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For Jeannie Marshall 
And for Rita Arditi 
And for my mother, 
Whose original plan was to build 
A laboratory in the north bedroom






There was once a village along a river. The people who lived there were very kind. These residents, according to parable, began noticing increasing numbers of drowning people caught in the river’s swift current. And so they went to work devising ever more elaborate technologies to resuscitate them. So preoccupied were these heroic villagers with rescue and treatment that they never thought to look upstream to see who was pushing the victims in.

 

This book is a walk up that river.
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foreword to the second edition

 

 

 

 

Thirty years ago, in between my sophomore and junior years of college, I was diagnosed with bladder cancer. Those are amazing words to write: “Thirty years ago I had cancer.” I had just turned twenty. I was hoping that I would live long enough to have sex with someone; I hadn’t done that yet. I could not have imagined, while lying in my hospital bed, exhaling anesthesia, that someday I could write, “Thirty years ago I had cancer.”

Last September, on a sunny afternoon, the phone rang while I was trying to meet a writing deadline. It was the nurse in my urologist’s office. She was calling to say that the pathologist had found, in the urine collected from my last cystoscopic check-up, abnormal cell clusters. And traces of blood.

After I hung up, I looked out the window of my small house where the sun still shone on the last of the marigolds. I looked down at my computer screen where the cursor still blinked on the same paragraph. I noticed the crayons on the floor, cast aside in the morning rush for the school bus, and could hear in the kitchen the tomatoes still bobbing in the stockpot that was steaming away on the stove. The world was still the same, but it felt to me a suddenly altered place.

I provided a second urine sample for further testing, and based on the results of that, a third sample that was sent out for genetic analysis. I began living within that period of time known as watchful waiting. This is a familiar place to me. Watch means screening tests, imaging, blood work,  self-advocacy, second opinions, and hours logged in hospital parking garages. Wait means you go back to your half-finished essay, to the tomatoes on the stove. You lay plans and carry on within the confines of ambiguity. You meet deadlines and make grocery lists. And sometimes you jump when the phone rings on a sunny afternoon. Bladder cancer recurs in 50-70 percent of patients. There are evidence-based reasons for feeling jumpy.

Ten days later, I got a call from the urology nurse. The results were normal. A few months later I had a second cystoscope and a renal ultrasound. Normal. No explanation for the blood. It might mean nothing. Let’s look again in six months.

 

Thirty years ago I had cancer. When I left the hospital, I went back to my college dormitory, resumed my life as a biology major with a side interest in poetry, and began mucking around in the medical literature. I was curious about a series of questions my young, new-to-the-area urologist had asked me a few days after my surgery. Had I ever worked in a tire factory? Any exposure to textile dyes? What about employment in the aluminum industry? As I lay there, still tethered to catheter tubes, these queries had seemed surreal to me. I was the clean-living winner of the local Elks Club scholarship, a high-achieving college student with plans for graduate research. Of course I wasn’t out vulcanizing tires or smelting aluminum. But why had he asked?

It didn’t require many hours in the university library to learn that bladder cancer is considered a quintessential environmental cancer, meaning that more evidence exists for a link between toxic chemical exposure and bladder cancer risk than for almost any other kind of cancer, with data going back a hundred years. I also learned that the identification of bladder carcinogens does not preclude their ongoing use in commerce. Just because researchers discover, through careful scientific study, that a chemical contributes to cancer doesn’t mean it’s automatically banished from our economy.

On all these fronts, not much has changed in the three decades since my diagnosis. Of the 80,000 synthetic chemicals now in use, only about 2  percent have been tested for carcinogenicity and, since 1976, exactly five have been outlawed under the Toxics Substances Control Act. Our environmental regulatory system requires no rigorous toxicological testing of chemicals as a precondition for marketing them. It promulgates legal limits on chemical releases, largely overlooking that we are all exposed to trace amounts of many contaminants, and not just one at a time. It is still no one’s job to make sure that the total burden of toxic exposures is not too much for any one of us.

A 2007 investigation published by the American Cancer Society identified 216 chemicals known to cause breast cancer in animals. Of these, 73 are found in food or consumer products; 35 are air pollutants; and 29 of them are produced in the United States in large amounts every year.

 

In 1981, I went off to graduate school, pursuing first a degree in creative writing and then another in field biology. Both offered opportunities to travel far from my hometown in central Illinois. Wherever I was, I dutifully submitted to cancer check-ups. I also started a collection of pamphlets on bladder cancer, gathered from the various waiting rooms and hospitals where I spent time. I noticed that they seldom contained the words “carcinogen” or “environment.” (More on these in Chapter Twelve.) Nor were these words used anymore in conversations I had with my various health care providers. There seemed to be a disconnect between the evidence that medical researchers had compiled about the environmental origins of bladder cancer and what patients heard about that evidence. To judge by the medical intake forms, the more relevant variable was genetics: I was asked again and again about my family medical history. I was happy enough to provide it. There is a lot of cancer in my family. My mother was diagnosed with breast cancer at age 44. I have uncles with colon cancer, prostate cancer, stromal cancer. My aunt died of the same kind of bladder cancer—transitional cell carcinoma—that I had.

But here’s the punch line to my family story: I am adopted.

And when I looked at the literature on cancer among adoptees, I learned that, in fact, the chance of an adopted person dying of cancer is more closely related to whether or not her adoptive parents had died of  cancer and far less related to whether or not her biological parents had met such a fate. What runs in families does not necessarily run in genes. And while knowledge of one’s genetic history is important for understanding health risks, so too is knowledge about one’s environment. (More on this in Chapter Eleven.)

 

The environmental questions posed by my first urologist became the seeds of this book. The research it required began in the stacks of the Harvard Medical School Library, where I spent a postdoctoral year, and continued in my Midwestern hometown. As a biologist, my goal with this book was to bring together two categories of information—data on environmental contamination and data on cancer—to see what patterns might exist, to identify questions for further inquiry, and to urge precautionary action, even in the face of incomplete answers. To explore the extent to which toxic chemicals, including cancer-causing agents, have trespassed into our air, food, water, and soil, I drew heavily upon databases available under federal right-to-know laws. Cancer registry data provided a view of cancer’s trajectory through time and its distribution across space. Various published studies, gathered from far-flung corners of the biological and medical literature, offered other glimpses of the connection between cancer and the environment. Informing my discussion throughout this book, these range from reports on pesticides, river sediments, and trash incinerators to surveys of farmers, sport anglers, and nursing mothers. They include investigations of laboratory animals, wildlife, and pets, as well as examinations of human tissues and cellular machinery. They range from atmospheric science to neuroendocrinology.

But this book is also a deeply personal story. Woven throughout the various scientific descriptions is a memoir set on the east bluff of the Illinois River where I grew up. As a biologist, I will tell you that my Illinois home is utterly unexceptional: as in many other communities, the dramatic transformation of its industrial and agricultural practices that followed World War II had unintended environmental consequences. This place nevertheless receives my devotional attention because central Illinois  is the source of my ecological roots and my search for these roots is the other half of this book.

Bladder cancer rates among women are rising. I am one data point in that statistical story. Bladder carcinogens have turned up in my hometown aquifer and in the sediments of the river that runs by it. (How did they get there? What shall we do about them?) I am one voice in that human story. Both of these stories are told here.

 

In January 2004, the phone rang while I was trying to meet a writing deadline. It was a film director (not a nurse!), and the conversation we had with each other that day led directly to this new edition. Chanda Chevannes, the director, wished to option Living Downstream for a documentary. In so doing, she intended to represent cinematically both of its stories—the scientific one and the personal one. This happy plan created for me three tasks. One of them was to accompany her and her Canadian film crew to central Illinois.

And so I did. I introduced them to the river barges (Chapter Nine), the ethanol plant (Chapter Five), and the wind turbines across the road from my cousin John’s farm (Chapter Seven). I introduced them to John’s cornfields—and to the combines advancing across them, the afternoon thunderheads building over them, and the way you can navigate from them using a grain elevator as a compass point (Chapter Eight). I introduced them to the toxic waste landfill (Chapter Five again) and to my mom’s backyard swing and my Aunt Ann’s pear tree (Chapter Ten). When they commissioned a helicopter to explore the Illinois River valley from above, however, they were on their own.

The second task was to introduce them to my private life as a medical patient (Chapters Six and Eleven). This was trickier. It meant bringing a film crew to a cystoscopic examination during which a fiber-optic tube would be inserted into my bladder. It meant that men carrying a movie camera and a boom mike would follow me into a room with a stack of backless, blue cotton gowns (one of which I would change into) and up onto an examination table equipped with stirrups (into which I would  place my feet). Here, all eyes but mine would stare into the large-screen monitor (onto which the interior walls of my bladder would then be displayed). Meanwhile, I would be lying quietly, pondering the ceiling tiles. Taped to the walls around us all would be posters of enlarged prostates and penile dysfunctions (the anatomical details of which I ritualistically study in the moments before the doctor steps through the door). And the camera would be rolling through it all.

I was determined to carry this off. Cystoscopies save lives. However ghastly a cystoscopic exam might sound to the uninitiated, it is brief, minimally painful, and can locate cancers at an early stage. As a tool for screening and early detection, it is unsurpassed. (From a medical point of view, I give cystoscopies the sine qua non award along with colonoscopies and Pap smears.) No one who finds blood in their urine should delay seeking help out of fear of a tube with a flashlight on the end of it. So, if I could bear witness to the value of cystoscopes, I would do it. If I had the chance to pull back the curtain of silence surrounding urological exams, I would take it. As someone who has undergone upwards of seventy cystoscopic exams, who better than me?

And so I did, and in so doing, discovered something unexpected: cystoscopies are actually better when you bring a camera crew along. Whether or not I successfully demystified the cystoscopy for the movie’s audience, I certainly demystified it for myself that afternoon. The procedure room—that chamber I had always entered with solemn ceremony—now seemed dinky and ordinary. The penis posters were suddenly hilarious. And the quiet, reassuring voice of my urologist during the exam itself—which I have always appreciated—seemed to me, more than ever, a sign of steadfast human compassion. The relationship between doctor and long-time patient can be an intimate one.

