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FOREWORD

re these events really receding into distant memory? It seems impos-

sible to those of us who lived through them, but I think it’s true.

Some college students I quizzed recently had only a dim recollec-
tion of hearing about Chernobyl, and Bhopal elicited a complete blank. I
didn’t bother asking about London and its choking fogs.

And so Robert Hernan provides a deep service by reminding us how
out of kilter things can go. In an age where we’re once again ideologically
committed to “loosening the reins” on private enterprise, it’s sobering to
remember what has happened in the past. In an age when new technolo-
gies are barely tested before theyre put into widespread use—genetically
engineered crops, for instance—it’s even more sobering to contemplate a
seemingly iron-clad rule: every new machine or system seems to fail cata-
strophically at least once.

In the years to come, the line that Hernan draws in his introduction
between natural and environmental disasters will blur—if global warm-
ing raises the sea level and then amps up the hurricane, is the wave that
inundates Miami “environmental?” It’s not an act of God, that’s for sure.
Still, in some way it will be an act of collective folly—not the individual
and corporate greed that so often seems to stand behind these tragic tales.
And it won’t respond in quite the same way to the individual heroism that
Hernan documents so movingly in these pages.

What will remain the same, however, is human vulnerability. W. Eugene
Smith’s pictures of the victims of Minamata Disease capture that vulner-
ability at its deepest, and so do the stories of the firemen at Chernobyl and
the many others chronicled herein. That vulnerability endangers us, of
course—but it is closely related to the love, the shared concern, that might
save us yet. I was speaking not long ago on a panel with Lois Gibbs, the
hero of Love Canal, and I found myself thinking how magnificent it was
that she had rallied not only to her own cause and that of her neighbors,
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but also to the victims of a thousand other tragedies. In the end, Gibbs’s
witness—and the witness of many like her—is more telling than the greed
and recklessness of the powerful that created the need for her work (not a
lot more telling, but just a hair.)

May this book give heart and courage to many more such great souls,
for there are assuredly many more such fights to come.

BirLL McKIBBEN



PREFACE

presented in This Borrowed Earth. This remarkable book is a great
place to begin finding out more about what greedy, incompetent, short-
sighted people are doing to me, to you, to our children, and to our fragile
planet. It documents some of the “crimes against humanity” and reminds

I am deeply saddened by the devastating stories and the tragic images

us that we only have one planet to live on.

Like a frog in a pan of water we have not noticed the effects of all this
pollution until now, when we feel the water beginning to boil... Aren’t we
supposed to be custodians of this planet? Don’t we owe it to our children
to leave them a world that they can live in safely and enjoy?

We must all try our very best to bring this madness to the attention of
like-minded people and to the public at large. This Borrowed Earth will
serve as a wake-up call to all concerned citizens of this earth. If we don’t
take heed, this unrelenting fouling of our collective home will, without
question, come back to haunt us now and in the future.

GraHAM NasH of Crosby, Stills, Nash ¢ Young
Los Angeles, California
May 2009
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INTRODUCTION

everal generations have been born since many of these environ-

mental disasters occurred, and those generations’ knowledge of the

events is limited. Even for those who were around for some of these
disasters, the details of what happened are distant memories. While some
might recall the immediate impact of the disasters, there has been little
exposition of their long-term consequences, including the health effects
that continue to plague those who were exposed to the toxic releases.

If we forget how and why these disasters happened and what horrible
consequences emerged from them, we will not avert future disasters.
Looming on the horizon is the threat of global climate change caused by
the emission of carbon dioxide and other greenhouse gases. Some con-
tinue to deny this threat, as others denied the possibility that oil tank-
ers, chemical and nuclear plants, and landfills could leak. In recent years,
however, a clear consensus has developed within the scientific and inter-
national policy community that global warming as a result of human
action is real, and it is upon us. Like Chernobyl, this threat extends across
the entire planet, with potential consequences that range from costly to
devastating.

To reduce our dependence on fossil fuels (oil, coal, gas) that contrib-
ute substantially to global climate change, many stress the critical need to
develop renewable sources of energy (solar, wind, biogas). Others encour-
age a return to nuclear power. In considering nuclear power as an option,
it is critical that we remember and learn from the events at Chernobyl,
Windscale, and Three Mile Island, the three environmental disasters that
occurred at nuclear power plants.
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While my main interest is simply to relate the compelling stories of what
happened during these environmental disasters, I also feel it is important
to highlight certain lessons that have emerged from them. Environmental
disasters differ from natural disasters. Natural disasters arise from natu-
ral forces, such as floods, tornadoes, hurricanes, tsunamis, and volcanic
eruptions. These natural disasters can, and often do, wreak havoc over a
wide area and cause deaths in the hundreds, thousands, and even hun-
dreds of thousands. They tend to happen suddenly, have a severe impact,
and then recede quickly, in hours or days.

Environmental disasters, in contrast, arise from manmade forces. They
pollute the environment—air, water, or land—for months, decades, or, in
the case of some radiation elements, thousands of years. Like natural disas-
ters, some environmental disasters can happen quickly, as at Chernobyl
and at Seveso, Italy, where an explosion released toxic chemicals into sur-
rounding communities, forcing the evacuation of hundreds of families.
Others can develop slowly over time, as at Love Canal in New York, where
toxic chemicals seeped into the ground over decades and surfaced in a
neighborhood, first threatening the residents, then finally driving them
away. In Minamata, Japan, the disposal and release of poisonous mercury
into the sea spanned several decades and inflicted unspeakable suffering
on entire communities.

Environmental disasters sometimes kill people outright, as at Bhopal,
India, where thousands died almost instantly after an explosion at a chem-
ical plant spread a cloud of toxic fumes over the city. The more distin-
guishing characteristic of environmental disasters, however, is that they
often produce their worst health effects only months or years afterward.
It was many years after the 1986 nuclear disaster at Chernobyl, for exam-
ple, that children began to suffer from cancer of the thyroid as a result
of their exposure to radioactive materials. The consequences of environ-
mental disasters are in many ways more insidious than those of natural
disasters.

Because these environmental disasters are manmade, there is almost
always someone to blame, usually the polluter or an ineffective govern-
ment agency. Not surprisingly, we react differently to suffering that is
inflicted by other people rather than by natural forces, especially when the
suffering results from a company’s callous failure to protect the environ-
ment in which we all live. If we are injured or lose property as a result of a
flood or hurricane, we don’t get angry at the water or wind. But if a com-
pany’s chemicals contaminate our water and threaten our health and that
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of our children, we get damned angry. And we want the threat stopped, by
the company or by the responsible government agencies.

Environmental disasters can also be distinguished from industrial acci-
dents. While industrial accidents are also manmade, they tend to develop
quickly and be short lived, and they pose little lasting danger to the envi-
ronment. An accident at a munitions factory is a good example: Someone
makes a mistake or material is defective, and an explosion occurs, killing
workers and destroying property. The damage is over in a short time span.
Accidents kill quickly; environmental disasters invade peoples’ lives for
years.

These distinctions are not hard and fast, and they overlap at times.
Bhopal, Seveso, and Chernobyl were industrial accidents, but their wide-
reaching effects, their impact on the environment, and their long-lasting
health effects set them apart from other industrial accidents.

While each environmental disaster unfolds differently, there are certain
patterns of human action that set in motion the events that cause such tur-
moil. Sometimes someone acts carelessly, or negligently, as in the Exxon
Valdez disaster: after the captain of an oil tanker drank too much alcohol
and abandoned his duties, 11 million gallons of spilled oil damaged an
entire ecosystem. Sometimes the conduct of a polluter rises to criminal
recklessness, as in the case of the mercury poisoning at Minamata. In that
case, the chemical company knew for years that its wastes were causing
horrible deformities among the people of the fishing communities, and
yet its managers continued to dump mercury wastes into the nearby fish-
ing grounds. At times someone acts deliberately, as when retreating Iraqi
soldiers set oil wells on fire in Kuwait during the 1991 Gulf War.

Often the careless or reckless act that triggers a disaster is not simply a
mistake or an accident, but comes about as a consequence of inadequate
training, outmoded equipment, or insufficient staffing. Such inadequa-
cies are often the result of a company trying to reduce costs. At Times
Beach, Missouri, a commercial firm saved money by hiring an unqualified
waste hauler to dispose of their toxic material. At the nuclear facility at
Windscale, England, in 1957, a rush to meet production deadlines led to
the release of radioactive materials onto the countryside.

When something starts to go wrong in a company’s operation, those
directly involved often deny that anything really disastrous is happening,
thus exacerbating the problem. At Three Mile Island, in Pennsylvania,
operators of a nuclear power plant ignored indications on their instru-
ments that something was wrong. Failing to appreciate the imminent
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danger, the plant continued to operate and released radioactive materials
onto an unsuspecting countryside.

As the author Barry Commoner forcefully argues, many environmen-
tal disasters are the inevitable outcome of the technological developments
that produce modern conveniences.! When toxic chemicals emerge from
manufacturing processes, they have to go somewhere; when oil is shipped
long distances in single-hull tankers, a breach of that hull releases large
quantities of oil; when energy is produced by controlling nuclear fusion,
human error can cause theloss of that control. We live with the by-products
of what we manufacture.

As clear as the causes of these environmental disasters may appear to
be, the consequences often remain uncertain. Some are visible, such as
the fires in the Kuwaiti oil wells, or the dense fog that blanketed London
in December 1952. But with the by-products of modern technology, the
harmful substances are often invisible, such as the dioxin in the soils of
Times Beach or the toxic chemicals dumped into Love Canal and the
Rhine River. In many situations, the full reach of toxic chemicals cannot
be determined. At Seveso and Love Canal, authorities could not accurately
identify how far into the community the dangerous material had spread.

When a flood strikes, or a hurricane blows through, the cause of our
suffering is immediately evident. But when we learn that our water or air
has been poisoned and we cannot taste or see that poison, we often do not
know the extent of our risk or what further danger awaits us. Such uncer-
tainty is intensified by the fact that disaster-caused illnesses often do not
manifest themselves until years or decades after an accident. Sometimes,
when communities are given inadequate information, they react in ways
that exacerbate the suffering of the victims of these disasters. In Minamata,
before the communities learned of the mercury poisoning as the source of
their troubles, they assumed that the mysterious disease was communi-
cable and therefore alienated those who suffered from it.

Environmental disasters are deeply disruptive to communities in
numerous other ways. They often require the relocation of entire com-
munities from their homes, sometimes permanently. Psychological stress,
whether from being uprooted from a community or from grappling with
the uncertainty of disease, can be nearly as debilitating as the physical
harm. The emotional toll remains one of the hidden costs of environmen-
tal disasters.

The turmoil that accompanies environmental disasters erupts in a
fairly predictable pattern. The initial consequences are often immediate
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and severe; they are followed by a lull; then finally the devastating con-
sequences emerge. When the famous London fog descended, it covered
everything and everyone with a thick cloak of black soot. It was gone
within a few days, to the great relief of everyone. Yet, several months later,
officials determined that more than 4,000 people had died as a result of the
severely polluted air. At Three Mile Island, a nuclear accident prompted
an emergency declaration, and fears of a possible meltdown led to an evac-
uation. The threat of a meltdown was later deemed a false alarm, but later
still authorities realized that the initial emergency was far more serious
than had first been imagined. Confusion often reigns in such situations,
and events are not always what they seem.

As uncertainty sets in, some will invariably minimize the dangers,
again, in part, to reduce costs. Polluters have a vested interest in attempt-
ing to reassure the public and regulatory agencies that a situation is not
as bad as it may first appear. Regulatory agencies often lack the finan-
cial resources to determine the extent of a risk, or to do what is necessary
to protect the public. Paying for the health effects of such disasters can
dwarf even the astronomical costs of cleaning up environmental disasters.
Though more than $480 billion was spent to clean up Chernobyl, Belarus
now spends close to 20 percent of its gross domestic product every year on
costs related to the disaster.

Disasters often occur because a particular industry or a single com-
pany dominates a local economy, and as a consequence, the governmental
authorities fail to provide oversight or enforcement to correct opera-
tional deficiencies. Chemical companies controlled local economies in
Minamata, Seveso, Love Canal, Bhopal, and in Basel, Switzerland, near
the Rhine River. Private and government-owned nuclear facilities domi-
nated the economies in Windscale, Three Mile Island, and Chernobyl. In
each case, government agencies could not or would not provide adequate
oversight or enforcement. As a result, companies failed to install adequate
safety equipment, failed to maintain safety systems, and ignored warning
signs. People living near the facilities suffered the consequences.

Without adequate environmental laws and regulations, companies gen-
erally choose the least costly way to operate. At Love Canal and Times
Beach, the companies disposed of highly toxic waste through the least
expensive method. The economic goals of a particular government or
political ambitions can also lead to cost-cutting and increased risk of
disaster. The British government’s ambition to become a nuclear power
blinded it to certain risks at the Windscale nuclear plant. Soviet economic
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goals led to careless operations at Chernobyl. Successive governments in
Brazil sanctioned the exploitation of the rainforest, while ignoring the
environmental consequences of their policies.

Ordinary citizens also participate in the destruction of our environ-
ment. A complacent reliance on dirty but cheap fossil fuel contributed to
the London fog of 1952 and continues to produce global warming that
threatens the entire world community. While these stories of environmen-
tal disasters raise haunting images, it is important to recognize that the
disasters also occasion heroic behavior from the most ordinary citizens.
In the early 1980s when I was in private law practice, I became involved
in representing citizen groups who were trying to persuade government
agencies to confront the dreadful conditions of landfills near where they
lived. The deep conviction, courage, and persistence of these people in
their fight to protect their environment and their lives taught me the criti-
cal need for environmental enforcement and for active citizen participa-
tion in that effort.

Iwasdrawn to the waysin which these environmental disasters unfolded,
but also to the ways in which people responded to them. As is evident in
their stories, ordinary people refused to allow the disasters to destroy their
lives; they refused to remain quiet while others dismissed their concerns.
When the polluters tried to deny the effects of their actions, and govern-
ment officials tried to minimize the dangers, these ordinary citizens gath-
ered the facts on their own. They rallied other citizens to join their effort.
They created networks with other groups. They sought help wherever they
could—from experts, the wider community, government workers—and
they learned whom to trust and whom to suspect. They persisted.

When African penguins nesting on Dassen and Robben Islands off
the coast of South Africa were threatened by an oil spill, local environ-
mentalists issued a call for help. The response from around the world
was immediate and generous, and the ensuing penguin rescue was dra-
matic. At Chernobyl, firemen, policemen, doctors, and nurses rushed to
the scene of that nuclear inferno to help, and some paid with their lives.
In Missouri, two citizens secretly followed a waste hauler for more than
a year, documenting where he sprayed and dumped waste, including the
town of Times Beach.

In addition to individual action, wider communities respond to envi-
ronmental disasters with demands for greater protection. Almost every
disaster has been followed by calls for government regulation and enforce-
ment. The London fog of 1952 led to the British Clean Air Act of 1956,
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which finally addressed the long-term fouling of London’s air. Love Canal
was instrumental in the passage of the 1980 U.S. Superfund law, which
provided funds to clean up abandoned toxic waste sites and aggressive
enforcement powers to make sure polluters pay for cleanups. The care-
less disposal of dioxin materials from Seveso led to the European Union’s
Seveso Directive, which now regulates the transnational shipment of toxic
wastes. It often takes an environmental disaster to overcome the normal
stagnation and vested interests that block regulatory reform.

The stories that follow demonstrate the critical role of active citizen
participation in the protection of our environment. But a cautionary note
must be sounded. Voices still dismiss efforts to protect and improve our
environment with claims that environmental protections are unnecessary
and much too costly. Some argue that concerns over polluted air and water
are exaggerated and that we cannot cut back on the use of fossil fuel until
it is absolutely certain that global warming is upon us. These stories and
the lessons they teach us help to dispel such dismissive responses. The
environmental disasters portrayed here are real. They put large popula-
tions at substantial risk. The full consequences of each of these disasters
could have been avoided. Preventive measures would have cost a fraction
of what was spent on cleaning up the accidents and on protecting people
from further risks.

The refusal to devote sufficient resources to environmental protec-
tion efforts is not just a policy choice; it is not just a means of rewarding
interests that are tied to polluting technologies or industries. More dan-
gerously, it is the result of an inability or failure to envision the conse-
quences of our actions. As these stories demonstrate, those responsible
for controlling lethal substances are often the ones who fail to imagine
that their actions could put people at risk, or they ignore the enormity of
the risk. The chemical company in Minamata refused to admit or accept
that its waste could be causing the devastating disease inflicted on nearby
fishing villages. In other cases, bound to routine, nuclear operators could
not believe the readings on their instruments when they signaled critical
dangers.

These stories reveal the causes of environmental disasters, how they
affect people in deeply disturbing ways, and how critical it is to protect
our environment. If we want to avoid further environmental disasters, we
need to be vigilant: watch, learn the facts, organize and network, get help
wherever we can, and persist.? If we are not careful, and if we do not take
into our own hands the responsibility for preventing environmental harm,
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further environmental disasters are inevitable. At this moment, the spec-
ter of global warming threatens to destroy us like an avenging angel. We
are all vulnerable on this borrowed earth, and we must protect the envi-
ronment that nurtures us and on which all life depends.?

ROBERT EMMET HERNAN



MINAMATA, JAPAN
1950s

hills of the mountains on Kyushu, the southernmost of Japan’s

four main islands. In 1908, the Chisso electrochemical company

established a plant there. Labor and land were cheap, and water from the
mountains supplied plenty of hydropower.

The company began by using calcium carbide to make acetylene, a

M inamata is a fishing town beautifully situated on a bay in the foot-

fuel for lamps, and then developed facilities for making nitrogen fertil-
izer and other products. The fertilizer was important for Japanese farm-
ing, and it turned into a major export product when the First World War
disrupted supplies from Europe. After the war, Chisso developed organic
chemical compounds to produce a variety of materials, including acetal-
dehyde, which employed mercury as a catalyst. Acetaldehyde, first made
in 1932, was used in plastics, pharmaceuticals, photographic chemicals,
and perfumes. The company prospered as a result of the economic recon-
struction following World War II and the Korean War. By the 1950s, the
company reemerged as a dominant force in Minamata. Increased produc-
tion of acetaldehyde and other organic chemical products resulted in a
concomitant increase in wastewater, which Chisso continued to dump
into Minamata Bay.

Already in the 1920s fishermen had complained about the pollution of
their fishing grounds in Minamata Bay, but Chisso was a major source of
jobs and revenue and was able to make small payments to the fishermen in
return for the right to continue polluting. By the 1950s the waste disposal
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practices began to catch up with the company as the pollution’s impact
began to be felt by inhabitants of Minamata and neighboring villages.

Fishing was always a critical resource in Minamata. What the fisher-
men did not sell, they and their families and neighbors ate. In the early
1950s, mullet, lobster, and shad began to disappear from the once-fertile
fishing grounds. Dead fish were found floating on the sea; birds dropped
dead from the sky. The local fishermen had to borrow money to eat and to
buy nylon nets in order to capture what few fish were left. Nets were often
lifted out of the sea bearing only a heavy sludge from Chisso’s wastewater.
The cats in the village started to dance crazily, bash themselves against
walls, jump into the sea, and drown.

In 1954, Dr. Hajime Hosokawa, director of the hospital at the Chisso
plant, began to see patients with impaired nervous systems. Mostly fisher-
men and their families, they had difficulty walking and talking and suf-
fered wild mood swings. Their bodies were racked with convulsions. Most
disturbing, newborns were exhibiting symptoms, which indicated the pres-
ence of a congenital form of the disease. Local health officials conducted
a survey of physicians in the area and found that scores of patients had
presented similar symptoms and that many of them had died. Especially
affected were the fishing communities south of Minamata, where several
members of the same family were often afflicted.

Eiko Sugimoto was born in Modd, a small fishing community just
south of Minamata. Her father was the boss of the local net fishery, and
as the only child, though a girl, she was expected to carry on the business.
One day in 1958, she returned home from a fishing trip and found her
mother confused and unable to light her cigarette; the floor was covered
with matches. Sugimoto’s father took her mother to the hospital. Since this
strange illness appeared to affect members of the same family, neighbors
feared the disease might be contagious. When Sugimoto walked down to
the shore to care for their boat, she was stoned by her friends and neigh-
bors. Covered with cuts and bruises, she tried to find comfort and safety
in a neighboring house. Instead, her neighbors threw excrement on her.
Shopkeepers refused to touch the diseased; they made them pass their
money in special baskets or leave it on the floor so it could be picked up
with chopsticks. When Sugimoto and her father also felt sick, they hid
it. Treated like lepers in their own communities, the victims felt deeply
ashamed. Recriminations destroyed once-close fishing communities.

As the disease spread through the mid-1950s, suspicions fell on Chisso’s
wastewater since it was widely known to have ruined the fishing grounds
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The gnarled hands give testimony to the effects of the mercury poisoning.

Credit: Shisei Kuwabara, courtesy of the artist

in the area. But no one knew what was in the wastewater, and Chisso was
not providing any information. Researchers struggled with studies of a
host of pollutants found in the bay and were not able to isolate any par-
ticular toxic material that would cause such a disease.

