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PROLOGUE TO THE BRITISH EDITION

The seeds of this book were sown ten years ago in east Africa. It was
rmnm., while researching the ecological consequences of war and
FB.E@ that I first began to think about environmental destruction as
an issue of human rights. For several months in 1986 and again in
1987, Tinterviewed refugees as they fled the civil war in Ethiopia and
streamed across the Sudanese border. One afternoon, I spoke at
_nawn_.._ with a refugee farmer who had witnessed an entire hillside
wash into a river after the army built a military road along its banks.
At the end of the interview, my respondent, weary of my detailed
.aznmm.o:.m. turned the tables on me. “Now tell me,” he a.n:E:mmﬁ_
“about the rivers of your homeland.” .

I was happy enough to oblige. My father built our house on the
east bluff of the Illinois River in Tazewell County. Looking out over
that river valley while riding my tricycle is a beloved childhood
memory. Indeed, it remains my most beloved landscape. All this I
told him.

The farmer nodded and pursued me further. “Tell me now
about the fish in your American river. How do they taste to you?”

This question I could not answer. For all the years I lived by the
_Ezoa River—and T was born in 1959—its fish were contaminated
with cancer-causing pesticides and industrial chemicals to the extent
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that government advisories warned us against eating the most
common species of sport fish. These warnings were (and remain)
especially strict for children and women of reproductive age. I turned
my thoughts to other rivers I have lived beside—the Huron, the
Chicago, and now the Charles River in Boston—and realized that
they, too, carry fish advisories. I, who have lived my whole life as a
child or as a woman of reproductive age, had never tasted fish from
the rivers I have lived by and loved.

The response of my refugee friend was one of bewildered
distress. Not allowed to eat the fish from my own river? A clear
violation of human rights! “We have already organized against the
men who are poisoning our river. You must go home at once and
drive away the ones who are poisoning your river!”

I did not tell him that I myself had become a cancer patient at
the age of 20.

I did eventually go home, and I discovered that federal right-to-know
laws in the United States now make information about the con-
tamination of my environment publicly available. This knowledge
allowed me, in ways not even possible a decade ago, to explore the
extent to which toxic chemicals, including cancer-causing agents,
have trespassed in the air, food, water, and soil of my hometown
community. This newly acknowledged right to know offered me a
chance to ask what connections might exist between these encroach-
ments and the health problems of Tazewell County, Illinois. At the
same time, cancer registries, also a recent phenomenon in the United
States, provided me with a view of cancer’s trajectory through time
and a map of its distribution across space. I attempt here to bring
these two categories of information together—data on environment-
al contamination and data on cancer incidence—to see what patterns
might exist, to identify questions for further inquiry, and to urge
precautionary action, even in the face of incomplete answers. Thus,
I turned my attention from famine to cancer.

What has emerged for me personally from all this study—and
this book does include the deeply personal—is an appreciation for
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quences. In this, the story of central Illinois is utterly unexceptional.
It receives my scientific attention not because its history is so unusual
but because it is so typical. It receives my devotional attention
because central Illinois is the source of my ecological roots, and my
search for these roots is part of the story.

Various published studies, gathered from far-flung corners of
the biological literature, offer other glimpses of the connection
between cancer and the environment. Woven into 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 animals (wild-
life, pets, livestock, and laboratory rats), as well as examinations of
human tissues and cellular machinery (breasts, blood, hormone
receptors, liver enzymes, and carcinogen-metabolizing genes). Few
long-term, comprehensive studies on the environmental links to
human cancers have been conducted—and I leave it to readers to
judge the reasons for this neglect. However, the many small-scale,
underfunded, and sometimes preliminary investigations that do exist
create a startling picture when viewed together.

In this careful marshalling of evidence, I discovered, the studies from
Britain sometimes far exceed those conducted in the United States—
and sometimes lag behind.

The chapter called “Silence” describes my friendship with the
young American cancer activist Jeannie Marshall. In the pile of papers
Jeannie bequeathed to me at the time of her death were articles about
the children of Seascale in northwest England. Jeannie had a particular
interest in the now famous childhood leukemia cluster documented
there because the town in which she grew up, Scituate, Massachusetts,
is also part of a leukemia cluster. This fact corroborates evidence of a
plausible link between radioactive emissions and cancer rates in the
village of Seascale. Like Seascale, Scituate is a coastal town located near
a nuclear facility. Like Seascale, this facility released pulses of
radioactivity in a series of accidents years before. As with Seascale,
scientists have not yet identified the exact routes of exposure
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Indeed, the children of Seascale are among the most intensely
studied cancer patients in the world. The story began in 1983 when
a Yorkshire television journalist investigated a rumor that high
numbers of children were succumbing to leukemia in an obscure west
Cumbrian village located a few kilometers from the Sellafield nuclear
site. Beginning its life in the Cold War, Sellafield first served as a
plutonium production plant in 1947. It later stored and reprocessed
spent fuel from domestic nuclear power plants. It is known to have
routinely spilled radioactive liquids into the Irish Sea. The cluster of
childhood leukemias near Sellafield that was first documented on
television was subsequently confirmed by scientists. An official public
health inquiry showed that Seascale’s children were ten times more
likely to develop leukemia than children living elsewhere in England
and three times more likely to develop other kinds of cancers.

This startling discovery unleashed an avalanche of further
research and debate. Later studies identified substantial undocu-
mented releases from Sellafield during the 1950s and uncovered
childhood cancer clusters around other nuclear sites throughout the
United Kingdom, including Scotland. Across the Atlantic, the
situation in Seascale sparked renewed interest in investigating the
adult cancers clustering around several small towns near the Pilgrim
nuclear plant in southeastern Massachusetts. And when one of the
natives of this community—who happened to be my dearest friend—
lay dying of her disease, the message of Seascale’s children became
part of our last conversations together and thereby entwined into
my life.

The chapter called “Time” further describes these events as well
as exploring the evidence now emerging of cancer’ rising incidence
rates throughout the nations of the industrialized world. This
evidence comes from cancer registries, and, here again, Britain leads
the United States in knowledge. Relying on a patchwork of state-
based registries, the U.S. has no comprehensive mnational cancer
registry and instead extrapolates cancer rates from pooled data
collected from less than 20 percent of the total population. This
complicated effort was only begun in 1973, giving Americans a
20-year estimated picture of cancer time trends. Thus, when the New
York Times recently announced an apparent rise in cancer incidence
among American children that may be linked to rising rates of
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chemical exposure, its analysis was hampered by a lack of complete
cancer reporting. This realization has led to calls for a national
registry of children’s cancer—a project that will, if initiated, take
years to bear fruit. England and Wales, on the other hand, established
a national registry in 1945. By 1950, 72 centers in the country
contributed data, and by 1962, full geographic coverage was
achieved. This allows Britons (as well as New Zealanders, whose
cancer registration has similar origins) a 30-year view of cancer’s
casualties. Moreover, cancer mortality data—gleaned from death
certificates—have been collected and analyzed for more than a
century in England and Wales. These trends show disquieting
increases in deaths from cancers of the lung, pancreas, ovary, and
breast among British citizens—even after adjusting the data for
aging. Between 1968 and 1988 alone, brain cancers among ail elderly
Britons doubled—and tripled among elderly men. Deaths from
multiple myeloma, a particularly painful cancer of the bones, also
increased strikingly during this same time period—and older British
males have been particularly hard hit.

In the chapter called “Space,” I look at the tendency of cancer
to concentrate in certain geographic regions. Once again, some of
the most well-documented studies come from England, which has
led the way in cancer mapping techniques in small areas. A 1997
study by the esteemed British cancer researcher E.G. Knox provides
the most comprehensive picture yet of the close association between
childhood leukemias and local environmental hazards. Dr. Knox
mapped the home residencies of all 22,458 children dying from
leukemias and ‘other cancers in England, Wales, and Scotland
between 1953 and 1980. Using atlases and business directories, he
and his colleague, E.A. Gilman, also mapped the locations of all .
potentially hazardous sites—ranging from power plants to neighbor-
hood auto body repair shops. Their findings reveal that children face
an increased risk of a cancer diagnosis if they live within a few
kilometers of certain kinds of industries—especially those involving
large-scale use of petroleum or chemical solvents at high tem-
peratures. These include oil refineries, air fields, paint makers, and
foundries. The danger is greatest within a few hundred meters and
tapers off with distance. Among children who had moved within their
lifetimes, the relationship was stronger for their birth address than it
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was for their address at the time of their death. This result, as Knox
and Gilman point out, strongly suggests that very early—probably
prenatal—exposures to environmental carcinogens create the threat
of cancer in children.

Meanwhile, back in Massachusetts, renewed attention is being
paid to the soon-to-be-famous cluster of childhood cancers in the
manufacturing town of Woburn. Rivaling anything in Dickens’ Bleak
House, the legal intrigue enveloping these twenty-two child cancer
victims, their parents, and their lawyers has even become the subject
of both a non-fiction thriller and forthcoming Hollywood movie.
Outside of all the courtroom drama, a new epidemiologic study has
traced the cancer rate of Woburn’s children back to solvent-
contaminated drinking water consumed by their mothers while they
were pregnant: the more contaminated the water coming into the
home during pregnancy, the higher the subsequent risk of cancer in
the child. Taken together, the British and the American studies both
point to the exquisite vulnerability of the fetus to cancer-causing
chemicals. And yet, our respective governments have set standards of
exposure to environmental carcinogens with adults, not embryos, in
mind.

Infant or adult, documenting our exposure to such chemicals
requires a comprehensive inventory of toxic chemical releases, both
routine and accidental. On this matter—which is taken up in close
detail in the chapter called “War”—Great Britain trails behind the
United States. Indeed, Knox and Gilman were hampered in their
investigation of British childhood cancers because they lacked true
measures of child exposures. While toxic release reports from
industry do not provide such measures, they do provide estimates and
grounds to launch further inquiry. In the United States, the Toxics
Release Inventory, born in 1987, is the centerpiece of our community
right-to-know laws. By contrast, its analogue in England and Wales,
the Chemical Release Inventory, exists outside a human rights
framework. Initiated in 1992, the British CRI is tied to the system
that monitors compliance with operating permits. No fixed list of
substances is reported; one incinerator may be required to disclose
releases of 40 different substances, for example, while another must
only report on four. These discrepancies make comparisons difficult
work at best. Moreover, CRI does not identify industries or even
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many chemicals by name nor does it always detail the nature of the
release (rivers and sewers are both considered “water” releases, for
example). These limitations frustrate the work of science.

In the latter chapters of the book I take a close look at our ecological
surroundings, element by element. “Earth” investigates pesticides in
food and agriculture. In the United Kingdom, pesticides are regu-
lated under the Food and Environment Protection Act of 1985. As in
the United States, these statutes are swamped by the problem of re-
registering hundreds of old pesticides that received their legal
clearance before any advance testing for their cancer-causing poten-
tial was required. In both countries, the pesticide re-registration
process, underfunded and understaffed, grinds slowly on. In the
meantime, untested substances are essentially free on bail, innocent
until proven guilty.

In “Air,” T consider not only the contaminants we inspire into
our bodies through breathing but also the role the wind plays in
conducting cancer-causing substances from industrial sites and farm
fields, to, say, a lake bottom thousands of miles away. One of the most
compelling examples of long-distance transport of carcinogens
comes from Esthwaite Waters, a lake in rural, northern England
whose sediments are contaminated with PCBs. Chemical dating
reveals a broad range of PCB deposition dating back to 1929—long
before the United Kingdom began manufacturing these now banned
electrical fluids. The presence of PCBs in seventy-year-old sediments
of Esthwaite Waters indicates airborne transport from either the
European continent or the United States, where manufacture was
already well underway by the 1920s.

In “Water,” I trace the pathways of such lakes, rivers, and
streams, as well as the hidden journeys of the groundwater that feeds
them and fills the wells from which we drink.

In “Fire,” I examine the misbegotten birth of one very potent
and elusive carcinogen now believed to inhabit the tissues of every
living person: dioxin. Much of its creation can be traced back to the
stacks of garbage and medical waste incinerators where molecules of
carbon and chlorine rearrange themselves to form this most wicked
of organic chemicals. However, new data released in 1997 by the UK
Environment Agency reveals that pesticide production is also a major
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contributor to dioxin releases in England. And thus we move from
fire back to earth again.

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 placing people in
harm’s way is wrong—whether the exact mechanisms by which this
harm is inflicted can be precisely deciphered or not. At the very least,
they argue, we are obliged to investigate, however imperfect our
scientific tools.

Happily, the latter perspective is gaining esteem as many
leading cancer researchers acknowledge the need for an “upstream”
focus. As explained at an international conference at Leeds Uni-
versity in England, this image comes from a fable about a village
along a river. The residents who live here, according to parable,
began noticing increasing numbers of drowning people caught in the
river’s swift current and so went to work inventing 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.

Sandra Steingraber, 1997

trace amounts

On a clear night after the harvest, central Tllinois 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 in-
separable from the plowed, black earth—which dots are stars and
which are farmhouse lightsP—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 al-
most half the year, the landscape seems to consist of a simple plain of
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bare earth overlain by sky. But Illinois is not flat at all, I would insist,
as T 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 gla-
cier 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 flood-
plains 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 loose-
ness 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 dis-
covered 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 de-
bris, 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 Low-
lands, 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 Missis-
sippi River cut a valley three miles wide and 450 feet deep before gla-
ciers exiled it to the western border of Illinois, its current channel.
Buried by soil, clay, silt, and stones, the old Mississippi River valley is
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still down there, connected to the same ancient tributaries, its frac-
tures and pores full of water. Islands still rise from the bedrock chan-
nel. 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
89 percent of Illinois is cropland, meaning that if you fell to earth in
Illinois, nine times out of ten you would land in a farm field. Tllinois
grows more soybeans than any other state in North America, and it
produces more corn than any 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 zre the
food that is grown here. You are walking on familiar ground.

Ilinois is called the Prairie State, but you must really know where to
look to find prairie. 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 ne-
glected places: along railroad tracks, encircling gravestones in old pio-
neer 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 (equals .0017 percent). I have never found
them. Hlinois 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 Octo-
ber and April than they did when I was a child, thanks to the switch 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,
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leaves, and stems to serve as a thin blanket against the wind. It is 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 equip-
ment representatives demonstrate all the latest technology for strik-
ing the perfect balance between these two states. Popular among
farmers in recent years has been the disc.and chisel plow combina-
tion: parallel rows of slicing silver plates, like large pizza cutters, al-
ternating with rows of beveled metal claws. These grids of discs and
chisels are pulled, one by one, through an exhibition field as an an-
nouncer extols the virtues of each particular model. Observers, in-
cluding 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 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 crumbli-
ness. We then walk ten 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 is 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 in New England now, it is important to me to maintain a rela-
tionship with both Illinoises—the present and familiar one as well as
the Illinois that has vanished and is barely discernible. What remains
of the twenty-two million acres of tallgrass prairie that once covered
this state is the deep black dirt that those grasses produced from lay-
ers 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 the 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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Hlinois soil holds darker secrets as well. To the 89 percent of Illinois
that is farmland, an estimated 54 million pounds of synthetic pesti-
cides 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
sprayed with pesticides. In 1993, 99 percent were chemically treated.

Pesticides do not always stay on the fields where they are
sprayed. They evaporate and drift in the jetstream. They dissolve in
water and flow downhill into streams and creeks. ..H,me.rm:n_ to soil
particles and rise into the air as dust. They migrate into glacial
aquifers and buried river valleys and thereby enter groundwater.
They fall in the rain. They are detectable in fog. Little is known about
how much goes where. In 1993, 91 percent of Illinois’s rivers and
streams showed pesticide contamination. These chemicals travel in
pulses: pesticide levels in surface water during the months of spring
planting—April through June—are sevenfold those during winter, al-
though detections never fall to zero. Even less is known about pesti-
cides in groundwater. A recent pilot study found that one-quarter of
private wells tested in central Illinois contained agricultural chemi-
cals. Those sampled in the Havana Lowlands region of Mason
County showed some of the most severe contamination.

Some of the pesticides inscribed into the Illinois landscape pro-
mote cancer in laboratory animals. Some, including one of the most
commonly used pesticides, atrazine, are suspected of causing breast
n_:n_ ovarian cancer in humans. Other probable carcinogens, such as
DDT and chlordane, were banned for use years ago, but like the is-
lands in preglacial river valleys, their presence endures.

A lot goes on in the 11 percent of Illinois that is not farmland. Ap-
proximately fifteen hundred hazardous waste sites are in need of re-
mediation—a list that does not include several thousand pits, ponds,
and lagoons containing liquid industrial waste. And each year Illinois
injects some 250 million gallons of industrial waste—which, until re-
cently, included pesticides—through five deep wells that penetrate
into bedrock caverns. These geological formations are overlain by
aquifers and farmland. Illinois exports hazardous waste but also im-
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ports it—almost 400,000 tons in 1992—from every state except
Hawaii and Nevada. In this same year, Illinois industries legally re-
leased more than 100 million pounds of toxic chemicals into the en-
vironment.

Like pesticides, industrial chemicals have filtered into the
groundwater and surface waters of streams and rivers. Metal de-
greasers and dry-cleaning fluids are among the most common con-
taminants of glacial aquifers. Both have been linked to cancer in
humans. A recent assessment of the Illinois environment concluded
that chemical contamination “has become increasingly dispersed and
dilute (and thus less visible),” leaving residues that are “increas-
ingly chemically exotic and whose health effects are not yet clearly
understood.”

e

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.

1 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 among the most
common contaminants of midwestern drinking water, and all of us in
the United States carry detectable levels of DDT and PCBs in our
tissues. PCBs lace the sediments of the river I grew up next to as well
as the flesh of the fish that inhabit it. DDT can remain in soil for sev-
eral decades.