My third task was to explore with the film director the science of the book (Chapters One through Twelve plus nearly 100 pages of source notes). Chanda had to figure out how to make cancer data visible to her film audience—a challenge that took her to laboratories and field stations across the continent to shoot, for example, whale autopsies in Quebec,  frog studies in California’s Salinas River, tissue micrographs in federal offices in North Carolina, and DNA extraction in cancer laboratories in Vancouver. Meanwhile, I went to work updating the scientific research in the book itself.

The result of those revisions is this second edition. The time interval between this edition and the first represents a period of rapid growth in our understanding of the environmental links to human cancer. For the most part, new published findings support the evidence I had compiled in 1997. I was thus able to add a few more pieces to the big jigsaw puzzle of cancer causation and answer some questions that earlier studies had raised. Where I needed to make corrections or shift the emphasis, I did. Happily, my residency at Cornell University’s Program on Breast Cancer and Environmental Risk Factors and subsequent advisory role in the California Breast Cancer Research Program have offered me, over the past ten years, a front-row seat from which to observe scientific research in action.

Providing up-to-the-minute insights into the ongoing encroachment of industrial chemicals into our communities proved more problematic. Databases that disclose the routine release of 650 toxic substances from industrial facilities were first made available under federal right-to-know laws passed by Congress in 1986. They allowed the public to identify polluters within their communities and researchers to track pollution and cross-reference with cancer patterns. In the mid-1990s, when I was drafting the first edition of this book, the Toxics Release Inventory went up on the Internet. Between 2001 and 2008, however, the inventory was scaled back, and thousands of facilities were no longer required to report. In 2009, some of the original requirements for reporting were reinstated. However, because of the changing criteria for reporting, right-to-know data available now are less comprehensive than in years past. Therefore, I let stand much of my previous reportage on toxic chemical contamination, which draws on data I gathered in the mid-1990s when the databases were more robust.

The personal story of Living Downstream is also unchanged. I wrote this book as a single woman in my thirties who lived with my dog in a  Boston apartment. In those days, I ignored national holidays and read cancer registry data in the bathtub. That solitary woman is still the narrator of this book. And this means that its autobiographical scenes are set in the recent past while the scientific descriptions are au courant.  Thus, in Chapter Ten, the drama on the farm takes place in fall 1994, but the passages that describe the behavior of dioxin include evidence published in subsequent years.

By contrast, my own life has been altered in many ways since I wrote the first edition. I am now an almost-50 mother of two who is married to the father of my children—he is also their art teacher—and we all live in a small village in upstate New York. I am seldom allowed reading time in the bathtub, and I not only observe Valentine’s Day, I have baked heart-shaped pizzas for the entire population of a nursery school. For descriptions of my embedded life as a mother, I gladly refer the reader to  Having Faith: An Ecologist’s Journey to Motherhood and my forthcoming book on the environmental life of children.

 

Over the last decade, six clear trends have emerged in our understanding of the environment’s contribution to cancer. The first is a growing acknowledgment that cancer causation is complex. The old way of thinking was to imagine cancer risk factors as independent agents that could be boxed up into three neat categories: genes, lifestyle, and environment. Of the three, genes and lifestyle were thought to be the dominant players with only a small fraction of cancers attributable to the environment. That kind of simplistic accounting is increasingly seen as naive. Cancer is now believed to result from a web of interwoven variables, any one of which can modify another. For example, breastfeeding is protective against breast cancer. It is considered a classic lifestyle factor: you can choose to nurse your baby or not, and if you do, you may lower your later risk of breast cancer. But evidence also suggests that exposure to certain organochlorine chemicals may impair a woman’s ability to lactate and breastfeed successfully. Thus, environmental contaminants can affect a lifestyle choice that, in turn, affects breast cancer risk. In short, cancer risk factors can interact with each other to exert direct and indirect effects.

The second trend is an emerging awareness of the importance of epigenetics.  The old way of thinking saw DNA—the bricks and mortar of our genes—as a master molecule. Cancer was thought to arise through the inheritance of bad genes or by damage to good genes (mutations). The new thinking acknowledges that cancer can arise through a third route: by changing the behavior of genes. The study of how substances alter gene expression is part of the field of epigenetics. Some chemical exposures appear to turn on and turn off genes in ways that disregulate cell growth and predispose for cancer. From this perspective, our genes are less the command-and-control masters of our cells and more like the keys of a piano, with the environment as the hands of the pianist.

The third trend is a mounting appreciation for the role of endocrine disruption in the story of cancer. If there were ever a contest for Most Easily Duped biological system, I would nominate our endocrine system—the hormonal messaging service that guides our development, runs our metabolism, and allows us to reproduce. Many chemicals, at vanishingly small concentrations, have the ability to interfere with hormonal signals, sometimes by crude imitation. The endocrine system is impressively incapable of distinguishing between real hormones and environmental chemicals that act like hormones. It is a patsy for sabotage. When I wrote the first edition of this book, my focus was on chemicals that had the ability to imitate estrogen. But the simple mimicry of sex hormones is now only part of the story of endocrine disruption. Hormonally active chemicals can infiltrate the signaling circuitry throughout our bodies. There is even a newly identified category of endocrine disruptors known as obesogens: chemicals that perturb the suite of hormonal messages that oversee fat deposition.

An ancient principle of toxicology posits that the dose makes the poison: “Solely the dose determines that a thing is not a poison.” That axiom dates back to the sixteenth century, and it still appears on the opening page of my copy of Casarett and Doull’s Toxicology, 6th edition, expressing the prevailing belief that our risk for harm from exposure to an inherently toxic substance is proportional to how much we were exposed to. There is still a lot of truth to this old chestnut. But what’s becoming increasingly  evident is that the risk posed by a toxic substance depends as well on when  we were exposed. Timing matters. Especially if the exposure in question involves an endocrine disruptor. The fourth trend, then, is an expanding recognition that the timing makes the poison. The search for environmental links to breast cancer, in particular, is increasingly focused on exposures early in life that influence the course of breast development. Altered breast development may increase susceptibility to breast cancer in later life. As is discussed further in Chapter Six, the majority of breast cancers arise from structures within the ducts of glands called terminal end buds. Any chemical that increases the number of cells in the end buds or delays their maturation, according to the new thinking, may raise the risk for breast cancer.

The fifth trend is a recognition that combinations of chemicals may have consequences not predicted by one-chemical-at-a-time analyses.  Chemical mixtures need attention. Real-life exposures seldom involve single agents. And yet when testing chemicals for their potential to cause cancer or when deciding what the acceptable limit of exposure to suspected carcinogens should be, our regulatory system considers them in isolation from each other. Some chemicals operate down similar cellular pathways; their effects may be additive. Others may interact in more complex ways, as when exposure to one pesticide alters the activity of enzymes in ways that cause a second pesticide to be metabolized into a more powerful toxicant. Mixtures of chemical exposures with other stressors—like obesity or poverty—may also create cancer risks not predictable by examination of each variable by itself.

The sixth trend is a shift toward embracing the precautionary principle as a normative guide to environmental decision making. This idea was first articulated in Germany in the 1970s when scientists realized they needed to halt the ongoing death of their nation’s forests in advance of working out all the details of how exactly air pollution was contributing to the problem. Now enshrined into the Treaty of the European Union, the precautionary principle urges us to take action to prevent harm in situations where substantive proof is unavailable and where delays  caused by waiting for proof may create irreversible, catastrophic damage. In so doing, the precautionary principle grants the benefit of the doubt to public health rather than to the things that threaten it. More on this in Chapter Twelve.

 

The most frequent question I am asked by my readers is, how do you have hope? I have two responses, one personal and the other evidence-based. The personal one: I’m a cancer survivor. I learned, early on in my life, how to have hope in times of desperation. I am also now a mother. I would like my children to live in a world without carcinogens in the groundwater. I would like them not to fear that a phone ringing on a sunny afternoon is bringing them bad news from a pathology lab. In other words, despair feels like a luxury I cannot afford right now.

My other answer goes like this. The mounting evidence that our environment is playing a bigger role in the story of cancer than previously supposed is good news because we can do something about it. We can choose, for example, to change our antiquated chemicals policy. We can resolve, collectively, to divorce our economy from its current dependencies on toxic chemicals known to trespass inside our bodies. We can decide that the presence of cancer-causing substances in our air, water, and food is too expensive. A 2009 study, for example, has found that coal mining in Appalachia costs the region five times more in premature deaths, including from cancer, than it provides to the region in jobs, taxes, and economic benefits. In California, the production and use of hazardous chemicals cost the state $2.6 billion in 2004 alone in lost wages and health-care expenses to treat workers and children with pollution-linked diseases. (As a percentage of U.S. health-care spending, which has tripled since 1970, cancer is the third most costly condition. For an individual person, cancer is the most costly.)

We can change our thinking. Rather than viewing the chemical adulteration of our environment and our bodies as the inevitable price of convenience and progress, we can decide that cancer is inconvenient and toxic pollution archaic and primitive. We can start seeing the creation of  carcinogens as the result of outmoded technologies. We can demand green engineering and green chemistry. We can let our systems of industry and agriculture know that they are suffering from a design flaw. (See Chapter Five.)

By contrast, none of us (adopted or not) can change our ancestors. If the science had instead pointed to genes as the kingpins of cancer, if nothing could be done but wait for the ticking time bombs inside our cells to detonate at random, then I would feel depressed. Happily, that is not our situation.

The even better news is that the synthetic chemicals linked to cancer largely derive from the same two sources as those responsible for climate change: petroleum and coal. Finding substitutes for these two substances is already on the collective to-do list. The U.S. petroleum industry alone accounts for one-quarter of toxic pollutants released each year in North America. This does not include the air pollutants generated from cars and trucks burning the products that the petroleum industry makes. (As is described in Chapter Eight, vehicle emissions are linked to lung, breast, and bladder cancers.) Coal-burning electric utilities are also among the nation’s top generators of toxic chemical releases, as are mining operations. Investments in green energy are therefore also investments in cancer prevention. In this, it feels to me that we are standing at a historic confluence, a place where two rivers meet: a stream of emerging knowledge about what the combustion of fossil fuels is doing to our planet is joining a stream of emerging knowledge about what synthetic chemicals derived from fossil fuels are doing to our bodies.

