years, astronomers have seen several gamma-ray bursts in places where such behemoths, several times the mass of the sun, are likely to be common. 

Massive stars never stray far from their birthplace during their brief lives and typically die a catastrophic death. By pinpointing the location of the long-lived bursts-those that last 5 seconds or more-the X-ray satellite BeppoSAX has for the first time enabled other telescopes to home in on the embers of these fiery flashes.

Lasting from hours to days, these afterglows reveal that the bursts come from distant galaxies, many of them with the bluish tinge and dusty appearance typical of regions that churn out young stars, including massive ones, at an enormous rate. 

In just a few million years, a massive star exhausts its nuclear fuel, losing the fight against its own gravity. If the star ranges in mass between 8 and 30 times that of the sun, gravity abruptly crunches its core into a dense cinder known as a neutron star. At the same time, a shock wave hurls the dying star's outer layers into space. Astronomers call that explosion a supernova.

Extremely massive stars, however, lack the oomph to launch a supernova shock wave. There's simply too much matter falling onto the core to allow the wave to form. Instead, gravity continues crushing the condensed core until not even light can escape its grasp. A black hole is born.

In a model developed by Stan Woosley of the University of California, Santa Cruz and his colleagues, this failed supernova, or collapsar, produces a gamma-ray burst that lasts about 20 seconds.

Woosley begins with a doomed star, 35 times as massive as the sun, that loses its outer envelope of hydrogen gas. The envelope, about two-thirds of the star's original mass, may be blown off by fierce winds from the star itself or snared by the gravity of a nearby companion. 

According to the model, gravity promptly collapses the core to a rapidly spinning black hole, and overlying material begins to rain down upon it. Because the star had been rotating, the infalling gasses do not crash directly onto the hole but form a disk around its equator.

Within this superhot, highly magnetized disk of gas, nuclear reactions generate a rush of subatomic particles called neutrinos. In a matter of seconds, some of the energy either stored in the disk's magnetic field or carried by the neutrinos creates jets of electrons, neutrons, and protons that shoot out from the poles. Over the next 10 seconds, the jets, which carry as much energy as would be radiated by a billion billion suns, burrow through the remains of the star and blow it apart. 

Having failed to generate an ordinary supernova, this sequence of events now produces an explosion with more than 10 times the punch. This souped-up version of a supernova is what Woosley and Bohdan Paczynski of Princeton University variously call a collapsar or hypernova. 

Each jet breaks free of the surface and travels at nearly the speed of light for a distance comparable to 100 times the length of the solar system. At this point in their journey, the jets encounter interstellar material. As clumps  of electrons in a jet collide with each other or slam into the material, they emit a high-energy flash of radiation-the gamma-ray burst.

Piran, a theoretical astronomer, has been independently studying gamma-ray bursts. Although he subscribes to the outlines of Woosley's scenario, he suggests that the burst comes entirely from collisions between clumps of particles within each jet. 

Piran and Woosley agree that the visible-light afterglow results from collisions between a jet and interstellar material that occur farther down the road, after the jet has spread out and slowed.

The gamma-ray bursts described by the model last for about 20 seconds, says Woosley. Some bursts, however, last for several minutes. For these longer flashes, Woosley and Andrew MacFadyen, also of Santa Cruz, invoke a variation on the black-hole theme. Woosley described the work at a May workshop on gamma-ray bursts and supernovas at the Space Telescope Science Institute in Baltimore.

It's another case in which failure leads to success.

In their latest simulations, Woosley and MacFadyen begin with another heavyweight, a star about 25 times as massive as the sun, that has also lost its outer envelope. At the end of this heavyweight's life, its core collapses to become a neutron star, and an outgoing shock wave plows into the outer layers of the star. 

For this star, however, the supernova shock is a tad too wimpy. It lacks the punch to blow the entire star to smithereens. Instead of completely exploding, after about 200 seconds some of the material, the equivalent of five suns, comes crashing down on the core. Material shot out farthest by the supernova shock takes several minutes to fall back.

The weight quickly becomes more than the neutron star can bear, and it turns into a black hole. As before, the infalling gas forms a disk around the newly minted black hole. This time, however, the matter spirals more gradually into the hole-and the energy from the neutrinos is not enough to make jets. 

