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Do you feel like I do? A composite photograph showing the movement of isotopes in the human body.


Introduction

SINCE THE MANHATTAN PROJECT made the energy that holds matter together available as a useful source of power, there have been five occasions when life has been threatened on a wide scale by atomic devices: the bombings of Hiroshima and Nagasaki in 1945; the outdoor testing of nuclear weapons in many locations from 1945 until 1980; the reactor meltdown at Three Mile Island in Pennsylvania in 1979; the reactor explosion at Chernobyl in Ukraine in 1986; and the multiple reactor failures at Fukushima in Japan in 2011. Although radiation is a fundamental process of the universe, these events of the last seven decades represent together the first time in 3.8 billion years that radiation has harmed life in an acute way.

We live under a kind of duress for which we did not evolve. And we are trapped, because the bombs and reactors we have built cannot be completely removed now. Even if the construction of new ones were halted and the old structures were destroyed (the Japanese government estimates that decommissioning the ruined Fukushima Daiichi plant will take forty years and require robots and other new technologies that do not yet exist), the huge quantities of radioactive material that fueled them will remain dangerous for tens of thousands of years. And we have no safe place to put it all—just defining what “safe” could mean for that much time seems absurd. Nuclear technology has the alarmingly unique characteristic that intentional or accidental release of massive amounts of radiation from this fuel in a small locality quickly spreads around the globe, creating hazards far away. In effect, our planet is newly hostile, and we need to find a practical way to mitigate the risk of living on it.

Unfortunately, radiation is not an intuitively obvious subject like, say, the weather. After its discovery during the last decade of the nineteenth century, radiation took some of the most inspired scientific research in modern history to decipher its nuances. All elements have at least one radioactive isotope, but there are dozens whose radioisotopes are not found in nature; they must be produced artificially. All elements with 83 or more protons in their nucleus are radioactive in all forms, but so are technetium, with 43, and promethium, with 61. Fortunately, nonexperts can acquire a working knowledge of radiation basics, just as they can learn how to sort out the vast intricacy of the earth’s flora and fauna. Field guides were developed long ago for this general purpose. Carl Linnaeus (1707–1778), the great Swedish botanist and father of modern taxonomy, quipped in 1737 that the difference between an animal and a botanist is that a botanist is equipped to communicate knowledge about plants to others. The first book of French naturalist Jean-Baptiste de Monet de Lamarck (1744–1829), published in 1779 and called Flore françoise, described some four thousand species of plants. Its 1,200 copies sold out quickly and, most important, it was reprinted after the French Revolution, when the formation of democratic Écoles centrales fueled the publication of innovative textbooks. (Lamarck no doubt aided his career, and perhaps saved his head, when, as keeper of Louis XVI’s herbarium in 1790, he changed the name of the royal Jardin du Roi to Jardin des Plantes.) Laymen appreciated that Lamarck wrote in common French, rather than Latin. A second edition of Flore, in 1805, sold five thousand copies, an extraordinary number for the era. The birth of English-language field guides had to wait several decades for the dilution of post-Revolution anti-French sentiment among the British intelligentsia. Thomas Nuttall’s Manual of the Ornithology of the United States and of Canada (1832–1834) is considered the first such resource. The shift from buckshot to binoculars ensured a mass market for bird guides in the twentieth century, and today they are read by people who may never look beyond their kitchen window, serving as a model for organizing other complex subjects.

Field guides are not scholarly texts. They eschew jargon and are utilitarian handbooks for amateurs and professionals that help to identify and explain something intricate or hard to find. Because ionizing radiation cannot be detected by our senses, we are engulfed by energy that we cannot locate at all without specialized instruments, which, while readily available, are not common consumer gadgets. Anyone living within fifty miles of a nuclear power plant might want to own some pocket dosimeters, but most people will continue to rely on professional measurements communicated through government offices or news media, for better or worse. Likewise, anyone facing a series of medical X-rays needs to ask the doctor about management of exposure. A field guide to radiation is not pro- or anti-radiation any more or less than a field guide to reptiles is pro- or anti-snake. The reader can take the book in hand, apply its contents against what is found in nature or the news, and gain some reliable orientation. Where there are implications for health and wellness, they are sorted out with the goal of clarifying choices for individual action. One envisions the concerned naturalist sitting on a log regarding the snake, reading about its mysterious ways, and then deciding how to coexist with it.