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
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clouds of DDT fog. Old magazine ads are even more surreal: an
aproned housewife in stilerto heels and a pith helmet aims a spray gun
attwo 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 as-
sassin. 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 ’50s, this chemical of multiple personali-
ties found its way into all kinds of civic campaigns and household
products. One Illinois town not far from where 1 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. Per-
haps [ 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
q.nwuwmnm 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 pro-
grams. Some can even describe childhood games that involved chas-
ing these tracks. “Whoever could stay in the fog the longest was the
winner;” remembers one friend. “You had to drop back when you got
o dizzy. I was good at it. I was almost always the winner.” Says an-
other, “When the pesticide trucks used to come through our _m&m -
borhood, 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 harm-
less 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
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used,” Carson emphasized. “I do contend we have put poisonous and
biologically potent chemicals indiscriminately into the hands o.m per-
sons wholly ignorant of their potentials for harm. We FZ@ mcgmgom
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 pru-
dent 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 _.mﬂm
1950s—was damning, It was not objective science, nor was it bliss-
ful ignorance, that created the impression that UUA, was some-
how both our most lethal weapon against undesirable life forms
(“killer of killers,” “the atomic bomb of the insect Eo_._%u mb.m a com-
pletely benign helpmate. In fact, scientific study n?ﬁ.. scientific study
showed that DDT was failing at both roles. It triggered popula-
tion explosions in insect pests who evolved resistance and whose nat-
ural enemies were killed by the spray. It poisoned birds and fish. It
disrupted sex hormones in laboratory and awEnmnn animals. It
showed signs of contributing to cancer. By 1951, it had become a con-
taminant of human breast milk and was known to pass from mother
to child. A ‘
Nevertheless, people continued using DDT until Carson’s preg
liminary damning evidence was supplemented with more Eum.qun.
corroborating damning evidence, producing a great wnndEEm_ucs om.
damning evidence, and its registration was finally revoked in 1972. I
find this phenomenon boundlessly fascinating. ?”.Bmm my mmmw 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 ﬁc_.._,.: between®
Silent Spring and the scientific literature that Emnn&.& it, between
Silent Spring and the scientific literature published in the decades
since. At what point does preliminary evidence of harm become mn._
finitive evidence of harm? When someone says, “We were not aware;

.
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of the dangers of these chemicals back then,” whom do they mean
by we?

However banished, DDT has an ongoing presence in our lives
through several routes. Its persistence in soil means that some food
crops continue to bear DDT residues. Migratory songbirds carry
DDT molecules in their flesh, as do many freshwater fish. DDT is a
common ingredient of hazardous waste sites. It has been detected in
carpet dust. Global air currents carry DDT into the North American
continent from countries where its use is still permitted. And DDT
periodically wells up from the deep basins of the Great Lakes.

Moreover, even after its ban, DDT has continued to be shipped
abroad. Laws banning the use of particular pesticides in this country
do not prohibit their export. U.S. Customs records from 1992 reveal
that several million pounds of unregistered, canceled, or suspended
pesticides were loaded on ships and exported from the United States
that year. As of 1994, nine tons per day of domestically banned pesti-
cides left U.S. shores for foreign lands.

Lindane, chlordane, dieldrin, aldrin, heptachlor. These names,
unfamiliar to us now, are a roll call of the other pesticides Rachel Car-
son featured in Silent Spring. All are now classified as known, proba-
ble, or possible carcinogens. All are now prohibited or heavily
restricted for domestic use. Many are still manufactured and ex-
ported. A chemical company-in my hometown, for example, 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 now make such events public information. Thus, lin-
dane appears in the 1992 federal governments Toxics Release
Inventory for Tazewell County. I was stunned to discover it there as I
scanned the long computer scroll that documents industry’s emis-
sions, dumpings, and transfers of toxic chemicals. Lindane was
banned for most uses in 1983, although it s still allowed in lice sham-
poos for humans and flea dips for dogs. Clearly, I have a more inti-
mate relationship with lindane than I realized.

Aldrin and dieldrin were banned in 1975, although aldrin was al-

lowed as a termite poison untl 1987. Aldrin converts to dieldrin in

soil and inside our tissues. Dieldrin suppresses the immune system
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and produces abnormal brain waves in mammals. As late as 1986,
dieldrin was still turning up in milk supplies because the soils of hay-
fields 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, ’50s, and ’60s, the time be-
tween the widespread dissemination of these pesticides and their sub-
sequent prohibition represents 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.

o

Banned pesticides, like fugitives from justice, have not entirely disap-
peared. We have forgotten about them, but they are stll among us.
They frequent foreign ports. They languish underground. But they
are beginning to surface again in the tissues of women with breast
cancer, sometimes under different names—DDT is metabolized in
the human body into other chemicals, including one called DDE—
and sometimes along with banned industrial chemicals belonging to
the same chemical clan.

Four years after DDT was banned, researchers reported that
women with breast cancer had significantly higher levels of DDE and
PCBs in their tumors than in the surrounding healthy tissues of their
breasts. Similar but weaker trends held for lindane, heptachlor, and
dieldrin. The study was small—involving only fourteen women—but
the findings provocative, because DDT and PCBs were already
linked to breast cancer in rodents.

Other small studies followed. Some showed an association be-
tween breast cancer and residues of pesticides or PCBs; some did not.
In 1990, Finnish researchers reported that women with breast cancer
had higher concentrations of a lindanelike residue in their breasts
than women without breast cancer. Indeed, women whose breasts se-
questered the highest levels were ten times more likely to have breast
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cancer than women with lower levels. Moreover, the pooled blood
from women with breast cancer contained 50 percent more of this
pesticide residue than the blood from women without breast cancer.
Similarly, in 1992, a study of forty Connecticut women revealed that
levels of PCB, DDE, and DDT in the breasts of women with breast
cancer were 50 to 60 percent higher than in women who did not have
breast cancer.

In 1993—seventeen years after the first pilot study—the bio-
chemist 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. Within six
months, fifty-eight of these women were diagnosed with breast can-
cer. Wolff matched each of these fifty-eight women to control sub-
jects—women without cancer but of the same age, same menstrual
status, and so on—who had also visited the clinic. The blood samples
of the women with breast cancer were then compared to their cancer-
free counterparts.

On average, the blood of breast cancer patients contained 35
percent more DDE than that of healthy women. (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 lev-
els. The authors concluded that residues of DDE “are strongly asso-
ciated with breast cancer risk.”

On the heels of the Wolff study came another by the Canadian
researcher Eric Dewailly and his colleagues in Québec. Dewailly ob-
tained breast tissue from women who had undergone biopsies for
breast lumps. He chose twenty women whose lumps turned out to be
cancerous and seventeen women whose lumps were benign. The re-
moved lumps were then analyzed for chemical residues. Consistent
with the findings of previous studies, the concentrations of several
pesticides and industrial chemicals were moderately higher in the tis-
sues of women with cancer than women without. When Dewnailly re-
stricted his comparison to estrogen-receptor positive tumors (that is,
tumors sensitive to the presence of estrogen), the difference became
more striking: DDE levels were substantially higher in women with
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estrogen-receptor positive cancers than in the women of the control

group. :

Following Wolff’s and Dewailly’s work came the Krieger study;
which yielded a more complicated picture. The Harvard epidemiolo-
gist Nancy Krieger, then at the Kaiser Foundation in Oakland, Cali-
fornia, examined DDE and PCB levels in blood drawn from women
in the 1960s and then frozen and stored for nearly thirty years. She
compared the blood from 150 women who went on to get breast can-
cer sometime during those intervening three decades to blood from
150 women who remained cancer free. The central question: Can ex-
posure to DDT and PCBs many years ago predict whether a woman
will contract breast cancer? Previous studies looked at DDE and PCB
levels at the time of diagnosis. Hers would be the first study to take
into account the lag time between exposure and onset of disease.
Three racial/ethnic groups were represented—African Americans,
Asian Americans, and whites. When the three groups were combined,
no significant differences were found. However, when each racial
group was considered separately, the results changed. Whites and es-
pecially African American women with breast cancer had significantly
higher levels of DDE than women without breast cancer, even as
Asian American women continued to reflect the overall pattern of no
difference. More mysteriously, while African American women with
breast cancer showed more past exposure to PCBs than their coun-
terparts without breast cancer, 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 interpretation of these results—which are not inconsistent
with earlier studies but which do not actually confirm them either—
has sparked considerable debate. Do DDE and PCB levels in blood
serum accurately mirror their levels in women’s breasts? (Evidence
from other studies indicates they do.) Do we know whether DDE and
PCB molecules remain stable when stored for thirty years? (Persis-
tence is certainly a well-known trait of both chemicals.) What about
the red rubber tops that capped the test tubes? Could chemical cont-
aminants have migrated into the blood and marred the chemical
analysis? (A speculative concern.)

For thirty years, three hundred stoppered test tubes stood at at-
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tention in the back of a freezer, waiting to be rediscovered. Red
blood. Red caps. Some of the women whose blood lay frozen in.those
tubes are dead of breast cancer, others have died from other causes,
and others are no doubt still alive. Probably no one now living re-
members those particular blood draws, but three decades later, our
understanding about breast cancer and environmental contamination
has become linked to the contents of these red-capped tubes.
Perhaps the image would seem less urgent if women born in the
United States between 1947 and 1958 did not now have almost three
times the rates of breast cancer than their great-grandmothers did
when they were the same age. Or if pesticide use in the United States

had not doubled since Rachel Carson wrote Silent Spring. But we do.
And it has.

e

"Ien thousand years of tallgrass prairie have left a fainter trace on the
place I call home than twenty-seven years of DDT spraying. Because
itis my home, I am driven to pursue the question of the past and on-
going 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—
more than three decades after Silent Spring alerted us to a possible
problem—why so much silence still surrounds questions about can-
cer’s connection to the environment and why so much scientific in-
quiry into this issue is still considered “preliminary.”

From dry-cleaning fluids to DDT, harmful substances have tres-
passed into the landscape and have also woven themselves, in trace
amounts, into the fibers of our bodies. This much we know with cer-
tainty. It is not only reasonable but essential that we should under-
stand the lifetime effects of these incremental accumulations.
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silence

The very modern Beinecke Library at Yale University is the qamm._bm.
place for Rachel Carson’s papers. The cool, gray archival vonmm that
contain her correspondence, lecture notes, m:&. vm._.mouw_ writings
must be requested one at a time from the :vnﬁmﬂm mmm_mmmzm. H:a
special room for viewing them is hushed and spacious. A ﬁum: o JE_.T_
dows looks out over a green collegiate lawn. O.En._ enters E.nn.q a _.,.HEM
of giving over all personal possessions to the librarian. No E‘_n is al-
lowed in the viewing room—only pencils or laptop computers.

Alone in this room with the first box, I sift slowly &:.o:mw the
pages it holds as though I were sortng _uoﬂmzm_m.& mwmnw:._w:m. Ttis u.:
automatic reflex, although T have not worked in a voﬁmn_nm_ rm_&m_..
ium for years. Herbarium sheets, onto which the f__n:nm.wm mrn_mﬁo:,m of
dried plants are pressed, must never be flipped over like pages in a
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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 trig-
gered this old behavior. I can only hope it approximates correct
archival technique.

The sight of Rachel Carson’s handwriting is exhilarating. T un-
cover 2 note to Carson from Jacqueline Kennedy. Deep in another
file is a letter of complaint Carson sent to a music company after re-
ceiving an erroneous bill and an inferior record album. The extraor-
dinary 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 un-
spoken agreement in the workplace or a family secret that everyone
knows but does not discuss. 4

Rachel Carson was interested in three forms of silence. As a gov-
ernment scientist—she rose through the ranks of the U.S. Fish and
Wildlife Service—Carson became concerned that the noise of impor-
tant 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 govern-
ment, was shared by many of Carson’s colleagues. Yet the citizenry
heard little of this debate. The problem was not so much that those
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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 of-
ficials 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 Acad-
emy of Science. Meanwhile, evidence of harm was becoming visible
to many average citizens—even in the absence of public discussion. In
1958, a writer friend in Massachussets 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 DD T-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 investi-

_ gation of pesticides. In letters to friends about this project, she re-
ferred often to her need to speak out in defense of the natural world:
“Knowing what 1 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 an eerier kind of silence: the ab-
sence of bird song in a world poisoned by chemicals. Indeed, Carson
argued, pesticidal warfare, waged with reckless disregard, threatens to
extinguish a chorus of 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 farm-
ing community located due east of my home county. After intense
and repeated pesticide bombardments by air during the mid-1950s,

>
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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
w._: 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
mmSﬁom. The protracted war against this enemy had accomplished
H.,cnr_um, but the residues of dieldrin remaining in the water m:% soil—
like _mmnrdmnnw 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 :mq»n&.
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.

Hw.o ﬂEwa kind of silence that fascinated Carson was the hushed
nc::ur city of many individual scientists who were aware of—if not di-
rectly involved in documenting—the hazards created by chemical as-
saults on the natural world. While dutifully publishing their research
most were reluctant about speaking out publicly, and some nnm:mmm,
P.mmo:w requests for more information. Writing in Silent Sprin
Carson acknowledged the constant threat of defunding that _._Ermm.w
many government scientists. But she made clear in her private corre-

spondence 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] Lin-
o.o_:. ... I'told you once that if I kept silent I could never again
listen to a veery’s song without overwhelming self-reproach. . . .

I'he quote is “To sin by silence when they should protest
makes cowards out of men.”

After Silenr 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
O_:F she questioned the cozy relations between scientific societies
E&, for-profit enterprises, such as chemical companies. When a sci-
entific society acknowledges a trade organization as a “sustaining as-
sociate,” Carson asked, whose voice do we hear when that moam, 7
speaks—that of science or of industry? Y
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Carson was just beginning to develop rmn. Em.mm on the w.;.ma-
locking economic structures that bound the direction nm Eo&n:%
and science to the interests of industry when she herself was silence m
Leaving behind an adopted son, plans for summer fieldwork, an
sketches for two more books, Rachel Carson died of breast cancer on
April 14, 1964.

S

Sheltered from wind and waves, the Rachel Carson National gEEm
Refuge in southern Maine is essentially a salt marsh. It _.unﬁ.m lictle ﬂa..
semblance to the rest of the Maine coastline, where the Enm:mm .&.ME”;
of acean meeting rock prohibits marsh grasses from m—._bnm root. It HM
therefore, a very different place from the craggy tidal pools an
moonlit coves of Rachel Carson’s beloved summer home farther
boﬁrm%m:n__sm along the paths of the refuge that _unm_.m._unw name, I re-
alize I feel less close to Rachel Carson here than in .nrm. nrn.ﬂmﬂn-
controlled sanctum of the Beinecke Library. At the an%nmco:‘mm.ﬁw ,a
large plaque dutifully lists the titles of her books and ﬁrnﬁ credits Hm_.
for inspiring millions to greater environmental consciousness. _ua
brief, abstract sentences remind me how _.maoﬁm a figure h.mhmcn. e-
came after her death. Like Rosa Parks, Carson is a qus_uor a muse, 4
spark that ignited a social movement, a name to be invoked before g
speech. In this, she seems unknowable m:&. unhuman. "
Still, my Illinois nerve endings are stirred vw the softness of N.
landscape here. The lay of the land feels *.EE.rmq. although E_.mmﬂrc
the plant species are not. Salt meadow grass knits together the mmn«
grounds, while the lower sweeps are bound by the taller and st _h“._.
saltwater cordgrass. The sinuous borders between them represent the
reach of the tide. The trail guide boasts that these two grasses to-
gether can produce as much plant matter per acre per year as a prime
i ornfield. I smile. No way. .
Ei&wﬂmmﬂwén__unm 1993. I have driven here from Boston with :..w_.w
friend Jeannie Marshall, who patiently endures my Hnneﬁm on coig
productivity and then turns my attention to the weather. “Doesn t =M
feel like a different season?” Jeannie asks. On the dry uplands, a rich
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sumnmery light pours through the oak trees that hang willfully onto
their curled leaves. Like a flame, my dog streaks through the under-
story 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. 1 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 acean 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. Hopetul 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 move-
ments. 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 an-
other 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 (I was adopted;

Jeannie’s mother was adopted), 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
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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 wa-
ters throb back and forth. It seems to me in these moments that Jean-
nie and T have words for everything. We have rejected the cultural
taboos of the past that wrapped the topic of cancer in shrouds of si-
Jence, 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 be-
tween 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.

“T like this place,” I finally admit.

“T do too. It’s nice to be here.”

e

On average, breast cancer robs the woman it kills of twenty years of
Jife. 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 uU.s.
women at that time. Despite all the ways she was extraordinary, as a
victim of breast cancer Carson was utterly typical.

:
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Enmbnmm.ohww was &mmdcmmm in 1960, in the thick of researching and
s vomnmh nm ,m.ﬁ“a_pm. H..Hm_w. MEQ spread to her lymph nodes and to
» eventually including her spine, pelvi
e el ne, pelvis, and shoulder. She
Mwﬂnw__“m: s.““nm_ even ﬁo: gh surgery left her exhausted and B&mw
» Nauseated. Other ailments—joint and h,
. eart -
.W.M.Hﬂm _m”mﬂ Emm_n exacerbated, if not caused, by the radiation 7_.MHMWH
Pping and immobility. The tumors j el
caused her writing hand to go numb. . e vl vestibons
_ Carson lived for eighteen months after finishing
%MHW _Ho:m_._.u 8. mnz.u#a out a hornet’s nest of ridicule and mnvective
. m.m ¢ Wa_nm_ industry, as well as to receive every imaginable
- Mﬂm_. M. ..«c%a of Mﬁm. letters, and science. Privately, Carson
let and satisfaction at having lived to see S it Spr
. e Silent S
complete—a reaction many of Carson’s commentators and coll |
have repeatedly underscored. e
But there is another sto i
ry embedded in the remaining fr
E) B 2. m
M.cﬁmh..mcum private writings. Far from viewing Silent .m.ﬁwahm“m_“”w
4 HSdo ing mwu_: evement, A.um.?.ou ached to go on to new projects as well
- mm.nnn e ovm.OnEEum..m that her success now afforded, She did
; g0 gently or gratefully into any good night. As her lette
she died _._wv:_m for another remission,
time. And in this desire, Carson a
woman with breast cancer.

From a letter to her dearest frien
vember 1963:

Silent Spring—

rs reveal,
another field season, more
ppears before us again as a typical

d, Dorothy Freeman, in No-

Hrwnn is mnz.w.o much I want to do, and it is hard to accept that
in all probability, T must leave most of it undone. And just

when i i
1 _rmiu mﬁ:ﬁma the power to achieve so much I feel is im-
portant! Strange, isn’t it?