In late 1958 a British neurologist who had visited Minamata suggested
in The Lancet that the disease’s symptoms were similar to those produced
by organic mercury poisoning. Organic, or methyl, mercury concentrates



12 THIS BORROWED EARTH

in the brain and attacks the central nervous system, killing brain cells and
turning the brain into a sponge, full of holes. Since it destroys nerve cells,
there is no cure for severe cases. The poison can kill a victim in weeks, or
slowly eat away at the body for years.

Within a year, a pathologist, Dr. Tadao Takeuchi at Kumamoto
University, confirmed the findings, and a special governmental research
committee also found that organic mercury was the cause, although it did
not attribute the mercury’s origins to Chisso’s operations. The government
disbanded the committee as soon as the report was issued and transferred
any further research to a group under the control of several trade minis-
ters who were sympathetic to the company.

Chisso executives tried to deflect attention away from its wastewater
by advancing its own theory that the disease was caused by ammunition
dumped in the sea at the end of World War II. A researcher at Kumamoto
University, Dr. K. Irukayama, discovered, however, that inorganic mer-
cury used as a catalyst in the production of acetaldehyde in the factory was
converted into organic mercury. He concluded that the illness was caused
by the discharge from Chisso’s wastewater, which contained organic mer-
cury. Chisso disputed the charge and claimed that its wastewater could
not be the cause since it used only harmless inorganic mercury in its pro-
duction. The company did not share samples of its wastewater, so no one
could disprove the claim.

No one, that is, except Chisso’s own Dr. Hosokawa. The doctor had been
conducting a series of experiments on cats by feeding them food sprinkled
with various chemicals from Chisso’s processes. When he fed wastewa-
ter from the process that produced acetaldehyde to a cat, it exhibited the
same symptoms as those afflicted with Minamata Disease. An autopsy of
the cat and lab results confirmed that the cat’s cerebellum was destroyed,
just as the fishermen’s were. Hosokawa informed the Chisso management
of the disturbing discovery. The officials ordered Hosokawa to stop his
experiments, and the company destroyed all the cats. No replication of the
experiment was allowed.

Not only did Chisso deny that its production wastewater was respon-
sible for the disease and suppress Dr. Hosokawa’s evidence, the company
also steadily increased its production of acetaldehyde and the mercury-
laden wastewater. Production in 1950 was 450 tons per month; by 1956 it
was 1,325 tons per month; and by 1958 it had increased to 1,500 tons per
month. When the water in the sea near the point where the wastewater
was discharged south of the plant became heavily polluted, the wastewater
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was diverted into the mouth of the Minamata River, north of the plant.
Dr. Hosokawa warned Chisso against this diversion, but the company
ignored him. Within a year, the disease emerged in fishing villages north
of Minamata. Yet Chisso continued to increase the manufacture of acet-
aldehyde with its mercury byproduct, reaching 4,000 tons per month
in 1960.

As the disease spread, it became clear that it was related to the con-
sumption of fish that had been contaminated with some toxic substance.
Fishing catches had decreased by 90 percent since the outbreak of the dis-
ease, and what few fish were left in the area were seldom sold. At first the
public simply stopped buying it. Later, the local government barred the
sale of fish from the area, which only aggravated the fishermen’s finan-
cial plight. Fishermen began to hold demonstrations to protest Chisso’s
destruction of their fishing grounds.

The patients who suffered from Minamata Disease also began to orga-
nize. They camped out in front of Chisso’s plant and conducted peace-
ful sit-in demonstrations with the help of a tent donated by Chisso union
workers. The patients demanded financial support from Chisso to pay for
medical and living expenses. Chisso dominated the economy of Minamata,
contributing over half of the city’s tax revenue and over one-third of the
jobs, and most of the local city officials were former Chisso employees.
Because of this, most Minamata citizens were unsympathetic and even
hostile to the patients. Through the intervention of the local government,
Chisso agreed to a two-part settlement. In November 1959 Chisso agreed
to pay the fishing cooperative of 7,000 families ¥35 million ($98,000)" as a
lump sum compensation, but deducted ¥10 million ($28,000) for damage
to its property during one of the demonstrations. Each family ended up
with an equivalent sum of about ten dollars. Chisso also provided ¥65 mil-
lion (about $180,000) for restoration of the fishing grounds, but this was
in the form of a loan to the fishermen’s cooperative. Then in December
1959, Chisso agreed to also settle with the patients by offering a take-it-or-
leave-it deal: ¥30,000 per year ($83) support for each child, ¥100,000 per
year ($276) support for each adult, and a lump sum of ¥300,000 ($833) for
each dead person, of which there were about 30.

Chisso offered the money only as a mimaikin, or condolence, rather
than as a hosokin, or compensation. In Japan, the condolence is offered as
a gift to those less fortunate, as a form of charity, in contrast to compensa-
tion, which reflects an admission of responsibility for the harm. Moreover,
it was traditional for those receiving a condolence to be grateful and to
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never again ask for more. Through this deal, the company was also spared
the embarrassment of having to ceremonially apologize to the victims.

As part of the settlement, Chisso received a release from the patients to
the effect that if proof ever emerged in the future that identified Chisso’s
wastewater as the cause of the illness, the patients would be precluded from
receiving more money from the company. The patients were unaware at
the time that Chisso already had the proof, from Dr. Hosokawa and his
cat experiments, that the wastewater was indeed the cause of their suf-
fering. For seven more years Chisso discharged over 500 tons per year of
mercury-contaminated waste into the sea.

Since no one except Chisso’s managers knew of the continuing disposal
of the toxic material, most people of Minamata believed that the prob-
lem had been resolved after the settlements in November and December
1959. Although more people began to show symptoms of the disease, the
fishermen’s union pressured its members not to report any new incidence
of the disease in order to prevent further damage to the reputation of
Minamata’s fishing resources. Families discouraged members from iden-
tifying themselves as patients since it brought disgrace to the entire family.
Culturally, the misfortunes of individuals and families were inextricably
intertwined.

Not everyone, however, was willing to deny the existence of the disease.
One woman, Michiko Ishimure, came to be the voice of the victims of
Minamata Disease through her chronicle of the suffering of the victims,
Paradise in the Sea of Sorrow: Our Minamata Disease. Ishimure’s family
was from the Amakusa Islands, across the Shiranui Sea from Minamata,
and, like many others, her family had left the islands in search of work.
While her grandfather and father were skilled stonemasons, the grand-
father’s business ran into difficulties, and Ishimure was raised with few
physical comforts.

Ishimure’s family lived near a cemetery and crematory, an isolation
hospital, and a brothel. Ishimure visited the crematory and watched the
smoke rise as the dead—epidemic victims, strangers, and the poor—were
burned. She spent hours with the prostitutes—girls from poor fishing
villages—sitting in their laps as they had their hair done by the local hair-
dresser. On occasion, she dressed like the prostitutes and paraded along
the road. Her grandmother was blind and mad (unrelated to the mercury
poisoning), and she went into fits: groping, clutching, and crying out
with inhuman noises. She often disappeared from the house. Ishimure
would go out looking for her so often that people referred to Ishimure
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as her grandmother’s shadow and to the grandmother as Ishimure’s little
play doll.

On one occasion the Emperor of Japan was scheduled to visit the Chisso
plant in Minamata. All vagrant and deranged people were to be relocated
to a small island for the length of the visit. When a policeman came to
inform Ishimure’s father that his mother would have to be removed, he
refused, saying that he would kill himself rather than suffer such a dis-
grace. The grandmother was allowed to stay, and Ishimure vowed to fol-
low her father’s fearlessness in standing up for those, like her grandmother,
who needed protection.

Ishimure married a laborer who became a primary school teacher. A
son, Michio, was born, and Ishimure supplemented their meager income
by bartering on the black market, trading what little fish could be caught
for food supplies. Ishimure also began to write, and she published her
first verse in 1953. It was about her blind, mad grandmother, and about
herself:

If I go mad, like Grandma, I too
May be kicked out of the house
Bodily

The dark poems did not sit well with many, but through her writing
Ishimure met Gan Tanigawa, a young revolutionary poet and an activ-
ist in the Japanese Communist Party. Tanigawa’s fierce, uncompromising
demands on literature and society toughened Ishimure. And she needed
it, for she was about to discover the afflicted of Minamata.

Tanigawa’s literary circle also included Satoru Akazaki, who worked
for the city of Minamata. Akazaki obtained, without permission, a copy
of what became known as “The Red Book,” a journal kept by doctors at a
secret ward at Minamata Hospital, where the victims of the strange dis-
ease were quarantined. The details of the assaults on the victims from this
disease formed an excruciating story for Ishimure.

Ishimure’s exposure soon became more immediate. Her son contracted
tuberculosis and was admitted to Minamata Hospital. The TB ward was
right next to the ward housing the Minamata victims, and she heard ter-
rifying howls from the ward and saw fingernail scratches along the walls.

Ishimure saw patients who were unconscious, and others lying motion-
less, staring into space with wide-open eyes. Kama Tsurumatsu,” a 56-year-
old fisherman, who seemed to be little more than a skeleton, frequently
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fell out of his bed. It was his falling out of his boat while fishing that had
led his family to hospitalize him. Yet his eyes still pierced Ishimure, per-
haps aided by the sunken cheeks in which they were set. The pain and
sadness tore at Ishimure.

Ishimure also met Yuki Sakagami, Patient No. 37, also called Yukijo.
Yukijo started fishing when she was three years old, and she was a gifted
tisherwoman. Even when fish began to disappear from the sea around
Minamata, she could find fish for herself and her new husband, Mohei.
Mohei bought a new boat when they got married, and they spent their
time together fishing in the sea that Yukijo considered her garden. Mohei
was silent and warm; Yukijo was outgoing, often playing, singing, and
dancing with children in the neighborhood.

After they had been married for only two years, in the mid-1950s, when
Yukijo was forty-one, the symptoms arrived. At first she dropped laundry
that she was carrying on her back, without knowing that she had dropped
it. Then her hands and legs started to go numb, and she began to stumble.
Before long she could speak only in fragments, struggling with each word.
Yukijo could no longer help Mohei with the fishing. She thought that per-
haps these difficulties were due to fallout from American and Chinese
nuclear bomb tests, or the result of early menopause. The latter issue was
eliminated when Yukijo became pregnant.

While in the hospital, Yukijo had an abortion because the doctors con-
cluded that her life was threatened. After the procedure was done, fish was
served for dinner. Yukijo thought the fish was her lost child. She spoke to
it, touched it fondly, and ate it, thinking she was eating her dead child.
When a group of dignitaries visited the ward, Yukijo went into a convul-
sion during which she suddenly shouted, “Long Live the Emperor!” fol-
lowed by a rendition of the national anthem. The visitors fled. But the
behavior served her well with other audiences, for she took to visiting the
nearby TB ward, dancing like the cats used to, and singing. She earned
cigarettes this way and amused the patients. Yukijo spoke of herself as a
“rickety, half-insane, drooling weirdo patient,” but at least she was only
half insane. The half that remained sane accounted for the loneliness and
isolation that she felt and expressed to Ishimure.

Ishimure began to organize on behalf of the patients. She visited the
patients and wrote down their testimonies and the horrors she witnessed.
But she paid a price for her involvement: Her family received threatening
letters, and her parents put pressure on her to spend more time on wifely
duties, caring for the household rather than for strangers. Eventually her
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The seemingly possessed Yukijo rests between fits of uncontrolled spasms.

Credit: Shisei Kuwabara, courtesy of the artist

family realized that there was nothing they could do to pull back Ishimure
from the patients. Ishimure and her husband, Hiroshi, agreed to bring
Ishimure’s younger sister to live with them to care for the household, and
Hiroshi joined in Ishimure’s efforts.

One of the families Ishimure visited was that of seventy-year-old Ezuno.
Ezuno and his wife cared for their son, Kiyoto, and for Kiyoto’s three sons,
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all of whom suffered from the disease, including Mokutaro, or Moku,* who
had been born with it. Kiyoto’s wife, Moku’s mother, had deserted the fam-
ily. While Kiyoto might have qualified for some compensation from Chisso,
he did not apply because it would have meant a loss of government benefits,
and the Chisso payment was not enough to live on. But the government
stipend also was not nearly enough to live on, so Ezuno, his wife, and their
weakened son, Kiyoto, were forced to fish periodically to make ends meet.

Moku, Kiyoto’s middle son, was almost ten years old when Ishimure
first came to visit old Ezuno and the family. Moku could not walk or stand,
he suffered from convulsions, and he was not able to use his hands to hold
chopsticks to eat. While handicapped in so many ways, Moku nevertheless
was keenly aware of everything around him. This meant that he also was
aware of his own body and his inability to control it. When Ezuno, his wife,
and Kiyoto had to go fishing, and the remaining grandsons were in school,
Moku was left alone at home to fend for himself. Of course, Moku could
not fend at all. When Ezuno came home he knew right away if Moku had
soiled himself; the shame on Moku’s face broke through whatever else he
was unable to communicate. He would stare at his grandfather with wide,
open eyes whose sadness bore heavily on Ezuno. But Moku stubbornly
taught himself how to hammer nails, and his grandfather would find him
hammering nails into a wall or some loose board. Moku’s blistered hands
demonstrated the determination he possessed. It pained Ezuno to realize
that there would be no one to care for Moku when he died.

In the struggle to gain recognition for the victims, Michiko Ishimure
was joined by Jun Ui, then a young scientist and budding environmental-
ist, and a photographer, Shisei Kuwabara. The two were documenting the
effects of the poisoning on patients throughout the Minamata area. On
a visit to the Chisso Company Hospital in 1962, Ui noticed by chance a
document marked “Confidential.” Undeterred, Ui read the document and
discovered a reference to Dr. Hosokawa’s experiment with cats, in which
effluent from the acetaldehyde plant, containing ten parts per million
of mercury, produced symptoms in the cats that mimicked those in the
patients. Kuwabara surreptitiously photographed the document.

Ui tracked down Dr. Hosokawa, who confirmed the results of his exper-
iments but warned Ui about the risks of publishing the story. At the time,
the chemical industry and the government were exerting intense pressure
to suppress any publicity that would adversely affect Japan’s postwar eco-
nomic growth, and many of the leading faculty at Ui’s university worked
for the chemical industry. In 1964 Kuwabara published his photographs
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Moku is fed by his grandfather Ezuno.

Credit: Shisei Kuwabara, courtesy of the artist

of the victims, providing some of the most moving images of the impact
of the disease on the victims. Ui wrote an introduction but did not reveal
the secret experiments with the cats.

While Ishimure and others continued to fight on behalf of further sup-
port for the expanding numbers of victims, the company, the government,
and most of the people of Minamata continued to deny the scope and
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cause of the disease. But another tragedy elsewhere in Japan reinvigorated
the patients’ efforts. In 1964 and 1965, symptoms exactly like those of
Minamata Disease showed up near Niigata City. The victims, mostly poor
farmers and fishermen, lived along a river near Niigata City, and their diet
depended heavily on fish. As in Minamata, a government-sponsored com-
mittee was established. The committee, along with independent investiga-
tors, pinpointed the source as another chemical company, Showa Denko,
that produced acetaldehyde in much the same way as Chisso, with simi-
lar consequences. Also, as in Minamata, the government suppressed the
committee report and, under pressure from the trade ministers, withdrew
funding for further research. The chemical company adopted Chisso’s
pattern of denial.

For several years, the victims in Niigata received no more support than
their counterparts in Minamata. But there were several critical differences
in Niigata. The chemical company was located some forty miles upstream
from Niigata City, where the disease was spreading, and the city did not
depend on the company as Minamata did on Chisso. Moreover, Japan had
now witnessed two instances of mercury poisoning as a result of environ-
mental pollution from the chemical industry. These instances and several
other notorious acts of pollution eventually raised the environmental con-
sciousness of the general public. The incidents also attracted the attention
of young, socially committed students and lawyers, often from the grow-
ing Japanese Communist Party.

As a result of these converging forces, a lawsuit was filed against Showa
Denko on behalf of the victims of the disease in Niigata. The filing of the law-
suit was an extraordinary event. While in some cultures, such as the United
States, filing a lawsuit is a common step taken to resolve a dispute, in Japan
it was rare and disfavored. To sue for personal compensation indicated that
the community was not functioning properly, that individual rights were
superior to community interests. This same attitude made it difficult for
the victims in Minamata to be identified as deserving of special treatment.
Thus, against all odds and tradition, the Niigata victims sued in 1968.

The Niigatalawsuit gave hope to the victims in Minamata that something
might still be done to force Chisso to accept its responsibility. Ishimure
published articles in the mid-1960s, and it was her writing—poetic and
empathetic—that drew increasing attention to Minamata Disease and the
struggles of the victims. Around this time, after the Niigata outbreak, Ui
decided that he could no longer withhold information about Hosokawa’s
experiments. Working with Ishimure and her husband, Ui organized his
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research and published his findings in a limited distribution journal under
an anonymous name.

One problem that remained intractable for the victims was the pro-
cess of verifying whether a person was suffering from Minamata Disease.
Since the initial settlement in December 1959, a procedure had been set up
to certify any new individuals who claimed to be afflicted, and a Council
for the Verification of Minamata Disease was formed. The process was
slow and frustrating. The screening council was heavily influenced by
Chisso, and its members treated the patients as greedy, unworthy sup-
plicants. Most applicants were rejected. In fact, between 1959 and 1968
only 32 individuals were certified as having the disease, and almost half of
these were congenital cases. This number was in addition to the close to
80 patients previously recognized, for a total of 111 patients, 42 of whom
had already died.

Certification meant that the individual was qualified for the sum that
Chisso agreed to pay in 1959. But it also meant that the government would
withdraw whatever benefits it was providing to the individual, and the
community at large would dispense its scorn on the individual. Members
of the community saw any increase in officially recognized patients as a
threat to their jobs, to the city’s economic base, and to any hopes of reviv-
ing a cottage fishing industry. As one member of the Minamata commu-
nity remarked, “Whose life is more important, that of one hundred eleven
Minamata Disease patients or that of fifty-five thousand townspeople.”
Without any official recognition of Chisso’s responsibility for the disease,
certification remained complicated.

In 1968, the national government enacted the Pollution Victims Relief
Law, which provided for the central government to take over the cer-
tification process for Minamata Disease. Contrary to expectation, the
patients did not fare much better after the law was enacted. The crite-
ria for verification remained constricted and the number of approved
patients remained low.

In 1966 Chisso finally controlled the discharge of mercury from its
plant through the installation of a new circulation system. In 1968 Chisso
ceased production of acetaldehyde, not because of any concern for the
environmental damage it was doing, nor because of the devastation that it
was wreaking on the people of Minamata, but simply because new tech-
nology had made the product obsolete. Only after Chisso ceased produc-
tion did the government officially conclude that Chisso’s contaminated
wastewater had been the cause of Minamata Disease.
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However begrudging this official recognition must have seemed to the
victims of the disease, it justified their long struggle to resolve the issue.
Chisso, however, still refused to acknowledge its responsibility. Shortly
after government recognition of the disease, patients once again held a
sit-in at Chisso’s plant, demanding fair compensation, not the paltry con-
dolence that had been doled out ten years earlier. Chisso indicated that it
would not engage in direct negotiations with the patients. It would instead
agree only to binding mediation with the local government that would set
a rate of payment for the patients, which they must accept without further
complaint. The offer of mediation caused a split in the certified victims
group.

Some fifty families, all of whom had been certified as having the dis-
ease, agreed to binding mediation, which was viewed as the traditional
method for resolving disputes. After about a year of mediation, each living
certified patient was provided a lump sum payment of ¥1.9 million ($5,515
in 1968), a maximum annuity of ¥180,000 ($155), and a medical allow-
ance. Each family of a dead certified patient received a maximum sum
of ¥3 million ($11,100). Thirty families who were certified filed a lawsuit
against Chisso in June 1969, modeled on the Niigata litigation. The lawsuit
brought more antagonism from the community. The victims were seen as
declaring themselves worthy of special consideration and attention, and as
unwilling to endure their suffering in passive silence.

The patients now at least had the support of some of the Chisso work-
ers. During the earlier protests by the patients in front of the Chisso plant,
the workers’ union had been largely hostile. But in 1962 a contentious
strike had split the union into two factions. One faction sided with the
patients’ efforts and even issued a “Shame Declaration” in 1968, apologiz-
ing for its earlier actions in defending Chisso’s conduct and condemning
the patients. Their support took an even more valuable turn as members of
the faction secretly released confidential Chisso documents to the litigat-
ing patients.

The litigation group also received support from Ishimure. Ishimure’s
book, Paradise in the Sea of Sorrow, was published in January 1969 and it
movingly depicted the effects of the mercury poisoning on the ordinary
villagers of Minamata. The non-victim community in Minamata saw the
book as a threat to their reputation and financial security, but throughout
the rest of Japan, the reaction was positive. The book received widespread
admiration, capturing a major prize for nonfiction, and fueled public
interest in the plight of the victims. Ishimure refused the prize, claiming
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that she did not want to gain personally from the suffering of the victims.
She also did not want to subject her family to further abuse on the pretext
that she was writing about the victims for personal profit.

