The Five Ages of the Universe: Inside the Physics of Eternity—Fred Adams and Greg Laughlin. While many astrophysicists concentrate on the universe’s origins, Adams and Laughlin are recognized for their vision of the future. They delineate five epochs of universal life based on unwavering laws of physics. The universe is quite young, they say, as we are the midst of stage two: the Stelliferous Era, dominated by life-giving stars. Its precursor, the Primordial Era, encompasses the Big Bang and the birth of the lighter elements of the periodic table. In the next 90 trillion years, the Degenerate Era will take hold and visible radiation from ordinary stars will cease, leading to the Black Hole Era of proton decay. Finally, there is the Dark Era looming about 10121 years from now, when black holes will have evaporated and no energy-producing objects will exist. As they describe each age, the authors also speculate about the possibilities for life. Free Pr, 1999, 251 p., b&w illus., hardcover, $25.00.

How Babies Talk: The Magic and Mystery of Language in the First Three Years of Life—Roberta Michnick Golinkoff and Kathy Hirsh-Pasek. Golinkoff and Hirsh-Pasek blend scientific findings about babies and language with methods of implementing these findings to expand the vocabulary of a child. Within the pages of this report, we learn that fetuses even react to their mothers’ voices and loud sounds. The authors define the path of language development beginning in the womb and describe how best to hone a child’s skill. Readers also glean insight into the ways in which youngsters attach meaning and context to their words. Dutton, 1999, 256 p., hardcover, $25.95.

The Large, the Small and the Human Mind—Roger Penrose. Controversy has dogged Penrose since the 1989 publication of The Emperor’s New Mind, in which he evaluated the role of quantum mechanics in understanding the underpinnings of the mind. Another Penrose book offered a rebuttal to his critics. In this volume, Penrose does not wait for new counterclaims. Instead, he furthers his argument and then invites professors of philosophy Abner Shimony and Nancy Cartwright, and theoretical physicist Stephen Hawking to refute his theories. Penrose’s topics are the shortcomings in modern physics, his own solutions, and how his ideas can explain the nature of the human mind. Originally published in 1997, this edition is expanded and updated to include an accessible example of Gšdel’s theorem and a proposal for a physical experiment to test some of Penrose’s ideas about quantum mechanics. Cambridge U Pr, 1999, 201 p., b&w illus., paperback, $12.95.

The National Outdoor Leadership School’s Wilderness Guide—Mark Harvey. From the latest “leave no trace” camping techniques to how to organize a search party, the information in this completely updated and revised handbook is useful for both novice and experienced hikers, backpackers, and campers. With an emphasis on how to enjoy the magnificence of the wilds without spoiling it, Harvey details equipment selection, camping techniques, compass use, emergency procedures, backcountry cooking, weather principles, and preparation. He provides clear text and illustrations. Fireside, 1999, 268 p., b&w photos/illus., paperback, $15.00.  

The Pearly Gates of Cyberspace: A History of Space from Dante to the Internet—Margaret Wertheim. In Wertheim’s view, cyberspace has brought us back to the beliefs of our medieval ancestors who saw themselves embedded in both physical and spiritual space. This comes after a long metaphysical drought imposed by Renaissance physicists who assigned scientific meaning and mathematical laws to all aspects of space. Because cyberspace harkens back to a dualism in which the human mind lives beyond matter, Wertheim likens this “digital domain” to a “technological substitute for the Christian space of Heaven.” After all, cyberspace exists beyond physical space. Although heady and often dense, her arguments are well executed in their approach to issues sure to loom with greater importance as the digital age matures. Norton, 1999, 336 p., hardcover, $24.95.

The Pioneers of Flight: A Documentary History—Phil Scott, ed. Rather than rehash the lives and pursuits of aviators and their would-be predecessors, Scott relies on the words of people who were part of the early quest to fly. This anthology culls personal stories, letters, newspaper reports, journal articles, scientific notes, and patent applications to reveal how the mastery of the obstacles of physics and aerodynamics culminated in the Wright Brothers’ accomplishment at Kitty Hawk. Ovid’s account of the feathered flying machine crafted by Daedalus and flown by his son Icarus initiates the text. Included are the writings of Octave Chanute, Sir George Cayley, and Glenn Curtiss, as well as Orville and Wilbur Wright. Princeton U Pr, 1999, 234 p., b&w photos/illus., hardcover, $24.95.  

The Scleroderma Book: A Guide for Patients and Families—Maureen D. Mayes. A noted authority on this obscure autoimmune disorder presents an accessible handbook to understanding, detecting, and treating scleroderma. Closely linked to lupus and rheumatoid arthritis, scleroderma initially manifests itself in small patches of hardened skin. The condition subsequently can attack the lungs, kidneys, and blood vessels. Mayes covers the effects of the various manifestations of scleroderma on the body and discusses ways of battling and coping with the condition. OUP, 1999, 182 p., hardcover, $23.00.
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Phthalate debate

I experienced cognitive dissonance while contemplating “Common pollutants undermine masculinity” (SN: 4/3/99, p. 213). If one-fifth to one gram of DEHP per kilogram is given to rats, then a 50 kg (110 lb.) human should receive 10 to 50 g of DEHP. If that much DEHP leached out of a dialysis system or IV bag and tubing, surely the whole apparatus would have disintegrated beforehand. Where is the research that shows that DEHP even leaches out of plastic in realistic solutions? Michael Clover Los Alamos, N.M.

According to the Chemical Manufacturers Association’s Phthalate Esters Panel, “We are aware that some flexible vinyl medical devices allow phthalate esters to enter a patient’s blood stream. ... Probably the most common potential for exposure occurs when patients receive fluids—nutrients, whole blood or blood components intravenously—from flexible vinyl  bags or containers.”How close are human exposures to those producing toxicity in animals? In addition to the assertions on this question by Ted Schettler in the story, phthalate toxicologist L. Earl Gray says that some rats showing testes damage in experiments “had [DEHP] serum levels not too different from the dialysis patients.”

               —J. Raloff

The specific feminizing effect of phthalate esters may be new information, but their general effects on fertility and birth defects are not. About 20 years ago, when Lake Michigan coho salmon became known as the world’s most concentrated natural source of phthalate esters, I remember reading that mink farmers in Wisconsin and Minnesota switched to fish-cannery waste from the Great Lakes as mink feed. They had been getting that feed from the Pacific Northwest but switched to local sources because of cost. Birth rates immediately plummeted. They found that mink fertility was reduced essentially to zero or produced 100 percent birth defects when local fish constituted as much as one-third of the total diet. They quickly returned to their earlier source of waste fish. When will we learn? Bill Beauman Westmont, Ill.

Everlasting Everglades research

I read with interest the article “Can this swamp be saved?” (SN: 4/17/99, p. 252). Good job. In 1977–78, I was a park ranger in the Division of Resources Management at Everglades National Park, and from 1978 through 1979, I was a hydrology technician in charge of research in Shark Slew in the park.

My research culminated in a restoration proposal that I presented before the research staff and director of the park. My search of the archives at the park revealed that research to save the Everglades had been going on for many years prior to my work there. It seems that research to save the Everglades is a self-perpetuating program that provides jobs but never reaches its goal. Over 30 years of research, hundreds of proposals, millions of dollars spent, and we are still at square one in actual implementation.

Robert L. Berger Archer, Fla.

Chimps Employ Culture to Branch Out

On a new cable television program, trained chimpanzees mug their way through parodies of standard network fare. But don’t underestimate these furry, lipstick-smeared thespians. Far from the broadcast jungle’s lowbrow hijinks, wild chimpanzees develop rich sets of cultural traditions that have much in common with human culture, according to a synthesis of decades of field observations. Other than humans, only chimps show a documented penchant for passing on styles of tool use, grooming, and other behaviors through teaching and imitation, contends a group of researchers led by Andrew Whiten of the University of St. Andrews in Scotland. The mix of cultural traditions varies across chimp communities, add the scientists, including famed chimp researcher Jane Goodall of Tanzania’s Gombe Stream Research Centre in Kigoma.

Such assertions have long inspired debate over the nature of culture. Some scientists define culture as a product of language and thus unique to humans.

“Chimpanzee culture represents a step on the ladder between what most animals do and what humans do,” holds Richard W. Wrangham of Harvard University, a coauthor of the new report. It appears in the June 17 Nature.

Whiten’s team focused on seven groups of common chimps observed in Africa for periods ranging from 8 to 38 years. The researchers defined a cultural act as one performed regularly by several members of one or a few—but not all—groups. Careful review of studies yielded 39 such behaviors that were potentially available to all the communities. Chimps’ cultural traditions included cracking nuts by using pieces of wood as hammer and anvil, sucking ants off sticks, clasping a comrade’s arms overhead, and slapping tree branches to get attention.

Whether such acts spread via imitation or other learning is unclear, Whiten says. Scientists also know little about how chimps invent traditions (SN: 6/5/99, p. 364).

Nevertheless, the study underscores a growing willingness to grant chimps at least rudimentary cultural capacities (SN: 12/12/98, p. 374). Moreover, field-workers continue to uncover chimp cultural practices, adding to those that Whiten’s group tallied (SN: 5/15/99, p. 315).