And a few months later-

But in spite of the blow yesterday, darling

i [presumably, news
more cancer| I am able to feel that another reprieve mub per-

haps be won. . . . Now it reall i
e cally seems possible there might be

There was not.
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The winter of 1994 let go of Boston during the second week of
March. Over a hundred 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, Jumber, 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
Massachussetts 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 walk-
ing even faster than we did four months ago in 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 re-
fused 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 spo-
ken. All my attention was trained on overriding my desire to lay down

the pen. The doctor spoke quickly and relentlessly as he described the
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tissues that were being “destroyed” or “strangled” by the chordoma’s
un,?a:nm. He was clearly upset but seemed unable to blend his des ;
with'a demonstration of compassion or hope. o
Jeannie remained calm. She asked him to conduct a neurologi-
cal exam ; her symptoms, after all, were improving. Her bod AnE:M_A_
to be telling a different story. He refused. What would be an oint?
The scans told the whole story. He asked her to look at them mﬂm _.n,;
.m._wna. They each accused the other of not listening. I focused .cz writ-
Em._wmﬁm._.. It was a battle of narrative. Which told the md,m story? th
BBOwom_wn_m report? or Jeannie’s body? Finally, the meeting mu_wmﬂ_ )
. Don’t shoot the messenger,” he said flatly as we were oq.ﬁm
again standing and struggling with our coats. |

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

. Say something, 1 order myself. The words T have just transcribed
in the awﬁonw office are the same ones I have dreaded since my own
diagnosis. Now I have heard them spoken—by a doctor érw was

looking i itti
king into the eyes of the person sittin g next to me. Not mine. Not
me. h

‘ Say something.
’ On the day Om my diagnosis, I was hospitalized and friends from
Mo ege came to visit. They politely stepped into the hallway when the
octor came in. He gently told me the results of the pathology re-
ports and the treatment plan he had in mind. We sat together for a
while. >.WQ. he left, my friends gingerly reentered the room. The
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, i i
B o o e said, including myself. Later,

Say something.

. But what? I sit down at Jeannie’s kitchen table and begin to re-
view the notes I have taken to make sure they are legible and com-
m_mﬂm. Were these the words that were really said? Can their meanings

¢ 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 T 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 cer-
vical vertebrae caused loss of functioning in her right hand, the writ-
ing 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, ab-
solute.
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 re-
frained from divulging bad news, downplayed the miseries of treat-
ment, and stated her belief that the expression of fearful thoughts
would only make them loom larger.

Reading again the collected letters between these two friends, 1
see an elaborate dance of silence. At imes, Dorothy seemed relieved
at the abstentions and forebearances, even seeming to encourage
Rachel to keep her own counsel. Dorothy did not share her corre-
spondent’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 t0
protect the other. Rachel sometimes pulled back the curtain and con-
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fide i
F Mm mrmmm.ﬂa story—one that admitted to pain and despair. Some-
» Mb M ollowed these communications with retractions and apolo
ies. sometimes the letters ini ;
containing these dark i
were, upon request, destroyed. i Fonfessions
C . . .
- owbmommﬁbm mb.& recanting. Withholding and divulging. This
» Mo: icting impulses is part of a familiar script that is enacted
%ms ms. mmr . mwﬁs_vmgmg cancer patients and those who love them
in this familiarity, Carson em .
: erges onc i
< i— g e more, poignantly, as an
mn_‘cnn‘ﬂ_rm second kind of silence was a fortress of secrecy Rachel con-
nc:umﬂ E..M_E_& rm_n own diagnosis, a secrecy she expected Dorothy to
- vcn_u. er in maintaining. Rachel strictly forbade any discus-
; ic or private, about her illness. Thi isi
! s. This decision was intended
Mo _..Mwmﬁ the appearance of scientific objectivity as she was docurnent
: : . <
Sm : MM M_.:E,_ cost cm.m:S_.o:EmaE_ contamination. She also wished
: yield her enemies in industry no further ground from which to
aunch their personal attacks.
nﬁb&ﬂnao_.m_”%_w_ Rachel instructed Dorothy to say nothing of her
on to their mutual friends and i
aquaintances, lest rumors tak
root. If need be, Doroth ie. “S ; ents
y was to lie. “Say you heard fr
: rothy 3 om me recent]
an ' o .
..mm I'said I was fine,” she told Dorothy to tell her neighbors EEE.:_W
ay . .. that you never saw me look better. Please say that.” o

What vm‘umc:m_ price each of these women paid for upholding thi
ncaw of silence is impossible to know. Being sworn to mmM.mQ Qm b X
terrible _.uE.mm:. Anticipating the unintentional slip of the tongue n_.w .
WMMM ruin ﬁw:m_m career must have been equally crushing >mEM”~mn _&H

rop of agreed-upon silence is the fact that C on’

wﬂ»_nr mrc&m 7.36 been obvious to anyone who nmanM NQWMMHMM MMW
ut not seeing is another form of silence. .
A }..”” soon as .MMEN Spring was published, Carson was thrust into
e national spotlight. She spoke in front of Congress, at the National
N_.nmm ﬂ_c_u, and on national television. In the _ursﬁm.mﬂ.mﬁ_d mbﬁ_cwm_
film clips aongmzazm these occasions, she looks for all intents and

purposes like awoman in treatment for cancer. She wears an n_bmc tu
nate Emnw wig. Her face and neck exhibit the distortin :mmu. 4
characteristic of radiation. She holds herself in the mm:mmm.ﬁ:ﬁnﬂmﬁ”
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manner of one who has undergone surgery. The alteration in her ap-
pearance 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 accompa-
nying pictures tell a different story. But it is a story read in silence by
2 woman from a future generation who knows how it will end.

o

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. Jean-
nie has just finished another round of radiation treatment, and be-
cause 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 pre-
vention 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.

We talk all the way to the ocean and back.

2

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 con-
sequence 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 thin-
ning 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.
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Dm course, the fate of birds and other innocents caught in the
n_..m_.nwnm_ crossfire certainly was a central concern of Silent Spring. As
proof of harm, their deaths were starkly visible. Who can Mn: .m.nr
mﬂcﬁ.z._ squirrels’ cold little mouths packed with dirt? Or m_._H:w M.
the pitiful sight of songbirds writhing in the grass? _w_..; Silent ,m.m .
Em__a.wm clear that this kind of evidence, however Eﬁm&mmm m:ﬁ__ ﬁMs._... u“m
ble, is only one part of a much larger assemblage that also mzn_:hmw.m
:Eﬁmu cancer. Even while hiding the image of herself as a cancer pa
tient, ﬂu_.mo: provided many others: from farmers with bone Emb.w;“
mamnnm_.mn._o: to spray-gun-toting housewives stricken with leukemia

g.m_.ujm visible the links between cancer and nzs.u.osamnﬁum
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 €Xposure to cancer-causing agents and the first outward symptoms
of disease. When birds drop out of the sky in great bEz_un,ME Mn ask
why, When someone we love is diagnosed with cancer, a.sam,monm of
cause are often of less immediate relevance than Q:Mmao:m about
treatment. Questions about the past are subordinated to i
about the suddenly uncertain future. e

_wnmn& on all the data available to her in 1962, Carson laid out
five lines of evidence linking cancer to m:ﬁ,nc.:u:n:,g_ causes. While
any one alone would be insufficient proof, when viewed all R.u ether,
Omﬂoz_mmmnn&. a startling picture emerges that we mmuozmmwn 0 :
v.n:_. First, although some cancer-producin g substances—called ...,m”_.h..
tinogens—are naturally occurring and have existed since life began
H“HME&%EQ industrial activities have created countless mmwn_.“

e ;

vqoﬂanmnm. against which we have no naturally occurring means of

Second, since the arrival of the atomic and chemical age that fol-
lowed World War 11, everyone—not just industrial workers—has
M...nna exposed to these carcinogens from the moment of conception
J:E mnm.n_._. Industry manufactures carcinogens in such large _.ME_&
ties and in such diverse array that they are no longer no:mmmn_ano ﬁrm
workplace. They have seeped into the general environment, where

we all come into intimate and daily contact with them.

hird, cancer is striking the general population with increasing
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frequency. At the time of Carson’s writing, EW postwar ornmu_nm_ era
was less than two decades old—less than the time required for many
cancers to manifest themselves. Carson predicted that @w@ full matu-
ration of “whatever seeds of malignancy have vwms sown” by the new
lethal agents of the chemical age would occur in the years ﬂoaooﬂﬂ
She also believed that the first signs of catastrophe were already SM_
ble. At the end of the 1950s, death certificates showed ﬁ_w:; a far
greater proportion of people were dying of cancer ﬁrws had een Q.Ew
at the turn of the century. Most ominously, children’s nmboanmm oHWoM
medical rarity, were becoming ooBB.o:E»nm,l.mm revealed both by
vital statistics and by doctors’ observations. . .
Carson’s fourth line of evidence came from animals. m%m.ﬁ-
mental tests were beginning to reveal that wo&\ doses of many pestici-
dal chemicals in common use caused cancer in FGQ.».SQ mice, rats,
and dogs. Moreover, many animals Ermgﬂbm oObSBE»S% mEE.oM
ments develop malignant tumors; Silent Spring not osqm Moﬁ:ﬁ.ﬂ ﬁm
acute poisonings of songbirds but also reports on cases of m_ mo.@&cﬁ
nasal tumors. These incidents supported the circumstantal evidence
: ulations.
from M””Mm“. www.mom argued, the unseen E:mw ﬁcaﬁnmm Mi. nr”\.rmm:
itself corroborate the story. At the time of Silent Springs pu u. nmm_
tion, the mechanisms responsible for basic nn_.r.__mn ?.cnamm.mm. wﬁn
as energy production and regulation of cell division were _E,mu Am}
ginning to be elucidated. The role and structure of the twisting DN
molecule had been discovered only recently. m.B.E the mrud‘:na
she was able to gather from widely scattered mEEnm_, Carson umo.ﬁ-
lighted three properties that she believed .a_...o&a ultimately n..n_u. NH_ﬁ
why these new chemicals were associated with cancer: they were a ﬁm
to .gp_dmmn chromosomes and mrm_.wg cause genetic Eﬁﬂmoum m“
property shared with radiation, s&_nr. had m:._,.wm% cmﬂu_ “ own
cause cancer); they were able to mimic and Qmﬂﬁw wnwr. ﬂgﬁop.”mw
(high estrogen levels were already being no_._.&m:.& E:% ig nuh_mrm m
rates); and they were able to alter the enzyme-directed process
metabolism (by which we break apart n._onnEmm to generate m:nn“mu.
and synthesize new substances). Carson ﬁanm_nnm@ that M?_.a stu hm”
on the mysterious transformation of healthy cells into malignant o

would reveal that the roads leading to the formation of cancer are ﬂr.n.
same pathways that pesticides and other related chemical contami=

weeks, neither yielding to the other. On the phone, Jeannie is trying
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nants 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 an-
swers. There will always be a few missing parts, first because experi-
menting 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 ani-
mals can vary in their vulnerability to certain kinds of cancers and in
their sensitivity to certain kinds of chemicals. Which species should
serve as our surrogates in these studies? Rats? Mice? Fish? Dogs?
Which species’ 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 envi-
ronment is itself a kind of uncontrolled experiment. There remains
no unexposed control population to whom the cancer rates of ex-
posed people can he 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 car-
cinogen 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. Sci-
ence loves order, simplicity, the manipulation of a single variable
against a background of constancy. The tools of science do not work
well when everything is changing all at once.

(C

Itis March 1995. Winter and spring have hung together in the air for
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to describe to me a new sensation she feels across the &.AEH of rmw, ¢
chest. It is vague and formless. There are no real éoanwr for :..LHwM,_mM%
tempting to understand how this symptom mﬁm.ﬁomm er §> ate
other recent problems she has wmon.Hoa. goﬁﬁbm wﬂdmo. L mvm
feeling when she swallows. What picture is emerging here:
does her doctor say? She turns back my @cmmamﬁm. What i i

“Let’s talk about the chapter you’re writing now. a —
called?”

“Silence.” _

“Let’s talk about that.” _

Like a jury’s verdict or an adoption decree, a cancer diagnosis is an au-
theritative pronouncement, one with the power to change your iden-
tity. It sends you into an unfamiliar country where all the rules of
human conduct are alien. In this new territory, you disrobe in front of
strangers who are allowed to touch you. You submit to bodily inva-

sions. You agree to the removal of body parts. You agree to be poi-

saned. You have become a cancer padent.

Most of the traits and skills you bring with you from your native
life are irrelevant, while strange new attributes suddenly matter.
Beaunful hair is irrelevant. Prominent veins along the soft skin at the
fold of your arm are highly prized. The ability to cook a delicious
meal in thirty minutes is irrelevant. The ability to lie completely mo-
tionless on a hard platform for half an hour while your bones are
scanned for signs of tumor is, conversely, quite useful.

31
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On November 9, 1994, the results of the incinerator referendum in
Forrest showed 466 against and 406 for. Some members of the For-
rest Development Corporation vowed to proceed anyway, but Kirby
demurred. “We’re apprehensive about committing to the project if
that support for it is soft. We don’t want to have to fight a battle every
time we want a sewer extension.”

The following September, an appellate court in Springfield, Illi-
nois, upheld unanimously the decision of the Illinois Pollution Con-
trol Board regarding the unfair siting approval of the incinerator in
Havana. The judges cited both a Massachusetts trip paid for by
Kirby’s corporation and the improper influence of that corporation
on the hearing officer. ,

On January 11, 1996, the Illinois General Assembly repealed the
Retail Rate Law. According to the governor, “Most communities do
not want the incinerators. And it is time we stopped asking our tax-
payers to subsidize them.”

On January 25, 1996, John Kirby died of malignant mesothe-
lioma—a form of lung cancer—in a Springfield, Illinois, hospice.

ELEVEN

our bodies, inscribed

Among forest trees, size and age can be remarkably dissociated.
Seedlings germinating in deep shade are often swiftly overtaken by
those sprouting up in light-filled spaces nearby. Saplings browsed by
a passing deer lose vertical height relative to neighbors less palatable.
By these and other means, senior members of a forest community
sometimes grow old beneath a canopy of younger trees.

Field ecologists, therefore, rely on tree-ring analysis to recon-
struct the history of forests. I once spent a summer in Minnesota en-
gaged in this kind of work, which begins with pressing the bit end of
a hand borer against the bark of a tree at chest height, leaning against
it with all one’s weight, and slowly turning the handle until the steel
threads have chewed into the flesh beneath and have wound them-
selves straight into the tree’s exact center. A slender wand of cool,
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damp wood is then extracted with the narrowest of spatulas, sealed in
an envelope, and, along with an assortment of other tree cores, taken
back to the laboratory to be read.

These cores are banded with colored rings, each representing a
season of growth. An experienced dendrochronologist (which I am
not) can identify in the subtler patterns of these circles not only age
but also periods of changing light levels, insect plagues, drought,
flood, or fire. An individual tree carries within its own body an eco-
logical chronicle of the entire community.

In this, people are not so different. Our bodies, too, are living
scrolls of sorts. What is written there—inside the fibers of our cells
and chromosomes—is a record of our exposure to environmental
contaminants. Like the rings of trees, our tissues are historical docu-
ments that can be read by those who know how to decipher the code.

S

Body burden refers to the sum total of these exposures and encom-
passes all routes of entry (inhalation, ingestion, and skin absorption)
and all sources (food, air, water, workplace, home, and so forth). In
the case of fat-soluble, persistent chemicals, body burdens provide
a measure of cumulative exposure. For example, 177 different organo-
chlorine residues can be detected in the body of an average middle-
aged American man. Some of these exposures occurred in infancy,
others in adolescence, and still others in adulthood. In the case of
chemicals quickly metabolized and excreted, the body burden is an
index more akin to a press release than a biography. It reports on the
status of immediate and ongoing exposures to particular contami-
nants at single points in time.

The problem with body burdens is that they require sampling
each and every fluid and compartment of tissue. This task can be ac-
complished during an autopsy, but for living people, total exposures
are more often derived from measurements taken from a specific
source. Blood, urine, breast milk, exhaled air, fat, semen, hair, tears,
sweat, and fingernails have all been used for this purpose.

Different tissues work more or less well for different contarmi-
nants. The blood inside umbilical cords, for example, may identify
compounds that pass through the placenta and enter the bodies of de-
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veloping fetuses. Their presence provides clues to the causes of child-
hood cancers. So far, these include PCBs and an array of pesticides.
Urine, on the other hand, is 2 good medium for looking at water-
soluble contaminants, such as organophosphate and carbamate pesti-
cides. Sampling urine, researchers have estimated that the bodies of
most members of the U.S, population contain detectable Jevels of the
insecticide chlorpyrifos, a common ingredient in pet flea collars, lawn
and garden pest control products, indoor foggers, and roach, ant, and
Wwasp poisons.

PCB levels in blood have been demonstrated to correlate roughly
with their overal] body burden, once differences in fat content have
been accounted for. Hence, 2 simple blood draw can provide an esti-
mate of lifetime PCB expasure. (Blood contains a certain fraction of
fat.) Nevertheless, complications arise even here. Different organs
seem to sequester differing proportions of each of the 209 chemical
varieties. If PCB molecules were al] created equal, this partitioning
process would matter less. However, members of the PCB family dif-
fer in their persistence, potency, and carcinogenic potential. Further-
more, PCBs are broken down into different metabolic products that
distribute differently though human tissues, If greater amounts of the
more toxic varieties differentially settle into the lung, kidney, and
uterus rather than the liver, breast, and adrenal glands, for instance,
then a simple measure of total PCB concentration in blood plasma
may not tell the whole story.

A sponge for oil-soluble chemicals, body fat is considered an es-
pecially sensitive indicator of €xposure to persistent environmental
contaminants. In Japan, researchers examined a variety of industrial
contaminants in preserved fat collected from men who had died be-
tween 1928 and 1985. The highest concentrations of DDT, PCBs,
and chlordane were found in samples collected during their respec-
tive periods of maximum production, import, and use. In a 1996 study
conducted in Mexico, researchers found that levels of DDT in living
human tissues varied predictably across geographic space: residue lev-
els in both abdominal fat and breast fat were highest in areas of in-
tense agriculture and in tropical regions where DDT was used for
malaria control.

Breast milk has a lexicon all its own, Abour 3 percent fat, it con-
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tains high concentrations of fat-soluble contaminants. These pollu-
tants are carried by the blood into the breast from fat reserves scat-
tered throughout the body and probably including the breast fat
itself. Since 1951, surveys of human milk in the United States have
consistently shown contamination by an array of persistent, chlori-
nated chemicals. The issue of insecticides in breast milk received
close attention from Rachel Carson in 1962. A dozen years later, 99
percent of breast milk sampled in the United States was also shown to
contain PCBs. About one of every four of these samples contained
PCB concentrations exceeding the legal limit (2.5 parts per million),
above which level commercial formula is pulled from the shelves. Or,
to express this another way: by 1976, roughly 25 percent of all U.S.
breast milk was too contaminated to be bottled and sold as a food
commodity.

The cancer risks assumed by these mothers and their nursing in-
fants—now adults, some with children of their own—remain to be
seen. The possible relationship between carcinogens in breast milk
and breast cancer (or cancer in offspring) has not been systematically
investigated.