 

The War on Cancer, declared by President Nixon in 1971, has savored few victories. The idea of a cure, presumed just around the corner for decades, seems almost fanciful. With a few notable exceptions, improvements in existing treatment have not translated into significant numbers of lives saved. Indeed, the death rate from cancer is only 6 percent lower than it was in 1950. In 1999, cancer surpassed heart disease as the leading killer of Americans under 85. At present, 45 percent of men and 40  percent of women will be diagnosed with cancer at some point during their lives, a far higher proportion than 50 years ago. And as our population ages, the number of people suffering from cancer is expected to jump by 45 percent in the next two decades.

But data from cancer registries—which receive my close attention in Chapter Three—also contain another message: eliminating exposures to carcinogens saves lives. The death rate from cancer is now falling. That decline is largely attributable to the success of smoking cessation programs and changing attitudes about the glamour quotient of cigarettes. Overall cancer incidence has also dropped, slowly but steadily, over the last decade, likewise driven by declines in lung cancer diagnoses and, to a lesser extent, colon cancer. (Colonoscopies: sine qua non.)

With bans on smoking in public places now enacted in many states and tobacco under the regulatory control of the Food and Drug Administration, U.S. smoking rates will almost surely decline further in the years to come. The lives saved will include people who might otherwise have started to smoke or continued smoking, as well as those of us non-smokers who would otherwise have breathed in the carcinogens that our smoking compatriots breathed out. We will not know which among us owe our continued existence to the collective decision to denormalize tobacco, but the lives spared will be visible in the descending slope of the line that expresses trends in death from tobacco-related cancers over time. None of us aspires to become a data point on that graph.

Here in upstate New York, smoking was banned from public places in 2003. The ironic result for my young children was that they saw cigarettes for the first time, as the tobacco-addicted took to the sidewalks and alleyways. In the winter months, smokers were easily identifiable by their hunched-over posture. As we looked out of the window of our village coffee shop one blizzardy afternoon, my son, then three years old, whispered to me with alarm, “Mama, there’s a man in the snow trying to light his face on fire!”

To my children, smoking doesn’t look glamorous. It looks grotesque. And their perception is a direct result of changes in public policy that  were put in first motion during my own early childhood when, in 1964, the U.S. Surgeon General warned, on the basis of good but partial evidence, that smoking causes long cancer. That was a courageous decision and an example of the precautionary principle in action. Proof for a link between smoking and lung cancer was not demonstrated until 1996, three decades later.

In Living Downstream, I advocate that we bring the same precautionary approach to other carcinogens, known and suspected. In so doing, I fully agree with the conclusion of a consensus statement, signed by many members of the cancer research and advocacy community and submitted to the President’s Cancer Panel in October 2008:The most direct way to prevent cancer is to stop putting cancer-causing agents into our indoor and outdoor environments in the first place.





This task is made urgent by ascending rates of cancers unrelated to tobacco. Among U.S. men, age-adjusted incidence rates of multiple myeloma and cancers of the kidney, liver, and esophagus are rising. Among women, the cancers of increasing frequency include melanoma, non-Hodgkin lymphoma, leukemia, and tumors of the bladder, thyroid, and kidney. As is explained in Chapter Three, improvements in diagnostic techniques cannot explain away these trends. Many of the cancers that are now increasing in incidence are those with links to environmental exposures.

Most troubling: childhood cancer has increased steadily since 1975. Cancers among teenagers and young adults are also more prevalent. Indeed, support groups now abound for young adults with cancer, who have their own nonprofit organization (The I’m Too Young for This! Foundation), their own radio show (“The Stupid Cancer Show—The Voice of Young Adults with Cancer”), and a signature alcoholic beverage (the cancertini). Rising rates of cancer among college students have spawned the birth of a new social movement that includes lapel pins,  T-shirts, Visa cards, networking sites, retreat centers, and the slogan, “Stupid Cancer. Survivors Rule.”

I am inspired by activism that destigmatizes cancer and breaks silence about its presence among us, old and young alike. Ultimately, though, I would prefer that cancer among twenty-year-olds return to levels of startling uncommonness. And I believe this goal is attainable. Living Downstream  is my best attempt as a biologist and a cancer survivor to lay out the case for cancer prevention through environmental change. There are individuals who claim, as a form of dismissal, that links between cancer and environmental contamination are unproven and unprovable. There are others who believe that we are obligated to act, as did the surgeon general in 1964, on the basis of the evidence we have before us now. “To ignore the scientific evidence is to knowingly permit thousands of unnecessary illnesses and deaths each year.” This was the conclusion of a recent state-of-the-science review of the links between cancer and the environment.

I have copied that sentence onto the outside of a file folder on my desk. In it are published papers documenting links between bladder cancer and a group of synthetic chemicals called aromatic amines. The earliest report comes from a German surgeon in 1895 who noticed bladder cancer among textile dye workers exposed to the color magenta during a period of time when coal tar-derived pigments—aromatic amines—were replacing plant-based pigments in the European textile industry. Another paper recounts that all fifteen workers in a British mill had succumbed to bladder cancer. A series of papers in the 1950s painstakingly documented increased rates of bladder cancer among chemical industry workers exposed to aromatic amines. Nearly identical findings continued to be published in the 1960s and 1980s. In 1991, the National Institute for Occupational Safety and Health uncovered bladder cancer rates among aromatic amine-exposed workers that are twenty-seven-fold higher than normal. The most recent paper I have was published in 2009. It reports elevated bladder cancer rates among farmers who use imazethapyr, a pesticide containing aromatic amines. Imazethapyr was registered for use in 1989—more than 100 years after the German surgeon’s early warning. 

This is a file folder of madness. To ignore the scientific evidence is to knowingly permit thousands of unnecessary illnesses and deaths each year.  Or as my son would say, we don’t have to keep lighting our faces on fire, right?

 

Sandra Steingraber 
July 2009
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On a clear night after the harvest, central Illinois becomes a vast and splendid planetarium. This transformation amazed me as a child. In one of my earliest memories, I wake up in the back seat of the car on just such a night. When I look out the window, the black sky is so inseparable from the plowed, black earth—which dots are stars and which are farmhouse lights?—that it seems I am floating in a great, dark, glittering bowl.

Rural central Illinois still amazes me. Buried under the initial appearance of ordinariness are great mysteries. At least, I attempt to convince newcomers of that.

Were you to visit this countryside for the first time, its apparent flatness is probably what would impress you first—and indeed, for almost half the year, the landscape seems to consist of a simple plain of bare earth overlain by sky. But Illinois is not flat at all, I would insist, as I unfold geological survey maps that make visible the surprisingly contoured lay of the land. Parallel arcs of scalloped moraines slant across the state, each ridge representing the retreating edge of a glacier as it melted back into Lake Michigan and surrendered the tons of granulated rock and sand it had churned into itself.

Better than maps is a ground fog on a summer night when I drive you across these moraines and basins. Now you see how the shrouded bottomlands are distinguished from the uplands, the floodplains from the ridges, how the daytime perception of flatness belies a great depth. Out of  the car and walking, I encourage you to feel, as we traverse land that appears to be utterly level, the slight tautness in the thighs that comes with ascending a long grade versus the looseness in our feet that indicates descent.

Then there is the issue of water. Consider your own body, how the blood does not pulse through your tissues in great tidal surges—as was presumed before the English physician William Harvey discovered circulation in 1628—but instead flows within a diffuse net of permeable vessels. So too in Illinois, a capillary bed of creeks, streams, forks, and tributaries lies over the land. Your newly found skill of walking downhill will help you locate it.

And this is only the water that is visible. Under your feet lie pools of groundwater held in shallow aquifers—interbedded lenses of sand and gravel—and in the bedrock valleys of ancient rivers that lie below. One of these is the Mahomet, part of a river system that once ran west across Ohio, Indiana, and Illinois. Thousands of tons of debris, let loose by melting glaciers, completely buried the Mahomet River at the end of the last ice age. It now flows underground. In Mason County you can stand over a place where the Mahomet once joined the Illinois River. Here, in an area called the Havana Lowlands, the groundwater lies just below the earth’s surface. In times of heavy rain, lakes brim up from under the earth and reclaim whole fields and neighborhoods.

In the eastern half of my county, Tazewell, the ancestral Mississippi River cut a valley 3 miles wide and 450 feet deep before glaciers exiled it to the western border of Illinois, its current channel. Buried by soil, clay, silt, and stones, the old Mississippi River valley is still down there, connected to the same ancient tributaries, its fractures and pores full of water. Islands still rise from the bedrock channel. If you could see through dirt, imagine the dramatic view you would have.

Of course, what you do see are corn and soybean fields. About 87 percent of Illinois is cropland, meaning that if you fell to earth in Illinois, chances are good you would land in a farm field. Illinois grows more soybeans and corn than any other state but Iowa. Read any supermarket label.  Corn syrup, corn gluten, cornstarch, dextrose, soy oil, and soy proteins are found in almost every processed food from soft drinks to sliced bread to salad dressing. These are also the ingredients of the food we feed to the animals we eat. Thus, you could say that we are standing at the beginning of a human food chain. The molecules of water, earth, and air that rearrange themselves to form these beans and kernels are the molecules that eventually become the tissues of our own bodies. You have eaten food that was grown here. You are the food that is grown here. You are walking on familiar ground.

 

Illinois is called the Prairie State, but, to find prairie, you must really know where to look. Most of it vanished after John Deere invented the self-scouring steel plow in 1836. To be exact, 99.99 percent went under the plow. The .01 percent that escaped occupies odd and neglected places: along railroad tracks, encircling gravestones in old pioneer cemeteries, on hillsides too awkward to plow. Of the original 281,900 acres of tallgrass prairie in my home county, an official 4.7 fragmented acres remain (.0017 percent). I have never found them. Illinois conceals not only its topography but its ecological past as well, and even though I went on to become a plant ecologist, I have no real relationship to the native plants of my native state.

