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			PROLOGUE

			
			Square Tomatoes

			Back in 1994, when I was pulling down four bucks an hour grading papers and teaching college students how to write, a friend told me about a can’t-lose investment scheme that was sure to lift me from my economic doldrums.

			Forget about investing in Amazon.com, he said. Here’s what you need to get into: Square tomatoes.

			They’re going to be great, he said breathlessly. They’ve had their genes altered by scientists! They stay ripe longer, and soften more slowly, and because they’re square, they can be stacked for shipping, which will bring transportation costs way down. It’s like the laboratory has taken nature and made it better!

			The company that makes them will make a fortune, my friend said. And so will we!

			There was much truth to what my friend told me, and a good bit of misinformation as well. The product in question turned out to be the Flavr Savr tomato, a newfangled plant designed by a biotech company called Calgene. The Flavr Savr had indeed been designed not for exquisite taste, or enhanced nutrition, but to plug into an industrial food system already rapidly replacing traditional farming practices. Forget small farmers selling their fruit to their neighbors; this was big business. That year, 4 billion dollars’ worth of industrial tomatoes were being picked (and shipped) while still hard and green, then reddened with ethylene gas before hitting the supermarket shelves like crates of billiard balls. The genetically altered Flavr Savr, by contrast, was designed to ripen on the vine, but was still tough enough to resist rotting. This meant it could survive both mechanical harvesting and the thousand-mile truck to market.

			In 1994, after three years of negotiations with government regulators, the Flavr Savr became the first genetically modified food approved by the U.S. Food and Drug Administration (FDA) to be sold in the American supermarkets. Rather than being declared formally “safe,” the Flavr Savr was considered the “substantial equivalent” of a normal tomato. At the time, few people complained, and suspicious critics of genetic engineering were largely drowned out by cheerleaders in industry and the press. Connie Chung, Jane Pauley, and Katie Couric all reported on the Flavr Savr on national television; on NBC Nightly News, Tom Brokaw said the tomato “stays riper, longer than the nonengineered variety, and they say it’s tastier.”

			To be honest, as a budding English professor, I could never muster much enthusiasm for a product spelled Flavr Savr. The phonetically engineered name offended my ear even before I considered the tomato’s provenance or taste, or the many ethical questions surrounding its creation. I decided to save my money, and keep grading papers.

			But the Flavr Savr, it turned out, was just the beginning of what would become a food revolution. Soon I started hearing stories about another tomato, this one created by a company called DNA Plant Technology, which was being outfitted with genes from an Arctic flounder. These “fish tomatoes,” the company hoped, would make plants resistant to frost and cold storage, making them easier to grow in northern climates.

			In 2001, researchers at the University of California, Davis, and the University of Toronto unveiled a third tomato, this one capable of growing in salty soils—a good thing, since modern irrigation practices were damaging soil so much that the world was losing 25 million acres of cropland a year.

			The fish tomatoes never made it to market. So far, neither have the salt-tolerant tomatoes. The Flavr Savr tomatoes made it to market briefly, but they were a commercial flop; the agrochemical giant Monsanto bought the company in 1996, and dropped the product. The ingenuity of a human-engineered tomato never quite overcame the consensus that the Flavr Savrs tasted terrible. As for the Flavr Savr being square? Well, that turned out to be untrue. Blocky tomatoes had in fact been cultivated by California plant breeders in the 1950s, to make mechanical harvesting easier and to prevent them from rolling off conveyor belts, but squareness was never part of the Flavr Savr profile. This myth was just the first of what would become a long series of myths that continue to tangle themselves around engineered food like aggressive vines.

			Now, more than twenty years later, these moribund tomato experiments seem almost quaint. Today, nearly all of our calories—that is to say, nearly all of our food—are grown from genetically modified plants. Chances are that three-quarters of everything you’ve put in your mouth today—the eggs, the yogurt, and the cereal; the chicken sandwich, the tortilla chips, the mayonnaise, and the salad dressing; the cheeseburger, the french fries, the soda, the cookies, and the ice cream—were processed (or fed) from plants grown from seeds engineered in a laboratory. Same for the food you feed your baby and the food you feed your dog.

			The reason for this is simple: The American diet is composed almost entirely of processed foods that are made from two plants—corn and soybeans (and canola, if you want your food fried). Their seeds, full of dense calories, can be broken down and reconstituted into an infinite variety of prepackaged foods. The vast majority of the 40,000 food products Americans choose from every day are built from ingredients made from engineered plants. This includes almost anything made with high-fructose corn syrup, vegetable oil, or sugar—which is to say, almost all processed food. They can also be ground up and fed to the animals who provide our boundless appetite for meat and dairy products. Fully 85 percent of the feed given to cattle, hogs, and chickens is grown from genetically modified crops. There’s more: About half of the sugar we consume is grown from engineered sugar beets. Genetically modified wheat has not yet hit the commercial market, but some of the biggest seed and chemical companies in the world have been working on it for years and have it ready to go.