What does coexisting with radiation mean? Keeping away from it, if possible. Although there are still charlatans afoot who say that small doses are beneficial, and mainstream scientists who accept the status quo of livable exposures, the basic postulate followed here is that there is no completely safe dose, even for natural “background” radiation and medical diagnostic or therapeutic procedures. This is the scientific consensus expressed by the 2005 BEIR (Biological Effects of Ionizing Radiation) VII report from the National Academy of Sciences, which found that risk rises with exposure at any level above zero.

Deciding how much risk is acceptable is a contentious social and political issue, one that shows no sign of abating as nations struggle with how to power the mechanical necessities of life. For more than two hundred years, societies with any wherewithal have built economies that depend on copious supplies of artificial energy. A world of prudently conserved renewable energy is so far in the future that no government has taken a decisive step beyond the centralized generation of electricity from fossil fuels or enriched uranium. Quite the contrary—advanced industrial countries such as France and Japan have hitched their wagons to the star of nuclear power. No disaster or long-term prediction has yet made a difference. After Fukushima, Germany declared that it would abandon nuclear power—which provided 22 percent of its electricity—and close its eighteen reactors by 2022, filling 80 percent of its needs with energy from wind and solar generators by 2050, but it remains to be seen how much reliance will fall on new coal and gas plants. Meanwhile, without importing massive amounts of electricity, it is threatened by blackouts. Finding radioactive hotspots in Tokyo months after a reactor meltdown 160 miles away was not enough to budge the Japanese government. “Nobody stands in one spot all day,” responded Kaoru Noguchi, head of Tokyo’s health and safety agency. “And nobody eats dirt.”

Such bureaucratic callousness is reminiscent of the cold war bravura of T. K. Jones, an undersecretary of defense in the Reagan administration, who declared in 1981 that a nation can survive nuclear war “if there are enough shovels to go around.” (The shovels would be for digging holes as fallout shelters.) “It’s the dirt that does it,” Jones explained about shielding the populace from radiation. Nuclear war remains hypothetical, but when a nation of 127 million people with only 146,000 square miles of territory—Texas has 25 million dwelling on 267,000 square miles—faces the long-term loss of any living space due to fallout from a reactor disaster, it is perhaps not surprising that its officials would feel pressure to skirt scientific reality. At least 400 square miles of land must be decontaminated around Fukushima, which will create some 40 million cubic yards of soil and debris that no one knows how to dispose of safely. For many of the 160,000 people displaced from the region, returning home will not be possible during their lifetime. At an elementary school in Naraha, a town that had been evacuated after the March 2011 Fukushima Daiichi debacle but that the government declared safe for residents to return to in September, radiation was measured at 0.77 microsieverts per hour, or 6.75 millisieverts a year—far above the annual limit of 1 millisievert for civilians that is recommended by the International Commission on Radiological Protection. And children and pregnant women are most vulnerable to radiation. About 3 percent of Japan’s landmass is now contaminated above the safety standard.

When vital technology fails, political necessity fills the void. It is in this morass that accurate facts become scarce as entrenched interests vie for the upper hand, leaving ordinary citizens to fend for themselves. Radiation Defense Project, the Tokyo grassroots organization that discovered concentrations of cesium radioisotopes in that city comparable to levels inside protection or relocation zones around the devastated Chernobyl reactor, demonstrated the inevitable loss of faith in central authority. “If the government is not serious about finding out,” said one of its leaders, “how can we trust them?” As of February 2012, only three of Japan’s fifty-four nuclear reactors (which had generated 30 percent of the nation’s electricity) were operating, with the rest likely to be turned off soon, because local communities blocked restarts after regular maintenance shutdowns. Perhaps cultural disintegration is the most insidious consequence of nuclear disaster, an effect familiar to historians of the Black Death that depopulated Europe during the fourteenth century and ripped apart the social contract wherever it struck.