Ishimure’s writing also attracted the attention of the famous American
photographer W. Eugene Smith. Smith and his wife Aileen stayed in
Minamata for three years, photographing victims and documenting the
disease. They lived simply with a family of one of the early victims, shar-
ing part of the modest house and eventually renting a barn for a dark-
room and workspace. Aileen photographed along with Eugene, acted as
interpreter, undertook the necessary research, and shared in the writing,
layout, and printing of photographs for the project. Smith could speak
only a few words of Japanese, but he went everywhere, observing and
photographing the victims and their families. He was so ubiquitous, with
cameras and lenses hanging all over him, that the locals called him “the
camera store operator.” As omnipresent as he was, Smith was also patient,
never intruding, always waiting for that perfect moment, the perfect
photograph.

Smith was particularly drawn to one young patient, Tomoko Kamimura,
and her family. Tomoko was born with the poison and was limited in
speech and bodily control, at best capable of uttering, “Ah, ah.” Tomoko’s
parents refused to hospitalize her and cared for her at home. Tomoko was
seen and treated as a special gift, rather than as a burden. The other chil-
dren in the family did not have the disease, so it was thought that Tomoko
carried the full vengeance of the disease in order to spare the others.

Tomoko became one of Smith’s favorite subjects. He and Aileen lived
near Tomoko’s family; they walked by frequently, even babysitting for
Tomoko while her parents attended rallies and protests. Smith’s photo of
Tomoko being bathed by her mother—a modern Pieta—remains one of
the most compelling photographs of the twentieth century.*

Tomoko was certified, but many others were turned away. Once denied
the status, there was little the victims could do. However, one victim’s son,
Teruo Kawamoto, challenged the government’s system. Kawamoto cared
for his father throughout his illness, and he was angry that the bureau-
cracy had denied his father the recognition that he deserved. Even after
his father’s death, Kawamoto pursued his father’s claim for certification.
When told that there was no way of proving the claim since his father had
died, Kawamoto dug up his father’s corpse and delivered it to the hospital,
demanding that an autopsy be performed to prove that his father had died
of Minamata Disease.
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Kawamoto too began to feel the effects of Minamata Disease, but he
resolved not to go quietly into the night. Together with Ishimure, he waged
a campaign to widen the group of those eligible for certification. In August
1971, the recently formed Environment Agency overruled the decisions of
the local board to deny certification and recommended that much less
restrictive criteria be applied to the victims. As a result, Kawamoto and
the others who had appealed were certified in October 1971, and there
were an additional 538 individuals certified between 1971 and 1973.

Even after these changes, the certification process remained unsat-
isfying to Kawamoto and the other victims. Being certified only made
Kawamoto and the others eligible for the small sum specified in Chisso’s
condolence. It was not the size of the condolence, however, that disturbed
the victims, but the nature of the condolence. The compensation was dis-
pensed through a third party, which allowed Chisso to distance itself from
the victims. Even the litigation depended on an intercession from a third
party, the court, to force Chisso to accept responsibility. During the ongo-
ing trial, only Chisso’s lawyers attended, not Chisso’s key staff. The vic-
tims could tell their stories to the judge, but there was no opportunity for
the victims to confront those responsible.

Kawamoto wanted direct, face-to-face negotiations with Chisso, partic-
ularly its president. He felt that only by engaging Chisso face-to-face could
the company be forced to acknowledge its responsibility for the suffering
it had caused the victims and their families.

In November 1971, Kawamoto organized a direct negotiations group.
Their efforts were fueled by the victory in the Niigata litigation where, in
September 1971, the court found in favor of the victims and found the chem-
ical company negligent. Ishimure, as ever, worked with Kawamoto to orga-
nize another sit-in tent in front of Chisso’s plant in Minamata. Ishimure and
Kawamoto also coordinated their efforts with the court group. But Ishimure
knew from her experience with the first sit-in, in 1959, that the victims were
in danger of being marginalized by the wider Minamata community and
were being pressured to submit their claims to third-party mediation. So
Ishimure and Kawamoto decided to expand the protests to Chisso’s head-
quarters in Tokyo, as well as maintaining the protests in Minamata.

On December 7, 1971, Kawamoto and Ishimure, along with several hun-
dred supporters, appeared at Chisso headquarters in Tokyo and presented
their demands for direct negotiations. The group demanded ¥30 million
($90,000) for each patient as well as an apology from Chisso. For many, an
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apology from Chisso and its acceptance of responsibility for the problem,
not financial compensation, was the primary goal of their efforts.

The next day they returned to get Chisso’s response. They met with
Kenichi Shimada, Chisso’s president. For thirteen hours, the victims spoke
of their suffering and the suffering of their children, and pleaded with
Shimada to intercede, to accept responsibility, and to make them whole
again. Some were shy and reluctant; others were angry. Kawamoto was
impassioned. He cried when he spoke of his father dying alone, in a mental
hospital ward, without any recognition of what had been done to him. He
produced a razor and pleaded with Shimada for the two of them to cut
their fingers and seal in blood an agreement to settle things. The experi-
ence was too much for Shimada. He collapsed and was carried out on a
stretcher. While recovering, Shimada drafted a memorandum suggesting
that the company turn the plant over to the victims and their supporters
as compensation for their suffering. Given the culture of Chisso, nothing
could come of such an idea.

With the talks suspended, the protesters camped out in Chisso’s offices
to wait until Shimada agreed to meet with them again. After several weeks,
Chisso workers forcefully threw Kawamoto, Ishimure, and the others onto
the street. Undeterred, the victims set up a tent outside, as they had previ-
ously done at the Minamata plant, to continue the protest. The forcible
ejection received widespread publicity, and the ranks of the victims’ sup-
porters grew.

Kawamoto felt that the Chisso union should not be acting as Chisso’s
enforcers. Most of the workers involved came from Chisso’s plant in Goi,
so Kawamoto decided to visit the leader of the union in Goi to encour-
age them to desist. On January 7, 1972, Kawamoto, some supporters, and
members of the press, including Eugene and Aileen Smith, traveled to Goi
for a meeting between Kawamoto and the head of the union. When they
arrived, Kawamoto was informed that the union leader was in Tokyo and
not available for any meeting. Kawamoto tried to deliver a set of demands
but a group of Chisso workers charged and beat them, particularly sin-
gling out Smith. Smith was kicked in the groin, and then several of the
Chisso workers picked him up and slammed his head against concrete,
knocking him unconscious.

Smith developed recurrent dizzy spells, a constant pain in his left eye,
and blurred vision in his right eye. Sometimes he fainted if he tried to lift
his hands to use the camera. When whiskey was not enough, Smith got
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painkillers at the local hospital, and occasionally traveled to Tokyo for
treatment by a chiropractor. Eventually, he went to New York on several
occasions to get treatment, always returning to Minamata where Aileen
had remained to work on their book of Minamata photographs.

The attacks by the Chisso workers aroused a public outcry. Yet, despite
the critical climate and pressure on Chisso from the Environment Agency;,
turther talks were fruitless. Chisso even had Kawamoto criminally charged
for attacking Chisso workers at one of the confrontations at the Tokyo
headquarters.

While the trial of the victims’ claims against Chisso was proceeding,
Dr. Hosokawa was dying of lung cancer in a Tokyo hospital. Dr. Hosokawa
had been loyal to Chisso even after retirement, but he was deeply troubled
by what he knew about the discovery of the cause of the disease. When the
disease broke out in Niigata, Jun Ui asked Hosokawa to visit Niigata and
confirm the disease. Hosokawa did so, and when he returned he asked
Chisso to release him from his obligation to remain silent about the cat
experiments. Chisso refused. Ishimure visited Dr. Hosokawa in the hos-
pital and he asked about the children born with the disease—were they
growing, were they feeling better? Then he took Ishimure’s hand and held
it to his chest and asked her if she could feel a lump. That was the cancer,
he told her. There was more on Dr. Hosokawa’s chest. He spoke about the
need for repentance, not only for himself but also for the Chisso manag-
ers. He recognized that the clock could not be turned back nor the damage
undone. But he felt that if the company officials did not move quickly to
repent, they could not be redeemed and the evil would grow and worsen.

At the trial Hosokawa provided a deathbed testimony that shocked
the wider public. He testified about his discovery of the link between the
acetaldehyde production wastewater and the disease, back in 1959 when
Chisso was settling cheaply with the patients; he also testified that Chisso
suppressed the experiments and destruction of the cats. His revelations
exposed Chisso’s conduct of continuing to discharge mercury from the
acetaldehyde process knowing that its wastewater was likely the cause of
the devastating disease. Hosokawa died several months after his testimony,
and the victims erected a small shrine to him outside their protest tent.

The trial verdict was delivered on March 20, 1973. Chisso was excori-
ated. The Kumamoto District Court found Chisso grossly negligent, stat-
ing: “no plant can be permitted to infringe on and run at the sacrifice of
the lives and health of the regional residents.” The court also nullified
the solatium/condolence agreement of 1959, holding that Chisso took
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advantage of the victims, and that it continued to discharge wastes con-
taminated with mercury even after it knew of the link between its wastes
and the disease. In response to Chisso’s defense that it could not foresee
the harm it caused, the court replied that the victims were not guinea
pigs. The court awarded ¥937 million ($3.6 million) to the thirty families.
These awards were substantially higher than the awards granted through
mediation.

Following the reading of the verdict in court, the victims gathered out-
side the courthouse, carrying photographs of their loved ones who were
afflicted. The condemnation of Chisso was an important victory, but the
suffering of those victims remained. Tomoko Kamimura’s mother held
her outside the courthouse and cried out that her child had been priced
at 18 million yen but that she would never be normal. To her mother’s
remark, Tomoko added, “Ah, ah.”

The judgment of the Kumamoto District Court was an end but not the
conclusion. The litigation victims joined forces with Kawamoto’s group
and demanded face-to-face negotiations with President Shimada for
medical expenses and annuities, in addition to the lump-sum death ben-
efit payments awarded by the court. The groups insisted that all victims
receive the same compensation. Most of all, they wanted an apology from
Chisso.

Chisso agreed to face-to-face negotiations. Once again, Kawamoto,
who had organized the earlier negotiations and the confrontation with
the union in Goi, sat like a specter on top of the table, cross-legged, staring
directly into Shimada’s face as they spoke. At one point, Kawamoto asked
Shimada if he had any religion. Shimada said he was a Zen Buddhist and
that he kept a small shrine with the names of all the victims and prayed
there.

Yet the talks dragged on. Frustrated with the delays, one of the victims
got up, shaking, and smashed an ashtray on the negotiating table, cutting
his wrists with the jagged edge. Shimada could remain silent no longer, and
shouted, “We’ll pay, we’ll pay.” Chisso finally agreed to a global negotiation
with all the groups and a settlement was reached in July 1973. Under the
settlement, each of the certified patients received a lump sum of ¥16-18 mil-
lion ($51,000-$59,000), plus a lifetime monthly pension. In addition, Chisso
agreed to pay for medical and economic aid, and 65 percent of the cost of
cleaning up the bay. Perhaps most critical for the victims, Chisso apologized
to them and to society. In addition, criminal charges were brought against a
former Chisso president and plant manager for manslaughter. The charges
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were reduced to professional negligence, the two men were found guilty, and
the Japanese Supreme Court upheld the convictions.

With the determination of Chisso’s responsibility settled, cleanup of the
contaminated bay proceeded. A three-mile-long net was stretched across
the bay to prevent fish from leaving the contaminated area. Then the
government excavated approximately 2 million cubic yards of mercury-
contaminated sediment from the bottom of the bay and created a landfill
parkland of about 143 acres. By 1997, the remediation was complete and
the net was removed. The government declared that fishing in Minamata
was once again safe.

Those who were exposed to the mercury poisoning did not feel so
protected by their governments. Many felt that the regional and national
governments were as culpable as Chisso. Several lawsuits were brought
against the governments, charging them with failing to investigate the
poisoning and failing to determine early on who had eaten the mercury-
contaminated fish and the extent of their injuries and symptoms. In the
period after World War II, when economic expansion depended on the
chemical industry, governments supported Chisso in its efforts to avoid
responsibility and held environmental and health concerns secondary to
their economic goals. Victims pressed one case all the way to the Japanese
Supreme Court. In October 2004, the court ruled in favor of the victims.
It found that the national and prefecture governments had failed in their
responsibility to identify the source of the mercury poisoning and to stop
it, and that the governments had exacerbated the suffering of the people.

Yukijo remained hospitalized on an island off the coast, where she had
moments of lucidity and often played music. She died in the early 1970s in
her late fifties. Kawamoto remained actively involved throughout his life,
helping uncertified patients, working to establish the Minamata Disease
Center Soshisha, an important resource and support center, and becom-
ing a city councilman. He died in 1999 at the age of 67.

Following the verdict, Eugene and Aileen Smith remained in Minamata
to finish their book. In early 1974 they returned to the United States and,
in 1975, published Minamata to wide acclaim. The photo of Tomoko in
her bath was among Smith’s last great photographs. Tomoko died in 1977
at the age of 21; Eugene Smith died in 1978, following a stroke. At a private
graveside service, a telegram arrived from Minamata that read, “We come
upon the unexpected news of your death and profoundly cannot endure
our grief. Your history is our courage itself. We pledge our inheritance of
the mighty footsteps you left behind at Minamata.” Aileen Smith returned
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to Japan and now directs Green Action, an important antinuclear organi-
zation in Kyoto.

Michiko Ishimure continues to provide comfort and courage for the
patients, and to write about their suffering. She has written a Noh play,
Shiranui (Sea Fire), about the sea around Minamata and the tragedy it
released. The play was performed in 2004 on the area of the sea that was
converted to land to protect people from further exposure to the poisonous
mercury.

Moku persists. His grandfather, Ezuno, died, as did his grandmother,
but he is cared for at Meisui-en, a facility established for Minamata Disease
patients. While he remains in a wheelchair, and his physical movements
and speech are severely limited, Moku has become an accomplished pho-
tographer. He was trained by Kuwabara, the photographer who, with Jun
Ui, discovered the secret document of Dr. Hosokawa’s cat experiments
and who produced some of the most moving photographs of Minamata
patients. Moku’s photographs have been published and exhibited. His pain
and persistence embody the courage and struggle of those deeply affected
by Minamata Disease.

Chisso’s economic dominance allowed it to get away with denying
responsibility for those suffering from the poisoning, to pay a pittance
to the early victims, and to continue to discharge the toxic wastes even
after it knew that its wastes were causing that suffering. Externally, the
company aligned itself with commercial interests within the government
that turned a blind eye to the company’s culpability and to the victims’
suffering.

Under the circumstances, and given the importance within Japanese
culture of preserving the cohesion of the community, it is remarkable that
individual victims had the courage to fight the company, the government
agencies, and their neighbors and community. In the long run, the vic-
tims’ tenacity served them well as they formed various victim and sup-
port groups, organized sit-ins at Chisso facilities and demonstrations in
Minamata and Tokyo, and initiated lawsuits against Chisso and the gov-
ernments. It is likely that the tough independence of the fishing people
and comfort from family members allowed them to endure. The struggle
was certainly blessed by the moving writing of Michiko Ishimure and the
compelling photographs of Shisei Kuwabara and W. Eugene and Aileen
Smith.
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LONDON, ENGLAND
1952

he most unusual fact about the London Fog of 1952 was not that

some four thousand people died from it—one of the largest num-

bers of people killed by any environmental disaster—but that no one
seemed to recognize that it was happening. For four days the fog was so
thick that traveling throughout the city was almost impossible, but few
realized just how deadly it was. After all, London had been notorious for
its fog for a long time—romantic notions were even attached to it. For the
residents of London the fog was a frequent, if unwelcome, guest.

In 1952 Londoners were relying heavily on soft, bituminous coal for
fuel. The soft coal was cheap, in part because of the low cost of shipping
it by sea from Newcastle, but it had a higher sulfur and nitrogen oxide
content than the harder anthracite coal used in Wales and Scotland. The
smoke it emitted was tarry and full of hydrocarbons.

When carbon particles of soot from coal-fire emissions combine with
particles of water, fog becomes smog. The soot and water combination is
not transparent to light, and as the fog thickens, light is prevented from
penetrating the foggy air. No only does this cause limited visibility, but
a breath of this air carries with it carbon particles and other dangerous
substances.

Certain weather conditions, particularly temperature inversions, aggra-
vate fog. Usually the air near the ground is warmer than the air higher up,
and the warm air rises and mixes with the cooler air. Occasionally this
relationship is inverted with the colder air remaining close to the ground
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and the warmer air above it, trapping the colder air on the ground. If there
is little or no wind, the air becomes stagnant and anything in that air, such
as soot, remains suspended.

During the nineteenth century, clean-air advocates attempted to
address the emissions from factories and other businesses that contributed
much of the soot. Eventually, they met with some success as legislation
was passed making it a nuisance for a chimney to emit black smoke from
a commercial establishment. Yet enforcement was difficult and sporadic,
especially with regard to proving what constituted black smoke.

The smoke from domestic hearths remained uncontrolled. One prob-
lem in regulating domestic sources was the lack of alternative smokeless
fuel supplies. Just as difficult an obstacle was the English fascination with
a “pokeable” open fire. It was considered a national entitlement to make
an open-hearth fire, and it was a sign of affluence, as well as of hospi-
tality, to have a blazing hearth. By the first few decades of the twentieth
century, those pokeable domestic fires, along with industrial emissions,
dumped some seventy-six thousand tons of soot on London each year, the
equivalent of about 650 tons for every square mile. About two-thirds of
the smoke in London came from domestic fires. During World War II,
the government even actively encouraged businesses to pollute as mili-
tary authorities thought the smoke would serve as camouflage and make it
more difficult for the German bombers to see their targets. Even after the
war, the fog remained an accepted aspect of living in London.

Though the typical winter climate was cold, damp air with some clear-
ing spells, followed by fog or rain or snow, the fog dominated London dur-
ing the first week of December 1952. On Thursday evening, December 4,
a high-pressure system settled over London, and a temperature inversion
trapped in the fog throughout the area. By Friday morning, tons of car-
bon particulate and sulfur dioxide poured out of millions of domestic coal
tires and industrial plants into the still, foggy air over London. The tem-
perature inversion prevented the dispersal of the fog into the upper air
and trapped the smoke and other pollutants at ground level. Smoke that
escaped from the tall stacks of the manufacturing plants fell to the ground
rather than rising into the air.

On Friday, the fog and smoke covered much of London. A visitor stay-
ing in a warm, dry hotel with nothing to do might have found the fog on
that first full day to be charming. Those who had to go to work did not.
In the morning, people could see the outlines of buildings from a dis-
tance of only seventy to eighty yards; by noon, the large sculptural figure



LONDON, ENGLAND 33

Londoners carry on as the fog descends.

Credit: ©Henri Cartier-Bresson/Magnum Photos

atop Nelson’s Column on Trafalgar Square was barely visible. Around the
Houses of Parliament, visibility was limited to a dozen yards. By that time,
streetlamps had to be lit. With visibility along the Thames at zero, the Port
of London was forced to close. Airports also closed. As the day wore on,
travel became increasingly difficult. Buses everywhere in London experi-
enced serious delays.
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The color of the fog was not the usual gray, but black, or at times yel-
low. As evening fell, the Christmas lights in store windows looked eerily
suspended in open air since the stores themselves could not be seen from
a short distance. Flares were placed at intersections for the vehicles still on
the streets. People groped along buildings, stumbled over curbs and each
other, and when they arrived home found they were covered with soot.

More disturbing than the impaired visibility was the difficulty in
breathing, especially for older people and those with bronchitis. The smell
of sulfur permeated the air. Noses stung, throats felt tight, and people
coughed up blackness.

When Londoners awoke on Saturday morning, the sixth, the fog was
yellow and thick. It extended over an area of one thousand square miles.
Very few buses operated. At one point, seventeen buses formed a caravan
to try to find their way back to the garage. The famous red double-decker
buses inched along, bumper-to-bumper, with conductors leading the way by
walking in front with flares, shouting directions. Ambulances traveled the
same way. The fog infiltrated the tube stations. At one station, a bride and
groom were waiting for a train to take them to their reception, since they
had to abandon street-level transport. The bride’s wedding gown was black
from the soot in the air. By Saturday evening, the fog followed people inside,
through open doors, down chimneys, even through cracks in walls, floors,
and windows. Hospitals began to fill up. Yet by late Saturday, the BBC was
reporting only that the fog might persist. No emergency had been declared.

By Sunday, everything was blackened, inside as well as outside.
Visibility remained at a few yards. Ambulances ran out of flares. With so
many patients needing assistance, the ambulances began to carry several
on each trip to the hospital. On one trip, an ambulance that had been dis-
patched to carry four patients to a hospital ended up taking them all to the
mortuary instead.