“The evidence is overwhelming that chimpanzees have a remarkable ability to invent new customs and technologies, and that they pass these on socially rather than genetically,” remarks Frans B.M. de Waal of Emory University in Atlanta in a commentary accompanying the group’s report.

In a noncultural example of mental sophistication, de Waal and Emory coworker Lisa A. Parr report that chimps recognize facial similarities between unfamiliar chimp mothers and their sons, but not between chimp mothers and their daughters. This ability may help females—who migrate to nearby groups at puberty—to dampen inbreeding by avoiding communities in which many males look like their mothers, the researchers propose in the same issue of Nature.

Chimps’ cultural affinity with humans has a particular poignancy, Whiten says. “Chimpanzees are dying out, partly due to a thriving bush-meat trade in Africa. Our research accentuates the need to preserve wild chimps,” he says.   —B. Bower

Chimps assume a cultured stance. 

Raloxifene imparts anticancer benefit

When the osteoporosis drug raloxifene came on the market last year, it offered women a way to strengthen their bones yet avoid the breast-cancer risk associated with estrogen-replacement therapy. Now, researchers report that raloxifene may actually prevent breast cancer in many women. As part of a worldwide study to gauge raloxifene’s effects on osteoporosis, scientists gave the drug to two-thirds of a group of 7,705 postmenopausal women with the brittle-bone disease. The other participants received an inert substance. Neither the scientists nor the study participants knew which pills contained the medication.

All participants also took calcium and vitamin D supplements daily and received regular mammograms or breast ultrasound examinations in addition to bone measurements.

During the 40-month study, 27 of the 2,576 women receiving the inert pills developed breast cancer, while only 13 of the 5,129 women taking raloxifene were diagnosed with the malignancy. In other words, breast-cancer incidence with the drug was only one-fourth as great as without it, the researchers report in the June 16 Journal of the American Medical Association. “It’s a landmark study,” says Michael B. Sporn, a pharmacologist at Dartmouth Medical School in Hanover, N.H. The drug seems to stifle invasive breast cancer, in which estrogen induces uncontrolled cell growth, says study coauthor Steven R. Cummings, an internist and epidemiologist at the University of California, San Francisco. In about two-thirds of breast cancers in postmenopausal women, the hormone fuels a tumor’s growth, he says.

Estrogen circulating in the blood attaches to one of two estrogen-receptor molecules in cells. The receptors then activate specific genes, inducing a chain reaction of protein production that can lead to cell growth. Such a flurry of activity initially poses little risk, but repeated exposure to estrogen over a long period of time “is too much of a good thing,” says Leo Plouffe, a research physician at Eli Lilly and Co. in Indianapolis, which makes raloxifene. “If you consistently promote the growth of certain cells [with estrogen], the cells might transform themselves into cancer cells,” he says. Or, if cancer is already present, the estrogen stimulus might abet the disease.

Raloxifene works by occupying the estrogen receptors, Cummings says. When the drug thus blocks the receptor on a cancerous cell, estrogen cannot bind and apparently the cell dies off, he says.  In its role as a bone-growth promoter, however, raloxifene mimics rather than blocks estrogen’s effects. Precisely how raloxifene can play one role in one cell and another elsewhere remains unclear, Cummings says.

Raloxifene may provide yet another benefit: Women receiving the drug in this study didn’t show the increased incidence of uterine cancer that previous research has associated with both estrogen and the anti–breast-cancer drug tamoxifen. 
—N. Seppa

Atlantis of the iguanas found in Pacific

Call it Darwin’s version of sunken treasure. A team of German scientists has discovered ancient predecessors of the Galápagos Islands now resting more than 1,000 meters below the ocean surface off the west coast of Costa Rica. The drowned islands may help biologists explain the biological riches of the modern Galápagos, where the father of evolutionary theory gained his most important insights.

The find “shows that the Galápagos archipelago existed in its present [form] since at least 14.5 million year ago. That is important for evolutionary studies,” says Reinhard Werner of Geomar in Kiel, Germany, whose team reported the discovery this month in Geology.

The Galápagos is a collection of volcanic islands about 1,000 kilometers west of South America. The islands sit above a so-called hot spot in Earth’s interior, where a stream of blistering rock rises from the mantle and melts its way through the crust to form volcanoes. These mountains don’t stay put, however, because they are riding on top of mobile tectonic plates—the pieces of Earth’s broken outer shell. Over millions of years, the older of the Galápagos islands migrate toward Central and South America while newer ones rise up over the hot spot. The oldest of the existing Galápagos islands dates back only 3 million years, a relatively short geologic span.

To trace the history of the Galápagos, Werner and his colleagues dredged up samples of rocks along the Pacific coast of Costa Rica. On the Cocos Ridge and other submerged mountains, they found volcanic rocks with a mix of elements similar to those found in the present Galápagos—evidence that the near-shore seamounts had formed over the same rising plume of hot rock.

The German team found these rocks on mountain peaks currently 1,000 to 3,000 m below the surface. In the past, however, these volcanoes had reached above sea level, according to the researchers.

The geologists found rounded rocks welded together, structures that form only when blobs of liquid lava shoot into the air and harden on the way down. The rocks have also lost most of their sulfur, a process that doesn’t occur deep underwater, says Werner. Furthermore, one of the submerged volcanoes, the Quepos Plateau, has a flat top reminiscent of old islands, which rain and waves have worn down.

By dating radioactive elements in the underwater mountains, the German researchers determined that these volcanoes formed 14.5 million years ago. As the islands drifted away from the Galápagos hot spot, the seafloor on which they rode slowly sank and the peaks of these older volcanoes withdrew beneath the waves, Werner and his colleagues propose.

Geologists had previously found an isolated Galápagos seamount that would have been an island 9 million years ago. The new work has revealed the remnants of an entire archipelago reaching back significantly earlier, says Werner. The extra 5 million years may help explain the evolution of Galápagos iguanas, says Hampton L. Carson, a geneticist at the University of Hawaii at Manoa in Honolulu. Land and marine iguanas on the islands appear to have descended from a single species that floated over from South America on branches and other debris. Studies of the two living species suggest that they split apart 15 million to 20 million years ago, so there must have been Galápagos islands that far back. Heirs of those early settlers would have gone on to populate the newer volcanoes as they formed.

“The present Galápagos Islands are just a snapshot of a long-term process that has been producing islands in that region for over 15 million years,” says Robert A. Duncan of Oregon State University in Corvallis, who has studied the Galápagos hot spot. Some available evidence may even push the record of former Galápagos islands back to the days of the dinosaurs, as much as 90 million years ago, he says. 
—R. Monastersky

Polluted air chokes northern Indian Ocean

A sooty haze hovered over the northern Indian Ocean this spring, outstripping the worst expectations of an international team of scientists that spent 6 weeks in the area studying the pollution.

The haze stretched from the ocean surface to an altitude of more than 2 kilometers. Surveying the atmosphere from a research aircraft, James A. Coakley of Oregon State University in Corvallis was astounded by the scope of the pollution. “We had a devil of a time finding clean air,” he says. Scientists believe that every year, cooking fires, vegetation burns, and industrial fuel combustion in urban areas of south Asia spawn the buildup of airborne sooty particles, or aerosols. Although summer monsoons probably wash away the aerosols, they quickly mount again, say researchers.

The work is part of an ongoing international effort called the Indian Ocean Experiment, or INDOEX. In February and March, more than 150 scientists from the United States, Europe, and India gathered data from weather satellites, ships, aircraft, and island observatories.

The work found that the aerosols reached as far south as the Intertropical Convergence Zone, close to the equator, where trade winds swirl together and shoot hot air to high altitudes. These winds can sweep pollution to far-flung areas.

“It’s very disturbing,” comments Anthony S. Wexler of the University of Delaware in Newark. The data suggest that human activity is doing major damage to the environment, he asserts. “The more large-scale perturbations that we see, the more chance that we’re doing larger damage,” he says.

On one ship, Russell R. Dickerson of the University of Maryland in College Park used paper filters to collect particles. “You didn’t need any analytical instruments to know that there was a greasy, black soot all over the filters,” he says.

Dickerson was surprised to find that despite the pervasiveness of the haze, it contained very little ozone, a prime component of Los Angeles–type smog. “It suggests that there’s some fairly major aspect of atmospheric chemistry that we don’t understand yet,” he says. The INDOEX project is the first to experimentally study the effects of the Indian Ocean region’s persistent urban pollution on climate, rather than relying on theoretical models of the influence of aerosols, says Coakley.

In this area, sooty, dark aerosols absorb sunlight and contribute to climate warming. Brighter aerosols such as sulfates and nitrates reflect light back into space, exerting a cooling effect. Additionally, the particles seed large and long-lasting clouds, which also scatter light and promote cooling. The researchers are eager to learn which influence dominates.

If the pollution proves to have a net cooling effect, could it be an environmental blessing in disguise? “Not by a long shot,” says V. Ramanathan of the Scripps Institution of Oceanography in La Jolla, Calif., one of the project’s chief scientists. He notes that the pollution alters the cycle of rain and evaporation from the ocean. Moreover, he observes, the aerosols don’t remain aloft indefinitely. They return to the surface as acid rain.     —S. Carpenter

A polluted haze blankets the northern Indian Ocean, including the Arabian Sea and the Bay of Bengal.