A study of more than eight hundred nursing mothers in North
Carolina has uncovered three patterns that make this question an ur-
gent one. Researchers found that the concentration of organochlo-
rine chemicals in breast milk increased with the age of the mother,
increased with the amount of sport fish consumed, and decreased dra-
matically over the course of lactation and with the number of children
nursed. The first trend indicates that our bodies are still amassing fat-
soluble contaminants faster than we can eliminate them. The second
attests to the ongoing contamination of our rivers, streams, and lakes.

The third fact is the most ominous one. Organochlorine conta-
minants are not easily expunged from our tissues. Their sharp decline
in concentration over the course of breast-feeding, therefore, repre-
sents the movement of accumulated toxins from mother to child. It
signifies that during the intimate act of nursing, a burden of public
poisons—insect killers, electrical insulating fluids, industrial solvents,
and incinerator residues—is shifted from one generation into the tiny
bodies of the next.

Happily, concentrations of a few of the most pernicious contam-
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inants of breast milk are stabilizing or even beginning to drop. Long-
term monitoring of human milk in Germany, for example, showed
slight declines during the early 1990s in levels of dioxins, furans
organochlorine pesticides, and PCBs. Similarly, pooled samples oW
human milk archived in the Mothers’ Milk Centre in Stockholm
Sweden, show declines in many PCB and DDT metabolites ?oqﬂ
1972 to 1992. These trends indicate that efforts to shut down known
sources of these chemicals are finally beginning to have an effect on
their respective body burdens.

o

The human body is an endless construction site where demolition
and renovation occur simultaneously and continuously. Different tis-
sues carry on this work at different rates; the lining of the stomach is
entirely overhauled every few days, while a complete restoration of
the bones’ internal scaffolding requires years. All tissues replace
themselves through the orderly process of cell division—mitosis—in
which one cell splits in half and becomes two. Damaged and aged
cells slated for removal undergo a programmed form of death known
as apoptosis. All this activity is coordinated through an elaborate
system of communication that cell biologists are just beginning to
understand.

A certain amount of supervision is provided by a cell’s own
.UZ? which sends out from the nucleus periodic messages instruct-
ing the cell to begin (or cease) dividing. We know also that chemical
signals from neighboring cells can alter the pace of this process.
And we know that marching orders sometimes arrive from distant
headquarters. These often take the form of hormones, as when estro-
gen from a woman’s ovaries causes the cells in her breasts to begin
dividing. ,

However scant our knowledge about its regulation, the actual
feat of mitosis, its procession of precise, elegant steps, is becoming in-
creasingly clear. Mitosis begins inside a circle within a circle: the nu-
cleus of the cell where the DNA is quartered.

"The first step is the doubling of each of the strands of DNA, the
chromosomes. Their duplication will enable both daughter cells to
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receive a complete set. For this task, a crew of enzymes creates an
exact replica of each original chromosome (which is split in half
lengthwise and used as a template for its own duplication). Lying side
by side, the two identical strands are then cuffed together and come
to resemble a gangly letter H or sometimes a stout }/

Humans possess forty-six individual chromosomes, each con-
sisting of a curly DNA ladder and each bearing many thousand genes.
Once all forty-six gene-studded chromosomes have been so copied, a
dance begins. The nuclear membrane disintegrates. The chromoso-
mal couples move to the center of the cell and form a vertical line.
Fine threads called spindle fibers extend horizontally from opposing
ends of the cell and attach to each member of a pair. The fibers con-
tract. Simultaneously, the twinned chromosomes pull apart, their
midpoint connections giving way as the left and right halves of the Hs
and the Vs are towed through the watery protoplasm to opposite
poles. Just as the cell begins to pinch in half, a membranous curtain
closes around each new grouping of single-stranded chromosomes,
and they are once again cloistered within a nucleus. They will remain
there, directing the synthesis of proteins, until the mitotic cycle be-
gins anew and once again releases them.

Cancer is mitosis run amuck. Instead of reproducing in careful, me-
thodical fashion, cancer cells carry on replication and division despite
a myriad of directives designed to restrain such activity. Cancer cells
are dancers deaf to the choreographer. They are builders in flagrant
disregard of zoning ordinances and architectural blueprints. They are
defiant, disobedient, and in the view of many cancer biologists, al-
most purposeful in the ways they disrupt cellular biochemistry.

Besides a propensity for unrelenting growth, a cancer cell is
known for two other traits: invasiveness and primitivism. The ability
to invade other tissues distinguishes cancer from other freakish out-
growths, such as warts. This facility operates at both a local level—
cancer also ignores property lines—and a distant one, as when cancer
cells are shed from the primary tumor and seeded throughout the
body as metastases. Destroying healthy tissue and clogging vital pas-
sageways, both habits make cancer life-threatening.

By primitive, biologists mean that the tissues created by cancer
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appear to have reverted back to some earlier, cruder, unformed stage
of development. They no longer bear much resemblance to the dif-
ferentiated structures of which they were originally a part. Typically,
the hard lump in the breast that turns out to be a malignancy is a di-
rect descendent of one of the smooth, flat cells that wallpaper the in-
terior surfaces of the slender mammary ducts. But, microscopically,
the tumor’s mass of cells no longer looks anything like the benevolent
sheets of breast epithelial tissue it came from. In general, the less a tis-
sue resembles its previous, respectable, specialized self, the more vir-
ulent the cancer. Along with runaway growth and the propensity to
spread, this tendency to devolve into an immature, unrecognizable
state is the result of a long accumulation of genetic injuries.

A cancer cell, then, is made, not born. Cancer arises through a series
of incremental changes to chromosomal DNA. Some of these DNA
alterations can be inherited, but the vast majority are acquired during
the lifetime of an individual when genes perfectly healthy at the time
of conception become damaged. This process can happen through
numerous pathways. Routine errors made during DNA replication
are one. Sabotage by carcinogens is another. About 100,000 different
genes are strung along our chromosomes. To contribute to cancer, at
least some of these encounters between carcinogens and genes must
involve the handful that help govern cell division.

These growth-regulating genes come in two basic varieties. The
first group are called oncogenes. In their normal state, these bits of
DNA convey messages that encourage cell division. When mutated,
however, oncogenes become hyperactive and ratchet up the rate of
growth. Working on exactly the opposite principle are the tumor sup-
pressor genes. Normally, they dampen the rate of cell division. In
some circumstances—as when signs of DNA damage are about—they
actually halt mitosis altogether and thereby nip in the bud the possi-
ble genesis of cancerous growth. Loss or inactivation of tumor sup-
pressor genes may contribute to the birth of a tumor. If a2 mutant
oncogene is a stuck accelerator pedal, then damaged tumor suppres-
sor genes are faulty brakes. Either problem can result in runaway cell
growth.

Different kinds of cancers are associated with different kinds of
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mutations. The cells of most colon tumors, for example, turn out to
contain both hyperactive oncogenes and nonfunctional tumor sup-
pressor genes. One specific tumor suppressor gene located on chro-
mosome 17 has been fingered in several big-ticket malignancies,
including cancers of the lung, breast, colon, esophagus, bladder,
brain, and bone. Indeed, alterations of this gene, named p53, may be
involved in as many as half of all human cancers. Much as a gunshot
wound indicates what kind of firearm was used in an assault, the par-
ticular nature of the p53 mutation often suggests the type of carcino-
gen responsible for the damage. Cigarette smoke leaves one kind of
lesion, ultraviolet radiation another, and exposure to vinyl chloride a
third. The mutational spectrum of this gene is so broad that the lung
tumors from uranium miners can sometimes be distinguished from
the lung tumors of smokers simply by looking at the specific location
of the mutation. Breast tumors frequently display p53 mutations in a
spectrum resembling that seen in lung tumors and varying across ge-
ographic regions.

Harm can befall growth regulator genes through a whole variety
of pathways. Benzo[a]pyrene can adhere to a section of chromosome
and, in so doing, create a DNA adduct. Like bits of chewing gum
stuck to a strand of hair, adducts can cause mistakes to be made dur-
ing the next cycle of DNA replication. Other carcinogens disable the
spindle fiber apparatus, causing chromosomes to pull apart improp-
erly. By these and other means, daughter cells can end up receiving
mutated oncogenes and/or missing or impaired tumor suppressor
genes. Alterations in other kinds of genes can abet the process. For
example, DNA repair genes normally function to fix chromosomes
vandalized by mutating agents or damaged accidentally during the
normal course of mitosis. An injury to a repair gene is, therefore, a
treacherous event, as it can lead to the accumulation of genetic lesions
of all kinds. Fortunately, the carcinogenic process is lengthy and com-
plicated, often requiring decades to unfold. It is also capable of being
arrested at many points along the way.

In the language of cancer biology, the making of a cancer cell involves
three overlapping stages: initiation, promotion, and progression. To

become a full-blown malignancy, a cancer cell must pass through
them all.
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The first rite of passage, initiation, is characterized by small
structural alteradons to the cell’s DNA strands. Arising sponta-
neously or resulting from an encounter with a carcinogen, these mod-
ifications—like tiny tattoos—are swift, permanent, and subtle. A
small hole here. An inconspicuous inversion there. Cells so affected
remain, to the human eye, indistinguishable in shape and appearance
from their undamaged counterparts. Nevertheless, many initiated
cells meet an early demise through the winnowing action of apopto-
sis. Any agent, then, that interferes with cell death can contribute to
cancer by permitting damaged cells to continue along the pathway to
tumor formation.

"The immune system also plays a role in the selective destruction
of incipient cancer cells, which presumably reveal their hand by ex-
hibiting biochemical traits recognizable as abnormal. At what specific
stage immune cells begin to mount a reaction is not entirely clear. It
is known that certain environmental contaminants, including dioxin,
suppress human immunity and that immune suppression is associated
with several kinds of cancers, most notably leukemias and lym-
phomas. Recent studies from the former Soviet Union have shown
clear relationships between exposure to certain pesticides and depres-
sion of the immune system’s T cells.

Initiated cancer cells that escape detection advance to the next
stage, promotion, which requires additional exposures to cancer-
stimulating substances. Unlike initiation, promotion unfolds over a
long period and may involve no actual mutations. In general, cancer
promoters encourage cells to divide not by altering the physical struc-
ture of genes but by altering the expression of their chemical mes-
sages. GGenes that are normally quiescent, for example, may become
activated. Estrogen, in some cases, acts as a cancer promoter. As
demonstrated in lab animals, so do many organochlorine compounds.
The good news is that these effects wane when such agents are re-
moved from the body.

Quite often, cancer promoters perturb an intricate communi-
cations pathway known as signal transduction. This system consists
of a team of proteins relaying messages back and forth between the
perimeter of the cell and the heartwood of the nucleus. By mecha-
nisms barely elucidated, signal transduction proteins play a key role in
the timing and coordination of cell division. Promoting agents can af-
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fect the production and behavior of these courier molecules without
permanently damaging the genes that code for their manufacture.
The result is an expanded cluster of abnormal cells.

Like initiation but unlike promotion, the progression stage in-
volves exposures that inflict physical injury to the DNA molecule.
Mutations pile up. Chromosomes fall into disrepair and become in-
creasingly unstable. Ironically, substances that act at this stage bestow
on the cells they cripple some of cancer’s most fearsome abilities: the
capacity to spread and invade, enhanced sensitivity to hormones, and
a knack for attracting blood vessels to the growing mass of tumor
cells. Some researchers believe that arsenic, asbestos, and benzene
can each function as cancer progressors, under certain conditions.

Agents that contribute to cancer do not all fall neatly into the
categories of initiator, promoter, and progressor. Some, like radia-
tion, are complete carcinogens that can play all three roles by them-
selves. Others, such as dioxin, appear to behave as promoters at low
doses and complete carcinogens at higher levels, and they may also
interfere with apoptosis. Still others initiate at low doses and promote

.and progress when their concentration in the body rises.

These shifting biological possibilities bring with them many so-
cial implications. First, they explain why no safe dose of a carcinogen
exists. They also explain why similar exposures can pose very differ-
ent degrees of danger to different people. The trace presence of a
cancer-promoting pesticide in drinking water, for example, may rep-
resent absolute hazard to those whose breast, prostate, colon, or blad-
der tissue has already been initiated by some prior event (perhaps
during childhood or because of occupation) or to those rare few born
with a mutated gene that predisposes them to cancer. Individuals
whose genetic material has suffered less previous damage may more
successfully ward off the effects of promoting agents—as would those
lucky persons who happen to possess a set of metabolism genes that
allows for especially efficient detoxification and excretion of promot-
ing substances.

The implications become even broader when we consider the
dozens of known and suspected carcinogens to which we are rou-
tinely exposed and which may work alone, in concert, or camulatively
anywhere along the cancer continuum. In rats, for example, DDT

-
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acts to accelerate tumors induced by an agent called 2-acetami-
dophenanthrene, even though neither one alone is capable of causing
tumors to progress to a detectable level.

In the words of the veteran cancer biologist Ross Hume Hall,
“Too often cancer research has focused on finding the last straw. It’s
time we looked at all the straws.”

iZnd

‘They have been compared to footprints, fingerprints, graffiti, and
stigmata. They have also been hailed as the jewel in the crown of mol-
ecular epidemiology and described as decoding tools by which to read
the body. They are biological markers, and, defined most plainly, they
are indicators of physical damage caused by the interplay between
human genes and environmental carcinogens. As such, biological
markers serve as both signals of past exposure and predictors of future
cancers.

Adducts, formed by mutation-inducing chemicals that adhere to
DNA, are one type of marker. As discussed in Chapter Six, the tissues
of beluga whales living in contaminated stretches of the St. Lawrence
River display high concentrations of benzo[a]pyrene adducts. Simi-
larly, in laboratory animals, researchers consistently find tight corre-
lations between exposure to chemicals known to cause cancer and the
concentration of adducts in the DNA of certain tissues. In humans,
the relationship between adduct levels and cancer risk has not been
worked out as definitively. However, some compelling evidence is
now emerging from one of the most polluted regions on earth: Sile-
sia, Poland.

Hard up against Poland’s southern border, Silesia is blanketed
with chemical plants, foundries, smelters, steel mills, coal mines, and
cokeries (the great ovens that distill coal into coke for steelmaking).
The cancer death rate is also impressively high here, persuading the
molecular epidemiologist Frederica Perera of Columbia University
to examine Silesian DNA closely. Her pioneering work has uncov-
ered consistent associations between toxic exposures and adduct for-

mation, on the one hand, and adduct formation and cancer risk, on
the other.
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Perera and her coworkers focused on polycyclic aromatic hy-
drocarbons, such as benzo[a]pyrene, which are released into Silesia’s
air in great abundance, mostly as by-products of coal and coke burn-
ing. Simply measuring their airborne concentration turns out not to
be a reliable indicator of individual human exposure ,Uoomcmw poly-
cyclic aromatic hydrocarbons are not only available for Erm_mcoﬁwcﬁ
also stick to skin (and are absorbed) and insinuate nrmﬁmm?n.m into
food (and are ingested). Moreover, these carcinogenic contaminants
are handled differently by different people, depending on genetic and
other factors that affect metabolism and detoxification.

The proof is in the cells’ pudding. Perera found that the DNA
of Silesian coke workers and Silesian city dwellers bore similar loads
of polycyclic aromatic hydrocarbon adducts. These levels Were two to
three times higher than among rural folk. Perera also Emoowaamm a
pronounced seasonal effect: the number of adducts rose during the
winter months, when coal burned for domestic heating adds to the
burden of aromatic hydrocarbons contributed by industry. Moreover,
the level of adducts was correlated with the presence of chromosomal
mutations thought to be affiliated with lung cancer. Together with
studies showing that people with lung cancer carry higher burdens of
polycyclic aromatic hydrocarbon adducts on their DNA than people
without the disease, Perera’s findings “strongly suggested that severe
air pollution could indeed help induce lung cancer.”

As Perera observed, DNA adducts provide us with a molecular link
between environmental exposure and genetic injuries relevant to can-
cer. But they are not the only biological marker to do so. Alterations
in certain proteins can also signal that villainy is afoot. For example,
as a result of rearranging the genetic code, the carcinogen vinyl oE.o-
ride triggers the production of a defective signal transduction protein.
The presence of this protein in blood serum is therefore an unmis-
takable marker of vinyl chloride exposure. Alterations in DNA repair
enzymes indicate other kinds of foul play, as do elevated ~m<.£m of en-
zymes used for metabolizing foreign substances. The premier exam-
ple here is cytochrome P450 enzymes, levels of which, as we have
seen in Chapter Ten, rise rapidly in response to the presence of
dioxinlike molecules.
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Mutations themselves have a story to tell. For example, abnor-
mally high levels of chromosomal breakages and genetic rearrange-
ments have been identified in Minnesota fumigant and pesticide
applicators. Some of these alterations consistently affect certain areas
of chromosomes 14 and 18, and these mutations are of particular in-
terest to researchers because they are the ones most commonly ob-
served in non-Hodgkins lymphoma patients.

Certain mutational patterns are indicators of free radical expo-
sure. A free radical, not part of any one classifiable chemical group, is
any atom or molecule with just one electron in its outermost orbital.
Electrons prefer to circle in pairs. When one is missing, the particle
to which they belong becomes reactive—quick to surrender or absorb
an electron from nearby molecules. If these molecules are chromo-
somes, mutations may result.

As part of the normal process of breaking apart food and hor-
mone molecules, the cells of our bodies are constantly generating free
radicals (and these undoubtedly contribute to our load of acquired
DNA mutations). Fortunately, we possess several means of protecting
our chromosomes from the resulting electron scramble—including
the use of dietary vitamins to soak up free radicals as they are pro-
duced. Research by the molecular epidemiologist Donald Malins
indicates that certain environmental contaminants generate free rad-
icals when the body attempts to detoxify and metabolize them. Malins
and his colleagues are currently attempting to determine whether
specific patterns of free radical damage in the DNA of the human
breast could provide a means of predicting breast cancer risk. Breasts

may be particularly susceptible to free radical damage, even in the ab-
sence of toxic exposures. The process of metabolizing estrogen is it-
self a free radical-generating operation. F oreign chemicals that add
to this burden—or that compromise DNA repair systems designed to
counteract the ravages of routine free radical damage—may amplify
the risk of breast cancer. In other words, while free radical generation
is a normal but unfortunate consequence of fueling ourselves with
chemical energy, preliminary evidence—from both animal and
human tissue studies—suggests that chronic exposure to certain toxic
substances can, in some circumstances, overwhelm the body’s multi-
layered defense system against free radical stress and thereby acceler-
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ate the rate at which we accumulate genetic injury. More research
along this line of inquiry is essential.