The elderly and the sick, especially those living alone, were increasingly
isolated during the fog. They could not get out, and if they did, they could
hardly breathe. As one elderly patient described it:

It makes you feel certain that you're going to die, that death is surely coming
for you, partly because of your difficulty in breathing and partly because of
the fierce pain in your throat and lungs...and adding to your terror is the
sight of the fog, when you see it there all around you, like some kind of gray,
obscene animal, outside your window, drifting, floating, almost looking in
at you, as though it were waiting there to claim you, to seize you, to choke
you...to squeeze the breath, the very life out of your body.!
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On Monday, the fourth full day of the fog, forecasts suggested that the
fog might be lifting, but they were wrong. While the air west of London
cleared somewhat, conditions over the city remained stagnant. Vehicles
were abandoned all over the city. In the Underground, the only viable
means of transportation, long lines formed at the ticket booths. A per-
formance of Verdi’s La Traviata was canceled after the first act because
fog inside the theater made the stage invisible. Early in the evening, the
BBC broadcast that the fog was dirtier than usual and that coal-burning
domestic fires were partly to blame. The item was deleted, however, from
later broadcasts.

Finally, early on Tuesday morning, December 9, a slight breeze blew
across London and the fog began to lift. By 9:00 AM, the Thames cleared
of fog, and the port reopened. More than one hundred ships waited to
leave the port; over two hundred ships waited to get in. The city began to
breathe more easily.

The disruption of travel and sporting events dominated coverage in the
papers. In the days following the lifting of the fog, letters to the Times
debated only the economic benefits of electric versus coal heat. Few recog-
nized the environmental or health hazards of the fog.

Soon, however, its human costs became visible. Doctors reported sig-
nificant increases in respiratory disorders over previous winters. During
the fog, hospitals around the city experienced a rise in emergency admis-
sions, especially for respiratory ailments. The hospitals remained filled for
days even after the clearing.

By mid-December the papers reported that as many as one thousand
Londonershad died asaresult of the fog. Questions were raised in Parliament,
and the health minister responded that the deaths attributable to the fog
may have been as many as three thousand. Smoke abatement advocates
demanded an investigation. The government resisted. Harold Macmillan,
then a cabinet minister, remarked in private that they should form a com-
mittee that would do little but would appear busy, in an effort to calm the
public. It was not enough and the air pollution committee in Parliament,
named after its chairman, Sir Hugh Beaver, addressed the matter with
all due seriousness. The Beaver Committee castigated both the local and
national governments for failing to take preventive measures to protect the
public. They also laid blame on domestic consumers as the largest producers
of smoke and recommended the limit of smoke from all chimneys—both
industrial and domestic—the production of greater supplies of smokeless
fuel, and the establishment of smokeless zones in urban areas.
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In January 1954, an article in the respected British Medical Journal
estimated that the fog had caused over 4,500 deaths. That same year, the
Ministry of Health produced a report that analyzed the effects of the fog.
The government recognized that throughout those early days of December
the metropolis of 8.5 million people was hardly aware that a disaster was
occurring. The residents were also unaware that the aftereffects had con-
tinued to affect the city for several weeks. The concentration of the dark
smoke was detected at 4,500 micrograms per cubic meter and sulfur diox-
ide at 3,700—five to ten times that of normal levels.

The Ministry of Health concluded that there were as many as four thou-
sand more deaths than would normally have occurred in the first three
weeks of December, and that these deaths were caused by the fog, and
in particular its tarry particles and sulfur oxides. The deaths were con-
centrated among people with preexisting respiratory or cardiac disorders
and among the vulnerable, those over sixty-five years and those under
one year old. The source of the contaminants was identified as irritants
derived from the combustion of coal.

The report further suggested that many of those who died from the fog
had already been suffering and were expected to die within a short time
anyway. This concept was referred to as short-term mortality replacement
or, more graphically, “harvesting.” But when the number of deaths over the
following weeks was analyzed, it was determined that there was no drop
in the number of deaths. This led many to believe that those who died dur-
ing and immediately after the fog were not “harvested” but killed.

Only after further agitation by antismoke factions and other civic
groups did the government address the issue through the Clean Air Act
of 1956. For the first time, regulations subjected domestic coal fires to
controls, established an objective measurement for what constituted dark
smoke, and empowered local governments to establish smokeless zones in
their areas.

The British Clean Air Act of 1956, implemented slowly over a decade,
significantly reduced smoke caused by domestic fires. For example, when
smog covered London in December 1975, the peak concentration of smoke
and sulfur dioxide did not exceed 800 micrograms per cubic meter and
1,200 micrograms per cubic meter, respectively, or less than 20-30 per-
cent of peak levels during the 1952 fog. Besides prompting the Clean Air
Act, the 1952 fog served as a catalyst for the study of diseases and deaths
attributed to air pollution, leading to regulation of ambient air quality in
many other countries, including the United States. Studies over the past
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tifty years have led to an increased understanding of how soot, fog, and
particulate matter affect populations, especially in demonstrating the cor-
relation between high concentrations of particulate matter and respira-
tory diseases and deaths. Based on more advanced research techniques, a
recent reassessment of the effects of the 1952 fog estimates that as many
as seven thousand to twelve thousand deaths, not four thousand, resulted
from the fog.

Though Londoners moved away from soft, high-carbon coal to smoke-
less fuels, they also grew more reliant on cars for transportation. While
catalytic converters have reduced emissions per vehicle, the number of
vehicles in London has grown so significantly that vehicular emissions are
now the primary threat to the health and environment. Londoners may
rely less on dirty coal fires, but their dirty and dangerous oil-fueled cars
are quickly becoming as great a problem.
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WINDSCALE,

ENGLAND
1957

ritain aspired to become a nuclear power after the Second World
B War. At Hiroshima and Nagasaki the Americans had demonstrated

their capabilities for nuclear power. While the Americans and the
British were close allies, in the Atomic Energy Act of 1946 the Americans
prohibited the sharing of any nuclear information with anyone outside
the United States, including Britain. The Soviet blockade of Berlin during
1948-1949 and the detection of the first Soviet atomic bomb test in 1949
exacerbated the military insecurities felt by the British. Undeterred by the
cold shoulder given to them by the Americans, the British pushed ahead,
amid great secrecy, with a facility to produce plutonium, a necessary ingre-
dient in the atomic bomb. The British nuclear facility, originally known
as Windscale and now known as Sellafield, was located in Cumberland
on the Irish Sea. Construction began in 1947, and operations at the plant
began in 1950. Using plutonium from Windscale, the first British atomic
device was detonated in 1952 off the coast of Australia. Windscale enjoyed
an auspicious start.

The equipment at Windscale included two air-cooled plutonium
production reactors that were contained within large graphite blocks.
Fuel cartridges with uranium filled the thousands of channels that ran
through the blocks. Neutrons bombarded the uranium to create heat and
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plutonium through fission. The plutonium was extracted from the car-
tridges at another plant on the Windscale complex.

An unwanted byproduct of the process includes something known
as “Wigner” energy; neutron radiation causes material like graphite to
undergo changes in its physical properties. During this process graphite
actually swells, its thermal and electrical conductivity decreases, and it
retains thermal—Wigner—energy. Unless this Wigner energy is released
under controlled conditions, heat builds up and can lead to an explosion.
If the reactor is heated up slowly to about 392°F, the graphite returns to its
normal condition and the Wigner energy is safely released. The process is
slow, time consuming, and disruptive of plutonium production schedules.
At Windscale, the procedure to release the Wigner energy kept getting
pushed back with longer intervals. The longer the delay, the more Wigner
energy was stored in the reactor, and the greater the potential for danger.

Reactor No. 1 was due to have its Wigner energy released in the fall of
1957, a time when plutonium production schedules were particularly tight
because of another bomb test scheduled for June 1958. Since it had been
done on eight previous occasions, no particular problems were anticipated.
The procedure was initiated on Monday, October 7, 1957.

The heating of the reactor began Monday evening and stopped the fol-
lowing morning. Normally the Wigner release would have continued on
its own momentum, but on this occasion falling temperatures indicated
that the release was slowing. The operators were unaware at the time that
the thermocouples, the instruments that measured the temperature, had
been placed in such a way as to accurately measure the reactor’s temper-
ature only when it was operating normally. Some of the thermocouples
indicated one temperature where they were located, while the instruments
in an adjacent area of the reactor indicated that the temperature was one
hundred degrees hotter. Believing that the temperature was falling and that
the Wigner release might not complete itself, thereby creating a danger of
spontaneous combustion at a later date, the operators increased the heat-
ing of the reactor again. The temperature rose unexpectedly fast, so the
power was reduced. This raising and lowering of the temperature, through
the use of dampers, continued throughout Tuesday and Wednesday.

Unknown to the operators, inside the reactor the aluminum that
encased the uranium had cracked, exposing the uranium to the outside
air and causing it to burn. By midday on Thursday, October 10, the damp-
ers were opened once again. At this point a noticeable increase in radioac-
tivity was detected in the stack, and it was clear that the temperature of the
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core was rising quickly. The operators were unsure as to what was going
on, so they reported their concerns to managers.

Around this time, the health and safety manager received reports of
increased radioactivity both in the stacks and in air measurements on the
ground half a mile from the reactor building. Theorizing that perhaps
a fuel cartridge had burst, monitoring equipment was dispatched south
along the coast to Seascale, a town that was believed to be downwind from
the stacks.

The health and safety manager conferred with the assistant works
manager. They were beginning to distrust the reactor’s instrumentation,
and it soon became clear that no one knew what was going on inside the
reactor. The only thing to do was to observe the reactor directly. Several
managers opened plugs in the reactor and peered inside. Expecting to see
black fuel elements, the managers instead saw that the fuel elements were
glowing and white hot, which meant that something—the uranium or the
graphite, or perhaps both—was on fire.

Workers were ordered to don full protective gear and push the fuel car-
tridges out from the core to try to stem the fire. At first, they tried to
remove the burning fuel rods with sledgehammers and scaffolding poles
to slow down the “thermal runaway.” But the cartridges were already so
damaged by fire that they would not budge. Managers gathered to devise
a plan to deal with the crisis. Some speculated that if the temperature kept
rising, the entire nuclear reactor would catch fire and the radioactive com-
ponents of the core would discharge into the atmosphere and over the
countryside. It was a terrifying prospect that was becoming all too real.

By early Friday morning, managers notified local authorities of a fire at
the plant and set in motion emergency procedures, including the prepara-
tion of buses to evacuate the neighborhood if necessary. Workers at the
Windscale site were told to stay indoors and to wear respirators if they
went outside, but no one warned anyone in the surrounding area. Farmers
on Saturday observed dark orange smoke coming from the stacks, but
they went about their usual chores. Students from the Seascale prep school
played on the banks of a river several hundred yards away from the stacks.
The earliest BBC newsreels reported that “The Atomic Energy Authority
have announced that some uranium cartridges in the center of the atomic
pile at Windscale became overheated yesterday.”

Carbon dioxide was piped into the core to smother the fire, but to no
avail. There was no other choice but to try flooding the core with water,
destroying it beyond repair. No one knew if flooding would work, or if it
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Several days after the accident, all milk within eighty square miles of the facility was con-
fiscated. Eventually, residents within two hundred square miles of Windscale were warned
not to drink milk.

Credit: Photography by Robert Del Tredici, courtesy of the artist

would cause a massive nuclear explosion. At 9:00 aMm, Friday, October 11,
operators turned on the water, a large hiss was heard, and several minutes
passed. Anxious silence among the operators followed, but there was no
explosion. Within an hour the fire was quenched. As a further precaution,
water was poured on the core for another day. Only then did the operators
notify local authorities that the fire was under control.

Both the heat from the burning uranium and the steam from pour-
ing water on the core released radioactivity into the air. After the fire
was controlled, officials were able to assess who was at risk and to deter-
mine what environmental damage had been done. They sampled vegeta-
tion, soil, grass, and foodstuffs, including milk, which presented special
concerns. The radioactivity contained iodine-131, which is absorbed
by grass, eaten by dairy cows grazing in the area, and then transferred
to humans, including infants, through the milk. Officials decided that
milk with iodine-131 in excess of 0.1 microcurie per liter was unsafe,
and by Saturday, October 13, milk samples contained levels of iodine-131
between 0.4 and 0.8 microcurie per liter. All milk within eighty square
miles was confiscated.
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The initial assumption was that the ground-level weather vane indicated
the direction of any radioactive contaminants escaping from the reactor.
On Thursday, the wind at ground level came from the northeast, spreading
radioactivity southwest toward Seascale and out over the Irish Sea. What
wasn’t taken into consideration at first, however, was that southwest winds
higher in the atmosphere spread contaminants north and east of the site.
Further complicating matters, a cold front blew in from the Irish Sea on
Friday, increasing the wind from the northwest and spreading radioactive
contaminants southeast over England, and then over Belgium, Germany,
and Norway. After a fuller analysis of these wind patterns, authorities
extended the milk ban on October 15 to an area of 200 square miles sur-
rounding Windscale.

Despite the delays in notifying the public, there were no protests or
expressions of anger toward the government. The Cumberland area was
economically depressed in the postwar period, and Windscale repre-
sented jobs and economic security. Besides, in 1957, organized opposition
to nuclear facilities was unknown.

Opposition would no doubt have surfaced sooner if the British gov-
ernment had not suppressed the critical components of a report on what
actually happened at Windscale. A government-sponsored investigation,
the Penney Report, identified the cause of the nuclear fire as the second
nuclear heating on Tuesday, October 8, when the fuel cartridges failed
from the rapid rise in temperature. The report also made numerous rec-
ommendations for improving safety at nuclear facilities in Britain. While
the British Atomic Energy Authority and even the Ministry of Defense
approved the report for publication, Prime Minister Harold Macmillan
suppressed it. For years the British had tried to convince the Americans to
lift the ban on the exchange of nuclear technology, and in the fall of 1957
the issue was before the American Congress. Macmillan visited President
Dwight Eisenhower on October 23, and they issued a declaration pledg-
ing their commitment to sharing nuclear information and technology.
Eisenhower promised to seek an amendment to the Atomic Energy Act to
open American nuclear expertise to the British.

When Macmillan returned from Washington, the Penney Report was
waiting for him. Macmillan believed that a frank discussion of what went
wrong at Windscale would undermine, even destroy, his efforts to win
congressional support for the amendment. Macmillan released only parts
of the Penney Report, and substituted a white paper that softened the
critical conclusions and recommendation sections. The full report was
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suppressed under Britain’s secrecy law for thirty years. Only in 1988 did
the British public receive a fuller account of the events at Windscale.

The story did not stop there. The government’s white paper concluded
that there was no immediate danger and no likely ill effects on health from
the Windscale fire, except for the contaminated milk. Over the years,
many have challenged this conclusion.

Various scientific and governmental bodies, between 1960 and 1990,
estimated that some 20,000 curies of iodine-131 were released, along
with various other radioactive contaminants, including strontium-89,
strontium-90, cesium-137, and polonium. Analysis of these contaminants,
a growing understanding of the pathways of exposure, and changing
assumptions about the relationship between dose and effect from low-
level radiation led to new assessments of the health risks resulting from
Windscale. It has been concluded that some 250 cases of thyroid cancer
and between 120 and 300 deaths from other cancers occurred in the United
Kingdom over a forty-to-fifty-year period as a result of Windscale.

Contaminated water and contaminated milk were dumped down
drains and into the sea, and the buildings at Windscale were decontami-
nated. Nevertheless, the ending for the Windscale story remains open.
Only now are the British able to plan a cleanup of the nuclear pile, fifty
years after the crisis, and the estimates are that it will take until 2025 and
cost $1 billion.

Twenty years later, Americans were to get a taste of just how terrifying
the prospect of nuclear meltdown could be when a place called Three Mile
Island became known to the world.



SEVESQO, ITALY
1976

he July weather was, as usual, hot and sticky. Nothing else was usual
Tfor the refugees that summer. With little warning the authorities had

ordered them to evacuate with only the clothes on their backs and
a suitcase. Most of those who were forced to leave had built their homes
in their spare time, either by themselves or with the help of relatives and
neighbors. Most had gardens, even small farms, attached to their houses.
Now all of this was taken from them. Barbed wire fencing—nine feet high
and some six miles long—was constructed around the area. Armed sol-
diers guarded the area—the Zone.

All of this paled in comparison to the sight of the faces of their chil-
dren, swollen with pustules and running sores, and covered with black
and scarlet pockmarks. The children were taken away and put in camps
during the day, to protect them from the dangers in the Zone. Despite
protests from the authorities, a number of pregnant women had abortions
rather than risk giving birth to newborns with serious deformities because
of exposure in the Zone. Their lives had become, as they said, bruttissima,
the ugliest kind of life.

The affected area was Seveso, Italy, a small town of working-class
families north of Milan. Its location was close to Italy’s industrial heart
yet far enough out in the Lombard countryside to attract multinational
corporations.

One such company was the Industrie Chimiche Meda Societa Anonima
(ICMESA), which built a plant in Meda, a town adjacent to Seveso.
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Givaudan, a Swiss company established in 1898, owned ICMESA, and the
large international drug manufacturer Hoffmann-La Roche—also a Swiss
company—owned Givaudan.

Givaudan produced a variety of aromatic essences for the cosmetic
industry; it also produced a bacteriostatic agent called hexachlorophene
for surgical soaps and other toiletries. The ICMESA plant near Seveso
made intermediates for further processing by Givaudan, including aro-
matic compounds for perfume essences and something called trichloro-
phenol (TCP), a component of hexachlorophene.

Hexachlorophene was originally developed as a bacteriostatic agent to
stop the spread of infections and was used by physicians in scrubbing up
before operations. By the late 1950s, it was being hailed as another miracle
chemical ingredient and was widely used in consumer products, includ-
ing soaps, deodorants, talcum powder, acne treatment, and vaginal sprays.
Hospitals used it for washing newborn infants. Beginning in the late 1960s
and early 1970s, however, animal studies indicated that large doses of
hexachlorophene could result in paralysis and brain tissue damage. Some
studies suggested that it could cause convulsions in babies. The dangers
of hexachlorophene became evident in 1972 with the deaths of more than
twenty French infants who had been treated in their cribs with talc that
contained excessively large amounts of hexachlorophene. Subsequently,
hexachlorophene was banned in the United States for all uses except surgi-
cal soaps. However, it was still widely available in other countries, includ-
ing Italy.

Another danger of hexachlorophene was a deadly unwanted byproduct
of trichlorophenol (TCP). When the temperature of TCP went over 200°C
(392°F), tetrachlorodibenzeno-p-dioxin (TCDD), or dioxin, was acciden-
tally formed. Dioxin had a menacing past. Givaudan knew that dioxin
had been released in accidents at TCP plants in England, Germany, the
Netherlands, and the United States from the late 1940s through the mid-
1970s. The results were disturbing. Besides a horrid skin condition called
chloracne, there were reports of deaths, cancers, and systemic poisoning
among those exposed to the dioxin. An herbicide derivative of TCP was
first used for military purposes by the British in Malaya in the early 1950s.
It was made infamous by the Americans in Vietnam where, formulated
with another herbicide, it was known as Agent Orange.

TCP was made by ICMESA by mixing tetrachlorobenzene with
sodium hydroxide in an ethylene-glycol solvent. The materials were
mixed in reactors, and then subjected to a distillation process to remove
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the ethylene-glycol solvent. On Saturday, July 10, 1976, something went
terribly wrong with the process. The reactor had shut down before the
distillation process was completed. Workers switched off the steam that
heated the reactor and stopped mixing the chemicals. The liquid mass
remained in the reactor and, even though the controls were set for cooling,
the chemicals continued to heat up. The temperature likely rose to 300°C
and a safety disk at the top of the reactor blew out. The boiling mixture of
chemicals exploded into the open air, forming a white cloud. A foreman
grabbed a gas mask and ran into the reactor room and turned on a valve to
let water into the reactor’s cooling system. The water reduced the heat, and
the release of gaseous materials stopped within half an hour.

The explosion—a loud, screeching, hissing sound—caught the attention
of the residents of Seveso and Meda. As they turned toward the sound, they
saw the cloud, varyingly white and gray, heading toward and then over
them. The cloud descended on them, like a fog filled with damp crystals.
The fallout caused coughing and burning eyes, quickly followed by head-
aches, dizziness, and diarrhea. The people were accustomed to smoke and
pollution from the surrounding industries, and therefore were not alarmed
initially. As one resident stated, “At that time, we didn’t pay much attention
to it, because there was always some cloud, some leak. And although there
was a terrible smell, we didn’t worry about it; we ate, we collected vegetables
and flowers from the garden, as if nothing had happened.”

The northerly wind pushed the cloud south, covering an area four miles
long and a third of a mile wide within half an hour. The chemicals in the
cloud dispersed over the area, hitting Seveso the hardest, but also spread-
ing over parts of seven nearby towns, including Meda, Desio, and Cesano
Maderno.

When people began to call the local police for information, no one could
tell them anything. Some residents went to the ICMESA factory to find out
what had happened, and were told that there was nothing to worry about.
ICMESA’s director of production, Paolo Paoletti, informed the mayors of
Seveso and Meda that the cloud was an “aerosol mixture” with some pos-
sible toxic substances. The company took samples of the material and sent
them to Switzerland for analysis. The company also requested that the
local residents be advised not to eat vegetables from their gardens or fruit
from their trees. The local officials, however, did not know how far or how
wide the cloud had dispersed, so they warned no one.