Coating lets ink-jet prints dry quickly

Digital cameras, computers, and ink-jet printers can turn home offices into color photo labs. To make high-quality images that dry almost instantly and don’t smear, ink-jet printers need specially coated photographic paper and transparency sheets. A new report describes a coating that enables the newest papers to give sharp, bright images.

Bulent E. Yoldas, formerly of Carnegie Mellon University in Pittsburgh, developed a coating by combining an inorganic compound, a polymer, and an organic binder. Placed on paper or plastic, this thin film, less than 20 micrometers thick, immobilizes water-based ink droplets in about 30 seconds. “By the time it comes out of the printer, the print is dry,” Yoldas says. Ink-jet printers shoot tiny, closely spaced ink droplets onto a surface (SN: 4/10/99, p. 232). Color printers generate a spectrum of hues by combining cyan, magenta, yellow, and black. Since the printer deposits as many as 600 dots per inch of watery ink, prints on most surfaces take from 3 to 5 minutes to dry—plenty of time to get smudged by a stray thumb or the next page to print.

The earliest photo papers developed for ink-jet printing used a gelatin coating much like the ones on traditional photo paper, says Mike Sproviero, manager of research and development at Hewlett-Packard’s ink-jet division in San Diego. “These work pretty well but tend not to have a good drying time,” he says.

Newer, porous coatings made of inorganic materials dry immediately, quickly soaking up the ink like a sponge, but they have other drawbacks. The ink diffuses into the film, so the dots don’t have sharp edges. Also, “there’s a finite amount of ink [the film] can absorb,” says Sproviero. “If you put too much ink down, it will flood. The colors will bleed together and look horrible.”The films developed by Yoldas and those now used by Hewlett-Packard work in a different way. The polymer molecules absorb the water in the ink, causing the film to swell like a balloon. The film can expand to seven times its original thickness. Since the water is securely bound to the polymer, the ink is effectively dry. Eventually, the water evaporates, leaving the colored dyes on the film’s surface. “The brilliance of the color stands out,” says Yoldas. In contrast, colors in the porous coatings lose their intensity because most of the dyes rest beneath the surface. He describes the mechanism underlying the newest films in the June Journal of Materials Research.

Although Yoldas’ films give sharp, glossy prints, the images fade within days when exposed to ultraviolet light. The images printed on Hewlett-Packard’s quick-drying photo paper last only 2 years—several years less than they persist on gelatin-coated paper, says Sproviero.

Fast fading may be acceptable for temporary overhead transparencies but not for photos, Yoldas says. Changing the chemistry of the ink may make instant-dry images more colorfast. 
 —C. Wu

When an ink droplet soaks into a porous film (left), much of the dye is pulled below the surface, decreasing the intensity of the color. Another type of film (right) swells when it absorbs an ink droplet. When the water later evaporates, the color stays near the surface.

The buzz: Wings flip, air whirls, bugs lift

Insect flight has long puzzled scientists. In conventional wind-tunnel studies, insect wings generate so little upward force, or lift, that researchers have wondered how most bugs stay aloft. Now, a novel study of the forces on robotic wings may give the first complete picture of insect wing action—albeit a broad-brush portrait—the experimenters say. As pitchers spin baseballs to make them curve, so flying bugs rotate their wings to gain lift, report Michael H. Dickinson and Sanjay P. Sane of the University of California, Berkeley and Fritz-Olaf Lehmann of the University of WŸrzburg am Hubland in Germany. Insects also obtain upward boost in each thrust, the study shows, by recapturing energy from the wake of the prior stroke.

Moreover, the new measurements, reported in the June 18 Science, also confirm 1996 experiments showing that insects acquire lift by tilting their wings sharply into the airflow (SN: 12/21&28/96, p. 390).

“With these findings, we basically have the palette of mechanisms [for creating lift] that are available” to insects, Dickinson asserts. “It’s like a unified theory of insect flight.” Nonetheless, because insects exhibit so much variety in their wing-motion patterns, “there is an enormous amount of work remaining to find out how they use these mechanisms,” he cautions.

Most insects flap their wings forward and backward, not up and down. The wings move through the air like flattened hands sweeping to and fro. The thumb-side edge would be tilted upward into the oncoming flow, and between strokes, the wings flip, as if the hands were to change from palm down to palm up or vice versa. The insect changes the precise timing of the flips to control flight because those semicircular flips create surges of force on the wings, the new findings indicate. “This is important stuff,” comments Adrian L.R. Thomas of Oxford University in England, a researcher on the 1996 study, which used robotic wings and intact moths. “We suggested [then] that rotational mechanisms were not important,” he says. “The whole system is a lot more complicated than we thought.”In general, an airborne object that is turning—be it a ball or a wing —drags a thin layer of air along with its rotation. The speed of the air layer peaks where the rotation adds to the forward motion and dips on the opposing surface, creating a pressure difference and therefore a force. Such forces can make a baseball arc deviously or push a wing up or down, Dickinson says.

A decade ago, the Berkeley researcher noticed that fruit flies adjust wing-flip timing relative to overall stroke timing, but he didn’t understand why. The new experiments suggest that the timing change alters the force and direction of the push on the wings, giving the animals exquisite maneuverability, he claims.

Besides satisfying scientific curiosity, the new findings should aid efforts to build tiny flying robots for military purposes, scientists say. 
—P. Weiss

Measurements on these 25-centimeter-long Plexiglas wings, slowly flapping in mineral oil, probe equivalent aerodynamics of 1-millimeter-long fruit fly wings, which beat 200 times per second in air. 

Galaxy study challenges cosmic-age estimate

Talk about a problem of astronomical proportions. Last month, researchers announced that they had determined the age of the universe to unprecedented accuracy (SN: 5/29/99, p. 340). Now, a report suggests that a cosmic yardstick used to calculate that age may be shorter than assumed. This could shrink the age of the cosmos by 2 billion years.

The most recent study relies on the Very Long Baseline Array, 10 radio telescopes that span North America. Using this network, researchers have directly measured the distance to the galaxy NGC 4258—independent of any yardstick. “It’s hard to go wrong when you’re just doing high-school algebra to calculate a distance,” says James R. Herrnstein of the National Radio Astronomy Observatory in Socorro, N.M.

His team’s estimate, 23.5 million light-years, is the most precise ever measured for a remote galaxy, asserts Herrnstein. That distance is accurate to within 7 percent, he reported June 1 at a meeting in Chicago of the American Astronomical Society. Another team, however, using the yardstick, puts the distance at 26 million to 28 million light-years. For that measurement, Eyal Maoz of NASA’s Ames Research Center in Mountain View, Calif., and his colleagues, including Wendy L. Freedman of the Carnegie Observatories in Pasadena, Calif., used the Hubble Space Telescope to observe about 24 of the stars known as Cepheid variables. Each star’s intrinsic brightness is proportional to the rate at which it pulsates. To determine distance, astronomers compare a Cepheid’s innate brightness with its appearance in the sky. NGC 4258 is the first galaxy for which the two methods have been compared, and it’s too early to say which will prove correct, Freedman says. But if the error lies with the widely used Cepheid method, the universe may be 15 to 20 percent younger than the 12 billion and 13.5 billion years reported May 25 by Freedman. Those estimates, based on Cepheids and three other distance indicators, are accurate within 10 percent, she says.

Calculating the true brightness of a Cepheid depends ultimately on the distance to one of our galaxy’s closest neighbors, the Large Magellanic Cloud. Uncertainty in that distance is the largest source of error in the age calculated by Freedman’s group. Recent estimates have come up with a distance 15 to 20 percent less than the one that the team used.

In contrast, the radio telescope–derived distance to NGC 4258 depends primarily on geometry. At the core of this galaxy lies a disk of gas, seen edge-on, whirling around a suspected black hole. The gas includes water masers, clouds of water vapor that emit intense radio waves. Herrnstein’s team tracked 30 of these brilliant blobs over a 3-year period to measure how far they traveled across the sky, carried by the disk’s rotation.

Like a distant airplane that crawls across the sky, the 30 masers barely seem to move, despite a speed of 3.2 million kilometers per hour, calculated from measurements of other masers in the galaxy. Comparing this speed with the observed change in position, the team calculated a distance that they call “the golden meterstick in the glass case.”Whether that gold will turn out to be brass remains to be seen. The analysis assumes that the masers move in sync with the rest of the gas in the disk. This seems likely because each blob appears to be moving at the same rate, Herrnstein says. Even if the masers move in elliptical orbits, rather than in circles, as the team supposed, a discrepancy with the Cepheid distance still holds, he adds.

David A. Neufeld of Johns Hopkins University in Baltimore, who studies water masers, notes that the measurements amount to “a one-trick pony,” since few galaxies are known to contain masers and even fewer can also be easily observed from Earth. Nonetheless, he says, astronomers must explain the difference between the radio and Cepheid measurements before they can assume that they have accurately determined the age of the cosmos.

Freedman says the debate may continue until 2005, when the Space Interferometry Mission measures the distance to the Large Magellanic Cloud.
—R. Cowen

Diagram depicts masers (small dots) in a rotating disk at the core of NGC 4258.

Boosting tomato’s SOS gets pests killed

A field test has now shown that making a tomato scream louder brings a horde of bug-hunting parasitic wasps to trash the tomato’s attackers.