The first clue that estrogen might play a role in breast cancer came in
1896 when a British surgeon reported that removal of the ovaries
sometimes caused breast tumors to shrink. Many exhaustive studies
conducted over the years since then have clearly indicated that a
woman’s chances of developing breast cancer are related in some way
to her lifetime exposure to estrogen. Early first menstruation, late
menopause, and late or no childbirths all raise 2 woman’s lifetime ex-
posure to estrogen and all are considered established risk factors for
breast cancer—as is having a mother or a sister with the disease. Even
so, taken together, such factors still account for only a minority of
breast cancer cases.

Because the origin of most breast cancers remains unexplained
and because there exists an apparent connection between breast can-
cer and naturally occurring estrogen, scientific attention has begun to
turn to the possible role of xenoestrogens—chemicals foreign to the
human body that, directly or indirectly, act like estrogens. We have
already examined the evidence on xenoestrogens from epidemiologi-
cal studies, animal data, and human cell cultures in Chapters Five and
Six. I focus here on the specific pathways by which these hormone
mimics leave their signatures within the cell.

But first, a bit of background on estrogen itself. Manufactured
from cholesterol by a woman’s ovaries each month, estrogen circu-
lates in the blood, passes freely in and out of all organs and tissues, is
eventually metabolized by specific enzymes, and, with the help of the
liver, is eliminated from the body through the gut. Most cells are
completely unaffected by all this activity. The cells of certain tissues,
however, contain receptors that latch on to estrogen molecules as
they float through. The estrogen-receptor complex then goes to
work inside the nucleus. Some genes are activated, while others are
switched off. Different messages are sent out from the nucleus and,
hence, different proteins manufactured. For tissues possessing estro-
gen receptors, the net effect of these various alterations is an increase
in cell proliferation. The cells of the vagina, the uterus, and the breast
all contain large numbers of estrogen receptors. In the presence of es-
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trogen, they divide. Ovulation, breast development, menstruation,
and pregnancy are all made possible by estrogen’s actions.

Estrogen comes in several chemical configurations, each with its
own name. By far, the most potent one is estradiol. Its particular
structure allows it easy passage from blood into surrounding cells. To
regulate this movement, estradiol is not permitted to travel about un-
escorted. Instead, most estradiol molecules are attached to serum
proteins that slow down their entry into target tissues and thereby
blunt their dramatic effects.

Like estradiol, xenoestrogens slip from blood serum into the in-
terior of cells, attach themselves to estrogen receptors, and, by tin-
kering with particular genes, elicit growth-promoting changes within
target tissues. The ability of certain synthetic chemicals to mimic es-
trogen in these regards has been known for some time, but until re-
cently, many researchers had assumed that any breast cancer risk
created by this sort of mischief paled in comparison to the sovereign
power of a woman’s own hormones. This assumption was based on
several observations. First, few synthetic chemicals closely resemble
the ornately designed estrogen molecule, and estrogen is the key that
must fit into the receptor’s lock in order to ignite the whole process.
Second, assays show that foreign estrogens are much less potent than
naturally occurring estradiol. Indeed, most are thousands, even mil-
lions, of times weaker. Third, xenoestrogens exist in much lower con-
centrations in the body than naturally occurring estrogens, which
surge to impressive levels during the first half of a woman’s menstrual
cycle. Also, many of the plants we eat, such as soy, contain naturally
occurring plant estrogens, which are far more commonly encoun-
tered by our cells than their synthetic counterparts, such as pesticide
residues. In short, xenoestrogens have been presumed rare, ineffec-
tive, and dilute.

Several recent findings have cast doubt on such reassuring sup-
positions. It turns out, for example, that close physical resemblance is
not required for successful estrogen impersonation. As a lock, the es-
trogen receptor accepts many keys, some widely divergent in shape
and size. Organic compounds that look nothing like estradiol—from
pesticides to plastics to surfactants—can possess estrogenic proper-
ties. Xenoestrogens are far more common than anyone had imagined.
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Furthermore, many artificial estrogens compensate for their
low numbers through longevity and enhanced availability. As we
have seen, synthetic xenoestrogens are not easily metabolized and
excreted. They linger, sometimes for decades. Recent studies have
also shown that some xenoestrogens, including DD, are not as
tightly bound to blood proteins as estradiol. They can, therefore,
enter target cells more quickly and at lower concentrations; they are
more available.

Xenoestrogens not only mimic natural estrogens directly but
also can indirectly enhance their effects. Some, for example, appear
to stimulate the manufacture of more estrogen receptors. More
receptors means an amplified response to estradiol. Still others
influence how estradiol is metabolized and eliminated from the body.
This second effect has been the subject of several recent studies led
by the biochemical endocrinologist Leon Bradlow at the Strang
Cornell Cancer Research Center in New York and his collaborator
Devra Davis.

As explained by Bradlow, estradiol molecules can be broken
apart by metabolic enzymes in one of two ways. The first one alters
carbon atom number 2. The second alters carbon atom number 16.
Which of these two pathways estradiol takes turns out to be critical.
The 16-metabolite is still estrogenic; it is easily reabsorbed across
the gut and is capable of binding to estrogen receptors just like its
parent, estradiol. More menacingly, the 16-metabolite can directly
damage DNA. It is believed capable of both initiating and promoting
breast cancer. Indeed, many researchers consider the level of this
metabolite a potential marker for breast cancer risk. In contrast, the
2-metabolite is minimally estrogenic and nontoxic to DNA, and it
may even protect the breast against cancerous changes. According to
Bradlow and his colleagues, a low 16-to-2 ratio is desirable.

Unfortunately, many contaminants push the ratio in the other
direction. In cultured cells, the pesticides DD'T, atrazine, and endo-
sulfan—as well as benzene and certain PCBs—all skew the balance
away from 2 and toward the 16 pathway. In essence, these environ-
mental contaminants turn the natural hormone estrogen into a weapon
that is aimed at the breasts it caused to grow in the first place.

e
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I had bladder cancer as a young adult. If I tell people this fact, they
usually shake their heads. If T g0 on to mention that cancer runs in
my family, they usually start to nod. She is from ome of those cancer
families, I can almost hear them thinking. Sometimes, I just leave it
at that. But, if T am up for blank stares, I add that I am adopted and
go on to describe a study of cancer among adoptees that found
correlations within their adoptive families but not within their
biological ones. (“Deaths of adoptive parents from cancer before the
age of 50 increased the rate of mortality from cancer fivefold among
the adoptees. ... Deaths of biological parents from cancer had no
detectable effect on the rate of mortality from cancer among the
adoptees.”) At this point, most people become very quiet.

These silences remind me how unfamiliar many of us are with
the notion that families share environments as well a chromosomes
or with the concept that our genes work in communion with
substances streaming in from the larger, ecological world. What runs
in families does not necessarily run in blood. And our genes are less
an inherited set of teacups enclosed in a cellular china cabinet than
they are plates used in a busy diner. Cracks, chips, and scrapes
accumulate. Accidents happen.

My Aunt Jean died of bladder cancer. Raymond and Violet both died
of colon cancer. LeRoy is currently under treatment. These are my
father’s relatives. About Uncle Ray I remember very little, except that
he, along with my dad, was one of the less loud of the concrete-
pouring, brick-laying Steingraber brothers. Aunt Jean laughed a lot
and once asked me to draw a pig so she could tape it to her
refrigerator door. Red-haired Aunt Vi cooked magnificent dinners,
was partial to wearing pink, and was married to a man truly
untempted by silence. Together, she once remarked, the two of them
sure knew how to enjoy themselves. Her widowed husband, my
Uncle Ed, is now being treated aggressively for prostate cancer.
Nonetheless, at last report, he was busy building a shrine to his wife
out in the backyard. When it comes to expressions of grief, my
father’s side of the family tends toward large-scale construction
projects.

The man who was to be my brother-in-law was stricken with
intestinal cancer at the age of twenty-one. He cleaned out chemical
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drums for a living. Three years before Jeff’s diagnosis, I was
diagnosed with bladder cancer, and three years before my diagnosis,
my mother learned she had metastatic breast cancer. That she is still
alive today is a topic of considerable wonder among her doctors.
Mom is matter-of-fact about this, although she will, if prompted,
shyly point out that she has outlived her oncologist and three of her
other doctors, two of whom died of cancer.

My mother was first diagnosed in 1974, a year that is considered
an anomaly in the annals of breast cancer. Graphs displaying U.S.
breast cancer incidence rates across the decades show a gently rising
line that suddenly zooms skyward, falls back, then continues its slow
ascent. The story behind the blip of *74 has been deemed a textbook
lesson in statistical artifacts.

In this year, First Lady Betty Ford and Second Lady Happy
Rockefeller both underwent mastectomies. The words breast cancer
entered public conversation. Women who might otherwise have
delayed routine checkups or who were hesitant to seek medical
opinion about a lump were propelled into doctors’ offices. The result
was that a lot of women were diagnosed with breast cancer within a
short period of time, my mother among them.

When 1, at age fifteen, inquired why my mother was in the
hospital, the answer was “Because she has what Mrs. Ford has.”
When my mother, at age forty-four, questioned whether a radical
mastectomy was necessary, she was told, “If it’s good enough for
Happy, it’s good enough for you.”

Back at home, a new fixture appeared on the dresser in my
parents’ bedroom: a bald Styrofoam head. It had come with the wig—
which it dutifully wore when my mother wasn’t—and it remains in
my mind as the most vivid image of her illness. Its features were
peculiar. It lacked ears. Its closed eyes and too-small nose were half
formed, as though worn smooth by water. It wore the serene,
expressionless face of someone drowned or unborn.

Not that the rest of us were any more demonstrative. My father
vanished into his workshop. I became the heroine of homework and
long walks. My twelve-year-old sister wrote protracted, angry
manifestos—and then tore them up into small fragments. These were
secretly reassembled and read by our mother, who steadfastly
believed that an atmosphere of normalcy was health promoting.
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Some twenty years later, Mom and I sit out on my Boston balcony,
drinking iced tea. I describe some medical decisions that I am facing.
She provides calm, thoughtful advice—as I knew she would. Finally,
I ask her about all those years of chemotherapy, surgeries, and bad
news. Did she feel supported during that time?

She looks away. “Too much sympathy would have weakened
me.” It isn’t exactly an answer to my question, and I want to ask what
she means. But I don’t.

My sister and I sit out in her backyard, drinking beer and watching
her boys chase fireflies. I realize—as though for the first time—that
she had seen her mother, sister, and fiancé all in treatment for cancer
by the time she was old enough for college. I ask her about this.

“It just kept happening.” Julie says, ticking off the chronology
of diagnoses we both have memorized. “You and I quit talking for a
while. Dad and Mom quit talking. We all got very quiet.”

“That’s how I remember it, too. Everybody lost their vocabu-

lary.” I want to ask her about Jeff’s death and about the Styrofoam
head. But I don’t.
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ecological roots

In 1983, I took the train home to Illinois for the holidays—and an ap-
pointment at the hospital.

The scheduling of cancer checkups is always an elaborate deci-
sion. The calendar date must sound auspicious. Monday or Tuesday
appointments are best; otherwise, one risks waiting through the
weekend for the results of a laggard lab test or delayed radiology re-
port. It’s also best if these appointments fall within a hectic, deadline-
filled month so that frenetic activity can preclude fretfulness. During
the years I was a graduate student, this meant the ends of semesters,
which explains why some half dozen Christmas carols now remind
me of outpatient waiting rooms. This particular appointment was
destined to turn out fine. What I remember most clearly is my jour-
ney there by train.

Something about the landscape changes abruptly between
254
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northern and central Illinois. I am not sure what it is exactly, but it
happens right around the little towns of Wilmington and Dwight.
The horizon recedes, and the sky becomes larger. Distances increase,
as though all objects are moving slowly away from each other. Lines
become more sharply drawn. These changes always make me restless
and, when driving, drive faster. But since I am in a train, [ close the
book I am reading and begin impatiently straightening the pages of a
newspaper strewn over the adjacent seat.

That is when my eye catches the headline of a back-page article:
SCIENTISTS IDENTIFY GENE RESPONSIBLE FOR HUMAN BLADDER
CANCER. Pulling the newspaper onto my lap, I stare out the window
and become very still. It is only early evening, but the fields are al-
ready dark, a patchwork of lights quilted over and across them. They
have always soothed me. I look for signs of snow. There are none. Fi-
nally, I read the article.

Researchers at the Massachusetts Institute of Technology, it
seems, had extracted DNA from the cells of 2 human bladder tumor
and used it to transform normal mouse cells into ‘cancerous ones.
Through this process, they located the segment of DNA responsible
for the transformation. And by comparing this segment to its unmu-
tated form in noncancerous human cells, they were able to pinpoint
the exact alteration that had caused a respectable gene to go bad.

In this case, the mutation turned out to be a substitution of one
unit of genetic material for another in a single rung of the DNA lad-
der. Namely, at some point during DNA replication, a double-ringed
base called guanine was swapped for the single-ringed thymine. Like
a typographical error in which one letter replaces another—snow in-
stead of show, block instead of black—the message sent out by this gene
was utterly changed. Instead of instructing the cell to manufacture
the amino acid glycine, the altered gene now specified for valine.
(Nine years later, other researchers would determine that this substi-
tution alters the structure of proteins involved in signal transduc-
tion—the crucial line of communication between the cell membrane
and the nucleus that helps coordinate cell division.)

Guanine instead of thymine. Valine instead of glycine. I look
away again—this time at my face superimposed over the landscape by
the window’s mirror. If, in fact, this mutation was involved in my
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cancer, when did it happen? Where was I? Why had it escaped repair?
I had been betrayed. But by what?

Thirteen years later, I possess a bulging file of scientific articles doc-
umenting an array of genetic changes involved in bladder cancer. Be-
sides the oncogene just described, two tumor supressor genes, pl5
and p16, have also been discovered to play a role. Their deletion is a
common event in transitional cell carcinoma, the kind of cancer I had.
Mutations of the famous p53 tumor suppressor gene, with guest-star
appearances in so many different cancers, have been detected in more
than half of invasive bladder tumors. Also associated with transitional
cell carcinomas are surplus numbers of growth factor receptors.
Their overexpression has been linked to the kinds of gross genetic in-
juries that appear near the end of the malignant process.

‘The nature of the transaction between these various genes and
certain bladder carcinogens has likewise been worked out in the years
since a newspaper article introduced me to the then new concept of
oncogenes. Consider, for example, that redoubtable class of bladder

. carcinogens called aromatic amines—present as contaminants in cig-
arette smoke; added to rubber during vulcanization; formulated as
dyes for cloth, leather, and paper; used in printing and color photog-
raphy; and featured in the manufacture of certain pharmaceuticals
and pesticides. Aniline, benzidine, naphthylamine, and o-toluidine
are all members of this group. The first reports of excessive bladder
cancers among workers in the aniline dye industry were published in
1895. (Recall also Wilhelm Hueper’s dogs, described in Chapter Six.)
More than a century later, we now know that anilines and other aro-
matic amines ply their wickedness by forming DNA adducts in the
cells of the tssues lining the bladder, where they arrive as contami-
nants of urine.

We also now know that aromatic amines are gradually detoxified
by the body through a process called acetylation. Like all such
processes, it is carried out by a special group of detoxifying enzymes
whose actions are controlled and modified by a number of genes.
People who are slow acetylators have low levels of these enzymes and
are at greater risk of bladder cancer from exposure to aromatic
amines. Members of this population can be readily identified because
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they bear significantly higher burdens of adducts than fast acetylators
at the same exposure levels. These genetically suspectible individuals
hardly constitute a tiny minority: more than half of Americans and
Europeans are estimated to be slow acetylators.

Very likely, I am one. You may be one, too.

We know a lot about bladder cancer. Bladder carcinogens were
among the earliest human carcinogens ever identified, and one of the
first human oncogenes ever decoded was isolated from some unlucky
fellow’s bladder tumor. More than most malignancies, bladder cancer
has provided researchers with a picture of the sequential genetic
changes that unfold from initiation through promotion to progres-
sion, from precursor lesions to Increasingly more aggressive tumors.

Sadly, all this knowledge about genetic mutations, inherited risk
factors, and enzymatic mechanisms has not translated into an effec-
tive campaign to prevent the disease. The fact remains that the over-
all incidence rate of bladder cancer increased 10 percent between
1973 and 1991. Increases are especially dramatic among African
Americans: among black men, bladder cancer incidence has risen 28
percent since 1973, and among black women, 34 percent.

Somewhat less than half of all bladder cancers among men and
one-third of all cases among women are thought to be attributable to
cigarette smoking, which is the single largest known risk factor for
this disease. As we saw in Chapter Three, the lung cancer rate among
white men in the United States is now falling, reflecting—at long
last—the significant decline in smoking among members of this de-
mographic group. If a parallel decline in bladder cancer incidence
among white men should follow, we would have reason to finger to-
bacco as one possible explanation for the 1973-1991 increase. So far,
it has not, but perhaps bladder cancer simply has a longer lag time
than lung cancer. In the meantime, the question still remains: What
is causing bladder cancer in the rest of us, the majority of bladder can-
cer patients for whom tobacco is not a factor?

[ also possess another bulging file of scientific articles. These
concern the ongoing presence of known and suspected bladder car-
cinogens in rivers, groundwater, dump sites, and indoor air. For ex-
ample, industries reporting to the Toxics Release Inventory disclosed
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environmental releases of the aromatic amine o-toluidine that totaled
14,625 pounds in 1992 alone. Detected also in effluent from refiner-
ies and other manufacturing plants, o-toluidine exists as residues in
the dyes of commercial textiles, which may, according to the Seventh
Annual Report on Carcinogens, expose members of the general public
who are consumers of these goods: “The presence of o-toluidine,
even as a trace contaminant, would be a cause for concern.” A 1996
study investigated a sixfold excess of bladder cancer among workers
exposed years before to o-toluidine and aniline in the rubber chemi-
cals department of a manufacturing plant in upstate New York. Lev-
els of these contaminants are now well within their legal workplace
limits, and yet blood and urine collected from current employees
were found to contain substantial numbers of DNA adducts and de-
tectable levels of o-toluidine and aniline. Another recent investigation
revealed an eightfold excess of bladder cancer among workers em-
ployed in a Connecticut pharmaceuticals plant that manufactured a
variety of aromatic amines. This study was reported as having na-
tional implications because the main suspect, dichlorobenzidine, has
been widely used throughout the United States.