Truthfully, the closest I have felt to the prairie is when looking at plain, unadorned dirt. There are plenty of opportunities to do this in central Illinois—although the fields look less naked between October and April than they did when I was a child, thanks to low-till and no-till farming. These practices have largely replaced the habit of turning the field completely over after the harvest. The newer techniques leave on the surface a certain fraction of stalks, leaves, and stems to serve as a thin blanket against the wind. It’s a tricky business: Too much residue leaves the soil compressed, without air, and unable to warm up in time for spring planting; water puddles on the surface. Too little residue, and the soil refuses to clump up at all, is prone to blow away or run with meltwater into the nearest creek bed.

Thus, each September at the Farm Progress Show, farm equipment representatives demonstrate all the latest technology for striking the perfect balance between these two states. Popular among farmers is the disc and chisel plow combination: parallel rows of slicing silver plates, like large pizza cutters, alternating with rows of beveled metal claws. These grids of discs and chisels are pulled, one by one, through an exhibition field as an announcer extols the virtues of each particular model. Observers, including me and my uncle, stand on either side of the tractor as it cuts a wide swath through corn stubble. We then step into the black wake and bend down to take a look. To assess a depth of penetration, we are encouraged to poke yardsticks into the chiseled furrows. We heft clumps of dirt in our hands to check diameter and ease of crumbliness. We then walk 10 yards over and form two lines on either side of the next tractor in the queue of tractors to cut a path through this field of stubble. We step in, bend down, heft clumps, stand up, walk over. And so on. It’s a peculiar kind of country line dance. Each plowed strip is subtly different from the others.

There is no reason I should participate in this ritual except that my mother’s family still farms the Illinois prairie and watching the earth being tilled offers me a connection to the past. Even though I live out of state now, it’s important to me to maintain a relationship with both Illinoises—the present and familiar one as well as the Illinois that has vanished and is barely discernible. What remains of the 22 million acres of tallgrass prairie that once covered this state is the deep black soil that those grasses produced from layers of sterile rock, clay, and silt dumped here by wind and glaciers. The molecules of earth contained in each plowed clod are the same molecules that once formed roots and runners of countless species unfamiliar to me now. They died and became soil. This most obvious of realizations occurs to me every September as though for the first time. When I am touching Illinois soil I am touching prairie grass.
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Illinois soil holds darker secrets as well. To the 87 percent of Illinois that is farmland, an estimated 54 million pounds of synthetic pesticides are  applied each year. Introduced into Illinois at the end of World War II, these chemical poisons quietly familiarized themselves with the landscape. In 1950, less than 10 percent of cornfields were chemically treated. Fifty-five years later, 98 percent were sprayed with pesticides. The most abundantly used is the weedkiller atrazine, which in 2005 was applied to 81 percent of Illinois cornfields—nearly 10 million acres of soil. With so much acreage now planted in field corn, fungus, which breeds on corn stubble, has emerged as a significant pest. The use of fungicides is now sharply up, refamiliarizing rural folk with an icon of the past: the low-flying crop duster droning above the fields in midsummer.

Pesticides do not always stay on the fields where they are sprayed. They evaporate and drift in air. They dissolve in water and flow downhill into streams and creeks. They bind to soil particles and rise into the air as dust. They migrate into glacial aquifers and thereby enter groundwater. They fall in the rain. They are found in snowflakes. And fog. And wind. And clouds. And backyard swimming pools. Little is known about how much goes where. By 1993, 91 percent of Illinois’s rivers and streams showed pesticide contamination. Ten years later, the streams and rivers within my childhood watershed contained 31 different pesticides, and atrazine was in all samples. These chemicals travel in pulses: pesticide levels in surface water during the months of spring planting—April through June—are sevenfold those during winter and often contain levels of atrazine that exceed legal limits for drinking water. Even less is known about pesticides in ground-water. About 18 percent of all samples of groundwater surveyed in Illinois in 2006 contained atrazine byproducts, while a 1992 study found that one-quarter of private wells tested in central Illinois contained agricultural chemicals of some type. Drinking water wells in the Havana Lowlands region of Mason County showed some of the most severe contamination. A 2009 report identified two public drinking water systems in Illinois with running annual averages for atrazine in tap water that exceeded legal limits. In the same year, the wind blowing across my home county was so full of weedkiller that the air itself withered grape vines in a local vineyard.

Some of the pesticides inscribed into the Illinois landscape have been linked to cancer. One of these is DDT. Banned for use decades ago, DDT is  so chemically stable that it remains the most common pesticide in fish in North American rivers and streams. A 2009 national survey of pesticide residues in homes across the United States found traces of DDT on 42 percent of kitchen floors. Like islands in preglacial river valleys, its presence endures. DDT has been variously linked, in human studies, to low sperm count, premature birth, diabetes, brain damage, pancreatic cancer, impaired breastfeeding, and breast cancer. Some of the pesticides inscribed into the Illinois landscape are hormonally active—even at vanishingly small concentrations. One of these is atrazine, which has been variously linked, in animal studies, to increased estrogen production, birth defects, sexual ambiguity, disrupted ovulation, and altered breast development.

 

A lot goes on in the 13 percent of Illinois that is not farmland. In 2007, 1,102 different industries released more than 114 million pounds of toxic chemicals into air, water, and soil, making Illinois the nation’s thirteenth biggest polluter. In the same year, 763 chemical spills occurred—more than two a day—making Illinois ninth among states in number of reported toxic accidents.

Like pesticides, industrial chemicals have filtered into the ground-water and surface waters of streams and rivers. Metal degreasers and dry-cleaning fluids are among the most common contaminants of glacial aquifers. Both have been linked to cancer in humans. At last count, 415 dry cleaners throughout Illinois have poisoned soil, and at least 30 represent a threat to groundwater. An assessment of the Illinois environment concluded that chemical contamination “has become increasingly dispersed and dilute,” leaving residues that are “increasingly chemically exotic and whose health effects are not yet clearly understood.”
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I was born in 1959 and so share a birthdate with atrazine, which was first registered for market that year. In the same year DDT—dichloro diphenyl trichloroethane—reached its peak usage in the United States. The 1950s  were also banner years for the manufacture of PCBs—polychlorinated biphenyls—the oily fluids used in electrical transformers, pesticides, carbonless copy paper, and small electronic parts. DDT was outlawed the year I turned thirteen and PCBs a few years later. Both have been linked to cancer.

I am compelled to learn what I can about the chemicals that presided over the industrial and agricultural transformations into which I was born. Certainly, all of these substances have an ongoing biological presence in my life. Atrazine remains the most frequently detected pesticide in water throughout the United States, found in three of every four American streams and rivers and 40 percent of all groundwater samples. PCBs still lace the sediments of the river I grew up next to as well as the flesh of the fish that inhabit it. PCBs are why I’m unfamiliar with the taste of smallmouth bass and channel catfish. In fact, I have never eaten fish from my own river. State fish advisories warn women and children against doing so. DDT also continues to separate people from fish. The coastal waters of Palos Verdes, California became unfishable after 100 tons of DDT were drizzled into the sea between 1947 and 1971. The nine-mile stretch of ocean floor where the poison lies is considered one of the most hazardous places in the nation. The current plan for remediation is to cover it over with 18 inches of silt. Work is expected to begin in 2011, nearly four decades after DDT was banned.

I honestly have no memories of DDT. Instead, my images come from archival photographs and old film clips. In one shot, children splash in a swimming pool while DDT is sprayed above the water. In another, a picnicking family eats sandwiches, their heads engulfed in clouds of DDT fog. Old magazine ads are even more surreal: an aproned housewife in stiletto heels and a pith helmet aims a spray gun at two giant cockroaches standing on her kitchen counter. They raise their front legs in surrender. The caption reads, “Super Ammunition for the Continued Battle on the Home Front.” DDT is a ruthless assassin. In another ad, the aproned woman appears in a chorus line of dancing farm animals who sing, “DDT is good for me!” DDT is a harmless pal.

During the 1940s and 1950s, this chemical of multiple personalities found its way into all kinds of civic campaigns and household products. One Illinois town not far from where I grew up conducted aerial fumigations of DDT in an attempt to control polio, mistakenly thought to be spread by flies. Meanwhile, a paint company advertised a formulation that could be brushed onto porches, window screens, and baseboards. When dry, DDT crystals would rise to the surface, forming “a lethal film.” Perfect for summer cottages and trailers. Perhaps I spent childhood vacations in some of them. And perhaps, while there, I slept soundly between pesticide-impregnated blankets. In 1952, researchers proudly announced that woolens could now be mothproofed by adding DDT to the dry-cleaning process.

Fellow baby boomers just a few years older do not rely on old magazine ads to recall DDT. From memory, they can describe the fogging trucks that rolled through their suburban neighborhoods as part of mosquito, Dutch elm disease, or gypsy moth control programs. Some can even describe childhood games that involved chasing these trucks. “Whoever could stay in the fog the longest was the winner,” remembers one friend. “You had to drop back when you got too dizzy. I was good at it. I was almost always the winner.” Says another, “When the pesticide trucks used to come through our neighborhood, the guys would haul their hoses into our backyard and spray our apple trees. Mostly we kids would throw the apples at each other. Sometimes we would eat them.”

 

 

Hazards that are universally common or repetitive assume “the harmless aspect of the familiar,” observed the wildlife biologist Rachel Carson in her book Silent Spring, published when I was three years old. “It is not my contention that chemical insecticides never be used,” Carson emphasized. “I do contend we have put poisonous and biologically potent chemicals indiscriminately into the hands of persons wholly ignorant of their potentials for harm. We have subjected enormous numbers of people to contact with these poisons, without their consent and often without their knowledge.” She went on to predict that future generations would not condone this lack of prudent concern.