Instead, says Woosley, magnetic fields associated with the disk may do the trick. Wound up by the spinning black hole, the magnetic field snaps like a rubber band. Some fraction of that torrent of energy generates the jet, Woosley proposes. 

Because the matter continues to fall onto the black hole for several minutes, this process "creates a powerful jet that can stay on for a long time-hundreds of seconds," he says. 

Overtaking the shock wave from the supernova, the jets spread out and send their own shock waves hurtling through the star's outer layers, ensuring that the star will explode. These longer-lasting jets may account for gamma-ray bursts that sustain their fireworks for several minutes, Woosley says.

Such models may seem contrived, but recent observations have boosted their credibility. For nearly a year, a group of astronomers from the California Institute of Technology in Pasadena studied the region of the sky where BeppoSAX detected a gamma-ray burst on March 26, 1998. After 3 weeks, the visible-light afterglow had faded, and Joshua S. Bloom and his colleagues figured that the faint light remaining was background light from the burst's home galaxy. But when they looked again 9 months later, the light was gone.

A galaxy cannot simply wink out of existence, but a supernova can. Bloom and his colleagues propose that the light they saw had been coming from a supernova, which only became visible after the burst's glowing embers had died. 

Both the color of the light and its intensity several months after the burst suggest that the supernova-and the gamma-ray burst-came from a galaxy about 7 billion light-years from Earth. Unlike gamma-ray bursts, supernovas much farther away aren't bright enough to be seen. This could explain why astronomers have been able to link a supernova or hypernova explosion with only a few of the bursts they have observed.

To explain the connection between another supernova, dubbed 1998bw, and a gamma-ray burst detected on April 25, 1998, Woosley invokes yet another variation of the black hole-hypernova model. In this case, the jet is either poorly focused or loses most of its energy in exploding the star it travels through. Consequently, the gamma-ray burst it produces is an unusually weak one. 

This could explain why the April 25 burst was considerably fainter than several of the other gamma-ray bursts that telescopes have recorded. Astronomers caution, however, that although supernova 1998bw lies within the same general region as the burst and exploded about the same time, its position may not be identical to that of the burst.

With all this talk of jets comes an intriguing possibility. Each day, NASA's Compton Gamma Ray Observatory detects, on average, one gamma-ray burst. If the bursts are in fact produced by highly focused jets, we may be seeing only those shot toward Earth.

"We only see a burst when we're looking straight down the jet," says Woosley. "A lot of gamma-ray bursts go unobserved because the gun isn't pointed at us." The actual rate at which bursts occur could be 100 times higher, he calculates.

By the same token, if astronomers are seeing focused gamma rays, then each burst would have much less total energy than is often estimated. In the past, they have assumed that a gamma-ray burst radiates energy equally in all directions and that the amount recorded near Earth represents but a tiny fraction of the total energy. 

If the new models are correct, afterglows should be visible much more often than the bursts themselves. That's because the jets widen as they slow down and create the afterglow. Indeed, says Piran, finding "orphan afterglows"-fading optical and radio-wavelength embers with no obvious parent gamma-ray burst in sight-would help to verify that jets play the key role that astronomers suggest. 

Not everyone is enamored with the models. Although Paczynski invented one version of the hypernova theory, he says he's not convinced that it or any other burst model is the right one. 

Finding and studying afterglows "was a real breakthrough, but I don't take seriously any of the models of the gamma-ray bursts themselves," he says. "I don't want to argue about the details because really we don't understand [the theories]."

Bloom's work linking a supernova to a gamma-ray burst is "likely to be correct," says Paczynski, but with only a handful of observations, "we don't have a pattern yet." 

Piran takes a more optimistic view.  "It's very easy to say we don't know," he says, "but we've come a long way."

Paczynski and Piran agree that a deeper understanding of gamma-ray bursts is on the horizon. Early next year, NASA will launch a spacecraft that promises to locate the position of gamma-ray bursts-both long and short ones-to unprecedented accuracy. It comes equipped with an X-ray telescope to pinpoint the bursts with 50 times the accuracy of BeppoSAX. 

Moreover, the craft, known as the High Energy Transient Experiment-2 (HETE-2), will relay that information to ground-based telescopes within seconds, so they can focus on the bursts before they vanish.