In the botanical version of “Help! They’re eating me,” plants release volatile chemicals when caterpillars bite their leaves. Creatures that prey on caterpillars home in on these distress signals. Like ambulance chasers, they rush to the scene.

The recent test demonstrated that spraying a plant hormone on a tomato crop to boost the distress signals pays off, says Jennifer S. Thaler of the University of California, Davis. “This SOS actually results in more herbivores being killed—that’s new,” she notes. In a California field infested with beet armyworms, Thaler sprayed jasmonic acid on half the young tomato plants. That hormone, found in plants as diverse as ferns and cotton, triggers the manufacture of insect toxins and SOS signals.

Native parasitic wasps, Hyposoter exiguae, cruise the fields and inject eggs into armyworms. When the eggs hatch, larvae eat the armyworm from inside.

Three weeks after treating the field, Thaler looked for wasp larvae that had killed their armyworms and formed protective cases that look like bird droppings. She found such pupae on about half of the sprayed plants. The body armyworm count in sprayed plots was twice that in control areas, she reports in the June 17 Nature.

In another experiment, lab-reared caterpillars in cups beside sprayed plants suffered 37 percent more parasitism than those near controls.

Thaler’s research “is a very important next step,” comments the Department of Agriculture’s W. Joe Lewis of Tifton, Ga., who studies ways to incorporate SOS signals into pest control. He says that intriguing as the strategy sounds, he wants to know more about the big picture. For instance, does amplifying the signals crowd wasps into an area with no corresponding profusion of caterpillars, so that it reduces the next wasp generation?USDA chemist and plant-defense specialist James H. Tumlinson of Gainesville, Fla., notes, “The really interesting part of this is that it was done in the field.” Remarking that the strategy holds promise, he says, “This is a really red-hot area.” 
—S. Milius

Fatal injection: A wasp injects a beet armyworm with an egg. Its larva will kill the caterpillar from inside.

Good-bye to a Greenhouse Gas

Dumping carbon dioxide underground or in the oceans could slow global warming

By RICHARD MONASTERSKY

Last year off the coast of central California, a robotic submarine pumped a thin stream of liquid carbon dioxide onto the seafloor, more than 3.6 kilometers below the ocean surface. Instead of mixing with the water, the fluid formed marble-sized balls that bounced on the silty bottom and jiggled like clear Jell-O in slow motion. A grenadier fish, sleek and curious, idled by and considered the blobs rolling downhill toward the Pacific’s abyssal depths.

“The fish just looked. It seemed like it was trying to decide whether to eat the experiment,” says ocean chemist Peter G. Brewer, who led the project from a ship overhead.

In the next few years, residents of the deep ocean will have ample opportunity to consider this strange, new addition to their environment. Researchers from the United States, Japan, Norway, and Canada are planning to inject 50 to 100 tons of liquid carbon dioxide into the ocean off the coast of Kona, Hawaii, in 2001. Their aim is to study the possibility of dumping this greenhouse gas into the dark reaches of the sea—a tactic designed to slow the atmospheric buildup of carbon dioxide and thereby reduce the threat of climate change. The Hawaiian experiment will deep-six just a pittance of the 27 billion tons of carbon dioxide (containing 7.4 billion tons of carbon) that human activities emit into the atmosphere each year. Yet the ocean test rides a new wave of thinking about the most notorious greenhouse gas. As countries scramble to find ways of reducing their heat-trapping pollution, scientists are combing the planet to locate suitable disposal sites for carbon dioxide. The storage options include brine-filled aquifers, deep coal seams, depleted oil formations, and the ocean bottom. In late April, Sen. Frank Murkowski (R-Alaska) and nine cosponsors introduced a bill that would establish a long-term research program to develop this strategy, called carbon sequestration. Earlier the same month, the Department of Energy issued a 223-page report on the state of the science underlying carbon sequestration. As a goal, DOE proposes that nations develop the potential to dispose of up to 3.7 billion tons of carbon dioxide annually by the year 2025 and 15 billion tons by 2050—targets that would set the world on course to stabilize atmospheric concentrations of this gas. Toward that objective, the department dramatically increased its funding for sequestration research from $1.6 million last year to $13 million in fiscal year 1999, with $29 million proposed for FY 2000. At the same time, energy officials are campaigning to boost interest in this approach. In a speech last month before representatives of the coal industry, Energy Secretary Bill Richardson called carbon sequestration “one of the best options for reducing the buildup of greenhouse gases, not only in this country but in China, India, and elsewhere. It is the only climate-change option that won’t require a wholesale changeover in our energy infrastructure.”Yet some scientists and environmentalists view this approach as fundamentally misguided—akin to hiding a lumpy problem by shoving it under a rug. Critics charge that pumping carbon dioxide into the oceans or geologic formations could harm poorly understood ecosystems and threaten human safety, both now and for generations to come.

The concept behind this contentious approach surfaced in 1977 in the imagination of Italian energy specialist E. Marchetti. He proposed a two-step process for getting rid of carbon dioxide. First, separate that gas from the rest of the pollution belching out of power plants. Then, pump the carbon dioxide into the ocean off the coast of Gibraltar, where dense Mediterranean waters spill into the Atlantic. The sinking current of salty Mediterranean water would sweep the carbon dioxide into the deep sea and keep it out of the atmosphere.

In 1984, Meyer Steinberg of Brookhaven National Laboratory in Upton, N.Y., and his colleagues assessed the economics of Marchetti’s approach. “What we found was that it would double the cost of power,” says Steinberg.

Given that dire forecast, the sequestration concept captured little attention. Researchers instead focused on other ways to reduce carbon dioxide pollution, such as increasing energy efficiency and developing alternative power sources that emit little or no greenhouse gases. In recent years, some energy experts have grown convinced that these more prosaic approaches will not, on their own, enable nations to reach the emissions limits they agreed to in Kyoto, Japan, in 1997. “There’s really no short-term or mid-term good alternative to fossil fuels, at least on the scale that would be needed to cut back fossil fuels. And if you believe that, then [sequestration] is the only other real alternative to address climate change,” says Howard J. Herzog of the Massachusetts Institute of Technology (MIT), who has studied carbon disposal since the early 1990s.

Today, the term sequestration encompasses a broad variety of options, all of which store carbon dioxide somewhere other than the atmosphere. In its recent report, DOE even considered techniques such as planting trees and fertilizing the oceans, approaches that cause plants and bacteria to absorb greater-than-normal amounts of carbon dioxide (SN: 9/30/95, p. 220). For the energy industry, however, the long-term focus remains on finding ways to continue using an inherently cheap and dirty source of fuel without adding pollution to the air. Few companies today are willing to take on the extra expense of separating and sequestering carbon dioxide, but researchers are working on techniques to boost the efficiency of the process and lessen its cost (see sidebar).

On an artificial island in the middle of the North Sea, engineers with Norway’s state-owned oil company, Statoil, form the vanguard in the field of sequestration. Since 1996, Statoil and its partners have been pumping natural gas out of a geologic formation called the Sleipner field. The deposit, although prodigious, has a crucial flaw. Natural gas from the Sleipner West field contains 9 percent carbon dioxide, almost four times the amount allowed by exportation rules.

Normally, production companies would separate the carbon dioxide and then vent it into the air. Statoil, however, pumps the carbon dioxide down into an aquifer 1,000 meters below the seafloor. The company disposes of 1 million tons of the gas each year this way. That amount would boost Norway’s carbon dioxide emissions by 3 percent if released into the air.

Statoil undertook this costly operation to avoid paying a tax on carbon dioxide emissions, says Olav Kaarstad of Statoil’s research center in Trondheim. The facility for separating and injecting carbon dioxide cost $80 million to install, but the carbon tax would amount to $50 million a year.

For years, many petroleum companies have been injecting carbon dioxide into oil formations to boost output. This technique differs from the Sleipner project, however, because the carbon dioxide leaks back out with the oil, rather than remaining locked underground.

“Sleipner is the only operation of its kind in the world. It is the only place where [sequestration] is done because of climate-change concerns,” says Kaarstad.

This month, Statoil and a consortium of other companies begin probing the aquifer with seismic waves to track how quickly the carbon dioxide is moving in the formation.  Statoil plans to carry on with its carbon dioxide disposal for the next 2 decades, eventually putting some 20 million tons of the gas into the aquifer. Across the Atlantic in the Canadian province of Alberta, engineers are conducting an experiment to see whether they can get rid of carbon dioxide at a profit. The Alberta Research Council is injecting carbon dioxide into a coal deposit 1,300 meters underground, too deep to make mining worthwhile. Despite its depth, the deposit has economic potential because it also contains significant quantities of trapped natural gas, which companies can remove through a well. Pumping carbon dioxide down into a coal bed causes it to release the pent-up natural gas, says William D. Gunter of the Alberta Research Council in Edmonton. Last year, Gunter and his colleagues injected a stream of nearly pure carbon dioxide into a coal bed with positive results. This year, they plan to use a much more dilute stream of carbon dioxide, closer in composition to the mix of gases that comes out of smokestacks. “The basic target is to see how pure the carbon dioxide has to be,” says Gunter. If the process will work with a relatively dilute stream, then companies may be able to increase natural gas recovery by pumping in the exhaust gases from a power plant, with little extra expense. The injected carbon dioxide seeps into the coal and should remain imprisoned there, says Gunter. In the United States, coal deposits of this sort have the potential to store 37 billion tons of carbon dioxide, six times the nation’s total annual emissions. A much greater capacity may exist in deep briny aquifers, which could hold nearly 500 billion tons, according to the most optimistic assessment quoted in the recent DOE report. The International Energy Agency estimates that aquifers worldwide could perhaps accommodate more than 20 times the U.S. figure, enough to store 350 years’ worth of global emissions at present rates. 