Reading Silent Spring as a member of this generation, across a distance of more than three decades, I gain another view of DDT. What impresses me most is just how much was known about the harmful aspects of this familiar and seemingly harmless substance. As Carson made clear, the scientific case against DDT—even by the late 1950s—was damning. It was not objective science, nor was it blissful ignorance, that created the impression that DDT was somehow both our most lethal weapon against undesirable life forms (“killer of killers,” “the atomic bomb of the insect world”) and a completely benign helpmate. In fact, scientific study after scientific study showed that DDT was failing at both roles. It triggered population explosions in insect pests who evolved resistance and whose natural enemies were killed by the spray. It poisoned birds and fish. It disrupted sex hormones in laboratory and domestic animals. It showed signs of contributing to cancer. By 1951, it had become a contaminant of human breast milk and was known to pass from mother to child.

Nevertheless, people continued using DDT until Carson’s preliminary damning evidence was supplemented with more and more corroborating damning evidence, producing a great accumulation of damning evidence, and its registration was finally revoked in 1972. I find this phenomenon boundlessly fascinating. Across my desk are spread forty years of toxicological profiles, congressional testimonies, laboratory studies, field reports, and public health investigations of toxic chemicals both officially outlawed and officially permitted. Like crossing and recrossing the same field, I move back and forth between Silent Spring and the scientific literature that preceded it, between Silent Spring and the scientific literature published in the decades since. At what point does preliminary evidence of harm become definitive evidence of harm? When someone says, “We were not aware of the dangers of these chemicals back then,” whom do they mean by we?

 

DDT, lindane, aldrin, dieldrin, chlordane, heptachlor. These names, unfamiliar to us now, are a roll call of the pesticides Rachel Carson featured in  Silent Spring. All have links to cancer in at least some studies. All are now  prohibited or heavily restricted for domestic use. Lindane was banned for most uses in 1983 and banned entirely in 2006, although a controversial exemption allows its ongoing use as a treatment for lice and scabies. And yet a chemical company in my hometown released several pounds of lindane into the air in 1992 and dumped several more pounds into the sewer system. I know this because federal right-to-know laws make such events public information. Thus, lindane appears in the 1992 federal government’s Toxics Release Inventory for Tazewell County. I was stunned to discover it there as I scanned the electronic list that documents emissions, dumpings, and transfers of toxic chemicals. Lindane has been associated in several studies with cancers of the lymph system.

Aldrin and dieldrin were banned in 1975, although aldrin was allowed as a termite poison until 1987. Aldrin converts to dieldrin in soil and inside our tissues. Dieldrin suppresses the immune system and produces abnormal brain waves in mammals. As late as 1986, dieldrin was still turning up in milk supplies because the soils of hayfields sprayed more than a decade earlier remained contaminated. Most agricultural uses of chlordane in the United States were ended in 1980 and heptachlor in 1983. Both have been linked to leukemia and certain childhood cancers.

For those of us born in the 1940s, 1950s, and 1960s, the time between the widespread dissemination of these pesticides and their subsequent prohibition represent our prenatal periods, infancies, childhoods, and teenage years. We were certainly the first generation to eat synthetic pesticides in our pureed vegetables. By 1950, residue-free produce was so scarce that the Beech-Nut Packing Company began allowing detectable levels of residue in baby food.
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At what point does preliminary evidence of harm become definitive evidence of harm? When someone says, “We were not aware of the dangers of these chemicals back then,” who is the we?

With a focus on breast cancer, let’s look at the evidence of harm for three chemicals: DDT, PCBs, and atrazine.

 

In 1976, four years after DDT was banned, researchers reported that women with breast cancer had significantly higher levels of DDE (dichloro diphenyl dichloroethylene) and PCBs in their tumors than in the surrounding healthy tissues of their breasts. (DDT is metabolized in the human body into DDE, a chemical that acts like estrogen.) The study was small but the finding provocative because DDT and PCBs were already linked to breast cancer in rodents.

Other studies followed. Some showed an association between breast cancer and residues of pesticides or PCBs. Some did not. In 1993—seventeen years after the first study—the biochemist Mary Wolff and her colleagues conducted the first carefully designed, major study on this issue. They analyzed DDE and PCB levels in the stored blood specimens of 14,290 New York City women who had attended a mammography screening clinic. On average, they reported, the blood of breast cancer patients contained 35 percent more DDE than that of healthy women, but PCB levels were only slightly higher. The most stunning discovery was that the women with the highest DDE levels in their blood were four times more likely to have breast cancer than the women with the lowest levels. The authors concluded that residues of DDE “are strongly associated with breast cancer risk.”

By now, breast cancer activists were paying attention. Throughout the 1990s, as breast cancer rates continued rising, they urged scientists to direct more research dollars down lines of inquiry that would reveal, once and for all, whether exposure to pesticides and industrial chemicals was contributing to breast cancer. They pointed out that pesticide use in the United States had doubled since Rachel Carson wrote Silent Spring and that women born in the United States between 1947 and 1958 had almost three times the rate of breast cancer that their great-grandmothers had when they were the same age. Women cancer activists marched in the streets carrying signs proclaiming, “Rachel Carson was right!” Taking a  page from the playbook of AIDS activists, these women demanded a seat at the table where research proposals were reviewed and funding decisions made.

Studies were funded and papers published. Yet the results were maddeningly inconsistent. For every finding of a positive association, another showed no association or yielded a complicated picture. One study found that African American women with breast cancer showed more past exposure to PCBs than their counterparts without breast cancer. Mysteriously, however, the trend for white women went in the opposite direction: the highest levels of blood PCBs tended to occur in women without  the disease. The largest and best-designed investigation within this suite of studies, published in the New England Journal of Medicine in 1997, found no association at all between risk of breast cancer and blood levels of PCBs and DDT. Interpretation of these contradictory results sparked considerable debate, but the majority opinion within the scientific community was that women with breast cancer, as a group, do not appear to have higher body burdens of DDE and PCBs than women without breast cancer.

Some researchers found these results reassuring. Others worried that these studies had not considered the underlying genetic differences among women nor taken into account the timing of exposure. What if, they asked, some genetic subgroups were more susceptible to environmentally induced breast cancers than others? Furthermore, most studies had measured levels of DDE or PCBs in adult women—after much of their residues had been eliminated from the body and the chemicals themselves long banned. What if contemporary measures do not accurately reflect historical exposures? What if the important variable is DDT exposure during childhood or adolescence—when the developing breast is most vulnerable? Animal studies clearly demonstrate the importance of toxic exposures that occur in early life when the breast is most sensitive to damage.

The ideal study would be designed like this: go back in time to a year of peak DDT usage—say, 1963—gather blood from U.S. girls, and then  follow them through their adult lives to see if those exposed to the highest levels of DDT as children went on to suffer higher rates of breast cancer as adults.

And then someone did just that. More or less. As described in a paper published in 2007, Barbara Cohn and her colleagues at the University of California unearthed medical records and banked blood samples of women who had visited a clinic between 1959 and 1967 to seek routine prenatal care. Knowing that DDT came on the market in 1945, Cohn was able to calculate how old each woman was when she was first exposed to DDT. And she was also able to trace these women and learn their current breast cancer status. The results were clarifying: Women exposed to DDT after age 14—those born in 1931 or before—showed no association between exposure to DDT and breast cancer. But among women exposed to DDT when they were younger than 14, a significant relationship existed: women with high DDT levels were five times more likely to be diagnosed with breast cancer by age 50 than those with the lowest levels. In other words, this study showed a fivefold increase in breast cancer risk among women who had experienced high exposures to DDT before puberty but not in women so exposed after their breasts had already developed. Thanks to hundreds of test tubes that stood silently in the back of a freezer in Oakland, California for a half century, and thanks to breast cancer activists who insisted that environment studies go forward, we now know that DDT exposure in childhood can significantly increase breast cancer risk in adulthood. And we gained this knowledge nearly forty years after DDT was banned.

Meanwhile, other researchers went to work categorizing women genetically. They looked closely at women who had inherited a variation of CYP1A1, a gene that is involved in metabolizing hormones and that is known to be influenced by PCB exposure. About 10-15 percent of white women in the United States are thought have the variant gene. The proportion of black women who have it is not yet known. When data on women with the variant gene were examined in isolation, a picture began to emerge: women who possessed both the genetic variation as well  as a high PCB body burden had an elevated rate of breast cancer. Indeed, their rate of breast cancer was two to three times higher than that of women with lower levels and without this genetic trait. The evidence to date now supports an association between breast cancer and PCB exposure for subpopulations of women who have inherited this particular genetic variation. And we gained this knowledge nearly thirty years after PCBs were banned.

 

The story of atrazine today is much like the story of DDT and PCBs as it was told decades ago. Worrisome findings followed by equivocal ones. Inconsistencies. Contradictions. Balls of confusion. The difference is that atrazine is not banned. It is the second most abundantly used pesticide in the United States, and its manufacturer plays an aggressive role in defending its product. A proven endocrine disruptor, atrazine causes breast cancer in one strain of rat. Some argue that it does so by a mechanism not relevant to humans. The human studies themselves are inconclusive and, while a few show possible associations, most do not report a link between adult exposure to atrazine and breast cancer. However, no human studies have looked at early-life exposures to atrazine, which is when atrazine exerts its strongest effects in lab animals. A 2009 study called for an investigation into how atrazine might be affecting the pace and tempo of sexual maturation in girls. (Early puberty is, by itself, a known risk factor for breast cancer.) Other human studies have found suggestive evidence for an association between atrazine exposures and several other cancers, including lymphoma and cancer of the prostate, ovary, testes, and brain. There is also suggestive evidence for unique toxicities arising from mixtures of atrazine with other farm chemicals. Laboratory studies report possible synergistic effects: among invertebrate animals, atrazine induces an enzyme that makes a second pesticide, chlorpyrifos, more toxic. In this way, exposure to one contaminant can turn another into a more powerful poison. Are these results applicable to humans? It’s not yet clear.

By 1994, the evidence against atrazine was troubling enough that the U.S. Environmental Protection Agency (EPA) initiated a special review  of its registration. Nine years passed. Meanwhile, across the Atlantic, regulators in Europe announced the results of their own review: atrazine was banned throughout the European Union. Finally, in 2003, the EPA announced its decision: continued use of atrazine was approved. This was an intensely controversial decision. One researcher pointed out in disgust that DDT was abolished on the basis of less evidence than we now had for atrazine.