			Strangely—and despite the fact that we’re talking about plants—the one place you mostly won’t find engineered food is in the produce aisle. Your carrots, your peaches, your lettuce—they are all grown the old-fashioned way. (This, by the way, is true whether or not the produce is labeled “organic.”) But travel to the middle of your supermarket—or into most fast-food restaurants, convenience stores, or gas stations—and you will discover GM foods at every turn.

			Depending on whom you ask, “genetically modified organisms,” or more simply “GMOs,” represent either a great stride forward in the history of food production or are part of a destructive and dangerous system that allows global food companies to radically damage our land and water, control the way we eat, and flood our bodies with unhealthy food.

			At the most basic level, genetic engineering is a crop-improvement technique, one of many used by plant growers, to alter the quantity, quality, and usefulness of the plants used to make food. A GMO is a plant grown from a seed genetically engineered to express a specific set of traits. These traits can range from an increased tolerance to floods or drought (a critical need given rising global temperatures) to beneficial nutrients (like rice that produces its own beta-carotene) to an improved resistance to certain viruses or insects. Such experiments—often designed by scientists at universities or nonprofit research centers—hold tremendous potential for improving the lives of people around the world. Childhood blindness in Asia, insect infestations in Africa, famines caused by typhoons in the Indian subcontinent: all are problems being addressed by GMO researchers around the world.

			But it is also true that the giant agrochemical companies that produce the vast majority of the world’s GMOs do very little of this work—despite their frequent claims that GMO technology can feed the world. These companies, like their cousins in the pharmaceutical industry, are far more interested in creating billion-dollar products for the American consumer market than they are in developing products—cassava, rice, sorghum—that people in the developing world actually eat. In fact, just one-half of 1 percent of American food exports actually goes to developing countries with dire food needs, a recent study by the Environmental Working Group shows. Fully 86 percent goes to wealthy, highly developed countries in Europe, Canada, Australia, Japan, and South Korea. Indeed, far from solving problems, GMO-based industrial farming actually contributes both to a wide variety of health problems, like obesity, diabetes, nutritional deficiency, and exposure to pesticides, and ecological problems, like water pollution, soil depletion, and a profound drop in the biodiversity of plants, animals, and insects. There’s a reason the monarch butterfly has become a symbol for anti-GMO activists: Monarch food supplies have been erased by chemical sprays applied to hundreds of millions of acres of monoculture GM crops. Nationwide, monarch populations are down by 96 percent. So when companies say GMOs are necessary to “feed a starving world,” the slogan can sound empty, cynical, a bait and switch.

			In the United States, and increasingly in the developing world, GMOs are planted not to improve global nutrition but to maximize corporate profits through the production of corn and soybeans, which are then funneled into a global system of processed food and industrial meat. In order to support production, they are engineered to tolerate vast quantities of chemical sprays, which are often made by the same companies that make the seeds themselves. These sprays significantly damage both human health and environmental integrity. And because only large companies can fund most GMO research and development, they patent any seeds they create, which means they can control how and by whom they are used. Since time immemorial, farmers developed, saved, and traded seeds from one year to the next, bartering their way to better, more fruitful crops. No more. Now, GM seed companies force farmers to sign agreements that they will not save or share seeds, and hire investigators to badger (or sue) them when they do. As a result, our food supply is essentially controlled by a very small number of enormous biotech companies, most of which got their start making explosives, plastics, and pesticides.

			This trend has given rise to a symbiotic but imbalanced relationship between these companies and our government. Because of their size and power, companies hold tremendous sway over federal food policy, from the way food and chemicals are (or are not) regulated to what kinds of farms (and food companies) receive hundreds of billions of dollars in federal subsidies to how much information companies need to disclose about their processes and products. The companies that design and sell GM seeds are some of the biggest in the world, and yet they are oddly invisible. You may have heard the names Monsanto, DuPont, and Dow, but these company names do not appear anywhere on your cereal box. In 2009, the top six agrochemical companies (Monsanto, DuPont, and Dow, plus Syngenta, Bayer, and BASF) earned a combined $27.4 billion in seed sales and $44.4 billion in chemical sales. Collectively, they control two-thirds of the world’s agrochemical market. By 2019, the global agrochemical industry is expected to reach a value of $261 billion. And since several of the biggest companies are in the process of merging, their influence will soon be consolidated further.

			The closer you look at the GMO debate, the more you are confronted with questions and paradoxes and passionate believers on all sides. Take, for example, the seemingly innocuous question “Are GMOs safe?” A great many scientists say altering a plant’s genes in a laboratory is merely one incremental improvement in a long history of plant breeding, that GMOs are among the most studied—and thus the safest—foods ever produced, and that there is absolutely nothing to worry about. A library of scientific reports, and reputable organizations like the National Academy of Sciences, support this claim.

			But such pronouncements are less than entirely satisfying, given that many GM crops are grown (indeed, are designed) to be sprayed with hundreds of millions of pounds of petrochemical insecticides (to kill bugs) and herbicides (to kill weeds). Whether or not genetically altered seeds themselves are benign, the chemicals that accompany them are not. The World Health Organization recently declared glyphosate, an herbicide sprayed on Monsanto’s Roundup Ready food crops around the world and long considered a relatively tame herbicide, to be a “probable human carcinogen.”