Residents awoke on Sunday to the lingering acrid smell. Crystals, now
shiny and oily, covered everything, and the cloud still hung over them.
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Since the weather remained warm, the children played outside, trying to
ignore the smell. Fruit and chickens and rabbits were selected from the
family gardens for the Sunday evening meal. Some people suffered from
headaches and swollen eyes after eating their meals. Fortunately for the
residents of Seveso and Meda, on Sunday evening a strong wind from
the Alps blew away the cloud that remained. But the wind only spread the
cloud and the fallout farther out.

On Monday, the local health officer inspected the plant and met with
the ICMESA manager. Workers complained of minor headaches, nausea,
and burning sensations, but not of any serious injuries. Following the
meeting, the ICMESA manager confirmed in a letter to the health officer
that chlorinated phenol was the major component of the cloud but that
ICMESA could not otherwise identify the substances in the vapor. The
company did not provide the Italian officials with any results of the sam-
ple analyses, and there was no mention of dioxin. Comforted by the letter,
the local health officer concluded that the cloud posed no risk for the area
and so informed the provincial health officer in Milan.

At the plant, workers threatened to strike because they believed that the
company had withheld information about the risks. They had already gone
on strike several months earlier to force the company to allow a regional
health inspector to enter the plant and evaluate health hazards. On Friday,
they posted signs in the immediate vicinity of the factory with the fol-
lowing warning: “DANGER AREA. CONTAMINATED. DO NOT EAT
VEGETABLES, FRUIT, OR ANIMALS THAT EAT GRASS FROM THE
GROUND.” The signs were alarming for residents because they learned
for the first time that the fruit and animals they had been eating for a week
might be contaminated.

After the explosion, Givaudan and Hoffmann-La Roche analyzed the
soil and dust samples that had been collected at the factory and in the sur-
rounding area. Dioxin is difficult to detect, and the analysis is slow and
expensive. After several days, the Swiss chemical companies found large
quantities of dioxin in the samples from the plant. What was less clear was
how far the dioxin had spread, and at what levels. During that first week,
ICMESA workers were directed to take samples at distances farther and
farther from the plant. The analysis of these samples indicated that levels
of dioxin remained high at greater distances from the plant, but there was
little consistency to the pattern of deposition.

Givaudan also contacted experts from firms familiar with dioxin inci-
dents in Britain, West Germany, the Netherlands, Austria, and the United
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States. Those companies consistently advised Givaudan to evacuate the
residents as soon as possible. Apparently deciding that the geographi-
cal limits and specific areas of high dioxin contamination remained too
uncertain, and fearing panic among the people, the Swiss chemical com-
panies held back on sharing the sample results or on recommending an
evacuation to the Italian authorities. The decision was soon to be taken
out their hands.

The following Saturday, Dr. Aldo Cavallaro, a health official from
Milan, visited the plant. ICMESA representatives explained that the
explosion occurred as a result of a temperature increase in the TCP reac-
tor vessel. Returning to his lab, Dr. Cavallaro reviewed technical literature
on TCP production and discovered that elevated temperatures can lead to
the formation of dioxin, known to be an extremely toxic substance. On
Monday morning Dr. Cavallaro spoke with ICMESA representatives and
asked if dioxin was present in the cloud. When informed that it might have
been, Dr. Cavallaro flew that same day to Switzerland to further question
Givaudan management about the possible presence of dioxin in the fall-
out. He was told that the samples did in fact contain dioxin, but that the
levels were unclear.

Armed guards and barbed wire kept people out of the restricted zones in Seveso.
Credit: ©AP-Photo/EM/STF/FM
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Also on Saturday, the media picked up the story. Givaudan, and its par-
ent, Hoffmann-La Roche, were still equivocating on the levels of dioxin.
In the meantime, the media checked with technical experts, who reported
that as little as 5 pounds, the amount believed at that time to have been
released at Seveso, was enough kill more than 100,000 people. Such reports
naturally created panic in Seveso.

As the health and environmental effects became clearer and more
widespread and media coverage grew, action was finally taken. Officials
required local doctors to report any illnesses in the area, and consump-
tion of food from the area was forbidden. Some health monitoring was
scheduled, and national health officials provided information on dioxin
to local authorities and sent technical support. The authorities also con-
ducted further testing of vegetation to determine the levels of dioxin. On
Wednesday, July 21, ten days after the explosion, the ICMESA manag-
ing director and Paolo Paoletti, the production director, were arrested and
criminally charged with causing the disaster.

Despite the increasing intervention through the second week after the
explosion, health authorities continued to issue reassuring claims that
everything was under control and that no drastic measures were necessary.
When a spokesman for Hoffmann-La Roche announced that the situation
was very serious and that extreme measures were necessary, including the
evacuation of people and the destruction of homes, a local official was
dismissive, declaring that “this man has been parachuted in; nobody was
expecting him...I have the impression he is bluffing.”

Meanwhile, birds fell dead from the sky, pets seemed to walk drunk-
enly, and more animals died. Plants turned brown, as if burned. Rabbits
oozed blood from their mouths and rectums. More children developed
sores on their bodies, with more than a dozen hospitalized, and adults
complained of nausea, vomiting, liver and kidney pains, and acne.

By the second Saturday, officials determined that an evacuation had to
be ordered and that further health studies were necessary. With the dioxin
deposited unevenly, the difficulty was in determining where to draw the
boundary for the areas to be evacuated. Compounding these difficulties
was the immense task of setting up and carrying out medical testing and
a health-monitoring program for perhaps thousands or even hundreds of
thousands of people.

The authorities divided the town into zones, according to varying
degrees of toxicity. The most serious was Zone A, immediately south of
the ICMESA plant, where evacuees were directed to take only their most
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essential possessions and to leave behind all household materials, food,
pets, and livestock. In Zone B, which contained five thousand people,
adult residents were informed that they could remain but that all chil-
dren under fifteen and all pregnant women were to be removed from the
area during the day and returned at night, to reduce their exposure to the
dioxin. They were advised not to eat any fruit, vegetables, or animals and
not to touch the ground.

Finally, the authorities informed residents that the cloud and its fall-
out crystals had contained something called dioxin, which they were now
learning was among the most dangerous substances known. They quickly
figured out for themselves that this dioxin had been present for over two
weeks in the dust, on the ground, in the grass, on the fruit and vegetables,
and even perhaps in the meat of their rabbits, chickens, ducks, and goats.

Italian Army soldiers strung barbed-wire barriers around Zone A. A
fence was installed along the autostrada, the superhighway that connects
Milan with the resort area of Lake Como and runs right through part of the
contaminated area. Soldiers patrolled the autostrada. Signs were posted to
warn drivers: “CONTAMINATED AREA. ROLL UP WINDOWS. CLOSE
VENTS. DO NOT STOP. DRIVE SLOW.” A sign pointing to Seveso was
covered over with a skull and crossbones. The only observable presence in
Zone A was the workers in white decontamination suits who were taking
samples and collecting dead animals.

Residents were not told how long they would have to stay away from
their homes in Zone A, nor for how long the children and pregnant
women in Zone B would be taken away during the day. More than thirty
people were hospitalized, mainly with skin lesions. Most disturbing was
the uncertainty about their future health, especially the health of their
children—both those already born and those yet to be born.

The population was evacuated from Zone A between July 26 and
August 2 and housed in hotels outside Milan, with whole families
crammed into small rooms. They were treated as pariahs, consigned to
corners of restaurants and served with gloves. The psychological strain
was intense. Uncertainty as to when, or even if, they might be allowed to
return home contributed to the stress of the situation. The people lived
like this for a year.

While the refugees endured such conditions, Givaudan embarked on a
public relations campaign that involved keeping the company quiet and
shifting the burden of dealing with the residents and the contamination
to the public authorities.
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The fallout from the dioxin cloud had been erratic, subject to shift-
ing winds and downdrafts, so that there was no uniform distribution of
the dioxin. As a consequence, more and more soil samples revealed addi-
tional hot spots of dioxin. Zone A was extended to most of Seveso. At first,
about 225 people were evacuated, but with the expansion, another 500
were moved. Zone B was also expanded, and authorities created a third
area, consisting of several thousand acres and 20,000 people who were to
be monitored, but not restricted, in their movements. This area was desig-
nated as Zone R, for Zone of Respect. With each enlargement necessitated
by more sampling, the people in the area adjacent to the identified zones
wondered how long it would be before they also became zoned.

Zone A became a wasteland, surrounded by miles of barbed wire and
guarded by armed soldiers. Over 2,000 rabbits, as well as other livestock
and pets, died within a short time. The animals that did not die were
slaughtered by the authorities—over 50,000 of them. Hunting throughout
the area remained prohibited for eight years after the explosion. Even bee-
hives were destroyed.

Once the people were moved out of Zone A, officials moved to assess
the health effects and future risks, and to develop a plan to clean up the
contaminated areas. Indoor air sampling of area schools was taken each
month for one year, while soil monitoring was carried out for ten years
after the explosion. Soil monitoring was designed to measure accurately
the distribution of dioxin in the area, to provide background data for risk
assessment, and to determine if cleanup measures were effective. In addi-
tion, epidemiological information was collected—informally and incom-
pletely at first, and then more systematically. All of this was enormously
difficult and expensive, and equipment was in short supply. For instance,
mass spectrometers were critical to dioxin analysis, and there were only
five such machines in Italy.

The most obvious health effect of the dioxin was the burning of chil-
dren’s skin, resulting in rashes and swollen faces. These skin conditions
showed up within several days of the incident and shortly became wide-
spread, affecting hundreds of children and requiring the hospitalization of
dozens. At first, the skin lesions seemed to clear up within several weeks.
However, by late August, chloracne began to appear. Chloracne is an acne-
like skin condition in which the skin develops blackheads, papules, and
pustules, mainly on hairy parts of the body.

Almost 200 cases of chloracne, particularly among children, were
reported, accompanied by gastrointestinal illnesses, including nausea,
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This child and many others in Seveso were afflicted with the skin condition chloracne as
a result of exposure to dioxin.
Credit: ©AP-Photo/WM/STF/Fornezza

vomiting, abdominal pain, and gastritis, as well as headaches and eye irri-
tations. Officials also discovered a higher incidence of chloracne in parts
of Zone R, which people believed to be the least contaminated of all the
zones. It was becoming apparent that the boundaries that had been drawn
between the more- and less-contaminated areas were arbitrary.

The impact of dioxin did not stop with chloracne. Widespread reports
(based on animal studies) that dioxin caused grotesque deformities in



54 THIS BORROWED EARTH

newborns conjured up images of thalidomide babies. Indeed, autopsies of
chickens and poultry from Seveso revealed pathological conditions that
had never previously been seen. Local doctors warned against conception
and advised pregnant women to consider having abortions.

Abortions were illegal in Italy at the time, but a recent court decision
had cleared the way for abortions when the mother’s health was in danger.
By mid-August, a regional medical commission recommended voluntary
therapeutic abortions for those exposed to dioxin within the first trimes-
ter. Even in such cases, women were required to appear before a committee
of two doctors and a psychiatrist to receive permission for the abortion.
The civil authorities were not the only concern. The Catholic Church, a
powerful influence in Italian society, opposed all abortions, even for the
Seveso women. The Archbishop of Milan reportedly solicited volunteers
to adopt any dioxin “monsters” that might be born. Other clerics offered
consolation to those pregnant women who chose abortions. In the end,
about thirty-four women received permission for therapeutic abortions
and perhaps another hundred had abortions without permission, either
illegally in Italy or elsewhere.

One month after the explosion, the ICMESA plant was shut down, and
the question facing the authorities was how to dispose of the hazardous
materials. It took almost six years to complete the cleanup of the plant.
Initial plans called for encasing the entire plant in a concrete structure,
but the people in the region rejected any permanent enclosure. As a result,
the company and the authorities decided to dismantle the plant just as one
would a nuclear power facility: seal the windows, doors, and cracks; lower
the air pressure inside the building; and send in workers in airtight suits to
dismantle the reactor and pack the dioxin-contaminated material in lead
drums. This nuclear method was implemented in 1982. The most hazard-
ous material from the reactor cleanup was packed into forty-one drums
to be disposed of elsewhere. These forty-one Seveso drums were later to
become infamous throughout Europe.

Authorities also had to decide when to let residents return. Some
experts wanted to write off the entire contaminated area, but those who
had built their homes and lives in Zone A wanted them back. The resi-
dents wanted the area restored to the conditions that had existed before
the dioxin explosion. It was agreed that the worst-hit areas of Zone A had
to be leveled and the least-contaminated areas, where about 60 percent of
the displaced people had lived, would be restored. Anything replaceable
was thrown away: curtains, carpets, clothing, furniture with upholstery,



SEVESO, ITALY 55

wooden floors, food, and appliances. Walls were repainted, floors refin-
ished. Building exteriors were washed and the contaminated soil was
removed. By 1978, residents from some parts of Zone A were permitted to
return to their homes, although the homes were hardly the familiar ones
they had left more than a year before.

The remediation in Zones B and R began in 1977. Soil was either
removed or was plowed under so that cleaner soil deeper down would mix
with the dioxin-contaminated soil, thereby lowering the concentration of
dioxin. Fresh, clean soil covered the affected areas.

Once the inhabited zones were rehabilitated, the more contaminated
areas of Zone A were addressed in 1982 and 1983. Buildings were torn
down and vegetation and topsoil were removed. All of this material was
disposed of in special concrete basins. Land that could not be cleaned,
or diluted, to below five micrograms per square meter was fenced off.
Eventually, over 270,000 cubic yards of contaminated soil was removed
and disposed of in the concrete basins.

The emergency conditions throughout the Seveso area put a severe eco-
nomic strain on the resources of the local and national governments and
virtually destroyed the local economy, which was dependent on crafts and
agriculture. The community directed much of its frustration and anger at
the chemical companies and at the local officials. Shortly after the inci-
dent, the managing director, the company chairman, and three others
from ICMESA and Givaudan were criminally charged with negligence,
causing contamination, and a failure to have safety systems. All five were
convicted by an Italian court, and each was sentenced to several years in
prison. However, three of those convicted won reversals on appeal, and
the others had their sentences suspended.

On several occasions, there were also violent responses to the events at
Seveso. In May 1977, a local health officer was shot and wounded in the
legs when intruders burst into his office seeking records on ICMESA and
other companies. Two months later, on the first anniversary of the explo-
sion, terrorists bombed the home in Switzerland of a Hoffmann-La Roche
executive who had been responsible for dealing with the regional Italian
authorities with regard to Seveso. The most serious act of retaliation took
place in February 1980, when the 39-year-old director of production for
ICMESA, Paolo Paoletti, was murdered by Prima Linea (Front Line), an
Italian terrorist group.

Anger and violent impulses surfaced again in 1982, when the forty-one
drums of dioxin material were lost. The blue drums contained 2.2 tons
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of heavily contaminated dioxin material from the ICMESA reactor.
Hoffmann-La Roche subcontracted the disposal of the drums to a French
waste consultant, Bernard Paringaux. Paringaux picked up the drums in
September 1982 and was escorted to the French border by Italian authori-
ties. At the border, the Italians washed their hands of any responsibil-
ity for the drums. Paringaux crossed into France and represented to the
French custom officials that he was carrying a load of “halogenated aro-
matic carbons.” He did not mention Seveso or the dioxin. Paringaux told
Hoffmann-La Roche that the wastes were properly disposed of, but he
would not tell them where or how.

Later in 1982, a Greenpeace activist heard that the drums were going to
be dumped into the Atlantic Ocean. When Greenpeace made demands as
to the whereabouts of the drums, they discovered that no one knew where
they were. The Italians said that the drums were not in Italy; Hoffmann-La
Roche said that they were properly disposed of—somewhere. In March
1983, a French magazine claimed that the Seveso drums of dioxin had
been brought into France. Paringaux refused to talk and was jailed.

Accusations, threats, rumors, and investigators all flew across the bor-
ders between Italy, Belgium, France, Germany, and Switzerland. After
seven weeks in prison, Parginaux revealed, in June 1983, that he had stored
the forty-one dioxin drums at an abandoned slaughterhouse outside Paris.
French health authorities seized the drums and moved them to an army
camp. Hoffmann-La Roche had already been the target of boycotts and
protests outside their plants, and several of its employees had been attacked
and one killed. Their negligence with the forty-one drums prompted more
anger, which did not help their sense of safety, or their reputation. Not
surprisingly, Hoffmann-La Roche agreed to have the drums shipped to
Switzerland, where they were incinerated at a disposal facility owned by
Ciba-Geigy, another Swiss chemical/pharmaceutical company.

As a result of the fiasco—an embarrassment not only to Hoffmann-La
Roche, but also to the Italian and French governments—the European
Common Market (now the European Union) passed the Seveso Directive,
which required chemical companies to provide full information on haz-
ardous sites and the storage of dangerous substances, and on potential
risks from the sites and how those risks could be reduced. In addition, sev-
eral years later, Italy enacted legislation that reformed its national health
care system to include standards for the production, registration, sale, and
use of chemicals that affect biological and ecological systems; a national
inventory of chemicals; and risk maps that require factories to provide
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Drums of dioxin-contaminated materials from the cleanup in Seveso were discovered in an
abandoned slaughterhouse outside Paris.

Credit: Dino Fracchia, courtesy of the artist

toxicological data on their products, and possible impacts on people and
the environment.

The Swiss companies early on accepted responsibility for paying the
costs of housing the refugees from Zone A. In addition, over 7,000 private
lawsuits by individuals were settled out of court. Including the cleanup
costs, payments to various government authorities, and settlement of
the private lawsuits, Hoffmann-La Roche spent more than $162 million.
Yet, in 1982, when Givaudan was paying out these settlements, its parent,
Hoffmann-La Roche had sales of $3.6 billion.

By the late 1980s, the restrictions that applied to Zone R were lifted,
Zone B was cleaned up, and a part of Zone A was turned into a park.
Financial settlements between the governments and the chemical compa-
nies were resolved, and the criminal proceedings concluded. After the first
ten years, from 1976 to 1986, there was no evidence of a dramatic increase
in birth deformities attributable to dioxin exposure. The chloracne attacks
receded, although scaring remained visible on 15 of the more than 150
originally afflicted. As yet, no clear, significant increase in the incidence
of cancer or other diseases attributable to the dioxin was detected. Indeed,
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an international committee, which had been established to monitor the
effects, ended its work in 1984, concluding that chloracne was the only
health effect resulting from the dioxin exposure at Seveso. There were,
though, anecdotal reports of an increase in deaths from cardiovascular
diseases among the affected population, and epidemiological studies had
not yet reported results.

Dr. Pier Alberto Bertazzi and colleagues at the Institute of Occupational
Health, Epidemiology Section at the University of Milan conducted epide-
miological studies at Seveso. They selected as a cohort study group more
than 30,000 people, with about 700 from Zone A, 4,000 from Zone B, and
26,000 from Zone R. As a comparison or control group, 180,000 people
from the wider area who had not been exposed to the dioxin were selected.
Researchers collected vital statistics, medical records regarding any occur-
rence of cancer and other diseases and, eventually, cause-of-death data for
each member of the cohort and control groups.

In 1989, Dr. Bertazzi and his colleagues reported significant increases
in mortality from heart disease in males, with the highest increase in
Zone A, which confirmed the anecdotal evidence from local doctors.
It was hypothesized that both the dioxin exposure and the stress from
the disaster contributed to this increase. Bertazzi also found higher than
expected incidences of liver cancer, tumors relating to the blood, and soft-
tissue sarcomas, especially among those residing for the longest period in
the contaminated area.

Based on further studies of the cohort, in 1993 Bertazzi reported ele-
vated risks for several somewhat rare cancers attributable to the Seveso
dioxin. Women in the Zone B population were subjected to a five-fold
increase in the rate of gall bladder cancer and multiple myeloma, a rare
bone-marrow cancer, and men were subjected to the same rare cancers at
a two-fold increase. In Zone R, Bertazzi found elevated incidence of soft-
tissue sarcoma and of a rare non-Hodgkin’s lymphoma.

In follow-up studies that were conducted ten and fifteen years after the
exposure, no increased risk of breast cancer was found. However, a more
recent study found a statistically significant risk for breast cancer related
to the concentration of dioxin in the blood of women who lived near the
site of the exposure in 1976. Blood levels of dioxin typically are found at
several parts per trillion. The Seveso women with breast cancer had con-
centrations of 13 to 1,960 parts per trillion in 1976.

Despite the findings about dioxin’s carcinogenic effects, its real danger
may lie in its reproductive, developmental, and immunological impact.



SEVESO, ITALY 59

Based on animal studies, it has been hypothesized that dioxin actually
disrupts multiple endocrine systems, affects cell growth, disrupts fetal
development, and suppresses immune systems. Studies have shown that
dioxin, and related chemical compounds, can disrupt hormones and
growth factors, decrease fertility, affect central nervous systems, and even
alter certain learning behaviors. And since dioxins seem to affect cell
growth and disrupt fetal development, the in utero effects of exposure to
dioxin are especially disturbing. Children of women exposed have shown
avariety of developmental effects (smaller size and abnormalities of gums,
nails, skin, teeth, and lungs) and delays in psychomotor development. A
distorted ratio between births of males and females for the residents of
Seveso has also been reported. Between 1977 and 1984, only 35 percent
of children born to the most exposed adults were boys, and no boys were
born to the parents with the highest levels of contamination. This decline
in male births at Seveso is cited as a very specific instance of the mysteri-
ous decline of male births throughout the world since 1970.