The oceans have an even greater ability to sequester carbon dioxide—vast enough, in theory, to outlast all the coal, oil, and natural gas available on the planet. Scientists have proposed that liquid carbon dioxide, when injected into the deep sea, would settle as lakes in depressions on the seafloor. The results of the experiment off the coast of California last year suggest that a thin layer of icelike hydrate would develop on top of lakes if they were situated below depths of 4,500 meters, the investigators report in the May 7 Science. This skin would slow down the rate at which carbon dioxide dissolves into the seawater. “The ocean looks like it could take that material quite well, if you know what you’re doing,” says Brewer of the Monterey Bay Aquarium Research Institute in Moss Landing, Calif. Although the oceans have almost unlimited capacity to absorb carbon dioxide, it remains unclear how marine life will react to such an intrusion. “At present, we do not have enough information to estimate how much carbon can be sequestered without perturbing marine ecosystem structure and function,” says the DOE report.

The deep-water experiment off Hawaii marks the first step in gathering that data, says project manager Stephen M. Masutani of the University of Hawaii at Manoa in Honolulu. Researchers will measure how the carbon dioxide spreads from the end of the pipe and how quickly it dissolves into the water. “The predictions indicate that if you put the carbon dioxide deep enough in the ocean, 1,000 m or greater, the carbon dioxide will stay there for centuries,” says Masutani. Water from that depth does not readily mix with the surface layers, he says. Critics of the ocean-disposal idea argue, however, that the added carbon dioxide will acidify the deep ocean and could harm the complex web of animals and microbes there.

“We really don’t have any idea what it would do to those ecosystems,” says oceanographer Sallie W. Chisholm of MIT, adding that no ecological studies are planned as yet. “It would take years of study and tons of money to even begin to understand what the influence might be,” notes Chisholm, who contributed to the DOE report. Environmental concerns have caused some sequestration advocates, such as Steinberg, to give up on the idea of ocean storage in favor of pumping carbon dioxide into geologic formations. Yet even these sites have their potential hazards, says Wim C. Turkenburg of Utrecht University in the Netherlands, a country currently considering whether to go forward with a project to pump carbon dioxide into an aquifer. “If it is stored in an aquifer,” asks Turkenburg, “will it be there decades from now? If there is a crack, if there is an earthquake, what might happen? Carbon dioxide is a heavy gas, so if it comes up from the underground, then you will have a layer of carbon dioxide close to the ground. That is, of course, not so good if you want to have oxygen for breathing.”A volcanic lake in Cameroon provided a natural illustration of this scenario in 1986, when a bubble of carbon dioxide escaped from the water and killed 1,700 people.

Supporters of carbon sequestration counter that they are only beginning to study the various options. “We need to do more research to assure ourselves we are not doing something that will substitute one problem for another,” says Herzog. “Secondly, we want to make sure it’s effective, that the carbon dioxide will stay there and have the benefit of reducing atmospheric concentrations.”He points out, however, that the current situation is creating its own environmental problems by warming the climate. What’s more, the oceans are already sopping up a net 7 billion tons of the carbon dioxide emitted by human activities each year. The gas seeps from the air directly into the surface waters around the world and is gradually making the upper ocean more acidic. Scientists recently reported that the shifting chemistry has already started to stunt the growth of coral reefs (SN: 4/3/99, p. 214). By pumping carbon dioxide directly into the deep sea, nations could reduce the amount inadvertently entering the sunlit waters near the surface, where much of marine life makes its home. Though anathema to environmentalists, this kind of trade-off may seem more promising in the future as the effects of greenhouse-gas pollution grow more obvious, say sequestration advocates.

“There’s no soft landing here,” says Herzog. “There’s no perfect solution. And it’s going to involve some hard choices eventually.” 
n 

The quest to clean up fossil fuels

Carbon dioxide is the uninvited guest that shows up whenever coal, oil, or natural gas burn. To keep this interloper out of the environment, engineers are exploring strategies to lock up the carbon before it can do any harm. In the past, sequestration strategies have focused on pulling carbon dioxide out of the stream of gases made by burning fossil fuels. In one standard technique, the exhaust bubbles up through an amine solvent, which absorbs the carbon dioxide and lets other gases escape.

A newer concept would strip the carbon out of the fossil fuel before combustion, leaving behind an enriched hydrocarbon that could be further transformed into hydrogen. Power plants would burn the hydrogen, like they do natural gas, or hydrogen could provide electrical energy through highly efficient fuel cells. The advantage of this approach is that it would permit countries to continue using fossil fuels—even coal, the dirtiest and most abundant one. “This is a coal strategy as well as an oil and gas one. We think coal is the long-term fuel for the second half of the 21st century,” says Robert H. Socolow of Princeton University.

The possibility of divorcing fossil fuels from their pollution may help make emissions limitations more palatable for the energy industry, the harshest critic of international efforts to curb carbon dioxide pollution, concluded Harvard’s E.A. Parson and D.W. Keith in the Nov. 6, 1998 Science. At present, separating carbon from fossil fuels or combustion gases is the most expensive part of any sequestration strategy. Even at its most efficient, the separation process adds roughly 50 percent to the cost of producing electric power, says Meyer Steinberg of Brookhaven National Laboratory in Upton, N.Y. Using zeolite crystals, membranes, and other substances, researchers are now trying to develop more efficient methods of pulling carbon out of fossil fuels. Eventually, industries might be able to find some use for this extracted material, per

A platform in the North Sea injects liquid carbon dioxide into rocks far below the ocean floor.

In the first deep-sea experiment of its kind, researchers pumped liquid carbon dioxide into a beaker 3.6 kilometers below the ocean surface. The carbon dioxide expanded and spilled out. A thin layer of icelike hydrate forms a coating around the carbon dioxide.

The United States has numerous deep saline aquifers (blue areas), which may make suitable places to store carbon dioxide. Other potential sites include oil, gas, and coal deposits. One crucial question is whether carbon dioxide will stay locked up in these deposits for many centuries.

BiomedicineFrom Chicago at the annual meeting of the American Society for Microbiology

Nanobacteria strike the kidney again

Cystic fibrosis. Muscular dystrophy. Hemophilia. Down’s syndrome. Sickle cell anemia. Most people have heard of these illnesses, each caused by a genetic mutation. They may not be as familiar with polycystic kidney disease (PKD), even though it affects more individuals than all those other conditions combined and is the most common lethal genetic disease in the United States (SN: 5/27/95, p. 330). In PKD, large cysts form within the kidney and disrupt the organ’s function. While scientists had already identified flawed genes at the heart of most cases of PKD, a research group now suggests that odd microbes, known as nanobacteria, play an equally important role in the disease’s progression. Last year, Finnish investigators argued that many kidney stones result from unusually small bacteria that form calcium-rich shells around themselves (SN: 8/1/98, p. 75). These nanobacteria seem to live within kidneys or in the urine that the organs produce.

For the past decade, Marcia Miller-Hjelle of the University of Illinois College of Medicine at Peoria and her colleagues have investigated whether an infectious agent plays a role in PKD. Several clues motivated the hunt. First, the onset of PKD varies among people with identical gene mutations. While PKD can destroy kidneys in childhood, some people suffer no problems until decades later. Second, when examining fluid within the cysts, the researchers found an immune-stimulating bacterial substance called endotoxin, which indicates that PKD kidneys were infected. Finally, studies have shown that mice with a form of PKD will survive longer if kept in a germfree environment.

Despite all this evidence, Miller-Hjelle and her colleagues were unable to isolate and cultivate any infectious microbe from the kidneys or cyst fluids of people with PKD. Then, they learned of nanobacteria, which don’t grow in traditional culture media. Working with the Finnish scientists who discovered the microbes, the researchers found signs of nanobacteria in most people with PKD. For example, they cultured the microbes from 10 of 12 kidneys from PKD patients. Microscopy revealed nanobacteria in each of seven PKD kidneys, and cyst fluids contained proteins specific to nanobacteria.

While not dismissing the importance of gene mutations, the investigators speculate that nanobacteria and their endotoxin cause much of PKD’s harm. The gene mutations may create kidneys that are especially vulnerable to damage, perhaps because the organs can’t repair themselves easily. “It’s a combination of environment and genetics,” suggests Illinois’ J. Thomas Hjelle. The researchers now plan to grow PKD-prone mice in germfree conditions and infect them with nanobacteria.

“It’s certainly feasible that the presence of an infectious microbe can accelerate or exacerbate the disease process,” comments PKD investigator James P. Calvet of the University of Kansas Medical Center in Kansas City. Yet, there’s strong evidence that many PKD cysts form extremely early in life, even during fetal development, he notes. Such cysts are difficult to explain as the result of an infection, says Calvet. 
   —J.T.