			The agrochemical companies—and the giant food-processing companies they supply with grains—have argued vigorously that GMOs are entirely safe. Yet when market demands change—when consumers express fears about GMOs—some of these same companies boast long and loud when they remove them from their products. In a nod to anxious mothers, the Hershey Company says it will stop using GM sugar beets to make its milk chocolate and Hershey’s Kisses. General Mills will stop using GM ingredients in Cheerios and recently announced it will label any of its products that contain GMOs. Del Monte, one of the country’s biggest producers of canned fruits and vegetables, says it will cease using GM ingredients in most of its products.

			McDonald’s refuses to sell GM potatoes grown by J. R. Simplot, one of its biggest french fry suppliers. Do these moves constitute a stance on GMOs, or only a desire to satisfy a nervous market? Hard to say. The meat McDonald’s sells is still raised on GM corn, and the soda it sells is still sweetened with GM corn syrup. Cheerios are made mostly of oats, which are never grown with GMOs, so the only change General Mills really has to make is to replace sweeteners made from GM sugar beets and cornstarch made from GM corn. And the company has made it plain that it will continue using GMOs in its other cereals.

			A lot of consumers who pay close attention to the GMO debate are convinced that GMOs are in fact unsafe, and a great many of them shop in stores that take advantage of this anxiety. Whole Foods, Trader Joe’s, Chipotle—these national chains have all made a fuss about going “GMO free” to one degree or another. Are these claims trustworthy, or are they merely marketing schemes?

			In Europe, centuries of intertwined, small, local farms have made GMOs a thing of almost continental contempt. As hard as they have tried, giant food conglomerates have had a tough time persuading the French, and the Italians, and the Spanish, to give over their land—and their diets—to industrial corn and soybeans. Globally, there are currently twenty-six countries with total or partial bans on GMOs, including Australia, China, India, Mexico, and Russia. In early 2015, thousands of Polish farmers drove their tractors into the streets in Warsaw to push for a ban on GMOs and to fight a perceived land grab by big ag-biotech companies like Monsanto. “The health and welfare of the nation depends on consumers and farmers having access to traditional seeds and good-quality food,” one farmer said. “The Polish government does not accept this and is destroying the roots of Polish agriculture by listening to corporations rather than the Polish people.”

			For a variety of reasons, such heat has not been present in the United States. Drive across the country, as my family and I did last summer, and you will find yourself crossing a continent almost entirely given over to corn and soybeans. Granted, there are boundless waves of wheat growing across the northern Midwest, but the route we took—from the Eastern Shore of Maryland to the Colorado Rockies, then up to the Olympic Peninsula in Washington state—was astonishingly dichromatic. For close to 4,500 miles, my wife and I would switch off driving and snoozing, our kids in the backseat listening to audio books. This was hardly scientific, but our experience was absolutely clear: you can fall asleep passing fields of corn in Ohio and wake up passing fields of soy in Indiana, or vice versa, but that’s about it. Only once during the whole cross-country trip did we find ourselves surprised by what we saw: a large farm in Virginia that was actually growing potatoes.

			Despite all the romantic rhetoric thrown around about farming in America, it’s hard to feel sentimental when all the land you see, for thousands and thousands of miles, is being used to grow corn and soy for cheap chicken and cattle feed, or frying oil, or salty snacks, or ethanol for gasoline. These crops—hundreds of millions of acres of them, and virtually all GMO—are grown far from population centers and out of sight of anyone who is not directly involved in growing them. It’s almost like we’ve decided that the best farm is the farm we can’t see.

			—

			I’VE BEEN INTERESTED IN questions about food and health for many years. My last book, ContamiNation, examined similar questions about the toxic chemicals found in everyday consumer products. Big-box stores are full of things—mattresses, air fresheners, paints, cosmetics—made from some 80,000 different petrochemicals, and of these, the Environmental Protection Agency (EPA) has a full set of toxicity information for just 7 percent. Despite frightening spikes in everything from cancer rates to autism, endocrine problems and neurological disorders, 99 percent of these chemicals have never been tested for their effects on human health. In researching that book, I was shocked at the misinformation—if not the total lack of information—about the products we use in our everyday lives.

			Likewise, given the amount of confusion surrounding our food system, I set out in search of facts. GMOs, and the chemicals used to grow them, have become so ubiquitous, so stitched into the fabric of our daily lives, that they are essentially invisible. To me, this invisibility is itself a problem: How can something as intimate as the food we eat be so utterly misunderstood?

			My journey to find out took me from farms in New York and Maryland and Pennsylvania to plant laboratories in Delaware and Missouri and Kansas to the “ground zero” of the global GMO debate on three islands in Hawaii. During the course of my research, I interviewed some of the world’s great agricultural visionaries, some of whom take radically different approaches to the question of GMOs. One scientist, whose engineered papaya plants saved an entire industry from collapse, considers GMOs to be above reproach. Another, who is trying to invent a plant that would replace—replace!—millions of acres of industrial crops across the farm belt considers GMOs to be a tool the food industry has used to push the American landscape to the brink of ruin.