What my various file folders do 7ot contain is a considered eval-
uation of all known and suspected bladder carcinogens—their sources,
their possible interactions with each other, and our various routes
of exposure to them. As we have seen, trihalomethanes—those
unwanted by-products of water chlorination—have been linked to
bladder cancer, as has the dry-cleaning solvent and sometime-
contaminant of drinking-water pipes, tetrachloroethylene. I possess
individual reports on each of these topics. What I do not have is a
comprehensive description of how all these substances behave in
combination. What are the risks of multiple trace exposures? What
happens when we drink trihalomethanes, absorb aromatic amines,
and inhale tetrachloroethylene? Furthermore, what is the ecological
fate of these substances once they are released into the environment?
What happens when dyed cloth, colored paper, and leather goods are
laundered, landfilled, or incinerated? And why—almost a century
after some of them were so identified—do powerful bladder carcino-
gens such as amine dyes continue to be manufactured, imported,
used, and released into the environment in the first place? However
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improved the record of effort to regulate them, why have safer sub-
stitutes not replaced them all? These questions remain, to my knowl-
edge, largely unaddressed by the cancer research community.

[

Several obstacles, I believe, prevent us from addressing cancer’s envi-
ronmental roots. An obsession with genes and heredity is one.

Cancer research currently directs considerable attention to the
study of inherited cancers. Most immediately, this approach facilitates
the development of genetic testing, which attempts to predict an in-
dividual’s risk of succumbing to cancer, based on the presence or ab-
sence of certain genetic alterations. These efforts may also reveal
which genes are common targets of acquired mutation in the general
population. (Hereditary mutations are present at the time of concep-
tion, and they are carried in the DNA of all body cells; acquired mu-
tations, which accumulate over an individual’s lifetime, are passed
only to the direct descendents of the cells in which they arise.)

Hereditary cancers, however, are the rare exception. Collec-
tively, fewer than 10 percent of all malignancies are thought to in-
volve inherited mutations. Between 1 and § percent of colon cancers,
for example, are of the hereditary variety, and only about 15 percent
exhibit any sort of familial component. The remaining 85 percent of
colon cancers are officially classified as “sporadic,” which, confesses
one prominent researcher, “is a fancy medical term for ‘we don’t
know what the hell causes it.”” Breast cancer also shows little connec-
tion to heredity (probably between § and 10 percent). Finding “can-
cer genes” is not going to prevent the vast majority of cancers that
develop.

Moreover, even when rare, inherited mutations play a role in the
development of a particular cancer, environmental influences are
inescapably involved as well. Genetic risks are not exclusive of envi-
ronmental risks. Indeed, the direct consequence of some of these
damaging mutations is that people become even more sensitive to en-
vironmental carcinogens. In the case of hereditary colon cancer, for
example, what is passed down the generations is a faulty DNA repair
gene. Its human heirs are thereby rendered less capable of coping
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with environmental assaults on their genes or repairing the sponta-
neous mistakes that occur during normal cell division. These individ-
uals thus become more likely to accumulate the series of acquired
mutations needed for the formation of a colon tumor.

Cancer incidence rates are not rising because we are suddenly sprout-
ing new cancer genes. Rare, heritable genes that predispose their
hosts to cancer by creating special susceptibilities to the effects of car-
cinogens have undoubtedly been with us for a long time. The ill ef-
fects of some of these genes might well be diminished by lowering the
burden of environmental carcinogens to which we are all exposed. In
aworld free of aromatic amines, for example, being born a slow acety-
lator would be a trivial issue, not a matter of grave consequence. The
inheritance of a defective carcinogen-detoxifying gene would matter
less in a culture that did not tolerate carcinogens in air, food, and
water. By contrast, we cannot change our ancestors. Shining the spot-
light on inheritance focuses us on the one piece of the puzzle we can
do absolutely nothing about.

(S

Risks of lifestyle are also not independent of environmental risks. And
yet public education campaigns about cancer consistently accent the
former and ignore the latter. I collect the colorful pampbhlets on can-
cer that are made available in hospitals, clinics, and waiting rooms.
When I was teaching introductory biology and also spending many
hours in doctors’ offices, I began to compare the descriptions of can-
cer in the tracts displayed in the skinny, silver racks above the maga-
zines with the chapter on cancer provided in my students’ textbook.
Here are some of my findings.

On the topic of how many people get cancer, a pink and blue
brochure published by the U.S. Department of Health and Human

Services offers the following:

Good News: Everyone does not get cancer. 2 out of 3 Ameri-
cans never will get it.

Whereas, according to Human Genetics: A Modern Syntbhesis:
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One of three Americans will develop some form of cancer in
his or her lifetime, and one in five will die from it.

(Since these materials were published, the proportion of Americans
contracting cancer has risen from 30 to 40 percent.)

On the topic of what causes cancer, the brochure states:

In the past few years, scientists have identified many causes of
cancer. "Today it is known that about 80% of cancer cases are
tied to the way people live their lives.

Whereas the textbook contends:

As much as 90 percent of all forms of cancer is attributable to
specific environmental factors.

In regard to prevention, the brochure emphasizes individual choice
and responsibility:

You can control many of the factors that cause cancer. This
means you can help protect yourself from the possibility of get-
ting cancer. You can decide how you’re going to live your life—
which habits you will keep and which ones you will change.

The genetics book presents a somewhat different vision:

Because exposure to these environmental factors can, in princi-
ple, be controlled, most cancers could be prevented. . . .
Reducing or eliminating exposures to environmental carcino-
gens would dramatically reduce the prevalence of cancer in the
United States.

The textbook goes on to identify some of these carcinogens, the
routes of exposure, and the types of cancer that result. In contrast, the
brochure emphasizes the importance of personal habits, such as sun-
bathing, that raise one’ risk of contracting cancer. Thus, in my stu-
dents’ textbook, vinyl chloride is identifed as a carcinogen to which
PVC manufacturers are exposed, whereas in the brochure, occupa-
tions that involve working with certain chemicals are called a risk fac-
tor. The textbook declares that “radiation is a carcinogen.” The
brochure advises us to “avoid unnecessary X-rays.” Both emphasize
the role of diet and tobacco.
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In its ardent focus on lifestyle, the Good News brochure is typ-
ical of the educational pamphlets in my collection. By emphasizing
personal habits rather than carcinogens, they frame the cause of the
disease as a problem of behavior rather than as a problem of exposure to
disease-causing agents. At its best, this perspective can offer us prac-
tical guidance and the reassurance that there are actions we as indi-
viduals can take to protect ourselves. (Not smoking, rightfully so, tops
this list.) At its worst, the lifestyle approach to cancer is dismissive of
hazards that lie beyond personal choice. A narrow focus on lifestyle—
like a narrow focus on genetic mechanisms—obscures cancer’s envi-
ronmental roots. It presumes that the ongoing contamination of our
air, food, and water is an immutable fact of the human condition to
which we must accommodate ourselves. When we are urged to
“avoid carcinogens in the environment and workplace,” this advice
begs the question. Why must there be known carcinogens in our en-
vironment and at our job sites?

The experience of the anthropologist Martha Balshem is reveal-
ing here. In the late 1980s, Balshem served as a health educator in an
industrial, working-class community near Philadelphia where cancer
rates were discovered to be unsually high. In response, the cancer
control program of which she was part launched a public outreach
campaign urging residents to adopt healthier lifestyles. The residents
themselves suspected environmental causes and reported to the edu-
cational team that many neighborhood dogs were also afflicted with
cancer: Did their pets have faulty personal habits as well? In her book
Cancer in the Community Balshem recalls;

As representatives of the cancer center, we sought to deflect
this concern and stressed lifestyle changes to reduce cancer
risk. Privately, we acknowledged our own feelings or suspicions
that the profound pollution we observed in the community was
somehow linked to the high cancer rates. We said to each other
that this did not present us with a moral dilemma, because in
any case, people were well advised to quit smoking, improve
their diets, and get regular cancer tests.

In the end, Balshem came to believe the lesson she was transmit-
ting—*“accept authority and accept blame”—was the wrong one.
Cancer is certainly not the first disease to inspire this kind of
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message. In 1832, at the height of an epidemic, the New York City
medical council announced that cholera’s usual victims were those
who were imprudent, intemperate, or prone to injury by the con-
sumption of improper medicines. Lists of cholera prevention tips
were posted publicly. Their advice ranged from avoiding drafts and
crude vegetables to abstaining from alcohol. Maintaining “regular
habits” was also said to be protective. Decades later, improvements
in public sanitation (as mentioned in Chapter Eight) would bring
cholera under control, and the pathogen responsible for the disease
would finally be isolated by the bacteriologist Robert Koch in 1883.
Of course, the behavioral changes urged by the 1832 handbills were
not all without merit: uncooked produce, as it turned out, was an im-
portant route of exposure, but it was a fecal-borne bacteria—and not
a salad-eating lifestyle—that was the cause.

The orthodoxy of lifestyle today finds its full expression in the public
educational literature on breast cancer. In scores of cheerful pam-
phlets, women are exhorted to exercise, lower the fat in their diets,
perform breast self-examinations, ponder their family history, and re-
ceive regular mammograms. “Delayed childbirth” (after age twenty)
is frequently mentioned as a risk factor. (I have never seen “prompt
childbirth” in the accompanying list of cancer prevention tips—un-
doubtedly because such advice would be tantamount to advocating
teenage pregnancy.)

All by itself, a lifestyle approach to preventing breast cancer is
inadequate. First, the majority of breast cancers cannot be explained
by lifestyle factors, including reproductive history. We need to look
elsewhere for the causes of these cancers. Second, mammography and
breast self-examinations are tools of cancer detection, not acts of
prevention. The popular refrain “Early detection is your best preven-
tion!” is a non sequitur: Detecting cancer, no matter how early,
negates the possibility of preventing cancer. At best, early detection
may make cancer less fatal, allowing us, as the epidemiologist Robert
Millikan puts it, “to live in a toxic soup without breasts or prostates,
et cetera.”

Finally, the adage that high-fat Western diets are the cause of
breast cancer has not yet been supported by data. Dietary fat has long
been a centerpiece of study in the investigation of breast cancer risk.




264 Jiving downstream

And yet, several long-term, heavily funded studies have indicated that
dietary fat is unlikely to play a major role by itself. Rather than con-
tinuing to focus singlemindedly on the absolute quantity of fat con-
sumed, several researchers have called for a more refined, ecological
approach to diet. Two obvious starting points would be to assess the
link between breast cancer and diets high in animal fat and to launch
a definitive investigation into the extent to which various kinds of fats
are contaminated by carcinogens. We already know with certainty
that animal-based foods are our main route of exposure to organo-
chlorine pesticides and dioxins. It’s time to look at the whole picture.

Even reproductive choices have environmental implications.
Breasts, for example, do not complete their development until the last
months of a woman’ first full-term pregnancy. During this time, the
latticework of mammary ducts and lobules differentiate into fully
functioning secretory cells. This process of specialization perma-
nently slows the rate of mitosis, dampens the response to growth-
promoting estrogens, and renders DNA less vulnerable to damage.
According to the leading hypothesis, a full-term pregnancy early in
life protects against breast cancer precisely because it reduces a
woman’s vulnerability to carcinogens and other cancer promoters,
such as estrogens.

One of the principle proponents of this hypothesis, the Harvard
epidemiologist Nancy Krieger, has urged its further testing. She has
also urged a redirection of breast cancer research toward environ-
mental questions. Investigators have repeatedly confirmed that re-
productive history contributes to breast cancer risk. We need to know
now, Krieger argues, whether women with similiar reproductive his-
tories but divergent exposure to carcinogens have marked differences
in breast cancer incidence. This need is made urgent by the results of
animal studies showing that exposure to certain organochlorines has-
tens the onset of puberty. As we have noted, early first menstrua-
tion—along with late parenthood—is considered a risk factor for
breast cancer in women.

Within the scientific community, grand arguments have ensued from
the attempt to classify and quantify cancer deaths due to specific
causes. Traditionally, the final result of this task takes the visual form
of a great cancer pie sliced to depict the relative importance of differ-
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ent risk factors. “Smoking” is always a big wedge, monopolizing
about 30 percent of the circle. “Diet” is also a sizable helping. De-
pending on who’s doing the apportioning, an array of other lifestyle
factors—“alcohol,” “reproductive and sexual behavior,” and “seden-
tary way of life”—divvy up the remainder, along with “occupation”
and “pollution.”

The quarreling begins immediately. How do we account for ma-
lignancies, such as certain liver cancers, to which both drinking and
job hazards contribute? Or lung and bladder cancers where both job
hazards and smoking conspire? Should the effects of pesticides be tal-
lied under “pollution” or under “diet”> What about pollution’s indi-
rect effects—such as hormonal disruption, inhibition of apoptosis
(cell death), and immune system suppression—that act to augment
the dangers of risk factors across the board? What about formalde-
hyde, which seems to bind with DNA in such a way that it prevents
repair of damage induced by ionizing radiation, possibly raising the
cancer risk from medical X-rays?

Interactions between risk factors aside, how can the environ-
ment’s death toll be calculated at all when the vast majority of indus-
trial chemicals in commerce have never been tested for their ability to
cause cancer?

The futility of what the cancer historian Robert Proctor calls
“the percentages game” has not deterred public health agencies from
using this kind of simplistic accounting to formulate cancer control
policies and educational programs. Lifestyle is the bull’s-eye of cancer
prevention efforts, while targeting of environmental factors, per-
ceived as a small contribution to the cancer problem, is seen as ineffi-
cient. Moreover—the rationale continues—not enough is known
about environmental risks to make specific recommendations. (In-
complete and inconsistent evidence about the role of dietary fat in
contributing to breast cancer is, on the other hand, not an obstacle to
advising women to change their diets.)

In my own home state; a recent county-by-county cancer report
reproduced an old cancer pie chart, published originally in 1981, that
relegated environmental factors to a single, tiny slice and depicted to-
bacco and diet as major risk factors. The report concluded, “Many
persons could reduce their chances of developing or dying from can-
cer by adopting healthier lifestyles and by visiting their physicians
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regularly for cancer-related checkups.” The fact that Illinois is a lead-
ing producer of hazardous waste, a heavy user of pesticides, and home
to an above-average number of Superfund sites is neither mentioned
nor considered. No attempt is made in this report to correlate cancer
statistics with Toxics Release Inventory data. No attempt is made in
this report to determine whether cancer might follow industrial river
valleys, rise in areas of high pesticide use, or cluster around contami-
nated wells.

Lifestyle and the environment are not independent categories that can
be untwisted from each other: to talk about one is to talk about the
other. A discussion about dietary habits is necessarily also a discussion
about the food chain. To converse about childbirth and breast cancer
is also to converse about changing susceptibility to carcinogens in the
breast. And to advise those of us at risk for bladder cancer to “void
frequently” is to acknowledge the presence of carcinogens in the flu-
ids passing through our bodies.

[

During the last year of her life, Rachel Carson discussed before a U.S.
Senate subcommittee her emerging ideas about the relationship be-
tween environmental contamination and human rights. The prob-
lems addressed in Silent Spring, she asserted, were merely one piece of
a larger story—namely, the threat to human health created by reck-
less pollution of the living world. Abetting this hidden menace was a
failure to inform common citizens about the senseless and frightening
dangers they were being asked, without their consent, to endure. In
Silent Spring, Carson had predicted that full knowledge of this situa-
tion would lead us to reject the counsel of those who claim there is
simply no choice but to go on filling the world with poisons. Now she
urged recognition of an individual’ right to know about poisons in-
troduced into one’s environment by others and the right to protection
against them. These ideas are Carson’s final legacy.

The process of exploration that results from asserting our right
to know about carcinogens in our environment is a different journey
for every person who undertakes it. For all of us, however, I believe it
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necessarily entails a three-part inquiry. Like the Dickens character
Ebenezer Scrooge, we must first look back into our past, then reassess
our present situation, and finally summon the courage to imagine an
alternative future.

We begin retrospectively for two reasons. First, we carry in our
bodies many carcinogens that are no longer produced and used do-
mesticially but which linger in the environment and in human tissue.
Appreciating how, even today, we remain in contact with banned
chemicals such as PCBs and DDT requires a historical understand-
ing. Second, because cancer is a multicausal disease that unfolds over
a period of decades, exposures during young adulthood, adolescence,
childhood—and even prior to birth—are relevant to our present can-
cer risks. We need to find out what pesticides were sprayed in our
neighborhoods and what sorts of household chemicals were stored
under our parents’ kitchen sink. Reminiscing with neighbors, family
members, and elders in the community where one grew up can be an
eye-opening first step.

This part of the journey is, in essence, a search for our ecologi-
cal roots. Just as awareness of our genealogical roots offers us a sense
of heritage and cultural identity, our ecological roots provide a par-
ticular appreciation of who we are biologically. It means asking ques-
tions about the physical environment we have grown up within and
whose molecules are woven together with the strands of DNA inher-
ited from our genetic ancestors. After all, except for the original blue-
print of our chromosomes, all the material that is us—from bone to
blood to breast tissue—has come to us from the environment.

Going in search of our ecological roots has both intimate and
far-flung dimensions. It means learning about the sources of our
drinking water (past and present), about the prevailing winds that
blow through our communities, and about the agricultural system
that provides us food. It involves visiting grainfields, as well as cattle
lots, orchards, pastures, and dairy farms. It demands curiosity about
how our apartment buildings are exterminated, clothing cleaned, and
golf courses maintained. It means asserting our right to know about
any and all toxic ingredients in products such as household cleaners,
paints, and cosmetics. It requires a determination to find out where
the underground storage tanks are located, how the land was used be-




268 living downstream

fore the subdivision was built over it, what is being sprayed along the
roadsides and rights-of-way, and what exactly goes on behind that
barbed-wire fence at the end of the street.

Acquiring a copy of the Toxics Release Inventory for one’s home
county, as well as a list of local hazardous waste sites, is a simple place
to begin (see the Afterword that follows). Such information is not
available for the years prior to 1987 and so tells us less about our for-
mative years than it does about the present decade. Nevertheless,
these documents often contain clues to the past as well: the toxic
chemicals loitering around an abandoned Superfund site, for exam-
ple, can reveal what kinds of activities occurred there decades earlier.

In full possession of our ecological roots, we can begin to survey our
present situation. This requires a human rights approach. Such an ap-
proach recognizes that the current system of regulating the use, re-
lease, and disposal of known and suspected carcinogens—rather than
preventing their generation in the first place—is intolerable. So is the
decision to allow untested chemicals free access to our bodies, until

_which time they are finally assessed for carcinogenic properties. Both
practices show reckless disregard for human life.

A human rights approach would also recognize that we do not
all bear equal risks when carcinogens are allowed to circulate within
our environment. Workers who manufacture carcinogens are ex-
posed to higher levels, as are those who live near the chemical grave-
yards that serve as their final resting place. Moreover, people are not
uniformly vulnerable to effects of environmental carcinogens. Indi-
viduals with genetic predispositions, infants whose detoxifying mech-
anisms are not yet fully developed, and those with significant prior
exposures may all be affected more profoundly. Cancer may be a lot-
tery, but we do not each of us hold equal chances of “winning.” When
carcinogens are deliberately or accidentally introduced into the envi-
ronment, some number of vulnerable persons are consigned to death.
The impossibility of tabulating an exact body count does not alter this
fact. A human rights approach to cancer strives, nonetheless, to make
these deaths visible.