Several theorists have proposed that the very short bursts, those that last less than a few seconds, involve pairs of massive stars. Woosley notes that it's difficult for a black hole formed by the collapse of a single star to generate such short bursts. Instead, pairs of neutron stars that merge and make a black hole could generate these flashes. Such pairs tend to have migrated away from star-forming regions. 

With HETE-2, "we shall see the host galaxies [of bursts] in much more detail," says Paczynski, and then determine whether the bursts observed are actually in the star-forming regions. 

"The diversity of bursts from all over the sky will enormously improve the statistics of the afterglow, and you will catch more optical flashes early on," he says. "I cannot tell ahead of time what we will learn from that, but certainly it will provide many, many hints about what is going on." 
n

This simulation begins with a doomed, massive star that has shed its hydrogen envelope. The black hole formed by the collapse of this heavyweight generates tightly focused jets that expand freely into space. The jets maintain their energy source-material falling onto the black hole-long enough to produce a 20-second gamma-ray burst. Drawing illustrates that an observer (top) along the line of fire of a jet would see the burst, but someone in a different location (right) would not. Theorists conjecture that the rate at which bursts are generated could be 100 times greater than the rate astronomers have deduced from the number detected in Earth's vicinity. (Color simulation by Woosley, McFadyen; Drawing by Tim Jones/McDonald Observatory)

The delayed demise of a star 25 times as massive as the sun leads to the formation of jets and possibly a gamma-ray burst. After gravity has collapsed the massive star's iron core into a neutron star, the dense object launches a supernova shock wave that isn't powerful enough to explode the star. Instead, material rains down on the core, which becomes a black hole. Some of the energy liberated by the infall of material is converted into highly focused jets (red regions). Ten seconds after the jets form (left), they begin breaking through the overlying material and overtake the supernova shock wave (the spherical region shown in blue). Seventeen seconds later (middle), the jets have reached well beyond the shock wave to the edge of the star's helium core. After another 41 seconds (right), the jets have penetrated the star's outer envelope of hydrogen and are on their way to exploding the star. (Woosley, McFadyen)

Biomedicine

From San Diego at the 59th Annual Scientific Sessions of the American Diabetes Association

Device could end diabetes pinpricks

Nearly 16 million people in the United States have diabetes, and most need to prick a finger daily with a sterile pin to monitor their blood-glucose concentrations. A new experimental device may take the sting out of this ritual by absorbing moisture through the skin and analyzing it for glucose. The gadget, called GlucoWatch, looks something like a wristwatch with an absorbent pad underneath it. 

When tested on 28 individuals who have diabetes, the GlucoWatch readings closely tracked those obtained by pinpricks, says Satish K. Garg of the University of Colorado Health Science Center in Denver. A valuable attribute of the GlucoWatch, he says, is its ability to sense a sudden drop in blood sugar.

No device now on the market can continuously monitor blood glucose without penetrating the skin, Garg says. "I think the major advance [in monitoring] in the next 5 years is going to be in this technology," he says. The GlucoWatch, made by Cygnus of Redwood City, Calif., is expected to sell for about $300, with the pad costing $4 per day to replace. 

The diabetes patients reported some mild itching and irritation under the pad. Garg notes that the watch, which uses a AAA battery, can be moved each day to minimize this side effect. Cygnus has sent data from 600 patients to the Food and Drug Administration as part of an application for marketing approval.
  -N.S.

Diabetes patients skipping aspirin

Even though diabetes is one of the top risk factors for heart disease, fewer than one in five diabetes patients take aspirin, an anticoagulant that is widely used to fend off heart attacks.

In a study conducted between 1988 and 1994, researchers at the Centers for Disease Control and Prevention (CDC) in Atlanta surveyed 1,503 adults in the United States over age 20 who had diabetes. Nearly a third of these patients had heart disease, yet of this subgroup only 37 percent were taking aspirin regularly, says Deborah B. Rolka, a CDC statistician.

Besides having diabetes, nearly all study participants without heart disease had at least one other cardiovascular risk factor, such as obesity, a smoking habit, high cholesterol, or a family history of heart disease. Among this group, only 13 percent were taking aspirin. 

"People with diabetes are taking so many medications... that there was probably some concern on the part of [physicians] about adding another medication," Rolka says. Older patients with heart disease were most likely to take aspirin regularly.

The American Diabetes Association started recommending an aspirin a day for most diabetes patients in 1997. 
  -N.S.