			I spoke with brilliant farmers who think GMOs will help move the world closer to sustainability, and others who think GMOs will accelerate our ecological demise. I spoke with geneticists who are developing plants that could save millions of people from starvation, or from going blind, and others who think such plants represent a Trojan horse that will do more to spread the influence of American companies than actually help the poor.

			It can be hard to hold these competing stories in your mind at the same time. Clearly, genetic engineering has the potential to help solve some of the world’s pressing food and nutrition problems. The problem is that this technology is mostly being used not to help small farmers or improve nutrition in the developing world but to create profits for companies selling poor-quality food in the United States. It’s not GMOs that are a problem, in other words; it’s the industrial food system that is the problem. That system is designed by and for the agrochemical industry to sell two enormously profitable products: chemicals, and the seeds that can withstand those chemicals. This system has been built so thoroughly around us that we don’t even see it.

			This book offers a look at something that is both very complex and very fundamental. Understanding what we eat, and how we have come to eat this way, requires thinking not just about food but also about history, and science, and politics, and ethics. Beneath these issues are fundamental questions of culture. How do we want to eat? How do we view the land we live on, and the plants and animals with whom we share that land? Do we trust the industries that are feeding us, or the government that is supposed to be protecting us? Do we trust that science can remain independent of corporate money and corporate power, and provide clear, independent answers to questions that directly affect our lives?

			To help answer these questions, I have organized this book into three parts. Part One examines the central questions most people want to know about GMOs. Are they safe? How are they made? Are they well tested, and are the tests trustworthy? How much control does the food industry exert over government regulators? How much control does this industry have over what we are allowed to know about what we eat? More broadly, how do GMOs fit into the evolution of American culture itself, from the very small (like the birth and growth of advanced genetic science) to the very large (like the postwar development of our highways and suburbs)?

			Part Two takes us to the front lines of the GMO debate to see how this system plays out—for better and worse—in real communities. On three islands in Hawaii, the battle over GMOs has been exceptionally heated, and for very different reasons. On the Big Island, a world-renowned professor created—without any help from industry—a GMO fruit that helped save the economy of his beloved homeland. On Kauai, the story is utterly different: there, a group of activists, worried about vast and secret chemical spraying used on experimental GMO farms, are fighting tooth and nail against some of the largest chemical companies in the world. And on Maui, a tiny island that nonetheless serves as the very birthplace for much of the world’s GM corn, indigenous Hawaiians and local organic farmers are trying to kick the GMO industry off their island completely. For them, GMOs are not just about food, they are about the misuse of sacred land and the oppression of local people.

			Part Three offers a look at alternatives to an industrial farming system that has been so destructive—and that has tarnished the reputation of GMO technology itself. I visit scientists developing GM crops they hope will prevent mass starvation in the developing world, especially as climate change threatens to undermine traditional farming practices in Africa and Asia. I spend time with farmers who use GMOs as part of a larger effort to make American agriculture more sustainable. I interview researchers who say nibbling around the edges of industrial farming isn’t enough—they want to develop crops that will overthrow the entire system itself. And I speak to organic farmers—in the country, in the suburbs, and in the city—who say that no technology, no matter how exquisitely designed, will ever take the place of local people growing food for their own neighbors. Their model, they say, is the way farming was done for 10,000 years, and that GMOs, while perhaps helpful, will be useful only if they augment traditional farming practices that take seriously the health of people as well as the health of our planet.

			Throughout the process of writing this book, I also tried an experiment of my own. I required my college students to wrestle with the GMO debate, and—at the same time—to work on a very small organic farm. Every week, my students explored the complexities of the American food system, and they tossed hay, fed sheep, and harvested tomatoes. They argued about the best way to feed the world, and the best way to feed themselves. Some left the conversation convinced that GMOs should have a firm place in the future of food. Scientists who can figure out a way to make drought-resistant crops that will support billions of people in a warming world deserve nothing less than a Nobel Prize.

			Others were more cynical. Companies touting the benefits of GMOs are engaged in a global sleight of hand: they claim they want to feed the world, then turn around and sell us all chicken nuggets, cheeseburgers, and sixty-four-ounce sodas.

			Other students were more philosophical. They left convinced that the primary problem in the American diet is not nutrition or any particular technology, but ignorance. If one way to improve the way we eat is through fancy new technology, maybe another way is to get more people—including English majors—to spend time working on local, small-scale, organic farms. Getting “more eyes on the acre,” they said, may be the only way to close the enormous gap that has opened up between most American people and the food they consume every day.

			To my mind, they were all right. I hope the following chapters will explain why.
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			1.

			Are GMOs Safe? Is That the Right Question?

			[image: ]The first thing, and sometimes the only thing, that people want to know about GMOs is simple: Are they safe to eat? It’s an obvious question, since we’re all consuming them at almost every meal, and a legitimate one, since it’s not always clear what GMOs are, how they are made, or where they appear in our diet. In the decades since the creation of the Flavr Savr tomato, we are all eating genetically modified food, whether we know it or not, and whether we like it or not.