In October 2009, the EPA announced a plan—and a timetable—for a new evaluation of atrazine.
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Ten thousand years of tallgrass prairie have left a fainter trace on the place I call home than twenty-seven years of DDT, forty-six years of PCBs, and fifty years of atrazine. Because it is my home, I am driven to pursue the question of the past and ongoing contamination of Illinois and its possible link to the increasing frequency of cancer there. I believe that all of us, wherever our roots, need to examine this relationship. And I think it reasonable to ask—nearly a half century after Silent Spring  alerted us to a possible problem—why so much silence still surrounds questions about cancer’s connection to the environment and why so much scientific inquiry into this issue is still considered “preliminary.”

From dry-cleaning fluids to pesticides, harmful substances have trespassed into the landscape and have also woven themselves, in trace amounts, into the fibers of our bodies. This much we know with certainty. It is not only reasonable but essential that we should understand the lifetime effects of these incremental accumulations.
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The very modern Beinecke Library at Yale University is the resting place for Rachel Carson’s papers. The cool, gray archival boxes that contain her correspondence, lecture notes, and personal writings must be requested one at a time from the librarian’s assistant. The special room for viewing them is hushed and spacious. A wall of windows looks out over a green collegiate lawn. One enters after a ritual of giving over all personal possessions to the librarian. No ink is allowed in the viewing room—only pencils or laptop computers.

Alone in this room with the first box I sift slowly through the pages it holds as though I were sorting botanical specimens. It is an automatic reflex, although I have not worked in a botanical herbarium for years. Herbarium sheets, onto which the delicate skeletons of dried plants are pressed, must never be flipped over like pages in a book but rather are to be laid gently in reverse order to the left of the stack one is looking through. When finished, the examiner places the sheaves, one at a time, on top of the stack to the right, and they thus assume their original position. At least, this is the method I was taught. Something about the ceremony of my current task has triggered this old behavior. I can only hope it approximates correct archival technique.

The sight of Rachel Carson’s handwriting is exhilarating. I uncover a note to Carson from Jacqueline Kennedy. Deep in another file is a letter of complaint Carson sent to a music company after receiving an erroneous  bill and an inferior record album. The extraordinary and the mundane lie together here.

I have come to eavesdrop, looking for no specific document but with a desire to listen to the voices behind Silent Spring. And while I do overhear some things, what I end up thinking about is silence.

 

In a nation where guarantees of free speech are carved into the heart of our legal system, we are very often baffled by those who claim they have been silenced. I myself have never feared my mail would arrive with passages blacked out by a censor’s invisible hand. I have never wondered if the police would stop me on the way to class to announce that the content of my lecture was unacceptable. And yet perhaps we have all witnessed certain subtle codes of silence in operation—an unspoken agreement in the workplace or a family secret that everyone knows but does not discuss.

Rachel Carson was interested in three forms of silence. As a government scientist—she rose through the ranks of the U.S. Fish and Wildlife Service—Carson became concerned that the noise of important ecological debates carried on within federal agencies seldom reached the public. The long-running quarrel over the claim that pesticides were harmless was one she followed most closely. By virtue of her position, she had access to field reports clearly indicating that attempts to eradicate insect pests through massive chemical spraying programs had many unintended consequences for people and wildlife alike. This view, although denied vociferously by some in the government, was shared by many of Carson’s colleagues. Yet the citizenry heard little of this debate. The problem was not so much that those questioning the wisdom of eradication programs were spirited away in the middle of the night but that much of their data remained soundproofed in internal documents and technical journals, that follow-up research was sorely underfunded, and that government officials turned a deaf ear to bearers of bad news.

By 1952, Carson had become a best-selling author of nature books and was able to retire from government service. However, she continued to follow the pesticide debate as it clamored through the halls of the U.S.  Department of Agriculture and the National Academy of Science. In 1958, a gardener named Olga Owens Huckins sent Carson a letter full of painful details about a mosquito control campaign that had resulted in a mass death of songbirds near her home. Those that lay scattered around her DDT-contaminated birdbath had perished in a posture of grotesque convulsion: legs drawn up to their breasts, beaks gaping open.

This letter prompted Carson to begin a comprehensive investigation of pesticides. In letters to friends about this project, she referred often to her need to speak out in defense of the natural world: “Knowing what I do, there would be no future peace for me if I kept silent.” Having documented a cavalcade of problems attributable to pesticides—from blindness in fish to blood disorders in humans—she could find no magazine or periodical willing to publish her work. Carson decided to write a book.

Its title, Silent Spring, refers to the eerier kind of silence: the absence of birdsong in a world poisoned by chemicals. Indeed, Carson argued, pesticidal warfare, waged with reckless disregard, threatens to extinguish a chorus of living voices—those of birds, bees, frogs, crickets, coyotes, and ultimately us. On this level, Silent Spring can be read as an exploration of how one kind of silence breeds another, how the secrecies of government beget a weirdly quiet and lifeless world.

Through this process of silencing, the interconnectedness of all life forms is revealed. Carson studied the failed attempt to prevent the Japanese beetle from invading Iroquois County, Illinois, a rural farming com - munity located due east of my home county. After intense and repeated pesticide bombardments by air during the mid-1950s, many insect species, sickened by the spraying, became easy prey for insect-eating birds and mammals. These creatures became poisoned in turn and, in ever-widening circles of death, went on to sicken and kill those who fed on their flesh, leaving a landscape devoid of animal life—from pheasants to barnyard cats.

Meanwhile, the targeted beetle species continued its westward advance. The protracted war against this enemy had accomplished nothing, but the residues of dieldrin remaining in the water and soil—like landmines left  behind by a retreating army—guaranteed further casualties for decades to come. All for the dream of a beetleless world. The ecological tragedy of Iroquois County, said Carson, is narrated by the mute testimony of its dead ground squirrels: found with their mouths full of dirt, they had gnashed at the ground as they died.

The third kind of silence that fascinated Carson was the hushed complicity of many individual scientists who were aware of—if not directly involved in documenting—the hazards created by chemical assaults on the natural world. While dutifully publishing their research, most were reluctant about speaking out publicly, and some refused Carson’s requests for more information. Writing in Silent Spring, Carson acknowledged the constant threat of defunding that hushed many government scientists. But she made clear in her private correspondence that she had little respect for those who knew but did not speak, a combination she saw as cowardice:The other day I saw a wonderful quote from [Abraham] Lincoln. . . . I told you once that if I kept silent I could never again listen to a veery’s song without overwhelming self-reproach. . . . The quote is “To sin by silence when they should protest makes cowards out of men.”





After Silent Spring was published, Carson turned her attention to the political and economic reasons behind the fearful silence of her colleagues in science. In a speech to the Women’s National Press Club, she questioned the cozy relations between scientific societies and for-profit enterprises, such as chemical companies. When a scientific society acknowledges a trade organization as a “sustaining associate,” Carson asked, whose voice do we hear when that society speaks—that of science or of industry?

Carson was just beginning to develop her ideas on the interlocking economic structures that bound the direction of medicine and science to the interests of industry when she herself was silenced. Leaving behind  an adopted son, plans for summer fieldwork, and sketches for two more books, Rachel Carson died of breast cancer on April 14, 1964.
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Sheltered from wind and waves, the Rachel Carson National Wildlife Refuge in southern Maine is essentially a salt marsh. It bears little resemblance to the rest of the Maine coastline, where the intense drama of ocean meeting rock prohibits marsh grasses from taking root. It is, therefore, a very different place from the craggy tidal pools and moonlit coves of Rachel Carson’s beloved summer home farther north.

Walking along the paths of the refuge that bears her name, I realize I feel less close to Rachel Carson here than in the climate-controlled sanctum of the Beinecke Library. At the dedication site, a large plaque dutifully lists the titles of her books and then credits her for inspiring millions to greater environmental consciousness. Its brief, abstract sentences remind me how remote a figure Carson became after her death. Like Rosa Parks, Carson is a symbol, a muse, a spark that ignited a social movement, a name to be invoked before a speech. In this, she seems unknowable and unhuman.

Still, my Illinois nerve endings are stirred by the softness of the landscape here. The lay of the land feels familiar, although most of the plant species are not. Salt meadow grass knits together the higher grounds, while the lower sweeps are bound by the taller and stiffer saltwater cordgrass. The sinuous borders between them represent the reach of the tide. The trail guide boasts that these two grasses together can produce as much plant matter per acre per year as a prime midwestern cornfield. I smile. No way.

It is November 1993. I have driven here from Boston with my friend Jeannie Marshall, who patiently endures my lecture on corn productivity and then turns my attention to the weather. “Doesn’t it feel like a different season?” Jeannie asks. On the dry uplands, a rich summery light pours through the oak trees that hang willfully onto their curled leaves.  Like a flame, my dog streaks through the understory in pursuit of unseen life forms. Old oak leaves are a distinct shade of brown, which I am accustomed to viewing in hues of light more pale and dilute. We agree it is oddly beautiful to see them cast in such radiance.

The tidal creeks that worm their way through the stands of cordgrass confuse and delight me. I depend on surface water to reveal slope and direction, but poised here at the margin of the sea, these two concepts are subordinated to a larger force. At low tide, the creeks flow into the ocean. At high tide, the ocean flows into the creeks. The streambeds here pulse back and forth, flooding and draining, in a continual exchange of water and salt. There is no clear direction.

Which is exactly how I feel standing next to my friend: poised without direction in an uncertain but beautiful season. Hopeful yet unnerved.

Just diagnosed for a second time with a rare cancer of the spinal cord, Jeannie is in between surgery and radiation treatments. She is recovering quickly—getting well in preparation for becoming sick in an attempt to get well. She moves so nimbly along the paths looping through the refuge that I scarcely need to modify my own movements. If not for her cane, we could be mistaken for any two young day-trippers escaping from the city. But we are on an escape of another kind, and I feel protective and scan the path ahead for rocks, roots, and sinkholes.