Some twenty-five years after the environmental disaster in Seveso, the
people exposed to dioxin continue to be subjected to disturbing health
effects. The uncertainty that settled on their lives, like the cloud from the
factory, remains with them.
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LOVE CANAL,

NEW YORK
1978

n the late 1970s and early 1980s, an area called Love Canal in Niagara
I Falls, New York, became America’s most infamous toxic waste site.

Media coverage at the time showed images of holes in backyards fill-
ing with thick, black, substances; toxic chemicals entering basements
through sump pumps and walls; a grade school closing because of the
danger to children; angry citizens screaming at local, state, and federal
officials to do something; housewives taking officials hostage. Over 230
families living next to Love Canal were evacuated in August 1978 because
of the health risks associated with the over twenty thousand tons of toxic
chemical waste that had been dumped in the canal by a chemical com-
pany in the 1940s and 1950s. By 1980, when the dangers of the chemicals
were better understood, the evacuation was expanded to cover an even
wider area.

The canal’s beginning was less notorious. It was dug in the 1890s by
William Love as part of a proposed power scheme in the Niagara Falls
area, but the project failed when it was only partially completed. Other
power projects did succeed in harnessing the water from the Niagara River,
bringing cheap hydroelectric power to the area. This, combined with a
large supply of salt, attracted the Hooker Electrochemical Company in
1906. Hooker manufactured chlorine and caustic soda, used for bleaching,
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disinfectants, paper, and soaps, but the company did not make money for
the first several years.

World War I changed Hooker’s prospects. Germany had monopolized
the chemical industry, and when the war cut off supplies from Europe,
Hooker and other American electrochemical plants leaped into the breach.
By the end of the war, Hooker was producing seventeen chemicals and
manufacturing synthetic dyes, perfumes, and medications from coal tars.
Net profits in 1918 were $1.34 million.

World War II boosted Hooker’s fortunes, just as the First World War
had. Hooker supplied chemicals to make smoke pots, colored flares, dis-
infectants, military shoes, and lubricating oils to keep the machines of war
running. After the Japanese captured 90 percent of the world’s natural
rubber supply, Hooker supplied dodecyl mercaptan to the government for
the production of synthetic rubber. Thionyl chloride and arsenic trichlo-
ride produced poison gases. Hooker was perhaps most proud of, and secre-
tive about, the chemicals the company manufactured for the Manhattan
Project, which were used for making the atomic bomb.

The expansion of business increased waste residues from the chemical
processes that had to be disposed of somewhere. By the early 1940s, when
Hooker had little room left on its own plant property, it found Love Canal.

The canal was fed by an artesian spring. Watercress, boysenberries, and
apple and cherry trees grew along the property. Homes were built in the
area, and in the summer, girls and boys swam in the canal. In the win-
ter, residents ice skated on the canal’s frozen surface. The canal stretched
three thousand feet south to north, was about sixty feet wide, and was ten
feet deep.

Hooker acquired the rights from successors to Love’s company to use
the canal and started dumping in 1942 in the northern section, between
what is now Read Avenue and Colvin Boulevard. Fifty-five-gallon drums
were filled with solid and liquid residues at the Hooker plant, loaded onto
trucks, and dumped into the canal. Hooker constructed dams along a por-
tion of the canal that was used for dumping, sometimes pumping water
out of the dammed-off section in order to dump in drums of the chemi-
cals, and other times emptying the drums of chemicals directly into the
water. Hooker also dug pits adjacent to the southern section of the canal
for dumping chemicals. Some of these pits were dug within several feet of
residential backyards.

The drums, usually old and rusted, were dumped randomly, often
breaking open and spilling their contents. The residues filled the pits and
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portions of the canal nearly to the level of the original ground surface;
afterward Hooker would place dirt, and occasionally ash, on top. The
effect of all this was to create conditions under which the ground slowly
caved in. With drums lying every which way, with spilled liquid wastes
mixing with ash and clay and dirt, and with old, rusted drums deteriorat-
ing, breaking, and spilling more chemical contents, the ground subsided
and potholes appeared, and the dangerous contents of the drums rose to
the surface.

Over the years, Hooker management had gained extensive, specific,
knowledge of the dangers associated with its chemicals and their residues.
By the 1930s, arsenic trichloride was known by Hooker management to
be so poisonous that exposure could result in vomiting, inflammation of
the skin, loss of hair, and liver and kidney problems. By the 1940s, thio-
nyl chloride was known to be highly reactive; upon contact with the air
it created a fume of hydrochloric acid and sulfur dioxide that burned
people. Both of these chemicals were used to make war gases and both
were dumped at Love Canal. So, too, was mercaptan—the chemical that
was used to produce synthetic rubber—which caused nausea, vomiting,
diarrhea, and blood in the urine. In all, Hooker dumped more than 200
chemicals at Love Canal.

Within two years of the start of the dumping, chemicals began to sur-
face. Hooker’s Annual Operations Report for 1944 stated that burying
its residues was “creating a potential future hazard” and predicted that
“eventually we will have a quagmire at the Luve [sic] canal which will be
a potential source of law suits in the future.” In August 1946, several key
managers from Hooker inspected Love Canal and reported to the presi-
dent of the company that the entire length of Love Canal was filled with
water that appeared to be contaminated, and that children in the neigh-
borhood used the water for swimming. The managers advised the com-
pany to fence the property and put up warning signs. Hooker did neither.

During the dumping, residents witnessed fires that shot as high as the
houses next to the canal. Explosions at the dump sent burning material up
to two blocks away. The proximity of the dumping to homes meant that
horrible-smelling, rainbow-colored liquids ran off the canal property and
into backyards. Dust, white powder, and ash blew from the dump onto
homes. The odors were so foul and pervasive that it led to another inspec-
tion by Hooker.

In October 1950, a representative of Hooker reported to management
that the ash being dumped at Love Canal was blowing toward houses east
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of the canal. He observed that the water in the canal was contaminated by
an “oil slick and large globules of congealed residue covering most of the
surface of the pond,” and that “the ground had settled enough to open pot
holes of various depths and that portions of buried drums were exposed
in these holes.” Potholes and exposed drums were found at spots that had
been filled and covered as little as a few years previously. The representative
reported to top management that “it is felt that a fence around this property
would be very desirable from a safety standpoint.” No fence was put up.

By the spring of 1952, Hooker knew that the drums in which the chemi-
cal residues were buried were in poor shape, and would continue to dete-
riorate; that the water in the canal was contaminated; that potholes or sink
holes had appeared, exposing the drums; and that with time chemicals
would rise to the ground surface.

In the spring of 1952 the Niagara Falls school board asked if Hooker
would consider selling a part of the Love Canal property. The baby boom
had reached the area, and both homes and a new grade school were needed.
Hooker initially rejected the idea after top management was advised that
the company should look for another dump site and discontinue using
Love Canal, that plans should be made to prevent the property from
becoming a nuisance, and that it was too risky to sell Love Canal.

Many of the operations staff were distressed at the idea of building a
school on a toxic waste site. They knew that chemical wastes were danger-
ous if disturbed and that subsidence would continue to occur for a long
time, so that the wastes would become dangerous even if they were left
alone. And they knew that the school board was in no position to man-
age such a place. The plant superintendent at the time, who later became
president and chairman of the board of Hooker, stated:

[T]here was a general knowledge that these organic chemical residues that
we were disposing of was a mixture of all kinds of things, who knows what,
and it was in the ground all mixed together and we just had a general feel-
ing that, by golly, it better stay there and we better keep control of it to be
sure it stayed there. That was just a general feeling that we all had.!

Yet less than a month later, Hooker decided to transfer the property
to the school board. As one of the managers responsible for the decision
wrote at the time:

The more we thought about it, the more interested... [we] became in the
proposition and finally came to the conclusion that the Love canal property
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is rapidly becoming a liability... [we] became convinced that it would be a
wise move to turn the property over to the schools provided we would not
be held responsible for future claims or damages resulting from under-
ground storage of chemicals.

Thomas Willers, the comptroller of the company in 1952, who attended
the meetings of the Management Committee that was responsible for
dealing with the school board on Love Canal, later provided an explana-
tion for why Hooker reversed its decision. Willers described how, after the
initial contact and Hooker’s refusal, the company looked more closely at
its requirements for waste disposal and decided that they could manage
without Love Canal. It was close to maximum capacity anyway, alterna-
tive sites were available, and Hooker could insist in its agreement with
the school board that it be able to continue using Love Canal for a while.
Willers further recalled, “I don’t think the property was all that valuable
anyway...I'm talking dollars and cents....” Hooker recognized that the
area was rapidly developing, and using Love Canal as a dump was becom-
ing a liability. So Hooker gave Love Canal to the school board in return
for a provision in the deed that protected the company from any liability
there.

One major obstacle, however, was the vociferous opposition to the sale
among the plant managers. Because the managers were valued employees,
Hooker told them that the transfer of Love Canal had been forced upon
the company by the school board, which was going to condemn the prop-
erty if Hooker did not sell it. One manager was told:

Since the school board was going to take it anyway, we would be smarter
to give it to them, in return for which we could get strong statement which
would protect Hooker from damage suits if something happened after the
school board acquired it.

This explanation, however, did not accurately reflect the negotiations with
the school board. It is likely that Hooker’s top management simply con-
cocted the story about a condemnation threat to rationalize to its own
people a decision that was laden with problems.

Even though the school board only requested a part of the site, in April
1953 Hooker transferred the entire property to it. Hooker advised the
board that the unfilled central section was suitable for installing founda-
tions for a school. Hooker, however, made use of its right to continue to use
Love Canal for dumping waste materials until February 1954, including
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In this Department of Health aerial photograph, the bare, unvegetated areas directly behind
the homes are where chemicals surfaced. The 99th Street School is the large building on the
right, in the middle of the photo, with ball fields behind it.

Credit: Courtesy of the New York State Department of Health

part of the central section. The City of Niagara Falls also dumped munici-
pal waste into the canal during this period.

Almost immediately after Hooker transferred Love Canal to the school
board, the consequences were felt like an aftershock. In January 1954,
when Hooker was still dumping at Love Canal, a contractor, excavating
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the foundation for the new grade school on 99th Street, encountered a pit
filled with black water. This was in the central section, the very area in
which Hooker had advised the school board that it would be safe to build.
As aresult of the chemical wastes, the school was moved about eighty-five
feet north, but eventually swings and other play equipment were installed
on top of the area where the chemicals had been found.

In May 1955, after the 99th Street School had opened, about twenty-
five square feet of ground crumbled near the original excavation, exposing
drums and chemicals. Some of the children were splashed and their eyes
were burned. The school principal called Hooker to ask for information
about the chemicals, and a Hooker representative was sent to investigate,
along with the Hooker plant nurse. The nurse provided advice on appro-
priate first aid, and Hooker arranged for ten trucks of dirt and a bulldozer
to cover and grade the exposed area.

In November 1957, the school board considered selling part of the Love
Canal property to developers for the construction of homes. At the school
board meeting Hooker opposed the idea because of concerns that develop-
ers would expose chemical waste. What Hooker did not mention, however,
was that the chemical wastes had already begun to surface and consti-
tuted a more serious problem than the potential risks of new development.
Hooker also did not mention that the subsidence problems would continue
for decades, resulting in further exposure of toxic chemicals. And though
it had recently received disturbing news about one of the chemicals con-
tained in the site, Hooker divulged nothing about the nature of the waste.

As early as the 1940s Hooker workers had experienced outbreaks of
dermatitis and chloracne as a result of their exposure to chlorobenzenes,
arsenic trichloride, and, especially trichlorophenol (TCP), the same chem-
ical that caused the disaster in Seveso, Italy. Chloracne is a skin condition
that produces extremely disfiguring pimples, boils, or pustules that recur
and can be very painful. They develop around the eyes and ears, but also
on the back and chest and even in the groin area, and can continue for
years, even decades.

In the mid-1950s, Hooker was contacted by a customer who had pur-
chased its chemicals for use in a weed-killer product. The customer
reported incidences of chloracne in its manufacturing facility and among
some people who were using the weed killer. The customer asked for
confirmation that the chloracne was likely caused by an impurity in the
trichlorophenol process. Hooker replied that it believed the impurity
occurred as a result of high-temperature boiling in the TCP process.
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In April 1957, the director of a German company delivered some dis-
turbing news. The company had been conducting extensive studies in
conjunction with a hospital in Hamburg and had traced the impurity in
the TCP process, which was causing the chloracne, to a chemical reac-
tion that led to the formation of dibenzodioxine. We know this compound
as dioxin. The Germans also reported to Hooker that the dioxin was
extremely poisonous, and that all possible precautions to prevent exposure
to it should be taken. Where major spillage had occurred, several compa-
nies had to decontaminate entire buildings by removing all the insulation,
chipping off old paint, and tearing up and replacing floors. The repre-
sentatives of the German company described dioxin as having “a really
sinister character.”

Although Hooker had dumped over 250 tons of trichlorophenol, con-
taining dioxin, at Love Canal over the years, the company did not pass
this information along to the school board. At a meeting in November
1957, the school board decided to not pursue the plan to sell off part of the
property at that time.

Less than a year after the school board meeting, children again suffered
burns from chemical exposure. Hooker investigated and determined that

Children discovered “elephant’s footprints” where the ground subsided and colored, toxic
chemicals seeped to the surface.

Credit: Courtesy of the New York State Department of Health
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the ground had subsided, exposing drums, and leaving benzene hexachlo-
ride (BHC) on the surface. They also saw that the entire Love Canal prop-
erty was being used by the children as a playground. Children had even
picked up the chalk-like BHC cake and had rubbed it in their eyes, which
had burned them. Chemicals had also surfaced at homes adjacent to the
canal.

Aileen and Edwin Voorhees had lived on 99th Street, adjacent to the
canal, since the early 1940s. In 1958 they built a new home and soon began
a difficult and ongoing struggle with toxic waste. No matter what they
tried, the Voorhees could not stop “thick, black, smelly stuff” from seeping
into the basement of their house. Waterproofing the walls did not work,
neither did digging a trench around the inside of the basement walls and
draining the chemicals. As Edwin Voorhees later described, “all of a sud-
den you get these chemicals coming through...in the northeast corner of
the house...and you also had them coming in the other side, so the only
alternative I thought I had was to put another sump pump in and try to
pump them away.” But they would not go away.

Meanwhile, back on the Love Canal property, a drum of thionyl chlo-
ride had exploded, spewing chemicals, and drums of BHC had surfaced as
a result of more subsidence. Children continued to play on the site, throw-
ing the tops of drums like disks. They threw lumps of white powder, which
burned them, and chunks of material they called “fire rocks” that sparked
or exploded when thrown against other objects.

In the late 1960s, the northern section of Love Canal was transferred to
the City of Niagara Falls for recreational purposes, and the southern sec-
tion was sold to a private individual who never developed the property. No
homes were built directly on top of the dump, only on land directly adja-
cent to the Love Canal property. In 1968, the State of New York acquired a
thin strip of land at the very southern tip of the canal as part of an express-
way construction project. During construction, the state encountered con-
taminated soil and chemical waste that it removed from the site.

Chemicals not only rose to the surface as a result of subsidence, but also
moved through the ground. The stiff clay soil at Love Canal, extending
from about five to twelve feet below the surface, was fractured, providing
an easy pathway for chemicals to move away from the dumping site and
into the adjacent properties. Residents started to encounter black, chemi-
cal water when they dug postholes for fences. Karen Schroeder, the daugh-
ter of Aileen and Edwin Voorhees, moved into a house just up the street
from her parents. In October 1974 the built-in fiberglass swimming pool
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in the Schroeders’ backyard suddenly rose several feet out of the ground.
When the pool was removed, the hole filled in with chemicals.

Peter Bulka, a local policeman, lived with his family in a home adja-
cent to the canal. In 1969, Bulka was managing a Little League baseball
team that played on a diamond located on the northern section of the
Love Canal property, near Colvin Boulevard. During a practice, one of
the players came running in after chasing a ball and shouted something
about volcanoes. Bulka and the others went out to look and saw that little
volcanoes, spewing a light gray fume that smelled like thionyl chloride,
had appeared in the outfield. The baseball field was subsequently moved
away from Love Canal.

Bulka’s own two-year-old son, Joey, fell headfirst into a pothole on
the canal property, and might have drowned if an older brother had not
pulled him out. Joey’s face and neck were covered with a black soot-like

A resident pours black sludge taken from the ground near the 99th Street grade school.

Credit: Courtesy University Archives, State University of New York at Buffalo
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substance that smelled of chemicals; he later developed an ear impairment.
In the mid-1970s Bulka was forced to replace the sump pump in his house
three times before finally having one specially constructed to withstand
the attack of the chemicals. Nonetheless, two of his children developed
severe reactions to the chemicals in the basement. Bulka was experiencing
firsthand how Love Canal was quickly becoming the quagmire that some
Hooker employees had predicted in 1946, and an entire neighborhood was
about to disappear into that quagmire.

Bulka was not given to complaining, but he finally took his concerns to
the local health authorities in the summer of 1976. His neighbors were not
pleased. They worried that if the authorities decided to pursue his com-
plaints, it would negatively affect their property values. Moreover, many of
the neighbors worked at chemical companies in Niagara Falls, which were
a major source of tax revenue for the city. A complaint about one of the
companies was seen as a threat to the livelihood of the community.

In the summer of 1976 New York State’s Department of Environmental
Conservation (DEC) investigated the contamination of fish in Lake
Ontario from the chemical mirex. As a part of the investigation, the DEC
attempted to identify any companies whose present or past disposal prac-
tices might have contributed to the contamination of the Niagara River,
which feeds into Lake Ontario. Hooker was identified as the only manu-
facturer of mirex in the area.

DEC staff visited Hooker to ask about any current or former disposal
sites that might be discharging contaminants into the river. Hooker offi-
cials mentioned several dumping sites, including Love Canal, but reiter-
ated “that they have no legal responsibility for Love Canal.” Arrangements
were made for the DEC to visit the Hooker plant facilities disposal sites,
including Love Canal, and to take samples. The DEC also requested that
Hooker provide information on the identification, volume, and location of
the chemical wastes dumped at Love Canal.

In October 1976 the local newspaper, the Niagara Gazette, began an
important series of articles covering the “industrial horror story” at Love
Canal. They reported on the black, oily substances that were ruining
Peter Bulka’s sump pumps, even hiring a consultant to test the sump.
That November, the Niagara Gazette reported that the results from those
tests revealed that fifteen organic chemicals were found in the sample
from Bulka’s basement sump, including three toxic chlorinated hydro-
carbons. In the community adjacent to Love Canal, sumps discharged
into sewers that emptied into the Niagara River. One county official was
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quoted as saying that since the toxic materials were entering the sewer
system from private homes, it was the responsibility of the homeowners
to stop the discharges. This early affront was an inauspicious start for
the emerging relationship between the residents and their governmental
representatives.

The DEC took samples from the sumps of homes adjacent to the canal,
from sewers in the area, and from the surface of the former canal. While
sampling, DEC staff noted strong odors of chlorinated aromatic chemicals
and a black, gummy sludge coating the sumps. When the samples were
analyzed, they indicated the presence of significant quantities of a vari-
ety of chlorinated hydrocarbons. During this time, the city conducted a
house-to-house survey of homes adjacent to the canal and found that the
chemical invasion was pervasive. Discussions were initiated by the state
with the City of Niagara Falls, the school board, and Hooker to develop a
plan for dealing with the problem, and to determine who was going to pay
for any cleanup.

In the fall of 1977 the state requested the assistance of the federal
Environmental Protection Agency (EPA) to conduct further studies of the
subsurface conditions and to monitor the air in the basements of homes
adjacent to the canal. The EPA representative who inspected the site found
conditions to be not only unhealthy and hazardous, but unprecedented in
scope. He concluded that temporary measures would only delay resolving
the problems at the site, and that, since it might be years before conditions
were normalized, serious thought should be given to purchasing some or
all of the homes.

Nature soon aggravated the hazardous conditions at Love Canal. In
what became known as the blizzard of ‘77, the Niagara Falls area suffered
one of the worst winters in its history. When the accumulated snow finally
melted in the spring, it infiltrated the ground at Love Canal and exerted
such pressure on the chemicals lying just below the surface that it acceler-
ated their migration and surfacing.

Debbie Cerrillo, who had grown up in Niagara Falls, bought into one
version of the American dream: a brand-new ranch home in her child-
hood neighborhood, with a large, open field at the back of her property,
and a grade school on the other side. On occasion Debbie saw a ghostly
green haze hanging over the open field, which was situated on the former
canal, even though the rest of the area was clear. Although she thought it
was strange, she paid no particular attention to it. At the beginning of the
spring thaw in 1978, with snow still on the ground, Debbie went shopping
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on her snowmobile. On the way home, as she drove across the vacant field
at the back of her property, the snowmobile suddenly got stuck in the field.
Debbie got off and discovered that part of the snowmobile had sunk into
a pool of black, horrid-smelling liquid that lay just below the surface of
the snow. The substance got onto her gloves, and when she took off her
gloves with her teeth, to try to free the snowmobile, some of it got into her
mouth and made her gag. She recognized it as the same black material that
had been reappearing for several years in the basement sump of her next-
door neighbor, Peter Bulka. She also recognized the smell: when her father
had worked at the Hooker Electrochemical Company in Niagara Falls, the
smell would linger on his clothes when he came home after his shift.