			Add to this the fact that basic information—even in the form of simple labels on food—is very hard to come by. Although you most likely eat GMOs for breakfast, lunch, and dinner, there is simply no way to know it.

			Most people, sitting down for a meal, would rather not wrestle with the way small RNAs affect the chromosomes of the corn that went into the cow that went into the burger they are eating. They would certainly rather not contemplate whether that same corn had something to do with climate change, or the obesity epidemic, or the decline of bee populations, or whether they contribute to water pollution, the pesticide contamination of our bodies, or the destruction of small-town America.

			In a way, asking whether GMOs are “safe” is like asking whether Froot Loops are safe, or cheeseburgers, or nail polish: if you narrow the question down enough, the answer is almost certainly, sure, GMOs are “safe,” but “safe” may not be the same thing as “good for you.” Not many people get sick from eating a single bowl of Froot Loops, and not many people get sick from painting their nails once or twice. But how many bowls, or manicures, would it take to make a product “unsafe”? A great many molecular biologists argue that altering a plant’s genetic structure simply mimics natural evolutionary processes and that GM foods are more fully studied—and at least as safe to eat—as anything has ever been. Many hundreds of studies have supported this: food made from plants that have been genetically engineered do not appear to be any more harmful than food grown traditionally.

			Those who create, control, and profit from GMOs—the scientists who develop and use the technology, along with the biotech and food companies that make up our industrial food system—consider the debate over genetic engineering to be fully settled. So do highly reputable scientific organizations. The science of GMOs is clear, they say: the technology has been around for decades and has developed into a highly precise method of producing enough food to feed the earth’s 7 billion people.

			Genetic engineering is simply an incremental step—a new tool, geneticists and molecular biologists say—in the long progression of agricultural science. Since the dawn of the agricultural era 10,000 years ago, farmers have selected seeds from the season’s most successful crops and discarded the seeds from the least. This “human selection” is merely a manipulated version of the “natural selection” that forms the bedrock of evolution. Tinkering with a plant’s genome is no different from evolutionary processes that have gone on since time began. Faster, perhaps, but no different.

			These techniques are no more risky than induced mutation, or “mutagenesis,” the long-standing practice of exposing seeds to chemicals or radiation to induce random mutations. Mutations happen all the time in nature, and some produce plants with favorable traits like drought tolerance, or higher yields, or better taste. In the last century, more than 3,200 mutagenic plants—from pears to peanuts, from barley to grapefruit—have been released on the market. These crops are not GMOs, and they are considered so benign they are even allowed on organic farms.

			But the minute you open the aperture a bit, the question of “safety” becomes considerably more complicated. While the process of engineering plants may be considered “safe,” the consequences that ripple out from it are considerably more troubling. The molecular structure of a single GM plant may not be a cause for alarm, but what if almost all GM crops are grown to produce things like cheeseburgers and salty snacks and soft drinks, which have ramped up the country’s obesity epidemic? Is that a GMO problem, or not?

			What about the chemical pesticides and herbicides—many of them known to cause both health and environmental problems—that are sprayed on hundreds of millions of acres of GM crops? These chemicals existed long before GMOs, of course; indeed, they were developed decades ago by the same companies (Monsanto, DuPont, Dow, Syngenta) that are now the world’s leading sellers of GM seeds. Critics often say that GMOs are less necessary for making food than they are a powerful vehicle for selling pesticides; once a company has sold farmers on the idea of GM seeds, they are far more likely to buy chemical sprays that go along with them. If they were using the company’s chemicals already, why not also buy seeds that are resistant?

			So are pesticides a “GMO problem,” or are GMOs just exacerbating the problem of industrial farming itself?

			More broadly, what happens when entire global industries—and entire swaths of North America—are constructed to keep cheeseburgers and snacks and soft drinks (and thus the GMOs that make them) flowing into our bellies? What if these industries become so enormously profitable, heavily marketed, and politically powerful that the foods they produce began to seem “conventional” (or stranger still, “traditional”)? If problems—even deep problems—began to crop up, would we even be able to see them?

			In other words, most people involved in the GMO debate—no matter what side they are on or how passionately they argue their position—consider the narrow question of safety to be the wrong question.

			“I’ve been a lawyer for over thirty years, and this is by far the most polarized issue I’ve ever dealt with,” Paul Achitoff told me. Achitoff is an environmental attorney for EarthJustice, which is handling a series of major GMO lawsuits in Hawaii. Achitoff has been in the GMO trenches since the beginning.

			“Inevitably, no matter what the subject matter—pesticides, labeling—people always spend their time talking about how dangerous GMOs are to eat. All people want to know is, ‘Is it healthy, is there proof?’ People in favor of GMOs say they are safe as mother’s milk. Others say they are dangerous. I don’t even bring that subject up in court. To me, it’s not even relevant. It’s not even reasonably disputed that there are environmental and socioeconomic consequences here.”