Although our friendship is a recent one, the many parallels in our lives promote intense conversations whenever we are together. Both of us are writers in our thirties. Both of us became cancer patients in our twenties. Both of us grew up in communities with documented environmental contamination, high cancer rates, and suspicions that these two factors are related to each other. Both of us grew up in families constructed through adoption (Jeannie’s mother was adopted, as I was), and we each have a keen curiosity about the interplay between heredity and environment in our lives.

And we have spoken at length about all of these topics. We have talked about what it means to have cancer as young women and about the relative significance of genealogy and ecology in that context. We have discussed  our relationship with our doctors, our families, our hometowns, our writing, our bodies.

The depth and easiness of our talking carry us along today—through the luminous oak groves, out along the boardwalks that float over salt meadow grass, up onto the observation deck that overlooks the confluence of the Mariland River and Branch Brook, whose waters throb back and forth. It seems to me in these moments that Jeannie and I have words for everything. We have rejected the cultural taboos of the past that wrapped the topic of cancer in shrouds of silence, but we have also turned away from the happy cancer chatter that regularly arrives in our mailboxes in the form of brochures and magazines dedicated to the concepts of coping, accommodating, and adjusting to this disease. In its place, we have created a language between us that is compassionate, smart, fearless, open.

What my friend and I do not choose to talk about this afternoon are the dark days that lie ahead for her. Days of lying under the crosshairs of a proton-beam cyclotron. Fatigue, vomiting, blood tests. Continuously handing one’s body over to technicians and doctors in a process that we call becoming medicalized. But between us, we have years of experience with cancer. I have no doubt that when those days arrive we will find a vocabulary for every experience.

We pause to examine some small ponded areas near the brook. These are salt pannes—low spots that hold water when the tide ebbs. Evaporation concentrates the salt to such extraordinary levels that only a few inconspicuous plants can survive. Glassworts. Sea-blite. Life thriving among bitterness.

“I like this place,” I finally admit.

“I do, too. It’s nice to be here.”
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On average, breast cancer robs the woman it kills of twenty years of life. This means that in the United States, nearly one million years of women’s lives are lost each year. In 1964, Rachel Carson died at age fifty-six—twenty  years short of the average life expectancy for U.S. women at that time. Despite all the ways she was extraordinary, as a victim of breast cancer Carson was utterly typical.

Carson was diagnosed in 1960, in the thick of researching and writing  Silent Spring. Her tumor spread to her lymph nodes and to her bones, eventually including her spine, pelvis, and shoulder. She continued writing, even though surgery left her exhausted and radiation treatments, nauseated. Other ailments—joint and heart problems that were exacerbated, if not caused, by the radiation—brought crippling and immobility. The tumors in her cervical vertebrae caused her writing hand to go numb.

Carson lived for eighteen months after finishing Silent Spring—long enough to smoke out a hornet’s nest of ridicule and invective from the chemical industry, as well as to receive every imaginable award from the world of arts, letters, and science. Privately, Carson expressed relief and satisfaction at having lived to see Silent Spring complete—a reaction many of Carson’s commentators and colleagues have repeatedly underscored.

But there is another story embedded in the remaining fragments of Carson’s private writings. Far from viewing Silent Spring as her crowning achievement, Carson ached to go on to new projects as well as to seize the opportunities that her success now afforded. She did not go gently or gratefully into any good night. As her letters reveal, she died hoping for another remission, another field season, more time. And in this desire, Carson appears before us again as a typical woman with breast cancer.

From a letter to her dearest friend, Dorothy Freeman, in November 1963:There is still so much I want to do, and it is hard to accept that in all probability, I must leave most of it undone. And just when I have attained the power to achieve so much I feel is important! Strange, isn’t it?





And a few months later: But in spite of the blow yesterday, darling, [presumably, news of more cancer] I am able to feel that another reprieve can perhaps be won. . . . Now it really seems possible there might be another summer.





There was not.
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The winter of 1994 let go of Boston during the second week of March. Over 100 inches of snow had fallen since December, and most of it lay in towering mounds over every inch of grass and concrete that was not a passage for car traffic or an entrance to a building. Now the ice piles were finally melting, and everything that had been lost or abandoned began to surface: mittens, shovels, coat hangers, trash cans, lumber, laundry baskets, entire automobiles. Stratified layers of sand, cat litter, and gravel, which had been trapped at various depths, redeposited themselves in swirling alluvial fans along the sidewalks as rivulets of meltwater streamed toward the storm sewers.

Jeannie and I move through this landscape on our way from the Massachusetts General Hospital to her apartment in the North End. Neither of us speaks. The sound of our boots on the gravelly outwash seems deafening. Jeannie is not using a cane today, and we are walking even faster than we did four months ago at the salt marsh. In my mind’s eye, I am tossing all obstacles out of our way—chunks of ice, orange traffic cones, parked cars, cement barricades. I am aiming a wrecking ball at every building.

Neither of us can believe what we have just heard. After eight miserable weeks of radiation treatments to the tumor in her lower back, the original tumor in her neck—successfully removed and treated six years ago—has returned. “Massive recurrence,” to quote the neurologist who had just received the scans from the radiologist.

In fact, he said these words to us as soon as we walked into his office and closed the door. We were still standing in our winter coats and had  not yet found our chairs. “Massive recurrence.” I struggled with my buttons, my scarf, the zipper to my book bag. My hands refused to work correctly. It had become my job in these settings to serve as the scribe and, as such, to provide complete documentation of conversations between patient and doctor.

This ritual could not withstand the current assault. I am a crack note-taker, but my hands did not want to write the words being spoken. All my attention was trained on overriding my desire to lay down the pen. The doctor spoke quickly and relentlessly as he described the tissues that were being “destroyed” or “strangled” by the chordoma’s advance. He was clearly upset but seemed unable to blend his despair with a demonstration of compassion or hope.

Jeannie remained calm. She asked him to conduct a neurological exam; her symptoms, after all, were improving. Her body seemed to be telling a different story. He refused. What would be the point? The scans told the whole story. He asked her to look at them. She refused. They each accused the other of not listening. I focused on writing faster. It was a battle of narrative. Which told the true story? The radiologist’s report? Or Jeannie’s body? Finally, the meeting ended.

“Don’t shoot the messenger,” he said flatly as we were once again standing and struggling with our coats.

 

Now we are back in Jeannie’s apartment. A garbage truck backing down the street sets off a car alarm. I imagine setting fire to them both. Jeannie lies on the bed, saying nothing. I make tea.

Say something, I order myself. The words I have just transcribed in the doctor’s office are the same ones I have dreaded since my own diagnosis. Now I have heard them spoken—by a doctor who was looking into the eyes of the person sitting next to me. Not mine. Not me.

Say something.

On the day of my diagnosis, I was hospitalized and friends from college came to visit. They politely stepped into the hallway when the doctor came in. He gently told me the results of the pathology reports and the treatment  plan he had in mind. We sat together for a while. After he left, my friends gingerly reentered the room. They were trying to be appropriate.

“I have cancer.”

There was silence—and then some kind of awkward talking, but no one really acknowledged what I had said, including myself. Later, I was furious with all of us.

Say something.

But what? I sit down at Jeannie’s kitchen table and begin to review the notes I have taken to make sure they are legible and complete. Were these the words that were really said? Can their meanings be trusted? Perhaps we had simply entered an unfamiliar culture where the phrase “massive recurrence” actually means “Hello, have a seat,” and “don’t shoot the messenger” is a way of saying “So long, take care.”

You are not saying anything.

I think back to the sunlit oak grove and the salt pannes where language was so easy. How sure I was then that I could be depended on to push any situation, no matter how dire, into the bright daylight of human speech. I think back to Rachel Carson. Tumors in her cervical vertebrae caused loss of functioning in her right hand, the writing hand. Jeannie is also right-handed. It is her left hand that is becoming weak.
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In the four years Rachel Carson struggled with breast cancer, she worked to break silence in the public arena. Yet in her private life, she created at least two kinds of silence. One was permeable; one absolute.

The former kind was a sort of drapery Rachel periodically pulled between herself and her confidante, Dorothy Freeman. In some of her letters to Dorothy, Rachel described the progress of her disease in detailed medical terms. But in others she spoke only in code, referring elliptically to “menacing shadows.” Rachel often refrained from divulging bad news, downplayed the miseries of treatment, and stated her belief that expression of fearful thoughts would only make them loom larger.

Reading again the collected letters between these two friends, I see an elaborate dance of silence. At times, Dorothy seemed relieved at the abstentions and forbearances, even seeming to encourage Rachel to keep her own counsel. Dorothy did not share her correspondent’s taste for writing about cancer in detached, medical tones. She refers not to Rachel’s radical mastectomy but to her “hurt side.”

And yet at other times, Dorothy seemed to feel shut out by Rachel’s silences. Both correspondents entreated the other not to censor her thoughts or feelings. Both correspondents also admitted they were not fully disclosing their own secret fears, out of a need to protect the other. Rachel sometimes pulled back the curtain and confided a darker story—one that admitted to pain and despair. Sometimes she followed these communications with retractions and apologies. And sometimes the letters containing the dark confessions were, upon request, destroyed.

Confessing and recanting. Withholding and divulging. This mesh of conflicting impulses is part of a familiar script that is enacted again and again between cancer patients and those who love them. And in this familiarity, Carson emerges once more, poignantly, as an ordinary woman.

The second kind of silence was a fortress of secrecy Rachel constructed around her own diagnosis, a secrecy she expected Dorothy to collude with her in maintaining. Rachel strictly forbade any discussion, public or private, about her illness. This decision was intended to retain the appearance of scientific objectivity as she was documenting the human cost of environmental contamination. She wished to yield her enemies in industry no further ground from which to launch their attacks.

Accordingly, Rachel instructed Dorothy to say nothing of her condition to their mutual acquaintances, lest rumors take root. If need be, Dorothy was to lie. “Say you heard from me recently and that I said I was fine,” she told Dorothy to tell her neighbors in Maine. “Say . . . that you never saw me look better. Please say that.”