That same spring, sampling results from the DEC and the EPA revealed
disturbing levels of toxic chemicals on the surface and in the groundwater.
The commissioner of the State Department of Health (DOH) inspected
Love Canal and found the conditions on the surface of the canal to be
deplorable: an acrid chemical smell was prevalent throughout; waste
drums and their chemical contents were visible; and pools of black, tarry,
oily liquids were found on the surface. Especially disturbing was the wide-
spread presence of a toxic pesticide, lindane, on the surface of the canal
property that was widely used as a playground by children. Following
his visit, the commissioner issued an order to the local health authorities
requiring immediate action.

The city found that it did not have the resources to cope with Love
Canal. Hooker, meanwhile, kept a low profile, offering no comment on
reports that the toxic chemicals at its former dumping site were entering
homes. Internally, Hooker managers decided to “cooperate on any techni-
cal matters on which our advice is sought and provide general background
information about the site, but avoid becoming actively involved in any
remedial plans.” The company indicated publicly that it would be more
willing to cooperate if Hooker were insured against litigation.

The Niagara Gazette continued its coverage of events unfolding at
Love Canal. The coverage eventually caught the attention of Lois Gibbs,
a twenty-seven-year-old housewife who lived several blocks from the
canal. Her son had recently developed unexplainable seizures after he
began attending the 99th Street School. When she realized that the for-
mer dumping site being discussed in the paper was right next to her son’s
school, Gibbs became alarmed. The reports of dangerous chemicals that
were buried next to the school and escaping into homes and the environ-
ment provided a possible explanation for her son’s illness. Gibbs quickly
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requested a transfer for her son. With twisted bureaucratic logic, the
superintendent told her that if her request were granted, it would be an
acknowledgment to the wider public that the area was contaminated and
would imply that all the children should be removed from the school. He
did not transfer her son.

Gibbs, who had never actively organized anyone, started to organize
everyone. She contacted a brother-in-law who was a biologist at the local
state university and educated herself about the facts and issues, as well
as they could be determined at that time. She knocked on doors in the
neighborhood to see what others knew or suspected, and to find out what
they intended to do. On one of her early rounds she met Debbie Cerrillo.
After her exposure to the chemical problems at the site the preceding
winter, Cerrillo was deeply concerned for her three young children, and
she was not one to avoid a fight. Together they formed the Love Canal
Homeowners Association.

In June 1978 government agencies held a public meeting to explain what
was known about Love Canal. One local health official belittled the haz-
ards from the landfill and told the residents that the devaluation of their
homes because of the toxic chemicals was their own problem. Lois Gibbs
attended that meeting and asked if the school was safe. When she got an
evasive answer, she shot back, “Get this school down, it’s contaminated!”

By July 1978 the DOH was finally able to assess the health risks for
people living adjacent to the canal. Those assessments indicated that the
isolated risks from even a few of the chemicals were substantial and dis-
turbing. The basements of homes registered high levels of chemicals as did
the air around the dump site. Particularly noteworthy was the high level of
lindane in areas used for play by children.

Another DOH study found a notably higher rate of miscarriage and
congenital malformations among those living in the southern section, and
an increased risk for spontaneous abortion among the women in both the
northern and southern sections. It also found significant levels of toxic
fumes in these same homes. The DOH assembled the available environ-
mental and health risk data and submitted it to a panel of outside experts
for an independent review. Events were now to take a dramatic turn.

Following that independent review, the commissioner of the DOH issued
a public health order on August 2, 1978, at a press conference in Albany.
The commissioner reported that more than eighty chemical compounds
had been identified in various samples at Love Canal, including twen-
ty-six organic compounds in air samples from the basements of homes.
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Seven of the chemicals were carcinogenic in animals; one, benzene, was a
known human carcinogen. Moreover, the epidemiologic study revealed an
increased risk of spontaneous abortion among residents, especially among
those living adjacent to the southern section, and congenital malforma-
tions among five children living adjacent to the canal. Based on these con-
ditions, the commissioner recommended that all pregnant women and
families with children under two years old living on the streets adjacent to
the canal immediately relocate from their homes.

Many affected parties—government agencies, Hooker representatives,
the press, and residents of the Love Canal neighborhood, including Lois
Gibbs and Debbie Cerrillo—attended the press conference at which the
commissioner announced his order. The residents thought they were
attending a working meeting at which the problems at Love Canal would
be discussed and that they would have an opportunity to participate in
the resolutions of those problems, which were affecting them more than
anyone else present. When they realized that the meeting had been called
only for the purpose of delivering an order for a select few to evacuate, they
were furious. After the commissioner read the order, Gibbs shouted out,
“Youre murdering us.” When Cerrillo heard that only pregnant women
and children under two were being recommended for relocation, she got
up and demanded, “What about my two-and-a-half-year old; she’s out of
luck, right?”?

On August 3, 1978, the families subject to the DOH order started to relo-
cate from their homes with the assistance of state agencies. On August 4,
Gibbs, Cerrillo and others held a meeting to formally organize the Love
Canal Homeowners Association.

New York Governor Hugh Carey contacted President Jimmy Carter
and reported the events of the previous week, including the widespread
risk to families in the area, and requested that the president declare an
emergency. On August 7, 1978, President Carter declared a federal emer-
gency, the first in United States history in response to an environmental
condition. The federal and state governments also expanded the reloca-
tion to include the families on both sides of 97th and 99th Streets. Federal
funds were committed to assisting the state in the relocation process, and
the state government committed to permanently relocating all people liv-
ing on both sides of the streets adjacent to the canal, and to buying their
homes. Over 239 families were evacuated from Love Canal that year.

When a federal emergency was declared, some relief funds became
available to begin the cleanup. In 1978 and 1979 a drain system was
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constructed around the canal to collect the leachate, contaminants mixed
with groundwater, and divert it to a temporary treatment facility that
removed the toxic properties and discharged the material to the city’s
sewer system. The site was also capped with clay to prevent more water
from infiltrating the canal, thereby reducing the amount of leachate.

Further studies by the state, with assistance from the residents, indi-
cated a high rate of both miscarriages and children with congenital defects
among those living along the swales, or “wet” areas around the canal. As
a result of the accumulated evidence, families with pregnant women or
young children, and a low-income housing project west of the canal, were
temporarily relocated to nearby motels at the state’s expense.

The relocations were difficult. Families were consigned to motel rooms
with two beds, a desk, a dresser, a TV, a bathroom, and cots for the kids,
with little space for personal effects. Meals were eaten out. The motels
were filled with families who shared the same anxiety about what awaited
them when they returned home. By the end of 1979, the residents who had
been temporarily relocated were allowed back in their homes.

Meanwhile, citizens continued to organize, publicize, and agitate for
the permanent relocation of all those living near the canal. Cerrillo and
Gibbs testified before Congress, while other residents appeared on the Phil
Donahue Show. One resident attended Hooker’s annual shareholder meet-
ing and spoke out in protest. Cerrillo shook hands with President Carter
during a reelection campaign stop at Buffalo airport, where the president
told her, “I'll pray for you.”

In the spring of 1980, events once again exploded at Love Canal. The
EPA undertook a preliminary study of possible chromosomal damage for
people living in the area of the canal. The study was conducted without
any control group, and it was intended only to serve as a basis for decid-
ing whether a full-scale, costly study was justified. These preliminary
results, which indicated that eleven of thirty-six residents had chromo-
somal damage, inadvertently became known to the media, forcing the
government to quickly inform the residents before they heard it in the
press. No matter how much the government qualified the study as tenta-
tive and incomplete, the hard, cold number of eleven out of thirty-six
overwhelmed the public. The study was later subject to widespread criti-
cism among the scientific community, and the results were considered by
many to be suspect.

When the EPA study was released, it understandably scared the
remaining residents. The citizens had been arguing and pleading with the
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government to buy out their homes so they could get out. The chromo-
some study gave them leverage.

The Monday after the EPA study was released, residents met at the
Homeowners Association office to follow developments. As the day passed,
more and more people gathered. When the press reported that the White
House was not going to relocate any more residents, the crowd grew angry
and frustrated. Someone poured gasoline in the form of the letters “EPA”
on the lawn of an abandoned house across from the association and set it
ablaze. Others blocked traffic, which drew the police to the scene.

Gibbs called two EPA representatives, a doctor and a public relations
man who were in the area, and asked them to talk to the residents about
the chromosome study. When she announced that the EPA representa-
tives were coming, someone in the crowd proposed that they take them
hostage, to show them how trapped the residents felt. The EPA represen-
tatives arrived and tried to address the growing crowd, but there were
more shouts to take them. Gibbs informed the doctor and the PR man
that they were hostages of the “Love Canal People,” and that they would
not be harmed if they stayed inside. The hostages were fed homemade oat-
meal cookies and sandwiches and were allowed to meet with individual
members of the press inside the association offices. Gibbs called the White
House and demanded the relocation of the residents before the release of
the hostages. After about six hours of discussions with various officials,
and with the FBI threatening to rush the crowd, the hostages were freed.
Neither Gibbs nor anyone else was arrested for the action.

Within days, in May 1980, President Carter declared the second emer-
gency at Love Canal, authorizing the federal and state governments to
relocate about seven hundred families. Though only temporary relocation
was specified in this emergency declaration, an agreement was reached in
October 1980 to provide funds to buy more than five hundred homes in
the area and to permanently relocate those who wished to move. Over four
hundred residents accepted the offer; the others chose to remain.

After 1980, the state and federal governments focused on determining
the impact of the chemical migration on the sewers and creeks in the area,
and on how best to remedy the situation. They also undertook a study to
determine whether Love Canal, after the cleanup, would again be a place
where people could live and play. The study found that certain parts of
the area could be habitable again, and it took over a decade to clean up the
environment around the canal. Some of the homes that were evacuated in
1980 have since been sold and are once again occupied.
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The United States and the State of New York sued Hooker to recover the
costs of investigating and cleaning up the toxic waste site and of relocating
and buying the homes of over five hundred residents. The litigation started
in 1979 and went on for over fifteen years. During an eight-month trial in
1990-1991 many of the details of what had happened during the years of
contamination were finally revealed. In the summer of 1994, the State of
New York settled its claims against the chemical company in exchange for
a payment of $98 million and an agreement by the company to assume
the responsibilities for monitoring the site for as long as necessary. That
settlement alone cost Hooker about $130 million. The chemical company
and the United States settled their claims in 1996, with the company pay-
ing the United States another $129 million. In addition, there were over
two thousand claims made against the company for personal injuries and
property damage by residents. Almost all of these claims have now been
settled for undisclosed amounts.

The early findings indicating that pregnant women and newborns were
at risk from exposure to the chemicals at Love Canal have been confirmed
by a recent study of residents living near another infamous toxic waste
site, the Lipari Landfill in New Jersey. This study found a significantly
lower average birth weight among residents closest to the landfill, com-
pared to the general population. These infants were also twice as likely to
be born prematurely. Both low birth weight and prematurity are known to
contribute to a host of other medical problems later in life.

With some of the proceeds from the settlement, New York State began a
long-term study of the former residents of Love Canal to assess the health
effects from living near a toxic waste site. An interim report in 2006 found
that, consistent with the initial assessments, there was a positive associa-
tion between women living along the canal during pregnancy and adverse
reproductive outcomes, including low birth weight and congenital malfor-
mation. In addition, the study found a higher ratio of female to male births
among these women, noting a similar finding to those exposed to dioxins
at Seveso, Italy.

Debbie Cerrillo now lives in northern New York and eschews any pub-
licity. Peter Bulka died several years ago. Lois Gibbs founded an important
environmental organization, the Center for Health, Environment & Justice,
and continues to fight aggressively for the protection of the environment.

The other families that were affected by the Love Canal disaster have
tried to move on with their lives. During the relocation, some families
were moved to a nearby trailer park. Several years ago it was discovered
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that the trailer park was on top of a toxic waste site. The people in the
trailer park were relocated once again. Another family relocated from
Love Canal to Connecticut, only to discover in 1993 that they were two
blocks away from a toxic waste site with dangerously high levels of asbes-
tos, lead, and PCBs.

Recently the New York State Legislature dissolved the agency that had
been established to redevelop Love Canal. Renovated homes with well-
kept lawns, bicycles, toys, and other signs of family life fill the area north
of Colvin Boulevard, now named Black Creek Village. The canal is now
a grass-covered mound bordered by mature trees with a small building
off to one side, all of it surrounded by a chain-link fence. At first glance,
it appears to be an inviting play area. Yet underneath the grassy mound,
thousands of tons of toxic materials are undergoing chemical treatment
before being discharged to the local wastewater treatment plant. East of
the site lie abandoned homes and wooded, vacant lots where homes once
stood, with grass growing on what remains of the sidewalks and streets.
The former canal and the abandoned area will remain uninhabitable for
the foreseeable future, serving as a memorial to our failure to protect our
environment from toxic chemicals, and to the courage and fortitude of
Lois Gibbs, Debbie Cerrillo, Peter Bulka, and the others who taught us
how not to forget those who are deeply and personally affected by that
failure.
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THREE MILE ISLAND,

PENNSYLVANIA
1979

is surrounded mostly by farming and small residential communi-

ties, such as Middletown, Goldsboro, and Newberry. The island is
not far from the tranquil Pennsylvania Dutch countryside of Lancaster
County. It is also the location of a nuclear power plant.

Two nuclear power units were constructed at Three Mile Island, or
TMI, by the Metropolitan Edison (Met Ed) Company: Unit 1 opened in
1974; Unit 2 opened in December 1978. Both units employed pressurized-
water reactors. Within the reactors nuclear fission produced heat that
converted water to steam, which in turn powered turbines that produced
electricity. The reactor core was protected by a steel case and a large con-
tainment structure that was designed to prevent the escape of any radioac-
tive contaminants.

Cooling water is critical to the safe operation of reactors. If the reactor
core operates without coolant for an extended period of time, the core
overheats and melts the container that surrounds the core. In the early
years of the development of nuclear energy, some speculated that in a
meltdown, the nuclear fuel could burn through the container, through the
underlying soil and bedrock, all the way to China. This scenario became
known as the “China syndrome.” In fact, The China Syndrome, a film that

Three Mile Island, located in the Susquehanna River of Pennsylvania,
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dramatized a nuclear meltdown, opened in theaters across the country on
March 16, 1979.

On Wednesday, March 28, 1979, Unit 2 at TMI was undergoing routine
maintenance. In the early morning hours, workers were cleaning the con-
densate polishers, filters filled with resin to ensure that only clean water
enters the system. The workers had difficulty flushing a piece of resin from
a pipe, and in the process of trying to clean it somehow caused the pumps
in the polisher system to shut down. In turn, other pumps that fed water
to the system (feedwater pumps) also shut down, thereby shutting down
the turbines, and, ultimately, the reactor. The reactor had been operating
at close to full capacity, and with the feedwater pumps shut down, there
was no water to remove the tremendous amount of heat that remained in
the system. The temperature of the reactor rose rapidly, building pressure
within the unit. At 4:00 Ay, alarms lit up a panel in TMI’s control room,
and a safety valve opened to release a million pounds of steam into the
tranquil surrounding countryside.

A 74-year-old farmer who lived a mile away in Goldsboro was awak-
ened by a terrific roar. He jumped out of bed and looked across the river

A mother and her children walk their dog in Londonderry Township, June 20, 1979, across
the river from the cooling towers of Three Mile Island Nuclear Power Plant.

Credit: Photography by Robert Del Tredici, courtesy of the artist
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toward TMI and saw a huge cloud of steam flying out of the tower. He, and
others like him, went back to sleep, thinking it was an ordinary distur-
bance, similar to others he had experienced living so close to the nuclear
plant. The residents of Goldsboro lived close enough to the plant to hear
its alarms go off whenever there was a problem.

Although a light in the control room indicated that the relief valve had
closed within seconds, the valve remained open for more than two hours,
allowing pressure to drop low enough for the water to vaporize. Faulty
signals conveyed more misleading information, prompting operators to
take additional measures that drained even more precious water from
the system. Without sufficient water to cool the reactor, and with a drop
in pressure, fuel elements began to melt. Radioactive water escaped into
the basement of the containment building, as well as into an auxiliary
building, and hydrogen escaped into the containment dome. The unit was
headed for meltdown, and no one at TMI was aware of it.

Finally, someone realized that the relief valve was open, and shut it.
The pressure leveled off, but heat remained trapped in the core, which
continued to deteriorate. Instruments registered core temperatures above
2,000°F. Operators did not believe that the core could get that hot, and
they assumed that the instruments were malfunctioning. It was that hot,
and it got hotter, reaching as much as 4,000°F. At 5,000°F, the core would
start heading for China.

As the morning wore on, and more alarms sounded in the control
room, it became clear that a large amount of radiation had been released
into the reactor, the auxiliary building, and elsewhere in the system. A
site emergency was declared at 7:00 AM. The radiation readings suggested
a possible exposure level for the closest population, in Goldsboro, of
10 rem (Roentgen equivalent man) per hour—a measure of radiation dose.
Exposure for workers at the plant was limited to only 5 rem per year, and
usual levels within the plant site were 100 millirem per year. This meant
that the residents could be exposed at levels thousands of times the normal
radiation for the area.

At about 7:30 AM, a general emergency was declared, which meant that
an incident had taken place with “the potential for serious radiological
consequences to the health and safety of the general public’—TMTI’s high-
est alert.

News of the risk could not be confined to the plant after the declara-
tion of a general emergency. Civil defense offices in the area were noti-
tied of the emergency, and area residents awoke to radio broadcasts that
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an accident had occurred at TMI that morning. When they went outside,
they could taste metal in the air.

Mayor Bob Reid of Middletown, located across the bridge from TMI, first
learned of the accident from his civil defense director. When he called Met
Ed headquarters that morning, he was reassured that while there had been
anaccident, no radiation was released, and there was nothing to worry about.
Soon after this conversation, Mayor Reid heard on the radio that radiation
had been released. That same morning, Lt. Governor William Scranton III
gave a press conference, based on information from Met Ed. Scranton
assured the public that everything was under control, that there was no
danger, and that no increased radiation had been detected. No sooner had
he finished than one of his experts contradicted him, saying it had just been
learned that radioactive iodine had been detected offsite. Both the state and
Met Ed were quickly losing credibility.

Throughout Wednesday, radiation levels in the dome of the reactor
building kept going up, from 800 rem per hour at 7:00 AM to 6,000 rem
at 9:00 AM, a level of radiation that would have killed anyone exposed to
it within minutes. Hydrogen gas that was generated from the reaction of
zirconium and water formed a bubble in the top of the reactor, and other
radioactive gases escaped into the atmosphere.

Meanwhile, everyone on TMI was trying to figure out what was hap-
pening inside the reactor, and to find a way to cool it down. Donning full
protective gear, which included a breathing apparatus, radiation meters,
and dosimeters, workers were sent to make adjustments to equipment
throughout the system in the ongoing struggle to control the buildup of
radioactive releases. At times they had to climb several levels—as much
as fifty feet—open a safety valve, and get down quickly, being exposed
to radiation the entire time. If their air paks ran out, they had to rip off
their masks and catch enough breath to run for safety. They decontami-
nated by showering, wearing masks so as not to inhale the radioactive
particles being washed off. Many “burned out,” having been exposed in
fifteen minutes of work to the equivalent of their limit of exposure for
three months. The experience was enough to terrify even the most expe-
rienced workers.

Around midday, while operators were still trying to figure out how to
control the situation, a popping sound was heard from within the reactor.
Recording equipment showed a sudden, large increase in pressure. No one
could pay much attention to it on Wednesday because of other pressing
matters. Later it would be of great concern.
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By Wednesday evening, the developing story about TMI dominated
the national and local television news. Local coverage tended to under-
state the danger, while national networks competed with stories about the
worst possible scenarios. A doctor living in Newberry, two miles from the
plant, heard conflicting news reports, some stating there was no radiation
danger, others discussing how much radiation might have escaped. His
wife was pregnant, and they had a one-year-old at home. They left the area
that night, as did others, wary of the conflicting accounts that followed in
the immediate aftermath of the accident.

By Thursday morning, the releases seemed to have been controlled,
cooling water was restored to the reactor, and tension in the TMI control
room eased. But there was little to support Met Ed’s optimistic morning
pronouncement that less than 1 percent of the fuel elements had failed.
The reality was that no one yet knew just how much damage had been
done, and only a sample of the contaminated coolant water would give
them a firm handle on how much fuel failure there had been, and what
dangers still existed.

During the day, contaminated coolant water continued to build up in
the basement of the containment building. The operators diluted the con-
taminated water with large volumes of water from the Susquehanna River
and then discharged 400,000 gallons of the coolant, containing xenon-
133 and xenon-135, into the river. Residents and officials were furious
when they discovered what was going on. While the discharge might not
have created a significant threat, it became a public relations nightmare
and led to further misgivings on the part of the public and the Nuclear
Regulatory Commission (NRC) in their understanding of what was hap-
pening. Lt. Governor Scranton visited TMI, as did a host of congressional
figures, both to see for themselves and to assure the public that there was
no imminent danger.