			Indeed, a great many organic farmers, a wide swath of health, consumer, and environmental organizations, and First Amendment “right to know” advocates say the GMO debate is about a lot more than molecular science. GMOs, in this view, are the very symbol of all that is wrong with the American food system. Whether or not the technology involved in genetic engineering is “safe” (and not all opponents are willing to concede this point), the crops—along with the pesticides and herbicides used to grow them—represent a profound insult to public health and ecological balance.

			“Nature’s been around a long time, so to think we can dance in there and take a gene off the shelf and get a product that your body will accept is really arrogant,” Gerry Herbert, an organic farmer and anti-GMO activist in Hawaii told me. “It’s like throwing a wrench in a moving engine. You’re going to have a problem. We don’t even know what’s in the soil, and yet we’re killing it because we can get a quick profit from it. Do we want corporations to control our food? Their whole mandate is to maximize profit. That’s why they’re there. Are they worried about your nutrition? Not a bit. They will do everything necessary to rearrange genes to maximize their profits.”

			Regardless of its effect on a plant’s molecular structure (or that plant’s impact on our bodies, or the ecosystem of which the plant is a part), GMO technology is mostly used to turbocharge the engines of an unsustainable farming system that is dousing our land and water with chemicals, wearing out our soil, making us fat, and lining the pockets of companies that already hold far too much economic and political power.

			There is truth on both sides of this debate. There are also half-truths and naked cynicism. There are scientific studies that say GM foods are entirely safe to eat, and others that say they aren’t. Earth Open Source, an organization run by the molecular biologist John Fagan, recently published a book called GMO Myths and Truths with more than 300 pages of studies arguing that GMOs are unhealthy for our bodies, our environment, and our political and economic systems. “GMO Answers,” a website overseen by the biotech industry, is larded with studies heralding the benefits (and safety) of GMOs, as well as essays designed to make you feel better about your own doubts (“Skeptical About GMOs? We Understand.”).

			Which side are we to believe? Consumers can be forgiven for feeling that questions about safety ought to be simple: Is GM food safe to eat, or not? The trouble is, there are complexities at both the micro and macro levels that make such questions of “safety” a lot more complicated than they might first appear. The few journalists who have tried to navigate this jungle have found themselves with few reliable guideposts.

			“The quest for greater certainty on genetic engineering leaves you chasing shadows,” noted Nathanael Johnson in the magazine Grist. “When you’re dealing with gaps in knowledge, rather than hard data, it’s hard to tell what’s an outlandish hypothetical and what’s the legitimate danger. Anything, of course, is possible, but we shouldn’t be paralyzed by unknown risks, or we’ll end up huddled in our basements wearing tinfoil hats.”

			So let’s take a closer look at this.

			—

			FARMERS HAVE SPENT countless generations crossbreeding, or hybridizing, closely related plants to create desirable traits in their offspring, like bigger fruit, higher yields, and better taste. Do this over and over for many generations and you end up with the apples and lettuces and carrots we recognize today.

			Genetic engineering, in this line of thinking, is nothing more than human selection, sped up. GM plants are of two varieties. They are either “cisgenic,” which means they are created by taking a gene from a wild apple tree, for example, and stitching it into the genome of a domesticated apple, to prevent the fruit from scabbing. Or they are “transgenic,” meaning they are created by taking a gene from one kind of organism (a bacterium, for example) and inserting it into the genome of another kind of organism (a corn plant, say) to help make the corn resistant to plant-eating insects.

			There are only four kinds of genetically engineered plants currently approved for agricultural use: those (like Roundup Ready soybeans) that tolerate the herbicides farmers use to kill weeds; those (like Bt corn) that are engineered to produce their own insecticide; those (like Plenish soybeans) made with altered nutritional components, like healthier fatty acids; and those (like most papaya grown in Hawaii) that have built-in virus resistance. Many other potential applications are in various stages of development.

			While nothing is absolutely certain when it comes to the interplay between food and health, it seems fair to say that one claim made by industry and its scientific allies is correct: Every day, hundreds of millions of people, in twenty-eight countries, eat food made from (or eat animals fed from) GM plants. Many scientists are willing to leave it at that. After billions of meals served with GM ingredients, “no adverse health effects attributed to genetic engineering have been documented in the human population,” the National Research Council and Institute of Medicine say. The American Academy for the Advancement of Science agrees: “Contrary to popular misconceptions, GM crops are the most extensively tested crops ever added to our food supply.” The World Health Organization considers GMOs to “have passed risk assessments in several countries and are not likely, nor have been shown, to present risks for human health.” The scientific adviser to the European Commission has said, “There is no more risk in eating GMO food than eating conventionally farmed food.”

			Most GMO studies have been done on animals, which makes sense, since food-producing animals consume as much as 90 percent of the GM crops grown worldwide. In the United States, 95 percent of the 9 billion cows, hogs, chickens, and turkeys raised for food eat GM grains. A recent meta-analysis of studies looking at some 100 billion livestock animals raised between 1983 (before the introduction of GMOs) and 2011 (long afterwards) found no “unfavorable or perturbed trends” in animal health or productivity. “No study has revealed any differences in the nutritional profile of animal products derived from [GMO]-fed animals,” reported researchers at UC-Davis.