The explosive downside to zapping bugs

The snap, crackle, and pop of bug zappers has become a familiar sound in backyards around the country. With a light that attracts insects to an electrified grid, the devices seem an effective, if slightly sadistic, way to eliminate pesky bugs.

Leave it to scientists to try to ruin summer’s fun. Zapped bugs spray bacteria and viruses up to 6 feet, James E. Urban of Kansas State University in Manhattan and his colleagues now report. Just in case the shower of microbes poses a health risk, Urban suggests moving the bug zapper away from the grill and picnic table. Bon appétit. 


    —J.T.

Brain angioplasty may prevent strokes

For thousands of heart-disease patients, angioplasty has obviated the need for surgery. In this technique, surgeons thread a catheter tipped with a tiny inflatable balloon through an artery until it reaches a blockage. They gently inflate the balloon to widen the opening and restore blood flow to heart muscle.

This procedure also works on arterial blockages in the brain, scientists report in the May Stroke.

Researchers at Stanford University Medical Center tried the procedure on 23 patients at high risk of stroke. In these people, blood flow through at least one major brain artery had slowed substantially. Ten had already had strokes, and symptoms of all were worsening as drugs failed to relieve the condition. The arterial blockages had forced some to curtail their activities greatly and even rendered some bedridden.

All the patients underwent angioplasty in a brain artery except one who had a blockage that doctors couldn’t safely treat. This patient died soon afterward. Another patient died during surgery.

Most of the other 21 patients have done well, considering their poor prognoses at the start of the experiment, says study coauthor Michael P. Marks, a neuroradiologist at Stanford. They continued on medication, and during a follow-up period averaging 3 years, only two patients in this group had strokes. One of those was due to a blockage in a brain vessel other than the one that underwent angioplasty.

These results translate to an annual stroke rate of only 3.2 percent, significantly less than the 7.8 to 10.7 percent rate typical of patients with such blockages. The actual gains from angioplasty might be even greater, says Marks, considering that unlike most such patients, these had not been responding to drug therapy. The study’s success rate indicates that the procedure is a potential weapon against stroke, Marks says.

The researchers have now followed some of their patients for as long as 6 years after the angioplasties. “Many of the patients were really helped,” Marks says.

To more fully ascertain the treatment’s benefits, Marks is calling for a larger study to compare stroke-risk patients receiving only medication with those getting medication plus angioplasty.  —N.S.

Brain anomalies seen in former preemies

Infants born 5 weeks premature are more likely to have abnormal brain scans, reading troubles, and behavioral problems in adolescence than are children born after a full-term pregnancy.

A British study of 72 prematurely born children finds that at 14 to 15 years old, 40 showed brain abnormalities in magnetic resonance images (MRIs). The abnormalities included dilation of the brain cavity holding cerebrospinal fluid and a thinning of nerve fibers that link the two hemispheres of the brain. Of 21 adolescents born full term, only one had an abnormal MRI, researchers report in the May 15 Lancet. The study is the first follow-up of children born preterm that includes MRIs, says coauthor Ann L. Stewart of the University College London Medical School.

Eleven of the 40 adolescents with abnormal MRIs had a history of aberrant behavior, compared with 5 of 32 other preterm children and only 1 of the 21 children in the control group. Nine of the 40 had needed extra tutoring or repeated a grade in school, compared with 5 of the other preterm children and only a single control. Also, the preterm children had an average “reading age” that was 1 to 2 years lower than the controls’. Stewart notes that the control children generally were in families at a higher socioeconomic status than the families of the children born preterm. While many people who have abnormal brain scans are not considered brain damaged, the abnormalities in these children reflected measurable behavioral deficits, Stewart says.    —N.S.

Behavior

From Denver at the annual meeting of the American Psychological Society

Forgot to remember to forget

Memory researcher Jonathan W. Schooler noticed a curious phenomenon as he investigated the cases of seven adults who reported recovered memories of being sexually abused as kids.

After finding corroborating evidence for each of the alleged sexual assaults, the University of Pittsburgh scientist came across a peculiar memory realignment in two women. He discovered that each had talked to her former husband about having experienced childhood abuse but did not recall having done so when, years later, emotion-laden memories of the events suddenly surfaced.

In all seven cases, the intense recollections of past abuse arose in response to an unexpected memory cue—such as a friend mentioning child molestation, Schooler says. The emotional crush of these insights unleashed vivid memories, which participants then incorporated into coherent accounts of the events.

At the same time, these wrenching discoveries led the two women to assume that they could not previously have remembered such disturbing material in a purely factual way, Schooler contends. He notes that their former spouses said that the women had spoken to them of childhood abuse incidents in an unexpressive, matter-of-fact way.

Schooler calls this the “forgot-it-all-along” effect. It starkly illustrates how memories are reinterpreted in light of new knowledge. In fact, the Pittsburgh researcher refers to the sudden recall of past traumatic events as discovered, not recovered, memories. Some of these discoveries may not be authentic, in his view. Even genuine ones may eliminate a person’s recognition of what was previously recalled about the event.

In several cases that Schooler investigated, victims said they had completely forgotten about sexual-abuse incidents hours or days after they had occurred. Such claims have ignited great controversy (SN: 9/18/93, p. 184). However, comparable memory wipeouts often occur when people forget emotionally disturbing dreams shortly after awakening, Schooler contends.

“I’ve created as many false memories [in laboratory experiments] as the next person,” he says. “But it’s possible to have an authentic discovered memory of childhood sexual abuse.” 
—B.B.

Hooked on a feeling

Researchers have had difficulty finding evidence that the addictive pull of nicotine and other drugs derives in any way from the unpleasant physical reactions people have when they try to kick the habit. Many recovering addicts, for instance, succumb to temptation long after shedding such withdrawal symptoms as shaking and nausea.

However, withdrawal encompasses a range of potentially long-lived emotional responses in drug abusers that can usher them back into addiction, contends Timothy B. Baker of the University of Wisconsin-Madison. Many smokers trying to give up cigarettes encounter an initial spike in irritability, depression, and other negative emotions, Baker says. These feelings then diminish for a week or two before intensifying again, culminating in a return to cigarette use about a month after having stopped smoking, Baker finds. Individuals who exhibit particularly intense mood drops in the first 5 days after giving up cigarettes usually throw in the towel within the next 2 weeks.

Baker and his colleagues compiled profiles of daily emotional and physical withdrawal symptoms over 2 months for 50 cigarette smokers using nicotine patches in an attempt to quit.

Ex-smokers often suffer from intermittent bouts of emotional withdrawal symptoms, Baker concludes. The welling up of these dark feelings may stem from extended mourning for the loss of pleasure, security, and other elements of an individual’s smoking experience, he proposes. 
—B.B.

Building Better Bandages

New dressings include natural clotting agents

By JOHN TRAVIS

When Martin MacPhee talks about his research, he shows a plate from the British Museum in London that depicts a scene from the Trojan War. Unrolling a cloth bandage, Achilles is trying to stop a comrade’s bleeding.

The care of life-threatening blood loss has not improved much over the centuries, notes MacPhee, an investigator at the American Red Cross’ Holland Laboratory in Rockville, Md. Physicians faced with hemorrhaging today still try to stop it by covering the wound with gauze or bandages, applying pressure, and hoping the body’s natural ability to form clots will stem the flow of blood.

That’s often a vain hope. Each year in the United States, around 50,000 people bleed to death due to gunshot wounds, accidents, or other causes. The problem becomes even more acute where it’s difficult to get a wounded person to a hospital. “About half of all soldiers who die bleed to death, the majority of that occurring on the battlefield,” says MacPhee. Such statistics have prompted scientists to create a high-tech version of the traditional bandage. Impregnated with concentrated amounts of the natural proteins that form blood clots, the new dressings represent active instruments of healing instead of passive pieces of cloth. Moreover, they may foreshadow clot-forming powders a person will simply spray onto a bleeding wound. “We’re trying to reinvent the way we treat trauma and hemorrhaging,” says MacPhee.

“We have spent the last 7,000 or so years trying to put a clamp of some sort on a bleeding vessel,” notes Kenneth L. Maddox of the Baylor College of Medicine in Houston, former president of the American Association for the Surgery of Trauma. “The concept [of bandages with clot-forming proteins] and the preclinical data on them are very exciting.” 

About a decade ago, a former battlefield physician was chatting with a colleague when the idea of an active bandage struck him. John Hess had been complaining about wartime medicine. From his experience in the Korean War, he knew that many wounds would not be fatal if medics could just stop the bleeding. “You see horrible cases of trauma,” says Hess, “and one of the most frustrating things is not being able to do anything about them. The more fluids you put in people, the faster they bleed.”Hess and his friend began to muse about ways to quickly stop blood flow. The body is quite adept at stemming small-to-moderate bleeding. Through an intricate clotting cascade, it ultimately manufactures a fine mesh of a substance called fibrin. This protein forms when the enzyme thrombin cuts up another protein called fibrinogen. The fibrin molecules align in long strands, and another enzyme, factor 13, finishes the job. Factor 13 “cross-links the fibrin strands together to form a net, and that net becomes dense enough with time that red blood cells can’t go through it,” explains William Drohan of the American Red Cross.

Hess knew that scientists had purified blood-borne fibrinogen and thrombin into soluble powders. “What happens if you just push the dry powders into a wound?” he wondered. Hess presumed that water in the blood there would dissolve the two proteins and stimulate clotting.