 

What personal price each of these women paid for upholding this code of silence is impossible to know. Being sworn to secrecy can be a terrible burden. Anticipating the unintentional slip of the tongue that could  ruin one’s career must have been equally crushing. Against this backdrop of agreed-upon silence is the fact that Carson’s state of health should have been obvious to anyone who cared to look at her. But not seeing is another form of silence.

As soon as Silent Spring was published, Carson was thrust into the national spotlight. She spoke in front of Congress, at the National Press Club, and on national television. In the photographs and old film clips documenting these occasions, she looks for all intents and purposes like a woman in treatment for cancer. She wears an unfortunate black wig. Her face and neck exhibit the distorting puffiness characteristic of radiation. She holds herself in the ginger, upright manner of one who has undergone surgery. The alteration in her appearance that followed her cancer diagnosis is dramatic.

The newspaper clippings in the Beinecke Library that trace her various public appearances in the waning days of her life are full of elaborate descriptions of what type of elegant suit Miss Carson chose to wear and how delightfully she comported herself. The accompanying pictures tell a different story. But it is a story read in silence by a woman from a future generation who knows how it will end.
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Thanksgiving morning is sunny and mild. Jeannie and I decide to walk to Waterfront Park overlooking Boston Harbor. It is now more than a year since our buoyant walk through the wildlife refuge. Jeannie has just finished another round of radiation treatment, and because her balance has been affected, our pace is much slower. Orange tail swishing, my dog circles patiently, herding us toward the water. Somehow, Jeannie has managed to finish writing two articles, one about the search for cancer genes and another on breast cancer prevention for a British medical text. Feeling triumphant, she is in the mood to talk about cancer—but not her own.

“You remind me of Rachel Carson,” I laugh.
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Silent Spring is remembered for the birds. When I ask people to name words, phrases, or images that Rachel Carson’s book evokes for them, “thin eggshells” is among the most frequent responses. Yet this consequence of pesticide exposure—bird eggs so fragile they crush under the airy weight of their own brooding parents—is scarcely mentioned in  Silent Spring. Perhaps we like to equate Carson with eggshell thinning because it is a problem that largely fixed itself after DDT and a handful of other pesticides were finally restricted for domestic use. In this way, Carson’s predictions of disaster can be simultaneously viewed as both prophetic and successfully averted. A comfortable reckoning.

Of course, the fate of birds and other innocents caught in the chemical crossfire certainly was a central concern of Silent Spring. As proof of harm, their deaths were starkly visible. Who can deny the ground squirrels’ cold little mouths packed with dirt? Or shrug off the pitiful sight of songbirds writhing in the grass? But Silent Spring makes clear that this kind of evidence, however immediate and tangible, is only one part of a much larger assemblage that also includes human cancer. Even while hiding the image of herself as a cancer patient, Carson provided many others: from farmers with bone marrow degeneration to spray gun- toting housewives stricken with leukemia.

Making visible the links between cancer and environmental contamination was challenging for Carson, and the task continues to be daunting. However agonizing their deaths, cancer patients do not collapse around the birdbath. Decades can transpire between the time of exposure to cancer-causing agents and the first outward symptoms of disease. When birds drop out of the sky in great numbers, we ask why. When someone we love is diagnosed with cancer, questions of cause are often of less immediate relevance than questions about treatment. Questions about the past are subordinated to questions about the suddenly uncertain future.

Based on all the data available to her in 1962, Carson laid out five lines of evidence linking cancer to environmental causes. While any one alone would be insufficient proof, when viewed all together, Carson asserted, a startling picture emerges that we ignore at our peril. First, although some cancer-producing substances—called carcinogens—are  naturally occurring and have existed since life began, twentieth-century industrial activities have created countless such substances against which we have no naturally occurring means of protection.

Second, since the arrival of the atomic and chemical age that followed World War II, everyone—not just industrial workers—has been exposed to these carcinogens from the moment of conception until death. Industry manufactures carcinogens in such large quantities and in such diverse array that they are no longer confined to the workplace. They have seeped into the general environment, where we all come into intimate and daily contact with them.

Third, cancer is striking the general population with increasing frequency. At the time of Carson’s writing, the postwar chemical era was less than two decades old—less than the time required for many cancers to manifest themselves. Carson predicted that the full maturation of “whatever seeds of malignancy have been sown” by the new lethal agents of the chemical age would occur in the years to come. She also believed that the first signs of catastrophe were already visible. At the end of the 1950s, death certificates showed that a far greater proportion of people were dying of cancer than had been true at the turn of the century. Most ominously, children’s cancers, once a medical rarity, were becoming commonplace—as revealed both by vital statistics and by doctors’ observations.

Carson’s fourth line of evidence came from animals. Experimental tests were beginning to reveal that low doses of many pesticidal chemicals in common use caused cancer in laboratory mice, rats, and dogs. Moreover, many animals inhabiting contaminated environments develop malignant tumors; Silent Spring not only documents acute poisonings of songbirds but also reports on cases of sheep with nasal tumors. These incidents supported the circumstantial evidence from human populations.

Finally, Carson argued, the unseen inner workings of the cell itself corroborate the story. At the time of Silent Spring’s publication, the mechanisms responsible for basic cellular processes such as energy production and regulation of cell division were just beginning to be elucidated. The role and structure of the twisting DNA molecule had been discovered only recently. From the glimmers she was able to gather from widely scattered  studies, Carson spotlighted three properties that she believed would ultimately explain why these new chemicals were associated with cancer: they were able to damage chromosomes and thereby cause genetic mutations (a property shared with radiation, which had already been shown to cause cancer); they were able to mimic and disrupt sex hormones (high estrogen levels were already correlated with high cancer rates); and they were able to alter enzyme-directed processes of metabolism (by which we break apart molecules, including foreign chemicals that are sometimes metabolically converted into carcinogens). Carson predicted that future studies on the mysterious transformation of healthy cells into malignant ones would reveal that the roads leading to the formation of cancer are the same pathways that pesticides and other related chemical contaminants operate along once they enter the interior spaces of the human body.

 

Like the assembling of a prehistoric animal’s skeleton, this careful piecing together of evidence can never furnish final or absolute answers. There will always be a few missing parts, first because experimenting on human beings is not, thankfully, considered ethically acceptable. Human carcinogens must, therefore, be identified through inference. One set of clues is provided by observations of people who have been inadvertently exposed to substances suspected of having cancer-causing tendencies. But often these people have been exposed to unknown quantities over unknown periods of time. Observations of laboratory animals exposed to known quantities of possible carcinogens supply a second set of clues. But different animal species can vary in their vulnerability to certain kinds of cancers and in their sensitivity to certain kinds of chemicals. Which species can serve as our surrogates in these studies? Rats? Mice? Fish? Dogs? Is there a species whose lymph nodes, bone marrow, brain tissue, prostate glands, bladders, breasts, livers, and spinal cords behave most like those in humans when exposed to particular substances?

Another reason for scientific uncertainty is that the widespread introduction of suspected chemical carcinogens into the human environment is itself a kind of uncontrolled experiment. There remains no unexposed control population to whom the cancer rates of exposed people can be  compared. Moreover, the exposures themselves are uncontrolled and multiple. Each of us is exposed repeatedly to minute amounts of many different carcinogens and to any one carcinogen through many different routes. From a scientific point of view, such combinations are especially dangerous because they have the capacity to do great harm while yielding meaningless data. Science loves order, simplicity, the manipulation of a single variable against a background of consistency. The tools of science do not work well when everything is changing all at once.
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It is March 1995. Winter and spring have hung together in the air for weeks, neither yielding to the other. On the phone, Jeannie is trying to describe to me a new sensation she feels across the skin of her chest. It is vague and formless. There are no real words for it. I am attempting to understand how this symptom fits together with a few other recent problems she has reported. Morning vertigo. A funny feeling when she swallows. What picture is emerging here? What does her doctor say? She turns back my questions.

“Let’s talk about the chapter you’re writing now. What is it called?”

“Silence.”

“Let’s talk about that.”
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Recently, I have become fascinated by the evident reciprocity between environmental activism and Silent Spring. I have come to believe that Carson was as influenced by activism and advocacy as the contemporary environmental movement was influenced—some would say inaugurated—by the publication of Silent Spring.

In her acknowledgments at the beginning of Silent Spring, Carson credits citizen activists as much as scientists for convincing her to speak out. “In a letter written in January 1958, Olga Owens Huckins told me of her own bitter experience of a small world made lifeless and so brought  my attention sharply back to a problem with which I had long been concerned,” writes Carson. “I then realized I must write this book.” But Huckins, the letter-writer Carson credits for inspiring her to write Silent Spring, was more than a gardener. As Carson’s biographer, Linda Lear, documents, Huckins was also a member of the Committee Against Mass Poisoning, which sought, through lawsuits and protests, to halt the aerial spraying of pesticides. Throughout 1957, members of this committee, including Huckins, wrote letters to the editors of many New England and Long Island newspapers. These letters did not scientifically document the harm created by the broadcasting of pesticides. Instead, they bore witness to many small tragedies, such as dead birds piling up around backyard birdbaths in the aftermath of a particular spraying episode. These letters were also quite polemical. From one: “Stop the spraying of poisons everywhere until all the evidence, biological and scientific, immediate and long run, of the effects upon wildlife and human beings is known.”

The Committee Against Mass Poisoning took a human rights approach to environmental harm—as contemporary environmental justice advocates continue to do. In the parlance of today’s environmental activists, the introduction of harmful chemicals into air, food, and water (and thereby into our bodies) violates the right to privacy as well as security of person and is referred to as an act of “toxic trespass.” Likewise, Huckins condemned aerial spraying of pesticides as “inhumane, un-democratic, and probably unconstitutional.”

The citizen lawsuit filed by the committee was useful to Carson because, as it wended its way to the Supreme Court, it became a magnet for media attention. Carson was thus able to elicit the interest of The New Yorker. When its editor offered Carson fifty thousand words in the magazine to write about pesticides, she knew she was on her way to a book.

In short, environmental activism in the 1950s raised awareness among editors, and that development, as much as the slow accumulation of scientific knowledge, allowed Rachel Carson to speak out against silence in all its forms.
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