			According to Blake Meyers, a plant geneticist at the University of Delaware, genetically altered plants have been so thoroughly studied that the question of whether or not they are safe to eat is no longer even an interesting scientific question. “We can say that these products and genes are as safe as we can know, and thus far, the track record of GM products has shown that they are safe,” Meyers said. “The study of GM food products already approved for commercial use isn’t a topic of interest to most plant biologists/scientists because the interesting work on them was done years ago, and they are so exhaustively studied that you’d have to work really hard to find something new.”

			Sure, there remain gaps in our knowledge about genetic engineering, Meyers says; the field is still only a couple of decades old, and new discoveries about how plants function are happening all the time. But in terms of safety, genetically modified products “are very well characterized, so I would say that by the time they’re taken to market, they’re extraordinarily well tested, and they’re both predictable and reliable. GM products are also exhaustively analyzed, much more so than nontransgenic food products, so the possibility of an important gap in our knowledge about the introduced genes is typically extremely small.”

			Anxiety over GMO technology has more to do with the human fear of the unknown than it does with actual risk, said Jim Carrington, a plant pathologist. Carrington’s credentials are impressive: he’s a member of the National Academy of Sciences and the president of the Donald Danforth Plant Science Center, one of the leading nonprofit plant research centers in the world. “Do we really have so much knowledge about small RNAs or the impact of adding a single gene or two through a GMO approach—do we know so much that we can eliminate any risk? The answer is clearly no,” Carrington told me. “But no approach is risk free. We do not have the ability to be confident that we have eliminated all risks. That is the basic fact of risk assessments: you can do your best to assess impacts based on data, and you can know with a high degree of confidence that risks are relatively low and worth taking in view of the benefits.

			“But anyone who says the aim should be to wait until all the data are in, that’s foolish. All the data will never be in.”

			The question about GMOs, Carrington said, should not be “Are there risks?” but “What does science tell us about what is the reasonable likelihood of a problem coming to bear?” In the case of GMOs, “the science has been pretty clear. There are over a thousand journal articles that collectively say that the risks are exceedingly low from the standpoint of comparisons to all alternatives—conventional or organic agriculture. The risk is simply very, very low.”

			But as confident as Meyers and Carrington are—and they represent the majority of scientists working with GMOs—their opinions are not universal. The trouble with such proclamations, critics say, is that genes don’t function as neatly (or as predictably) in the world as they do in the laboratory. Instead, they function in the enormously subtle context of other genes (within the organism itself), other organisms (in the soil and in the creatures that eat them), and other ecosystems (in the world at large). There is a randomness in genetics, an unpredictability that lies at the heart of reproduction, and it is this imprecise nature of genetics that scientific critics of GMOs frequently invoke as reason for caution.

			A genome itself is a kind of microscopic ecosystem, and “we all know what can happen when you, for example, try and introduce a single species into an ecosystem,” John Vandermeer, an ecologist and evolutionary biologist at the University of Michigan, has written. “What usually happens is nothing, which of course can lead to complacency. But occasionally the introduction is catastrophic.”

			Cane toads in Australia, Nile perch in Africa, kudzu in the American South—there are countless examples of ecological disasters caused by introduced species, Vandermeer writes. “If genomes are like ecosystems, there is nothing at all that suggests equivalent disruptions could not occur, and the few scientists who remain unaware of this complication need to refresh their graduate education with a course in complex systems.”

			And inside our bodies? One of the most frequently raised concerns about GM foods has to do with toxins and allergies. GMOs can introduce proteins into our diet that the human body has never encountered before, and food allergies seem to be rising everywhere. While evidence of a direct link is scarce, the long-term effects of eating clinically undetectable traces of new proteins remain a concern.

			Alfredo Huerta, a plant biologist at Miami University in Ohio, pointed me to a short-term (thirty-one-day) study that showed that eating GM corn causes abnormalities in the digestive systems of pigs. A two-year study of pigs fed a mixture of GM corn found they developed severe stomach inflammation (and 25 percent heavier uteruses) than pigs fed non-GM corn. The findings were troubling for a couple of reasons. First, pigs have digestion systems similar to those in humans. Second, the pigs were sickened not by a single GM grain, but by a mixture of different GM grains. Mixed grains, the authors noted, are not tested for toxicity by regulators “anywhere in the world.”

			As for humans? In his biology classes, Huerta tells his students that he will give an A to anyone who can show him a long-term clinical trial in humans showing that GMOs are safe.

			No one has ever found one.

			When industries say that GMOs are safe because billions of people have eaten them and no one has dropped dead, they’re being anecdotal, not scientific, Huerta told me. How would we even know if large-scale physical symptoms are caused by GMOs if we don’t even know we’re eating GMOs? Even leaving aside major issues like cancer or endocrine problems, how many other symptoms—headaches, stomachaches, allergic reactions, changes in the way our immune system functions, microscopic changes in the structure and function of our cells—may be caused by GMOs if we don’t know where these ingredients enter our diet, and if we don’t conduct proper human clinical trials?