Type 2 diabetes appearing in youths

The disease once called adult-onset diabetes is showing up with surprising frequency in youngsters, several studies show.

Researchers at the University of California, San Diego report diagnosing 58 overweight children and adolescents with the disease in recent years. Scientists at the Columbia Presbyterian Center in New York report that 19 youngsters with type 2 diabetes have come to their clinic in the past 2 years. All patients in both groups showed signs of insulin resistance, a hallmark of type 2 diabetes that indicates the cells fail to process insulin properly.

In a Canadian study, doctors in Manitoba have seen the incidence of type 2 diabetes in Cree-speaking Native American children rise from less than one case per year in the early 1980s to more than eight a year in the mid-1990s. 

If there were organized screening programs for diabetes, many more cases would be picked up, says study coauthor Heather J. Dean of the University of Manitoba in Winnipeg. "We must assume that type 2 diabetes is being very much underdiagnosed in youngsters," she says. 


  -N.S.

Materials Science

Strong metal parts made by microwaving

A metal plate or piece of aluminum foil placed in a microwave oven gives off a frightening shower of sparks. Surprisingly, though, researchers at Pennsylvania State University in State College have found that microwaving can be a fast, inexpensive way to make metal parts such as gears.

By pressing metal powder into a mold and heating the object in an insulated microwave chamber, the researchers can fuse, or sinter, the particles into complex shapes. "People had always thought that metals wouldn't work in microwaves," says Dinesh K. Agrawal, but powdered metals absorb rather than reflect the energy, obviating the sparking problem.

Compared with sintering done in a furnace, microwaving can save both time and money. "In a conventional furnace, you heat the entire chamber before you heat the product, so you waste a lot of energy," says Agrawal. "In microwave sintering, we are heating the part only." 

An object that would take 5 to 10 hours to make in a furnace requires only 90 minutes in the microwave oven. The microwave energy absorbed by the powder instantly converts to thermal energy, thus heating the product, says Agrawal. "The whole process is very rapid and very efficient," he concludes. He and his colleagues describe the technique in the June 17 Nature.

 Moreover, the parts have much better mechanical properties than conventionally sintered ones. The powder particles fuse into a dense solid with a fine microstructure. The quick process doesn't allow enough time for individual metal grains to grow, and "the finer the grains in the product, the stronger it will be," Agrawal explains. The researchers are now developing the technique for use on a large scale. 

 -C.W.

Juice put the bounce in ancient rubber

Rubber makers in ancient Mesoamerica were 3,500 years ahead of Charles Goodyear and his vulcanization. Early processes that turned gummy latex into bouncy rubber relied on chemistry similar to that of modern techniques, a new study finds.

Games played with rubber balls on a stone court held an important ritual and cultural role in societies in ancient Mesoamerica, a region encompassing most of Mexico and Central America (SN: 5/16/98, p. 315). Researchers from the Massachusetts Institute of Technology analyzed both new rubber made using a traditional method and samples taken from preserved artifacts. Dorothy Hosler, Sandra L. Burkett, and Michael J. Tarkanian report their findings in the June 18 Science.

For the study, workers from a rubber plantation in southern Mexico collected latex from the Castilla elastica tree and mixed it with juice squeezed from a morning glory vine, causing it to coagulate into a solid white mass that could be shaped into a ball. "It was quite amazing," says Hosler. 

Sixteenth-century Spanish invaders described this very process. The Spaniards were "amazed at rubber because it was so bouncy," Hosler says. In Europe, balls often consisted of pigskin filled with feathers-a decidedly less responsive design.

The researchers determined the composition of the fresh rubber and samples of 3,500-year-old balls recovered from a swamp on the coast of Veracruz, Mexico. They found sulfur compounds in the juice of the vine that can cause cross-linking of polymer molecules, Hosler says. The juice also makes polymer molecules separate from the rest of the latex liquid, allowing them to cross-link more readily.

Cross-linking gives modern rubber its bounciness. In vulcanization, developed in the 1800s, sulfur compounds and heat generate molecular connections similar to those created by the traditional process. Although ancient rubber-producing techniques have been passed down from one generation to the next, modern convenience often triumphs in Mexico today, Hosler notes. "Now, they buy their balls from Taiwan."  
 -C.W. 