WITH THE CLEAR LENS of hindsight, it is obvious that there was something irresistibly magical about radiation right from the start. The pioneer researchers of the 1890s—Wilhelm Roentgen in Germany, Marie and Pierre Curie in France—were mesmerized by it even as they quickly realized that the invisible rays could ulcerate their skin. “One of our joys,” Marie Curie wrote, “was to go into our workroom at night; we then perceived on all sides the feebly luminous silhouettes of the bottles or capsules containing our products [i.e., radium]. It was really a lovely sight and always new to us. The glowing tubes looked like fairy lights.” Within several years, a laboratory curiosity became a public sensation, with Thomas Edison rushing an X-ray machine from New Jersey to Buffalo, New York, in 1901 to help locate an assassin’s bullet in President William McKinley. (The machine was not put to use, and McKinley died from sepsis and gangrene a week after being shot.) Well into the 1930s, gullible consumers fell prey to quack elixirs laced with radium, even as Marie Curie herself died from leukemia after decades of poor health clearly caused by radiation exposure. For his part, Edison abandoned the “fluoroscope” as a commercial venture in 1904 after the death of his technician, Clarence Dally, from a degenerative skin disease that progressed into a carcinoma. “The x-rays had affected poisonously my assistant,” Edison said.

Of course, if not for the Manhattan Project of World War II, radiation might have remained a medical tool of increasing sophistication and manageable risk. The discovery of nuclear fission in 1939, just before Hitler invaded Poland, was a darksome coincidence that first spawned a nightmarish weapon and then a troublesome source of energy—one championed, out of guilt or hope, by the same scientists who had built the Bomb. Hans Bethe (1906–2005), head of the Manhattan Project’s theoretical division, spent the rest of his long life advocating nuclear power. This cultural synergy between nuclear weapons and nuclear reactors, twisted by cold war paranoia, thrived in a climate of official secrecy and deception that soon made it impossible to draw clear lines between military, diplomatic, and commercial ambitions. In the United States, the Atomic Energy Commission systematically lied to the public about fallout from nuclear weapons tests in the open atmosphere, putting higher priority on perfecting the weapons than on protecting public health. The American diplomatic campaign known as “Atoms for Peace” helped to export the reactor designs of widely admired corporations such as General Electric to countries hungry for postwar economic development, such as Japan. The United States still has some twenty-seven nuclear cooperation agreements with foreign countries and international organizations, under which reactor fuel and hardware are sent abroad. Thousands of kilograms of highly enriched uranium and tens of thousands of kilograms of plutonium have accumulated overseas—so much that a comprehensive inventory continues to elude federal auditors. Hundreds of tons of this radiotoxic, weapon-usable material are simply unaccounted for. New American contracts may or may not contain provisions against uranium enrichment and plutonium reprocessing by client states, but French and Russian exporters make no such demands.

Given this boundless landscape of man-made radiation, it would seem futile to expect the genie to return to the brazen vessel, to borrow Walt Disney’s imagery from his popular 1957 propaganda film Our Friend the Atom. Once released, great technologies disappear only through obsolescence, as they are replaced by something more efficient or more rewarding or more pleasurable. It seems reasonable to posit that there is nothing on the horizon that would make either nuclear weapons or nuclear power obsolete, besides a fundamental reordering of industrial civilization. History offers examples of catastrophes that have led to such change, but not of rational planning. The United States still deploys about 2,500 nuclear weapons and stores 2,600 more. And nations still take great risks to join the nuclear club.
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U.S. Nuclear Cooperation Agreement partners

Essentially, we are still living in the technological landscape created by World War II and the ensuing cold war. The cultivation of science by government, which was pioneered in Germany in the late nineteenth and early twentieth centuries with heavy emphasis on military needs and economic development, served as a model for the Manhattan Project and subsequent cooperation among governments, corporations, and universities that produced the nuclear world. The Soviet Union accomplished many of the same objectives with a somewhat different model, but it is now gone from the scene—though its nuclear detritus remains very much in play. A century ago, when Henry Adams chose the dynamo to symbolize the kind of power that would soon displace spirituality—or the Virgin—as the strongest organizing factor in society, he was off by only one step. The dynamo needs to be spun, and how to do that turned out to be the master force. The world is now organized to keep the dynamos spinning, so much so that calling into question any aspect of that organization provokes accusations of being anti-progress. Besides global warming, there is no more intractable problem for the planet’s future than man-made radiation. How ironic that one leading solution for the former would increase the latter.