When he tested the concept on wounded arteries in animals, it worked dramatically well. By 1993, Hess was working with the American Red Cross, which was independently developing what it calls fibrin sealant bandages. The concept dates back several de-cades. In 1941, Japan’s surprise attack on Pearl Harbor left many sailors badly burned. When physicians removed damaged tissue, they employed human fibrinogen and cattle thrombin to stem blood loss and glue skin grafts in place.

The fibrin clot has a natural tendency to stick to wounds, notes Drohan, because factor 13 also cross-links fibrin strands to molecules exposed in damaged tissue.

After Pearl Harbor, however, fibrin wound sealants got a bad reputation. “Fibrinogen is isolated from plasma by a method that tends to copurify with a lot of viruses,” notes Drohan. To avoid transmission of viruses, the Food and Drug Administration pulled fibrin sealants off the U.S. market in 1978. Within the past 10 to 15 years, however, scientists have devised ways to inactivate any viruses that may tag along with fibrinogen. European physicians quickly embraced that advance. Many now routinely use commercially produced fibrin sealants to control mild-to-moderate bleeding during surgical procedures. While some U.S. surgeons have been concocting their own fibrin sealants for years, FDA approved a commercial fibrin sealant for surgery only in 1998. Applying these surgical wound sealants is still cumbersome. Vials of freeze-dried thrombin and fibrinogen powders must be first warmed, their contents then dissolved in separate measures of water, and the solutions finally placed in a double-barrel syringe so that the clotting agents combine as they squirt onto a bleeding cut. “It does take time, anywhere from 20 minutes to an hour,” notes MacPhee.

Furthermore, because of the expense of obtaining the proteins, each vial has traditionally contained relatively little thrombin or fibrinogen. The amount of fibrin created by this approach is not nearly enough to stop massive bleeding from large wounds.

In contrast, each 4-inch-square bandage being developed by the Red Cross and Army contains more thrombin and fibrinogen than is present in an average person’s whole body. “We’re simply providing a higher concentration [of the clotting agents] at the site of injury than would normally be there,” explains Drohan. 

To produce the fibrin bandages, the researchers begin with a cloth made of biodegradable material and then saturate it with thrombin, fibrinogen, and factor 13 purified from human blood. The resulting bandages are brittle until they get wet, and then they become “magnificently flexible,” says MacPhee.

“It’s like holding a piece of Styrofoam at first. As soon as you press it into a wound, it just kind of melts and takes on the shape of the tissue,” he reports.

Hess, now at the Walter Reed Army Institute of Research in Rockville, Md.,  and John Holcomb of William Beaumont Army Medical Center in El Paso, Texas, have spearheaded initial testing of the bandages. Like Hess, Holcomb’s interest stems from being an Army medic. In Somalia, when U.S. soldiers were ambushed in Mogadishu, Holcomb saw several die from blood loss, including one who received more than 40 pints of blood.

The physicians have tested the fibrin  bandages on goats with injuries similar to gunshot wounds. In the January 1998 Archives of Surgery, they reported that goats treated with the fibrin bandages had about one-third the blood loss of animals receiving normal dressings. The fibrin strategy also maintained the goats’ blood pressure.

Furthermore, the researchers have tested fibrin bandages on severe liver injuries resembling those sometimes suffered in car wrecks. These grade-V injuries are fatal more than 70 percent of the time, primarily because of bleeding from large blood vessels in the liver.

Physicians currently treat such injuries by opening the abdomen, stuffing gauze onto the damaged liver, and sewing the abdomen closed to keep pressure on the wound. They can then only hope that clots will form in time. When Holcomb and his colleagues used fibrin bandages to treat four pigs with grade-V liver injuries, the animals had, on average, 51 percent less blood loss than swine treated with normal dressings, the physicians report in the January Journal of Trauma. Most of the pigs treated conventionally died, while all the animals receiving fibrin bandages survived. One even recovered from surgery so quickly that it escaped the operating room and had to be chased down by Army Rangers. When the pigs’ livers were examined more than a month after the injury, the organs seemed healthy and had no visible scars. The fibrin clot had also disappeared as expected; the body’s enzymes break up fibrin over time.

Hess predicts that it will be about 3 years before fibrin bandages make their widespread debut. The scientists need about a year to hone the manufacturing process, another year to test the bandages on people, and a final year to negotiate the FDA review process, he says. Although no inappropriate clots have formed during the animal testing, the researchers need to confirm in people that the massive amounts of clotting agents in the bandages don’t trigger clots outside the wounded area. Such clots could cause heart attacks or strokes, for example.

The researchers don’t plan to stop at just fibrin bandages. They’ve started to develop a foam that mixes the clotting agents with carbon dioxide and water. An emergency medic might shoot such a foam into an injured person’s abdominal cavity in order to stop internal bleeding immediately. “It’s like Fix-A-Flat for people,” jokes MacPhee.

The Red Cross is also developing a spray can that shoots out a fine mist of the dry clotting agents. As in Hess’ original concept, this powder would dissolve into a wound’s moisture and start a clot. Such a tool might prove useful for large wounds or burns. “We envision the soldier of the future will carry a bandage or two, a dry powder [in a spray can], and the foam,” says Drohan.

All these applications demand considerable amounts of the clotting agents, and therein lies a challenge. Scientists now purify the proteins from blood, a process both laborious and expensive. Although hesitant to make an estimate before manufacturing expenses are known, MacPhee acknowledges that one large fibrin bandage might initially cost several hundred to more than a thousand dollars.

To lower that price, the American Red Cross plans to genetically alter animals such as goats or cows so they will secrete large amounts of human fibrinogen or other clotting agents into their milk. Ultimately, says Drohan, the organization would like fibrin bandages to be cheap enough so that an average person can buy at least one for emergency use.

Meanwhile, scientists are exploring whether fibrin sealants may have uses beyond halting blood loss. Creating new bone is one possible application. The American Red Cross has been exploring whether transplants of bone minerals taken from cadavers can prompt new bone formation. When mixed with a fibrin gel, the bone minerals become an easily molded putty. The scientists have placed this material in animals and successfully created square, triangular, and doughnut-shape pieces of bone within a month. Even before its research on bandages began, the team was studying whether fibrin could be used to deliver drugs. Fibrin has all the attributes of a perfect delivery device, contends MacPhee. It’s naturally adhesive and absorbed safely by the body.

Working with Christopher J. Woolverton of Kent (Ohio) State University, MacPhee and his colleagues have mixed insoluble antibiotics with the clotting agents to create a fibrin gel that slowly releases the drugs for nearly a month. They’ve also incorporated various natural factors that promote cell growth and so may help wounds repair themselves. Perhaps the most provocative project with fibrin would enlist it to fight cancer. When confronted with ovarian cancer or other solid organ tumors, physicians normally try to surgically remove as much of the tumor as possible, a procedure called debulking. They later administer chemotherapy and radiation to the patient. Yet tumors often recur near the original site.

The Red Cross researchers have started to examine whether anticancer compounds such as taxol might be delivered by fibrin, which would be applied during the debulking operation. The fibrin would stick to the tissue exposed by the surgery and slowly release drugs at what is the most probable location for tumor regrowth. In preliminary animal tests, the strategy has helped prevent the recurrence of tumors, says Drohan. He and his colleagues envision fibrin being as helpful in the war on cancer as they predict it will be on the bloody battlefield. 
n

In the Navy, algae tackles bleedingWhile the Army has been working with the Red Cross, the Navy has approached the problem of treating bleeding with, naturally, a nautical tack. The service is sponsoring an effort to develop bandages derived from a substance made by a marine microalga.

This single-cell organism extrudes a polymer called poly-N-acetyl glucosamine. The fibers, which radiate out from the cell, appear to help the alga maintain an ocean depth conducive to photosynthesis.

The substance is similar to other natural polymers that have previously been considered for use as bandages.  However, researchers can easily obtain large amounts of pure poly-N-acetyl glucosamine by growing alga in the laboratory. Marine Polymer Technologies in Danvers, Mass., has already earned FDA approval for a surgical patch made from the polymer.  “It sticks right to neighboring tissue and seals off the wound. The bleeding stops instantly,” says John Vournakis of the Medical University of South Carolina in Charleston, who is a vice-president at the firm.

The Office of Naval Research first took an interest in the polymer when Vournakis showed a retired Navy admiral how bandages made from it could control bleeding. Unlike the fibrin bandages, poly-N-acetyl glucosamine patches do not contain clotting agents. They merely provide an impermeable barrier to blood cells and give the body time to form its own clots.

These dressings have already been tested on people. “At the moment, our material is a lot cheaper [than fibrin bandages],” says Vournakis. “We think there are niches where our product may be more suitable.” 
—J.T.

Coming soon to the first-aid kit, which has changed little over the years: The fibrin foam and bandage, shown with vials of thrombin and fibrinogen.