Suppose we assume for a moment that the most conservative es-
timate concerning the proportion of cancer deaths due to environ-
mental causes is absolutely accurate. This estimate, put forth by those
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who dismiss environmental carcinogens as negligible, is 2 percent.
Though others have placed this number far higher, let’s assume for
the sake of argument that this lowest value is absolutely correct. Two
percent means that 10,940 people in the United States die each year
from environmentally caused cancers. This is more than the number
of women who die each year from hereditary breast cancer—an issue
that has launched multi-million-dollar research initiatives. This is
more than the number of children and teenagers killed each year by
firearms—an issue that is considered a matter of national shame. It is
more than three times the number of nonsmokers estimated to die
each year of lung cancer caused by exposure to secondhand smoke—
a problem so serious it warranted sweeping changes in laws govern-
ing air quality in public spaces. It is the annual equivalent of wiping
out a small city. It is thirty funerals every day.

None of these 10,940 Americans will die quick, painless deaths.
They will be amputated, irradiated, and dosed with chemotherapy.
They will expire privately in hospitals and hospices and be buried qui-
etly. Photographs of their bodies will not appear in newspapers. We
will not know who most of them are. Their anonymity, however, does
not moderate this violence. These deaths are a form of homicide.

A human rights approach to cancer would also speak out against other
deprivations besides gross loss of life. The dispossession of Chat-
tanooga Creek is one example. In 1993, the U.S. Agency for Toxic
Substances and Disease Registry dispatched a group of representa-
tives to Chattanooga, Tennessee, expressly to teach schoolchildren to
stay away from the local creek, which happens to be surrounded by no
less than forty-two hazardous waste sites. In the agency’s words:
“Iraining workshops highlighted the dangers of fishing, swimming,
and playing in the creek and of eating fish from the creek. . . . Chil-
dren were encouraged to take the information home and share it with
their parents.”

No one can quantify what the loss of a creek means to a child in
"Tennessee or measure the grief of parents who must forbid their son
or daughter from exploring along its banks. But I think we can say
with assurance that the transformation of a popular swimming hole
into a cancer hazard and child’s play into a cancer risk factor is a ter-
rible diminishment of our humanity. And we can say that the agency’s




270 /iving downstream

gesture of educational responsibility is indicative of a vast national #-

responsibility.

According to the most recent tally, forty possible carcinogens appear
in drinking water, sixty are released by industry into ambient air, and
sixty-six are routinely sprayed on food crops as pesticides. Whatever
our past exposures, this is our current situation.

After having carefully appraised the risks and losses that we have
endured by tolerating it, we can begin to imagine a future in which
our right to an environment free of such substances is respected. It is
unlikely that we will ever rid our environment of all chemical car-
cinogens. However, as Rachel Carson herself observed, the elimina-
tion of a great number of them would reduce the carcinogenic burden
we all bear and thus would prevent considerable suffering and loss of
human life. Three key principles can assist us in this effort.

One is the idea that public and private interests should act to
prevent harm before it occurs. This is known as the precautionary prin-
ciple, and it dictates that indication of harm, rather than proof of
harm, should be the trigger for action—especially if delay may cause
irreparable damage. Central to the precautionary principle is the
recognition that we have an obligation to protect human life. Our
current methods of regulation, by contrast, appear governed by what
some frustrated policymakers have called the dead body approach: wait
until damage is proven before action is taken. It is a system tanta-
mount to running an uncontrolled experiment using human subjects.

Closely related to the precautionary principle is the principle of
reverse onus. According to this edict, it is safety, rather than harm, that
should necessitate demonstration. This reversal essentially shifts the
burden of proof off the shoulders of the public and onto those who
produce, import, or use the substance in question. The principle of
reverse onus requires that those who seek to introduce chemicals into
our environment first show that what they propose to do is almost
certainly 70t going to hurt anyone. This is already the standard we
uphold for pharmaceuticals, and yet for most industrial chemicals, no
firm requirement for advance demonstration of safety exists. But
chemicals are not citizens. They should not be presumed innocent
unless proven guilty, especially when a verdict of guilt requires some
of us to sicken and die in order to demonstrate the necessary evidence.
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Finally, all activities with potential public health consequences
should be guided by the principle of the least toxic alternative, which pre-
sumes that toxic substances will not be used as long as there is another
way of accomplishing the task. This means choosing the least harm-
ful way of solving problems—whether it be ridding fields of weeds,
school cafeterias of cockroaches, dogs of fleas, woolens of stains, or
drinking water of pathogens. Biologist Mary O’Brien advocates a sys-
tem of alternatives assessment in which facilities regularly evaluate
the availability of alternatives to the use and release of toxic chemi-
cals. Any departure from zero should be preceded by a finding of ne-
cessity. These efforts, in turn, should be coordinated with active
attempts to develop and make available affordable, nontoxic alterna-
tives for currently toxic processes and with systems of support for
those making the transition—whether farmer, corner dry-cleaner,
hospital, or machine shop. Receiving the highest priority for trans-
formation should be all processes that generate dioxin or require the
use or release of any known human carcinogen such as benzene and
vinyl chloride.

The principle of the least toxic alternative would move us away
from protracted, unwinnable debates over how to quantify the cancer
risks from each individual carcinogen released into the environment
and where to set legal maximum limits for their presence in air, food,
water, workplace, and consumer goods. As O’Brien observed, “Our
society proceeds on the assumption that toxic substances will be used
and the only question is how much. Under the current system, toxic
chemicals are used, discharged, incinerated, and buried without ever
requiring a finding that these activities are necessary.” The principle
of the least toxic alternative looks toward the day when the availabil-
ity of safer choices makes the deliberate and routine release of chem-
ical carcinogens into the environment as unthinkable as the practice
of slavery.

S

Sitting at my desk in my Boston apartment, I am skimming through a
journal article about hormone disruption in young female rats. The
study is unusual because the animals were exposed not to a single
chemical but to a real-life, low-level mixture of substances derived
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from the dust, soil, and air from a dioxin-contaminated landfill site.
After only two days, the test animals exhibited abnormal changes in
their livers, reproductive organs, and thyroid glands. Even rats ex-
posed only to air from the landfill experienced significant changes in
their development. These results indicate, the authors concluded,
that current methods used for calculating health risks from chemical
mixtures may “underestimate certain biological effects.”

Flipping back to the beginning of the report, my eye catches on
a familiar word: I//inois. The contaminated dust, soil, and air mixtures
used in this study were collected from an old, inoperative landfill in
Hlinois.

Dust. Soil. Air. The year after my cancer diagnosis, I signed up for a
field ecology class and learned to identify plant species in the rarest of
rare Illinois habitats: the black soil prairie. Its remnants are almost
completely confined to a few old pioneer gravesites. Hunkered down
between headstones, I cupped the unfamiliar plants in my hands and
tried to will into existence thousands of acres of these grasses and
herbs, the sound of animals running, wildfires, birdsong.

As I became ever more enchanted with the Illinois prairie, I
found that I was, nevertheless, unable to banish from my heart its re-
maining enemies—the nonnative invading species. Queen Anne’s
lace, ox-eye daisy, chicory, foxtail, goat’s beard, teasel: all European
immigrants, these are the familiar weeds of roadsides and fallow
fields. My mother taught me the names of most of them. I am espe-
cially fond of teasel. It represents a special threat to prairie plants
because mourners brought bouquets of it into the old prairie ceme-
teries, where it set seed and spread. In the winter, its stiff wands stand
in the snow like pinecones on the ends of antennas. I keep a few stalks
near my desk to remind me of home. I keep a scientific monograph of
prairie plants on the shelf for the same reason.

After finishing the article on the health hazards of trace chemi-
cal mixtures, I look at the brown, spiny flowers and then out the win-
dow at the city I live in. Dust. Soil. Air. What I see are the contours
of home.

USEFUL

Australia

Friends of the Earth

Box 222

Fitzroy 3065

Victoria

Australia

email: foefitzroy@peg.apc.org
tel: 61 3 9419 8700

Canada

Friends of the Earth/Les Amis de la Terre
Suite 306

47 Clarence Street

Ottawa

Ontario KIN 9K1

email: foe@intranet.ca

tel: 1 613 241 0085
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England, Wales and Novthern Ireland

Friends of the Earth
26~28 Underwood Street
London

N1 7JQ

email: info@foe.co.uk
tel: 44 171 490 1555

Greenpeace UK

Canonbury Villas

London

N1 2PN

email: info@uk.greenpeace.org
tel: 44 171 865 8100

The Women’s Environmental Network
87 Worship Street

London

EC2 2BE

email: wentrust@hotnail.com

tel: 44 171 247 3327

Ireland

Earthwatch

20 Grove Road
Rathmines

Dublin 6

email: foeeire@iol.ie
tel: 3534973773

New Zealand

Environment and Conservation Organisations of New Zealand

PO Box 11057

126 Vivian Street
Wellington
Aotearca/New Zealand

Scotland

Friends of the Earth
Bonnington Mill

72 Newhaven Road
Edinburgh

EH6 5QG

email: foescotland@gn.apc.org
tel: 44 131 554 9977

wseful addresses
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JTEH Journal of Toxicology and Environmental Health
MDPH Massachusetts Department of Public Health
NCI National Cancer Institute

NE7M New England Fournal of Medicine

NIH National Institutes of Health

NIOSH National Institute for Occupational Safety and Health
NRC National Research Council

NRDC National Resources Defense Council

OSHA Occupational Safety and Health Administration
PDT Pekin Daily Times

P7S Peoria Journal Star

SS7R Springfield State Fournal Register

USDA U.S. Department of Agriculture

USDHHS  U.S. Department of Health and Human Services
WHO World Health Organization

Note: Organized by page number, the citations provided below represent the pri-
mary sources I consulted and are not intended to serve as g comprehensive
review of the scientificliterature. Some of the articles, monographs, and texts
cited here are difficult to obtain, and some are highly technical in nature.
Whenever I was aware of them, I also provided references to articles appear-
ing in popular publications (Science News and the New York Times, for exam-
ple) that can be found in most public libraries and that, T hope, may be more
accessible to lay readers.

PROLOGUE

1-2 research in east Africa: J. Clay, S. Steingraber, and P, Nigghi, The Spoils of
Famine (Cambridge, MA: Cultural Survival Press, 1988)

3—4 Seascale: V. Beral et al. (eds.), Childbood Cancer and Nuclear Installations
(London: BMJ Publishing Group, 1993); M. J. Gardner, “Childhood
Leukaemia around the Sellafield Nuclear Plant,” in P. Elliot, et al. (eds)),
Geographical and Environmental Epidemiology: Methods for Small-Area Studies
(Oxford, England: Oxford University Press, 1992), pp. 291-309.

4 New York Times:J. H. Cushman, “U.S. Reshaping Cancer Strategy As Incidence
in Children Rises,” New York Times, 29 Sept. 1997, pp. A-1, A-14.

4 British cancer registry: A. J. Swerdlow, “Cancer Incidence Data for Adults,” in
Elliot et al.

4 trends in British cancer mortality: D. L. Davis and D. Hoel (eds.), Trends in
Cancer Mortality in Industrialized Countries (New York: New York Academy
of Sciences, 1990), pp- 9, 195, 206.

5 Britain has led the way in mapping disease clusters: see Elliot, et al.

5 Knox study: E. G. Knox and E. A. Gilman, “Hazard Proximities of Childhood
Cancers in Great Britain from 195 3-80,” Fowrnal of Epidensiology and
Community Health 51 (1997): 151-59.

5 Woburn cancer cluster: The film is based on the best-selling book, J. Harr, A
Civil Action (New York: Random House, 1996).

5 new epidemiological study: Bureau of Environmental Health Assessment,
Woburn  Childhood Leukemia Follyw- Up Study (Boston: Massachusetts
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Department of Public Health, May 1996).

6 shortcomings of British CRI: Mary Taylor, “Insisting on our Right to Know:
Stories from Europe,” presentation to TRI Data Use Conference, Wash-
ington, D.C., 8-10 September 1997; Friends of the Earth UK, “Toxics in
Your Backyard: Your Right to Know about Industrial Pollution—a Case
Study at Avonmouth,” March 1997.

6 pesticide regulation in the UK: Peter Beaumont, Pesticides, Policies and Peaple
(London: Pesticides Trust, 1993).

6-7 Esthwaite Waters: G. Sanders, et al., “Historical Inputs of Polychlorinated
Biphenyls and Other Organochlorines to a Dated Lacustrine Sediment
Core in Rural England,” Environmental Science and Technology 26 (1992):
1815-21.

7 dioxin releases in the UK: UK Environment Agency, “Dioxin Releases to
Land, 1993,” Environment Agency. A Review of Dioxin Releases to Land and
Water in the UK (Bristol: Environment Agency, 1997).

7 Leeds University statement: “Population Health Looking Upstream,” (edito-
rial), Lancer 343 (1994): 429-30.

ONE traceamounts

2 Mahomet River: J. P. Kempton and A. P. Visocky, Regional Groundwater
Resources in Western McLean and Eastern Tuzewell Counties with an Fmphasis
on the Mahomet Bedrock Valley, Cooperative Groundwater Report 13
(Champaign: ISGWS, 1992); J. P. Kempton et al., “Mahomet Bedrock
Valley in East-Central Illinois: Topography, Glacial Drift Stratigraphy, and
Hydrogeology,” in N. Melhorn and J. P. Kempton (eds.), Geology and
Hydrology of the Teays-Mahomet Bedrock Valley System, Special Report 258
(Boulder, Colo.: Geological Society of America, 1991); J. P. Gibb et al.,
Groundwater Conditions and River-Aquifer Relationships along the Ilinois
Waterway (Champaign: ISWS, 1979); M. M. Killey, “Do You Live above
an Underground River?” Geogram 6 (Urbana: ISGS, 1975).

2-3 the ancestral Mississippi River valley: M. A. Marino and R. J. Schicht,
Groundwater Levels and Pumpage in the Peovia-Pekin Area, Llinois,
1890-1966 (Champaign: ISWS, 1969), 3; S. L. Burch and D. ]. Kelly,
Peoria-Pekin Regional Groundwater Quality Assessment, Research Report 124
(Champaign: ISWS, 1993), 6.

3 Illinois farm statistics: IFB, Farm: and Food Facts (Bloomington, Ill.: TFB, 1994).

3 the disappearance of the Illinois prairie: IDENR, The Changing Illinois Environ-
ment: Critical Trends, summary report and vol. 3, ILENR/RE-EA-94/05
(Springfield, IlL.: IDENR, 1994); S. L. Post, “Surveying the Illinois Prairie,”
The Nature of Ilinois (winter 1993): 1-8; R. C. Anderson, “Illinois Prairies: A
Historical Perspective,” in L. M. Page and M. R. Jeffords (eds.), Our Living
Heritage: The Biological Resources of lllinois (Champaign: INHS, 1991).

5 current pesticide application in Illinois: L. P. Gianessi and J. E. Anderson,
Pesticide Use in lllinois Crop Production (Washington, D.C.: National Center
for Food and Agricultural Policy, 1995), table B-2. Fifty-four million
represents pounds of active ingredient. This figure is an extrapolation
derived from small-scale surveys. Other than California and New York, both
of which maintain state pesticide registries, no state or federal agency keeps
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track of pesticide use (unless the pesticide is classified as restricted). In
Illinois, recards are keptonly on the number of acres sprayed, not amounts
sprayed per acre. Moreover, Mmany newer pesticides are more potent at low
n:m_mm-qnm, Decreases in pounds or ounces sprayed per acre do not necessaril y
indicate decreases in pesticide reliance or toxici ty. See IDENR, Changing
Hllinois, summary report, 81. .

5 vnann_wﬁmmﬂmm corn treated with pesticides in 1950: IDENR, Changing Hlinois,
vol. 3., 78.

5 percentage of corn treated in 1993: IASS, 4 gricultural Fevtilizer and Chemical
Use: Corn—1993 (Springfield, IlL: IDA. 1994),

5 pesticide drift: C. M. Benbrook et al. » Pest Management at the Crossroads (Yonkers
N.Y:: Consumers Union, 1996); C. A. Edwards, “The Impact of Pesticide.
onthe Environment,” in D, Pimentel etal. (eds v The Pesticide Question: Envi-
romment, Economics, and Ethics (New York: Routledge, 1993), 13-46; D. E.

- Glodelty etal,, “Pesticides in Fog,” Nuture 325 (1987): 6025,

5 pesticides in Illinois surface streams: A. G. Taylor and S. Cook, “Water Quality
Update: The Results of Pesricide Monitoring in Illinois’ Streams and Public
Water Supplies” (paper presented at the 1995 Illinois Agricultural Pesticides
Conference, Univ, of Illinois, Urbana, 4-5 Jan, Ecmv.r

5 pesticidesin Illinois groundwater: A, G. T2 aylor, “The Effects of Agricultural Use
on S”_nnnq Qualityin Illinois” (paper presented at the 1993 American Chem-
ical Society Agrochemicals Division Symposium, “Pesticide Management
for the Protection of Ground and Surface Warer Resources,” Chicago, I11.,
25-26 Aug. 1993); 8. C. Schock et al., Pilor Study: Agricultural Chemicals in
Rural, Private Wells in Ulinois, Cooperative Groundwater Report 14 (Cham-

i paign: ISGWS, 1992),

3 atrazine’s link to cancer EPA, The Triazine Herbivides: Atrazine, Simazine, and
Cyanazine, Position Document l, Initation of Special Review, OPP-
30000-60-4919-5 (Washington, D.C.: Office of Pesticide Programs,
hccﬁu A. Pinter et al, “Long-term Carcinogenicity Bioassay of the
Herbicide Atrazine in F344 Rats," Neoplasima 37 (1990): 53 3—44: A. Donna
et al., “Triazine Herbicides and Ovarian Epithelial Neoplasms,” Seandi-
navian Journal of Work Environment and Health 15 (1989): 47-53; A. Donna
et al., “Ovarian Mesothelial Tumors and Herbicides: A Case-Control
Study,” Carcinogenesis 5 (1984): 941-42.