THIS FIELD GUIDE contains essays on broad topics, such as medical and occupational radiation, and portraits of numerous radioisotopes—from actinium-227 to zirconium-95—that comprise the natural and artificial universe. There are also explanations of the maddening array of technical measurements—sieverts, becquerels, grays, etc.—used to quantify radiation and exposure to it. Laced into the science is historical commentary, in the hope that this will forestall the tendency of science to look like an activity that takes place outside society. The atom and the bomb and the reactor have occupied the minds of many brilliant men and women. The pioneer physicists and radiochemists, especially, existed in such tight coteries that they often seemed oblivious to the implications of their work. War changed that, of course, but science and engineering and medicine are always isolated from wider circles by technical language and hauteur that exclude nonexperts. This might be tolerable if the laboratory were truly isolated from the street, but ever since Henri Becquerel noticed photographic film being fogged by something shut inside a drawer on a cloudy Paris day, there has been no escape for anyone from radiation above and beyond what the gods intended.
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Absorbed dose

IN COMMON LANGUAGE, this term is just what it sounds like: the radiation that gets into you. But as dosimetric jargon, it carries important nuances, because not all types of radiation have the same biological effects and not all types of living tissue are equally vulnerable.

The absorbed dose is defined technically as the amount of energy, measured in joules, imparted by any ionizing radiation per unit mass of any material, measured in kilograms. One joule per kilogram (J/kg) of absorbed dose is called one GRAY (Gy). An old unit called the “rad” (for radiation absorbed dose) is still sometimes encountered in industry and government documents, especially in the United States. One gray equals 100 rads.

The absorbed dose is a raw physical quantity and does not indicate much about the risk of biological effects in specific organs or tissues. The high doses used to kill cancerous cells and tumors, in the range of 40 Gy and up, are lethal to all human living matter, so physicians simply use the gray when ordering radiotherapy doses. (So-called fractionated doses—large totals delivered in small daily amounts—are used to limit side effects, but any cancer patient knows the debilitating nature of radiotherapy, the word therapy here being a special kind of euphemism for a process akin to turning off a lightbulb with a sledgehammer.) The spectrum of health effects from whole-body exposure as doses rise is also usually expressed in grays (see ACUTE RADIATION SYNDROME). When more finely tuned information is needed about the effects of different kinds of radiation on different kinds of tissues and about the long-term risk of damage, a unit called the SIEVERT is used.


Actinium-225, -227

ACTINIUM IS A RARE ELEMENT of little practical use, but worth keeping an eye on because it happens to be a DECAY PRODUCT of two of the nuclear world’s great denizens, PLUTONIUM-239 and URANIUM-235. There are dozens of actinium RADIOISOTOPES, but only actinium-227, with a HALF-LIFE of 27.7 years, occurs in notable amounts. A gram of natural uranium contains perhaps 2 × 10–10 gram of actinium, but the ENRICHED URANIUM used in reactors and weapons contains more, making actinium-227—a BETA PARTICLE emitter, albeit weak—of potential environmental concern. Almost all of the radiation associated with actinium-227, which was once considered to be “rayless,” comes from its decay products. Actinium-225 is used in nuclear medicine to generate its decay product, BISMUTH-213, whose ALPHA PARTICLES kill tumor cells such as leukemia.

At the suggestion of Pierre and Marie CURIE, the French chemist André-Louis Debierne (1874–1949)—a shy oddball who had helped the Curies refine pitchblende ore during their discovery of POLONIUM and RADIUM in 1898—looked for additional radioactive elements that might still be hiding in the ore. In 1899 he claimed to have found one, which he named actinium after the Greek word aktis, for “ray,” in keeping with the perception of radioactivity at that time. But he might have jumped the gun. Four years later, the pioneer German radiochemist Friedrich Giesel (1852–1927) announced that he had discovered a new element in pitchblende, which he called emanium, based on the contemporary notion of radioactivity as an emanation. Debierne ignored Giesel’s inquiries on the matter, and a face-to-face test in 1904 with the Curies in attendance did not resolve the issue of who discovered what. World War I put an end to Debierne’s and Giesel’s careers, and both eventually died from the poisonous effects of working with radioactive materials. Actinium and emanium were shown by other scientists to be the same substance, but whether Debierne or Giesel deserves priority credit is still debated by historians. The great Ernest Rutherford threw his weight behind using the name actinium, though he was unimpressed with Debierne’s claim to having discovered it, opining that “he had not enough radioactive sense to find it out.” Giesel’s tombstone in Braunschweig, Germany, bears the inscription “Entdecker des Aktiniums.”
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