Biomedicine

Nanobacteria strike the kidney again

Cystic fibrosis. Muscular dystrophy. Hemophilia. Down’s syndrome. Sickle cell anemia. Most people have heard of these illnesses, each caused by a genetic mutation. They may not be as familiar with polycystic kidney disease (PKD), even though it affects more individuals than all those other conditions combined and is the most common lethal genetic disease in the United States (SN: 5/27/95, p. 330). In PKD, large cysts form within the kidney and disrupt the organ’s function. While scientists had already identified flawed genes at the heart of most cases of PKD, a research group now suggests that odd microbes, known as nanobacteria, play an equally important role in the disease’s progression. Last year, Finnish investigators argued that many kidney stones result from unusually small bacteria that form calcium-rich shells around themselves (SN: 8/1/98, p. 75). These nanobacteria seem to live within kidneys or in the urine that the organs produce.

For the past decade, Marcia Miller-Hjelle of the University of Illinois College of Medicine at Peoria and her colleagues have investigated whether an infectious agent plays a role in PKD. Several clues motivated the hunt. First, the onset of PKD varies among people with identical gene mutations. While PKD can destroy kidneys in childhood, some people suffer no problems until decades later. Second, when examining fluid within the cysts, the researchers found an immune-stimulating bacterial substance called endotoxin, which indicates that PKD kidneys were infected. Finally, studies have shown that mice with a form of PKD will survive longer if kept in a germfree environment.

Despite all this evidence, Miller-Hjelle and her colleagues were unable to isolate and cultivate any infectious microbe from the kidneys or cyst fluids of people with PKD. Then, they learned of nanobacteria, which don’t grow in traditional culture media. Working with the Finnish scientists who discovered the microbes, the researchers found signs of nanobacteria in most people with PKD. For example, they cultured the microbes from 10 of 12 kidneys from PKD patients. Microscopy revealed nanobacteria in each of seven PKD kidneys, and cyst fluids contained proteins specific to nanobacteria.

While not dismissing the importance of gene mutations, the investigators speculate that nanobacteria and their endotoxin cause much of PKD’s harm. The gene mutations may create kidneys that are especially vulnerable to damage, perhaps because the organs can’t repair themselves easily. “It’s a combination of environment and genetics,” suggests Illinois’ J. Thomas Hjelle. The researchers now plan to grow PKD-prone mice in germfree conditions and infect them with nanobacteria.

“It’s certainly feasible that the presence of an infectious microbe can accelerate or exacerbate the disease process,” comments PKD investigator James P. Calvet of the University of Kansas Medical Center in Kansas City. Yet, there’s strong evidence that many PKD cysts form extremely early in life, even during fetal development, he notes. Such cysts are difficult to explain as the result of an infection, says Calvet. 
   —J.T.

The explosive downside to zapping bugs

The snap, crackle, and pop of bug zappers has become a familiar sound in backyards around the country. With a light that attracts insects to an electrified grid, the devices seem an effective, if slightly sadistic, way to eliminate pesky bugs.

Leave it to scientists to try to ruin summer’s fun. Zapped bugs spray bacteria and viruses up to 6 feet, James E. Urban of Kansas State University in Manhattan and his colleagues now report. Just in case the shower of microbes poses a health risk, Urban suggests moving the bug zapper away from the grill and picnic table. Bon appétit. 


    —J.T.

Brain angioplasty may prevent strokes

For thousands of heart-disease patients, angioplasty has obviated the need for surgery. In this technique, surgeons thread a catheter tipped with a tiny inflatable balloon through an artery until it reaches a blockage. They gently inflate the balloon to widen the opening and restore blood flow to heart muscle.

This procedure also works on arterial blockages in the brain, scientists report in the May Stroke.

Researchers at Stanford University Medical Center tried the procedure on 23 patients at high risk of stroke. In these people, blood flow through at least one major brain artery had slowed substantially. Ten had already had strokes, and symptoms of all were worsening as drugs failed to relieve the condition. The arterial blockages had forced some to curtail their activities greatly and even rendered some bedridden.

All the patients underwent angioplasty in a brain artery except one who had a blockage that doctors couldn’t safely treat. This patient died soon afterward. Another patient died during surgery.

Most of the other 21 patients have done well, considering their poor prognoses at the start of the experiment, says study coauthor Michael P. Marks, a neuroradiologist at Stanford. They continued on medication, and during a follow-up period averaging 3 years, only two patients in this group had strokes. One of those was due to a blockage in a brain vessel other than the one that underwent angioplasty.

These results translate to an annual stroke rate of only 3.2 percent, significantly less than the 7.8 to 10.7 percent rate typical of patients with such blockages. The actual gains from angioplasty might be even greater, says Marks, considering that unlike most such patients, these had not been responding to drug therapy. The study’s success rate indicates that the procedure is a potential weapon against stroke, Marks says.

The researchers have now followed some of their patients for as long as 6 years after the angioplasties. “Many of the patients were really helped,” Marks says.

To more fully ascertain the treatment’s benefits, Marks is calling for a larger study to compare stroke-risk patients receiving only medication with those getting medication plus angioplasty.  —N.S.

Brain anomalies seen in former preemies

Infants born 5 weeks premature are more likely to have abnormal brain scans, reading troubles, and behavioral problems in adolescence than are children born after a full-term pregnancy.

A British study of 72 prematurely born children finds that at 14 to 15 years old, 40 showed brain abnormalities in magnetic resonance images (MRIs). The abnormalities included dilation of the brain cavity holding cerebrospinal fluid and a thinning of nerve fibers that link the two hemispheres of the brain. Of 21 adolescents born full term, only one had an abnormal MRI, researchers report in the May 15 Lancet. The study is the first follow-up of children born preterm that includes MRIs, says coauthor Ann L. Stewart of the University College London Medical School.

Eleven of the 40 adolescents with abnormal MRIs had a history of aberrant behavior, compared with 5 of 32 other preterm children and only 1 of the 21 children in the control group. Nine of the 40 had needed extra tutoring or repeated a grade in school, compared with 5 of the other preterm children and only a single control. Also, the preterm children had an average “reading age” that was 1 to 2 years lower than the controls’. Stewart notes that the control children generally were in families at a higher socioeconomic status than the families of the children born preterm. While many people who have abnormal brain scans are not considered brain damaged, the abnormalities in these children reflected measurable behavioral deficits, Stewart says.    —N.S.

Physics

New shards of electron charge foundWhen electrons get together, strange things can happen.

Physicists have long suspected, for instance, that electrons can clump into composite particles, known as quasiparticles, each with a third or less of the electric charge of a single electron. These composites had been expected to appear when ultracold electrons are flowing within an extremely thin layer between two slabs of semiconductor and, in addition, a powerful magnetic field cuts through the layer. Two years ago, Israeli and French scientific teams independently demonstrated the existence of quasiparticles with one-third charges. Now in the May 20 Nature, the Israeli team, located at the Weizmann Institute of Science in Rehovot, reports also bagging evidence for quasiparticles with one-fifth charges. In all the cases, the scientists determined quasiparticle charge by analyzing the electrical noise created when quasiparticle currents funneled through very narrow regions of the thin layers.

“To observe these unusual creatures, you need unusual circumstances,” says Rafi de Picciotto, a member of the Israeli team who is now at Lucent Technologies’ Bell Labs in Murray Hill, N.J.

Studies of electric flows under similar circumstances created a huge sensation in physics 17 years ago. Physicists had long known that the presence of a magnetic field perpendicular to the thin layer creates a sideways current, a phenomenon known as the Hall effect. They had also determined that, at very low temperatures, the electrical resistance to that current increases in steps proportional to the charge of the electron.

Then in 1982, Daniel C. Tsui of Princeton University and Horst L. Stšrmer, now at Columbia University, made the puzzling discovery that there are additional resistance steps, which are proportional to fractional charges. To explain them, Robert B. Laughlin, who is now at Stanford University, came up with a theory involving quasiparticles. The three scientists won the Nobel Prize in Physics last year for their findings (SN: 10/17/98, p. 247).

De Picciotto says that the new results support Laughlin’s predictions. Many quasiparticle partial charges form, equal to certain fractions with odd denominators, but they don’t always directly correspond to the fractional resistance steps. 
—P.W.

Revived collider seeks physics firsts

The world’s highest-energy particle accelerator has fired up again after a 3-year shutdown. Newly completed renovations, which began 8 years ago, are expected to boost by a factor of 10 the number of proton-antiproton collisions produced in the Tevatron at the Fermi National Accelerator Laboratory in Batavia, Ill. (SN: 7/1/95, p. 10).

To upgrade the Tevatron, Fermilab built a new, $260 million, subordinate accelerator, known as the Main Injector, that’s 2 miles in circumference. It creates four times as many antiprotons to feed to the main Tevatron ring as did its predecessor accelerator. Energy Secretary Bill Richardson and other dignitaries dedicated the new injector on June 1.

Extensive overhauls of the Tevatron ring’s two main detectors—to be completed by early next year—will wring more information from the higher collision rate. Altogether, these upgrades should open up new realms of physics to experimental exploration, Fermilab scientists say.

The improvements will “make us really the world center for physics” until roughly 2006, says Joseph Lykken of Fermilab. That’s when the Large Hadron Collider, an accelerator now being built in Switzerland, is slated to start up.

Until then, the renovated Tevatron will have first shot at such prizes as the long-sought Higgs boson and so-called supersymmetric particles, he says. Finding the Higgs particle may solve the mystery of why matter has mass. Supersymmetric particles might reveal hidden links between the particles that carry forces and those that make up matter.
—P.W.