5-6 hazardous waste in [llinois: C. W. Forrest and R, Olshansky, Groundwater
Protection by Local Government (Champaign: IDENR and TEPA, 1993); W.
:,. Allen, “Hazardous Waste: Past, Present, Future,” The Nuture af Wlinois
Tq__.#n_. 1992): 13-16, Updarted estimates were obtained from the JEPA%

i Office of Chemical Safety in Jan, 1997,

=0 number of waste sites in [llinois: [DEN R, Changing Hlinois, summary report,
29,68; R. D. Browerand A. P Visocky, Evaluation of ﬁ__.xm_.._.w..ﬁ‘a..z.s_,?&n_.‘.ﬁ._zu
of Industrial Waste in Hlinors, Joint Report 2 Aﬂ_um_jw_.mmmu" Mlinois Scientific
mﬁ?oﬁ. 1989). Updated estimates were obtained from the IEPAs Offce
of Chemical Safety in Jan. 1997, .

3-6 import and export of hazardous waste: IEPA, Summary of Annual Reports on
___.QN%.%E. Waste in Hiinois, 1991 and 1992 Q%..E.a:.nr, .ﬁ.ma?x%x. Storage,
Disposal, and Recovery (Springfield, Ill.: IEPA, 1994), v; TEPA, Hlinois Non-
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hazardous Special Waste Annual Report for 1991 (Springfield, IIL.: IEPA, 1993).
Updated estimates were obtained from the IEPA’s Office of Chemical Safety
in Jan. 1997,

6 legal releases of toxic chemicals: IEPA, Sixth Annual Toxic Chemical Report,
TEPA/ENV/94-151 (Springfield, Il1.: TEPA, 1994), v.

6 metal degreasers and dry-cleaning fluids: IDPH, Chlorinated Solvents in Drinking
Water (Springfield, Ill.: IDPH, Division of Environmental Health, n.d.).

6 quote from a recent state assessment: IDENR, Changing Illinois, summary
report, 6.

6 universal detections of DDT and PCBs in human tissues: R. R. M. Sharpe,
“Another DDT Connection,” Nature 375 (1995): 538-39; W. J. Rogan et
al., “Polychlorinated Biphenyls (PCBs) and Dichlorodiphenyl Dichlor-
oethene (DDE) in Human Milk: Effects on Growth, Morbidity, and
Duration of Lactation,” A7PH 77 (1987): 1294-97.

6 DDT can remain in soil for several decades: J. B. Diamond and R. B. Owen,
“Long-Term Residue of DDT Compounds in Forest Soils in Maine,”
Envivonmental Pollution 92 (1996): 227-30.

6-7 archival film clips appear in “Rachel Carson's Silent Spring,” documentary film
by Peace River Films, aired on PBS, The American Experience, 8 Feb. 1993.

7 old magazine ads for DDT are reprinted in E. P. Russell III, “*Speaking of
Annihilation’: Mobilizing for War against Human and Insect Enemies,
1914-1945.” Journal of American History 82 (1996): 1505-29; and in J.
Curtis et al., After Silent Spring: The Unsolved Problem of Pesticide Use in the
United States (New York: NRDC, 1993), 2.

7 DDT for polio control: T R. Dunlap, DDT Scientists, Citizens and Public Policy
(Princeton, NJ.: Princeton Univ. Press, 1981), 65.

7 DDT in paint: This ad, for Sherwin-Williams, appeared in 1946. See E. C.
Helfrick as told to M. Riddle, “Mass Murder Introduces Sherwin-
Williams’ ‘Pestroy,’” Sales Managenent, 15 Oct. 1946, pp. 60-64. See also
E. P. Russell III, The Nature of War: Pest Control, Chemicul Warfare, and
American Culture, 1914-1962 (in preparation).

7 DDTinblankets: DD'T wasalso incorporated into starch finishes. See T. F. West
and G. W. Campbell, DDT and Newer Persistent Pesticides (New York:
Chemical Puhlishing Co., 1952), 163-74. In addressing the question of
whether the routine use of DDT in textiles could pose threats to human
health, these authors reached the following conclusion: “Extensive inves-
tigations have been carried out and it would appear that DDT is as safe as
many chemicals at present in everyday use, and probably a good deal safer
than many” (173).

7 quotes from fellow baby boomers: Jean Powers of Dover, Mass., and John
Gephart of Ithaca, N.Y.

7 “the harmless aspect of the familiar”; R. Carson, Silent Spring (Boston:
Houghton Mifflin, 1962), 20.

7-8 “Itis not my contention ...”: Ibid., 12.

8 Carson on future generations: Ibid., 13.

8 “killer of killers,” “the atomic bomb of the insect world”: J. Warton. Before
Silent Spring: Pesticides and Public Health in Pre-DDT America (Princeton,
NJ.: Princeton Univ. Press, 1974), 248-55. ‘
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8 failure of DD'T: Carson, Silent Spring, 20-23,58,103,107-9, 112,113, 120-22,
125,143-44,206-7,225,267-73; T.R. Dunlap, DDT: Scientists, Citizens and
Public Policy (Princeton, N.J.: Princeton Univ. Press, 1981), 63-97.

8 DDT in breast milk: E. P. Laug et al., “Occurrence of DD'T in Human Fat and
Milk,” AMA Archives of Industrial Hygiene arid Occupational Medicine 3
(1951): 245-46.

9 EDT’% ongoing presence: USDA, Pesticide Data Program, Annual Summary Cal-
endar Year 1994 (Washington, D.C: USDA, Agricultural Marketing Service,
1994),13;R. G. Harperetal., “Organochlorine Pesticide Contamination in
Neotropical Migrant Passerines,” Archives qf Environmental Contamination
and Toxicology 31 (1996): 386-90; ATSDR, “DDT, DDE, and DDD” (fact
sheet) (Atlanta: ATSDR, 1995): R. G. Lewis et al ., “Evaluation of Methods
for Monitoring the Potential Exposure of Small Children to Pesticidesin the
Residential Environment,” Archives of Environmmental Contamination and Tox-
icology 26 (1996): 37-46; W.H. Smith etal., “Trace Organochlorine Contam-
ination of the Forest Floor of the White Mountain National Forest, New
Hampshire,” Environmental Science and Technology 27 (1993): 2244-46; EPA,
Deposition of Air Pollutants to the Great Lakes: First Report to Congress, EPA-
453/R-93-055 (Washington, D.C.: EPA, 1994).

9 export of DDT and other banned pesticides: In 1992, 600,000 lbs. of DDT
were shipped out of U.S. ports. Some analysts suspect this cargo may
represent a transshipment—cargo imported and then exported again. Poor
labeling of pesticide exports make careful tracking very difficult. J. Raloff,
“The Pesticide Shuffle,” Science News 149 (1996): 174-75; Foundation for
the Advancement of Science and Education, Exporting Risk: Pesticide
Exports from U.S. Ports (Los Angeles: Foundation for the Advancement of
Science and Education, 1996); J. Wargo, Our Children’s Toxic Legacy: How
Science and Law Fail to Protect Us from Pesticides (New Haven, Conn.: Yale
Univ. Press, 1996), 163-64; D. J. Hanson, “Administration Seeks Tighter
Curbs on Exports of Unregistered Pesticides,” Chemical and Engineering
News, 14 Feb. 1994, 16-18; Monica Moore, Pesticide Action Network,
personal communication.

9 uses of lindane: M. Moses, Designer Poisons: How to Protect Your Health and
Home from Toxic Pesticides (San Francisco: Pesticide Education Center,
1995); EPA, Suspended, Cancelled and Restricted Pesticides, 20T-1002 (Wash-
ington, D.C.: EPA, 1990); Curtis, After Silent Spring.

9-10 aldrin and dieldrin: J. B. Barnett and K. E. Rodgers, “Pesticides,” in J. H.
Dean et al. (eds.), Immunatoxicology and Immunopbarmacology, 2nd ed. (New
York: Raven Press, 1994), 191-211; R. Spear, “Recognized and Possible
Exposures to Pesticides,” in W. ]. Hayes and E. R. Laws Jr. (eds.), Handbaok
of Pesticide Toxicolagy, vol. 1. (New York: Academic Press, 1991), 245-46;
EPA, 1990, Suspended; Carsen, Silent Spring, 26.

10 chlordane and heptachlor: Spear, “Possible Exposures,” 245; P. F. Infante et al.,
“Blood Dyscrasias and Childhood Tumors and Exposure to Chlordane and
Heprachlor,” Scandinavian Fournal of Work Environment and Health 4 (1978):
137-50.

10 pesticides in baby food: Dunlap, DDT; 68.

10 women with breast cancer have higher levels of DDE and PCBs in their
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tumors: M. Wasserman, “Organochlorine Compounds in Neoplastic and
Adjacent Apparenty Normal Breast Tissue,” Bulletin of Environmental
Contamination and Toxicology 15 (1976): 478-84.

10-11 the Finnish study: H. Mussalo-Rauhamaa et al., “Occurrence of beta-
Hexachlorocyclohexane in Breast Cancer Patients,” Cancer 66 (1990):
2124-28. Lindane is the gamma isomer of hexachlorocyclohexane.

11 the Connecticut study: F Falck Jr. et al., “Pesticides and Polychlorinated
Biphenyl Residues in Human Breast Lipids and Their Relation to Breast
Cancer,” AEH 47 (1992): 143-46.

11 the New York City study: M. S. Wolff et al., “Blood Levels of Organochlorine
Residues and Risk of Breast Cancer,” 7NCI 85 (1993): 648-52; D. J. Hunter
and K. T. Kelsey, “Pesticide Residues and Breast Cancer: The Harvest of a
Silent Spring?” 7NCI85 (1993): 598-99; M. P. Longnecker and S.J. London,
“Re: Blood Levels of Organochlorine Residues and Risk of Breast Cancer”
(letter and response by M. S. Walff), FNCI 85 (1993): 1696-97.

11 the Québec study: E. Dewailly et al., “High Organochiorine Body Burden in
Women with Estrogen Receptor-Positive Breast Cancer,” INCI 86 (1994):
232-34. Increasing incidence of receptor-positive breast cancer is largely
responsible for the increase in breast cancer rates that occurred between
the mid-1970s and the mid-1980s. See A. G. Glassand and R. N. Hoover,
“Rising Incidence of Breast Cancer: Relationship to State and Receptor
Status,” FNCI 82 (1990): 693-96.

12-13 the California study: N. Krieger et al., “Breast Cancer and Serum
Organochlorines: A Prospective Study among White, Black and Asian
Women,” 7NCI 86 (1994): 589-99; B. MacMahon, “Pesticide Residues and
Breast Cancer?” FNCI 86 (1994): 572-73; S. S. Sternberg, “Re: DDT and
Breast Cancer” (and responses by the authors), ZNCI 86 (1994): 1094-96;
J. E. Brody, “Strong Evidence in a Cancer Debate,” New York Times, 20
Apr. 1994, p. C-11; D. A. Savitz, “Re: Breast Cancer and mmﬂ.:.b
Organochlorines: A Prospective Study among White, Black, and Asian
Women,” 7NCI 86 (1994): 1255. Questions about the tubes’ red caps have
been raised by Dr. Devra Lee Davis.

13 breast cancer among women born between 1947 and 1958: D. L. Davis et al.,
“Decreasing Cardiovascular Disease and Increasing Cancer among Whites
in the United States from 1973 through 1987: Good News and Bad News,”
FAMA 271 (1994): 431-37.

13 pesticide use since Silent Spring: Pesticide use doubled between 1964 and
1982, as measured by weight of active pesticidal ingredients. See Wargo,
Toxic Legacy, 132.

13 failure to pursue research on cancer’s environmental connections: See, for
example, M. S. Wolff, “Pesticides—How Research Has Succeeded and
Failed in Informing Policy: DDT and the Link with Breast Cancer,” EHP

103, suppl. 6 (1995): 87-91.

TWO silence

15-16 Carson’sconcernaboutpesticide debates: L.]. Lear, “Rachel Carson’s Silens
Spring,” Envivonmental History Review 17 (1993): 23—48. Seealso Lear’s defin-
itive biography, Rachel Carson: Witness for Nature New York: Holt, 1997).
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16 letter from Duxbury: T. T. Williams, “The Spirit of Rachel Carson,” 4
94 (1992): 104-7; P. Brooks, The m&a.mw@m Life: Rachel Q\Nﬁer ﬁ& RW\WMM
(Boston: Houghton Mifflin, 1989), 229-35.
16 :Hﬂnoé.msm what I do ...”: Carson’s letter to Freeman, June 28, 1958
reprinted in M. Freeman (ed.), Ahways, Rachel: The Letters of Rachel Q§§M
y :\NME. GQEH\Q %\%%SE mwomrs_:.. Beacon, 1995), 259.
— roquois County: Rachel Car 7 ; :
mem@mb, e Ea.ﬁ o son, Silent Spring (Boston: Houghton
17 refusal of scientists to send Carson information: Dr. Linda Lear, personal
communication.
17 threat of defunding: Carson, Sifent Spring, 94-95.
17 “The other day ...”: Carson lerter ta Freeman, 27 June 1962, reprinted in
Freeman, Always, Rachel, 408.
17 Carson’s speech to the Press Club is quoted in Brooks, House of Life, 3024
20 20 years of life lost: Dr. Devra Lee Davis, personal noz,EEE.Sa,os.V .
21 Carson’s cancer diagnosis and physical ailments: Carson’s letters to Freeman
1960-1964, in Freeman, Always, Rachel; Brooks, House of Life; Dr. Cbaw,
Lear, personal communication. u .
21 Carson’s relief at finishing Silent Spring: Carson’s letter to Freeman, 6 Jan
1962, in Freeman, Ahvays, Rachel, 391. , .
21 two quotes from letters to Freeman: 3 Nov. 1963, and 9 Jan. 1964, ibid., 490
515. See also letters dated 6 Jan. 1962; 2 Mar. 1963; and 25 %@h Tw@w “
24 Carson’s letters to Freeman that speak openly: 3 Jan. 1961; 23 Mar. 1961; N.m
Mar. 1961; and 18 Sept. 1963, ibid., 326, 364, 365-66, 469. q
24 letters that speak elliptically: 17 Jan. 1961; 15 Feb. 1961; 25 Oct. 1962 25
. Dec. GQNW and 2 Jan. 1964, ibid., 331, 346, 414, 420, 508. q
reeman’s reference to Carson’s maste d ;
e ctomy: Freeman’s letter to Carson, 30
24-25 their entreaties and admissions: Se ’
Sl v See, for example, Freeman’s letter to
25 Ew Mwlmmm story: Freeman’s letters to Carson, 4 and 17 Mar. 1961, ibid., 356,
25 confessions and recantations: Carson's letters to Freeman, 23 Jan. 1962; 26
Mar. 1962; 10 Apr. 1962; 14 Feb. 1963; 18 Feb. 1963; 2 Mar. 1963; 14 Jan
1964, ibid., 395, 399, 404, 434-37, 439-40, 516. o
25 Carson’s prohibition of discussions about her health: M. Spock, “Rachel
Carson: A Portrait,” Rachel Carson Council News 82 (1994): 1-4; Dr. Linda
hnu:.ﬂmcmmn Washington University, personal communication.
25 quotes instructing Dorothy: Carson’s letters to Freeman, 1 Apr. and 20 May
1962, in Freeman, Akways, Rachel, 401, 405. )
25-26 photographs and old film clips: Beinecke Library archives, Yale
Cn_{na:ﬁ “Rachel Carson’s Silenr Spring,” documentary film by Peace
; River Films, aired on PBS, The American Experience, 8 Feb. 1993.
NH farmers and housewives with cancer: Carson, Silent Spring, 227-30.
27 furst line of evidence: Ibid., 219-20. ,
27-28 second and third lines of evidence: Ibid., 221.
28 “whatever seeds of malignancy ...": Thid., 226.
28 death certificates and children’s cancers: Ibid., 221-22.

souvrce notes: time 285

28 animals with cancer: Ibid., 222-39.

28-29 cellular mechanisms of carcinogenesis: Ibid., 231-35.

28 effect on sex horniones: Ibid., 235-37.

28 effect on metabolism: Ibid., 231-32.

28-29 Carson’s prediction: Ibid., 232-33.

29 interspecies differences in suscepdbility: H. C. Pitot IIf and Y. P. Dragan,
“Chemical Carcinogens,” in D. Klaassen (ed.), Casarett and Doull’s
Toxicology: The Basic Science of Poisons, Sth ed. (New York: McGraw-Hill,
1996), 248-49; NRC, Animals as Sentinels of Environmental Health Hazavds
Washington, D.C.: National Academy Press, 1991).

29 uncontrolled human experiment: A lack of unexposed controls makes human
studies difficultbutnotimpossible. Theoretically, all thatis required for such
studies are measurable differences in exposure levels among segments of the
human population. For example, all of us are believed to carry detectable
levels of dioxin in our tissues. The question of whether dioxin contributes to
human cancers can be addressed by studies that compare cancer incidence
rates among those heavily, moderately, and lightly exposed. All other things
being equal, a positive trend would indicate a dose-response relationship,
which is considered strong evidence by cancer researchers. The wider the
spread in exposure levels, the more likely the relationship—if indeed one
exists—will reveal itself. As such, researchers interested in conducting
human studies often look for “natural experiments” where an unfortunate
event—such as a toxic spill of some sort—has exposed an identifiable sector
of the population to a heavy dose of the substance in question. Disease rates
among this group can then be compared to those of the general population
whose exposures to this substance may be common and ongoing but are
occurring at much lower levels. .

THREE time

Unless otherwise stated in the following notes, all statistics cited in this chapter on
U.S. cancer incidence and mortality rates come from the National Cancer Insti-
tute’s SEER Program Registry: L. A. G. Reis et al. (eds.), SEER Cancer Statistics
Review 1973-1991: Tables and Graphs, NIH Pub. 94-2989 (Bethesda, Md.: NCI,
1994). Statistics on cancer incidence and mortality in Illinois come from H. L.
Howe and M. Lehnherr, Incidence in Illinois by County, 1986-1990, Epidemiological
Report, ser. 92, no. 4 (Springfield, Ill.: IDPH, 1992). Statistics on cancer incidence
and mortality in Massachusetts come from S. Gershman, Cancer Incidence in Massa-
chusetts, 1982-1990 (Boston: MDPH, Massachusetts Cancer Registry, 1993).

32 number of cancer diagnoses in 1995: ACS, Cancer Facts and Figures—1995
(Atlanta: ACS, 1995).

35-36 uncertainties in data ascertainment: H. Menck and C. Smart (eds.),
Central Cancer Registries: Design, Management, and Use (Chur, Switzerland:
Harwood Academic Press, 1994); O. M. Jensen et al. (eds.), Cancer
Registration: principles and Methods, IARC Scientific Publication 95 (Liyon,
France: IARC, 1991).

35 Cancer Registry News is a publication of the Massachusetts Cancer Registry.

36 percentage of recent upsurge in breast cancer attributable to earlier detection:
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