			“We tend to blow off the reason for a migraine, the ill feeling that we had, on something that we will never be able to identify,” Huerta said. “How do we know if any of those hidden symptoms are due to having consumed a GMO (such as GM sweet corn, which is designed to be eaten fresh, right off the cob, and full of Bt toxin)? Remember that physical ailments due to smoking usually appear after many years. Things like emphysema, asthma, loss of lung function, secondary metabolic effects, etc. tend to show up after many years of smoking. Do we know if anything like that will happen with GMOs? The answer is no. We don’t know the answer to that question.”

			Huerta’s skepticism is well founded. Although it is virtually impossible to lay a single illness, let alone an epidemic, at the feet of a single product, that doesn’t mean these GMOs are not causing problems. It may just mean that we haven’t made the connection yet. These foods are a new thing on the evolutionary scene, and we are eating them in unimaginably vast quantities. While it is true that most scientific research done to date has found little reason to worry, there are other truths (as we will see) that ought to give us pause.

			“The fact is, it is virtually impossible to even conceive of a testing procedure to assess the health effects of genetically engineered foods when introduced to the food chain,” said Dr. Richard Lacey, a member of the British Royal College of Pathologists. “The only way to base the claims about the safety of genetically engineered food in science is to establish each one to be safe through standard scientific procedures, not through assumptions that reflect more wishful thinking than hard fact.”

			Is It the GMOs, or the Chemicals We Spray on GMOs?

			One health concern about which there is considerably less doubt is that GMOs, from the very outset, have been developed alongside synthetic pesticides and herbicides. The companies that sell the most GM seeds—Monsanto, DuPont, Dow, Syngenta—all started out as chemical companies, and their move into the seed business, whatever else it has done, has vastly expanded their capacity to sell chemical sprays.

			Even the most benign of these chemicals are known to cause health and environmental problems, and they are used in enormous quantities. In the United States over the last forty years, the use of glyphosate (sold by Monsanto as Roundup, a product that makes the company $5 billion a year) has grown by a factor of 250, from less than half a million to 113 million kilograms a year. It is so common in England that residues of the compound routinely show up in British bread. A study by David Mortensen, a plant ecologist at Pennsylvania State University, predicts that total herbicide use in the United States will double again before 2025 as a direct result of GM crop use.

			Glyphosate has been approved by the EPA and regulatory agencies all over the world, and has earned the lasting loyalty of countless farmers who use it to clear fields of weeds. Scores of studies have shown no link to cancer; a recent report by the German Federal Institute for Risk Assessment found that glyphosate is not carcinogenic or toxic to fertility in lab animals.

			But this opinion is far from unanimous. The International Agency for Research on Cancer—the cancer research arm of the World Health Organization—recently declared that glyphosate and 2,4-D (another common herbicide) should be classified as, respectively, “probable” and “possible” human carcinogens. France, the Netherlands, and Sweden have all recently come out against relicensing glyphosate for use in the European Union.

			Within American regulatory agencies, scientists have long been troubled by the influence industry holds over government regulators. There is a well-documented pipeline leading from industry employees to EPA staff, and industry lobbyists have been very effective at limiting federal funding for chemical regulation. Until the summer of 2016, the federal Toxic Substances Control Act, the government’s primary tool to regulate chemicals, had not been updated in forty years. In the early 1970s, there were a dozen EPA laboratories dedicated to testing farm chemicals. In 2004, thanks to decades of industry-pressured “deregulation,” there were two.

			Chemical companies routinely hire former senior government officials to help them design corporate strategies and to persuade their former colleagues in government to be lenient in their scrutiny of data. And they are adept at getting their own people into positions of power in government. This was most obvious during the Reagan and George H. W. Bush years, when “regulatory relief” led to a dramatic dismantling of the EPA—and such breaches of the public trust by former industry insiders that several were forced to resign for ethics violations and one even went to prison.

			President George H. W. Bush appointed Clarence Thomas, a former lawyer for Monsanto, to the Supreme Court; Thomas later wrote the majority opinion in a landmark case granting companies the right to patent GMO seeds. In the 1990s, President Clinton got so cozy with Monsanto’s CEO Robert Shapiro that he swooned over the company in his 1997 State of the Union address and named Shapiro to the president’s Advisory Committee for Trade Policy and Negotiations. There, Shapiro worked closely with Mickey Kantor, Clinton’s trade representative before becoming a Monsanto board member himself. In 1998, Clinton personally awarded the National Medal of Technology and Innovation to the Monsanto team that invented Roundup Ready soybeans.

			During the Obama administration, Michael Taylor, a former Monsanto vice president, was given a senior position in charge of food safety at the FDA. Islam Siddiqui, a Monsanto lobbyist, was named the U.S. Agricultural Trade Representative, put in charge of promoting American farm products overseas. As Obama’s U.S. Solicitor General, Elena Kagan wrote a brief requesting the Supreme Court lift a ruling forbidding the planting of Monsanto’s genetically engineered Roundup Ready alfalfa. Kagan now sits alongside Clarence Thomas on the Supreme Court.
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