As Scranton and other politicians were visiting TMI, some of their con-
stituents were trying to get as far away from the site as possible. Rumors
spread through the towns and countryside about an impending evacu-
ation, and even a possible meltdown. The China Syndrome had opened
in the Harrisburg area on Wednesday night. By Thursday, some were no
longer willing to wait for further developments. Those who left wondered
whether they would ever again see those left behind, and everyone wor-
ried about what their children already had been exposed to. While con-
cern and fear were widespread, many residents chose to leave merely out
of caution. There was no panic. Not yet, anyway.
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On Thursday, operators were finally able to retrieve a sample of the
coolant water in the reactor building. They were astonished at the level of
radiation they found, which indicated a much higher level of fuel failure
than anyone had imagined. Meanwhile, the hydrogen gas bubble remained
at the top of the reactor, and slightly increased levels of radioactivity were
detected at various locations in the area around TMI. Friday soon became
known as “Black Friday,” and for good reason.

On Friday morning, a decision was made to address the radioactive
gases that had accumulated in a makeup tank, which was filled with water
that could be added to the reactor core. Venting to the air was unaccept-
able, so it was decided that the gas would be transferred to a waste-gas
decay tank. Leaks were detected in the line from the makeup tank, causing
concern that too much radioactive material might escape into the atmo-
sphere and force an evacuation.

To measure the level of radioactivity escaping during the transfer
process, the plant operator directed a helicopter to hover over the cool-
ing towers. As the gases were transferred to the waste-gas decay tank,
the helicopter’s instruments registered increasing levels of radioactivity,
eventually reaching as high as 1,200 millirem per hour, before slowly fall-
ing again. Although the reading was high, the ground level of exposure
would be diminished by a factor of ten, since the 1,200 millirem was mea-
sured at 600 feet in the air. Indeed, a reading at the site fence was only
14 millirem.

When the reading was reported to various agencies, however, it was not
made clear that it had been taken at 600 feet above the ground. When the
NRC staff received word that a measurement of 1,200 millirem per hour
had been taken somewhere at TMI, they concluded, with some panic, that
the waste-gas decay tank was leaking at an exposure rate of 1,200 millirem
per hour. The NRC decided it had to recommend an evacuation. The staff
briefly debated the extent of the evacuation, and finally settled on an area
ten miles around TML

The NRC conveyed the recommendation to Pennsylvania officials, and
it was passed on to other local civil defense officials. Governor Richard
Thornburgh was responsible for ordering an evacuation, but he was not
convinced it was necessary. After much consultation, Thornburgh ordered
schools closed, advised pregnant women and preschoolers to evacuate
from a five-mile radius around TMI, just as a precaution, and recom-
mended that others stay indoors and close their windows. Thornburgh
gave his order shortly after noon.
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The public, however, had reacted even before Thornburgh could make
his announcement. A county defense official had jumped the gun and
announced in the morning, on the radio, that the governor was going to
order a full evacuation. When the governor’s announcement came, people
were already on the run, and there was a growing conviction that a melt-
down was inevitable.

Parents rushed to schools and grabbed their children. Fifth- and sixth-
graders wrote their last will and testament as they waited for their parents.
Some families got into their cars and drove as far away as possible, leaving
their homes unlocked and their doors wide open. Others grabbed their
kids, took them home, closed all the doors and windows, and waited.

Telephone lines were overloaded, and few people could call out. Police
drove through neighborhoods broadcasting by loudspeakers the school-
closing order and the advice issued by Governor Thornburgh. There was a
run on banks as people withdrew cash or emptied their safe deposit boxes.
Gas stations were jammed. When the decision was made to leave, there
was little time to decide what to take. Many felt it was like fleeing a burn-
ing house. What do you take in those few moments when you think that
you might not ever be able to return? Some took personal telephone books,
so they could reach out to their families and friends; some took insurance
policies. People took clothes, personal records, birth certificates, pets,
baby pictures, a rose bowl that had belonged to a mother or grandmother,
stereo and other equipment to be saved from looters, valuable silver that
might serve as a down payment on a new home.

In the areas around TMI, 50 to 80 percent of residents fled. Adults
watched their children as never before, with every cough, sneeze, or other
symptom raising the specter of radiation poisoning, whatever that looked
like. The threat was invisible, and therefore all the more frightening.

No sooner had officials dealt with the evacuations than they encoun-
tered a larger problem. By Friday, experts realized that the sudden increase
in pressure that had taken place on Wednesday was actually a hydrogen
explosion. Though the explosion was large enough to destroy a small build-
ing, it was a small blip within a 600,000-cubic-foot containment structure
with four-foot-thick concrete walls. The hydrogen remained in the reac-
tor, so a much larger explosion was possible. The likelihood of an explo-
sion, and the potential consequences, dominated conversation throughout
Friday afternoon and Saturday.

At a press conference, members of the NRC staff stated that a hydrogen
bubble could cause a meltdown, but that this was unlikely. Most of the press
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ran with the story of a possible meltdown. Rumors flew, including tenta-
tive plans for the evacuation of a twenty-mile area. At a Roman Catholic
service in the area, the priest gave general absolution to the congregation,
a blessing for those in mortal danger. On Sunday, President Jimmy Carter
visited TMI to demonstrate the unlikelihood of a meltdown.

Within the NRC there were conflicting assumptions about the state of
the nuclear reactor. Some assumed that free oxygen could be produced in
the reactor vessel and that, when mixed with the hydrogen, an explosion
could occur. Others analyzed the situation and doubted whether any free
oxygen could be produced in the reactor vessel at all, in which case there
was no danger.

It wasn’t until Sunday that the NRC reached a consensus that an explo-
sion was highly unlikely. By Monday and Tuesday, the hydrogen bubble
was diminishing, and the situation at TMI stabilized. Over the following
weeks, the reactor continued to cool down, schools were reopened, and the
advisories were lifted.

It took eleven years and nearly $1 billion to clean up TMI. The build-
ings and equipment were washed with soap and water; low-level radioac-
tive water was decontaminated and discharged into the river. Radioactive
material was packed up and sent away for offsite disposal. Reactor Unit 2
will have to be monitored for decades, and then decommissioned.

Over two thousand residents, as well as businesses, filed lawsuits against
Met Ed and the manufacturers of the equipment. The economic losses
attributable to the explosion were settled for $25 million. The personal
injury claims were unsuccessful because the injured plaintiffs could not
prove that the accident had released high enough concentrations of radia-
tion to cause their injuries. Those living within five miles of TMI received
on average 9-25 millirem of radiation within ten days after the explosion.
In comparison, the average annual dose from background radiation in the
United States is about 300 millirem, which works out to be about 8.1 milli-
rem for ten days. A twenty-five-year follow-up study in 2004 of more than
35,000 residents who were living within five miles of TMI at the time of
the accident found no statistically significant increase in deaths from can-
cers. There was a slight increase in overall deaths, primarily from heart
disease, but it remains unclear to what extent the increase is a result of
the stress of living through the disaster and then in the shadow of the two
cooling towers in the years since. Most researchers agree that it is too early
to determine conclusively what health effects resulted from the radiation
exposure.
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When the TMI plant was first proposed and constructed, everyone—
Met Ed as well as government officials—assured the public that it would
be safe, that there was nothing to worry about, that nuclear power was
cheap and the technology of the future, and that it was patriotic to build
the plant since it would end American dependence on oil from the Middle
East. In the spring of 1979, the people in the area around TMI, as well as
the wider public, learned that such assurances were unfounded and that
this technology carried with it the potential for our own destruction. It is
no mystery why nuclear power fell sharply into disfavor following TMI.
On March 28, 1979, TMI came perilously close to a frightening meltdown,
which would have had devastating consequences for every living thing in
the area. Many felt that it was just a matter of time before such a catastro-
phe happened. Soon it would, at Chernobyl.
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TIMES BEACH,

MISSOURI
1982

California, has always been part pavement, part myth. At its birth
in the 1920s, the road stretched 2,448 miles across eight states, from
the conservative farmlands of the Midwest to the glamorous West Coast.
The route was designed to connect the main streets of small and large

Route 66, a highway that ran from Chicago to Santa Monica,

towns along the way, providing access to markets for farm products and
a means for Americans to explore the country with their newly acquired
automobiles. It also provided an escape to California when land dried up
during the Dust Bowl of the 1930s, a journey depicted in John Steinbeck’s
The Grapes of Wrath, where the road acquired the sobriquet “the mother
road, the road of flight.”

After the interstate highway system was constructed, beginning in the
1960s, Route 66 became obsolete and largely disappeared, physically as
well as symbolically. A superhighway replaced the last stretch of Route
66 in 1984. In September 1999, an attempt was made to reconstruct the
myth of the road. Route 66 State Park was opened along the Meramec
River, twenty miles southwest of St. Louis. The park lies in the Meramec
floodplain and covers 409 acres with hiking, biking, and horse trails, and
wetlands that attract a broad range of birds, deer, and other game. There is
a visitor center along with a small museum of Route 66 memorabilia.
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The park is unremarkable, except for a vast mound covered with
grass that stands next to the picnic area. The mound, which seems oddly
out of place in this landscape, is the grave of the town of Times Beach,
Missouri—torn down, bulldozed, and buried. Under the grassy mound
lie the remains of houses, mobile homes, and businesses, including the
Easy Living Laundromat, the Western Lounge bar, the city hall, and the
Full Gospel Tabernacle Church. It was not some mighty natural force that
caused such devastation. Instead, it was a small-time waste hauler named
Russell Bliss, in league with a company that was trying to save a few dol-
lars on its waste disposal costs.

In the late 1960s, the Northeastern Pharmaceutical and Chemical
Company, Inc., or NEPACCO, set up business in a portion of a manufac-
turing facility near Verona, Missouri, west of Times Beach. The former
operator and still owner of the site was Hoffman-Taff, a company that
made the defoliant Agent Orange, used by American forces in Vietnam.
NEPACCO produced hexachlorophene, an antibacterial agent used in
soaps, toothpaste, and hospital cleaners—the same product made at the
ICMESA plant in Seveso, Italy. NEPACCO first made trichlorophenol
(TCP), and then further refined it to make hexachlorophene. At the end
of the distillation process, liquid residues, known as still bottoms, accu-
mulated and were stored in a black 7,500-gallon tank. Disposal of the still
bottoms was expensive, and though NEPACCO at first paid an experi-
enced waste company to dispose of the still-bottom residues by incinera-
tion at a facility in Louisiana, it later looked for ways to cut costs. When
a sales representative at ICP, a local company that sold solvents, heard
that NEPACCO was looking for a solution to its high-cost waste disposal
problems, the company contracted with NEPACCO to dispose of the still
bottoms. ICP knew little about waste disposal, however, and it in turn sub-
contracted the disposal to Russell Bliss. Bliss operated a waste oil business,
collecting used crankcase oil from gas stations and reselling it to refineries,
recyclers, and anyone else who would pay for it. ICP charged NEPACCO
$3,000 per load and paid Bliss $125 per load. ICP knew the material was
potentially hazardous but did not know what was in it. ICP sent a sample
of the still-bottom residues to Bliss. He dipped a paper napkin in it, lit the
napkin, and concluded that it seemed like a heavy grease.

Bliss, or his workers, drained the NEPACCO waste into a tanker truck,
and drove the tanker to his storage facility near Frontenac, Missouri.
There the still bottoms were unloaded into storage tanks, which were also
utilized to store used crankcase oil. Between February and October 1971,
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Bliss picked up six truckloads of still bottoms from NEPACCO, each load
containing 3,000-3,500 gallons.

In addition to operating a waste oil business, Bliss kept a stable of
Appaloosa show horses. To keep the dust down, Bliss drained the mixture
of crankcase oil and still bottoms from his storage tanks in Frontenac and
sprayed the material around his horse farm. It worked so well that Bliss
began to sell his dust-suppressant services to others, including Shenandoah
Stable, near Moscow Mills, Missouri. The owners, Judy Piatt and Frank
Hempel, who also kept Appaloosas, paid Bliss $150 to spray the floor of
their indoor arena in May 1971. Bliss told Piatt that the material would kill
all the flies around the horses. It did more than that.

The night after the spraying, a horse grew quite ill. Within a few days,
tive more horses lost their hair, developed sores, and became severely ema-
ciated. Sparrows, cardinals, and woodpeckers began to drop from the raf-
ters of the barns. Before long the horses, too, began to die. Piatt blamed the
deaths on the spraying, but Bliss denied responsibility, claiming that he
had sprayed only used motor oil. To try to stem the flood of deaths, Piatt
and Hempel removed a foot and a half of soil from around the arena, but
to no avail. Eventually sixty-two horses died or had to be destroyed.

Both Piatt and Hempel suffered diarrhea, headaches, and aching joints.
Piatt’s six-year-old and ten-year-old daughters also became sick after play-
ing on the floor of the arena. The younger daughter had to be rushed to
the hospital on one occasion, and both suffered from gastrointestinal
pains and inflamed and bleeding bladders.

A young veterinarian, Dr. Patrick Phillips, who was a graduate student
at the time, visited the Piatt stable but could not determine the cause of
the illnesses or the deaths of the horses. Because of the unexplained deaths
of the horses, and the illnesses of the children, the Missouri Division of
Health alerted the federal Centers for Disease Control (CDC) in Atlanta,
Georgia. In August 1971, the CDC inspected Shenandoah Stable and col-
lected human and animal blood samples, as well as samples of the soil.
CDC representatives also spoke with Bliss, who assured them that he had
sprayed his own stable with the same material and that he had not experi-
enced any problems.

Piatt and Hempel took matters into their own hands. In September
1971, they sued Bliss for the injuries and loss of the horses. Starting in late
1971, they also surreptitiously followed Bliss’s trucks as waste materials
were sprayed or dumped around Missouri. Hempel sometimes wore a wig,
Piatt wore a large cowboy hat, and they borrowed different cars to disguise
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themselves, but Bliss’s drivers often recognized them. Piatt and Hempel
kept a record of where Bliss sprayed or disposed of materials, keeping up
the surveillance for fifteen months.

While Piatt and Hempel followed Bliss, the CDC attempted to identify
what might be in the waste oil that could cause such toxic reactions. By
late 1972, they were still unable to identify the chemical culprit. Around
this time, Dr. Phillips and Piatt heard about the Timberline Stable, where
similar problems had occurred, including the loss of twelve horses. The
son of the stable owner also contracted a severe skin disorder, chloracne,
after playing in the stable. A colleague of Dr. Phillips took samples at
Timberline and suffered a burn and then blistering of his face from the
soil sample. The CDC was again notified.

In late 1973 and early 1974, the CDC analyzed more soil samples from
Shenandoah Stable, and this time the agency found traces of trichloro-
phenol (TCP), an ingredient in herbicides that causes blistering. When
the trace amounts of TCP were administered to the ears of rabbits, they
developed the signs of blistering, as expected with TCP. What was not
expected was that several of the rabbits died, and autopsies revealed liver
damage. This reaction could not be attributed to such small doses of TCP.
Something much more deadly was at work.

The CDC ran more complicated tests and discovered that the soil con-
tained tetrachlorodibenzo-p-dioxin (TCDD), more commonly known as
dioxin. In fact, the soil samples contained over 30,000 parts per billion
(ppb) of dioxin. At this time, though dioxin was known to be deadly to
animals, even in small doses, little was known about its effects on humans,
and there was no standard for what constituted safe levels of dioxin.

The CDC immediately notified the Missouri Division of Health.
Dr. Phillips found Piatt and Hempel at a restaurant and told them the
news. He explained what dioxin was, although he himself had only that
day learned about it. None of them knew how dangerous dioxin was, only
vaguely connecting it with Agent Orange and the Vietnam War.

The authorities began to look for the source of the dioxin. The high con-
centration of the chemical indicated that it came from an industrial facil-
ity. Bliss stated that he got his oil from various sources in Missouri, none of
which were industrial sources of dioxin. Dr. Phillips and CDC physicians
discovered several facilities in Missouri, including the Hoffman-Taff facil-
ity, that could have made Agent Orange or TCP, but none seemed to have
any connection with Bliss. Then the investigators located a former super-
visor at the Verona plant, who informed them that Bliss had indeed hauled
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waste from NEPACCO. When they confronted Bliss about the waste haul-
ing he did for NEPACCO, he claimed that he had just remembered the site
and was about to call the CDC.

NEPACCO went out of business in 1972, after its main product,
hexachlorophene, was banned for most purposes by the Food and Drug
Administration (FDA). The ban followed the deaths of thirty-six infants
in France who were exposed to high levels of the chemical in talcum pow-
der. Dioxin is an unwanted byproduct of trichlorophenol, a constituent of
hexachlorophene.

When the CDC inspected the Verona plant site, NEPACCO was gone,
but the tank used to store still bottoms was there, filled with 4,300 gal-
lons of liquid. The CDC tested the material and found dioxin at 343,000
ppb. One CDC representative suggested that there was enough dioxin in
the tank to kill everyone in the United States. State and federal authori-
ties, including the Environmental Protection Agency (EPA), focused their
efforts on securing and cleaning the Verona site, working with Syntex,
the company that had purchased Hoffman-Taff and was therefore respon-
sible for the site. After securing the tank, the most pressing problem was
the disposal of the dioxin-contaminated material. One method was to
incinerate it, but Missouri did not have any hazardous waste incinerators,
and neighboring states threatened to block any attempts to transport the
dioxin across state lines. Disposal of the dioxin was delayed until a suit-
able facility was found.

Dr. Phillips and the CDC investigators also identified another site where
dioxin had been sprayed and where several homes were later built. Tests
showed high levels of dioxin in the soil. While the CDC recommended
that the site be excavated and the people moved, its report also indicated
that the half-life of dioxin was one year. Based on the estimate that half of
the dioxin would degrade naturally within a year, which was later found
to be erroneous, Missouri officials decided to leave the soil intact and not
to move anyone.

In 1979, the investigations took another turn. An anonymous tip
reported that NEPACCO had buried drums of chemicals on a farm near
the Verona plant. Hundreds of drums were uncovered, and dioxin was
found in the soil samples. As at the Verona plant site, the first priority was
to secure the drums and prevent further discharges before determining
how to dispose of the dioxin.

A lack of financial and human resources and insufficient legal author-
ity hindered authorities in their investigation. The federal Resource
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Conservation and Recovery Act (RCRA), which was designed to regulate
the generation and disposal of hazardous waste, was passed in 1976, but
the EPA was slow to enforce the requirements of the new law. Also, RCRA
did not address problems associated with old, abandoned hazardous waste
sites.

The gap in the law was closed several years later through the passage of
the federal Comprehensive Environmental Response, Compensation, and
Liability Act, also known as the Superfund law. The Superfund law estab-
lished a government fund for the investigation and cleanup of abandoned
toxic waste sites, with strict liability provisions that allowed the govern-
ment to recover the costs of the cleanups from the responsible parties.
The law was based on the principle that those who threaten public health
and the environment through the production and disposal of toxic wastes
should be made to pay for the cleanup—the polluter pays principle.

As tough as the law was when it passed in December 1980, it imme-
diately ran into headstrong opposition from the newly elected Reagan
administration. Reagan was unsympathetic to environmental issues and
immediately set out to diminish the effectiveness of the federal EPA by

After the discovery of dioxin contamination, the residents of Times Beach were blocked
from going to their homes and their day-to-day living changed forever.

Credit: © Jim West, courtesy of the artist
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cutting resources, delaying regulatory actions, and reducing enforce-
ment. These efforts to undercut the EPA, and the Superfund program in
particular, were carried out by Anne Gorsuch, the head of the EPA, and
Rita Lavelle, the head of the hazardous waste division. Both Gorsuch and
Lavelle joined the EPA from jobs in industries that had been regulated by
the EPA. Gorsuch had a reputation from her days as a Colorado legislator
as someone who was deeply opposed to federal energy and environmen-
tal policies. Many viewed Gorsuch and Lavelle as foxes sent to guard the
chicken coop.

The Reagan administration cut EPA funding by 17 percent, and
Gorsuch abolished the enforcement office, dispersing the staff into other
programs. Soon after Lavelle assumed control of the hazardous waste pro-
gram, she met privately with industry representatives whose hazardous
waste sites were being investigated by the EPA. The meetings led to claims
that Lavelle was entering into sweetheart deals with companies to relieve
them of the obligation to pay for the multimillion-dollar cleanup of these
sites. When the Reagan administration refused to surrender EPA docu-
ments to Congress, it was seen as an attempt to hide such deals. There were
also reports that the EPA was attempting to lower the standard for dioxin
cleanups. This—and the reductions in staffing and resources mandated
by Reagan, including laboratories needed to analyze samples—deepened
the distrust of both the EPA and the Reagan administration felt by those
trying to deal with the dioxin.

After reviewing all of the available records, including Judy Piatt’s record
of where Bliss had sprayed, an EPA field investigator named Daniel Harris
identified numerous sites all over Missouri that might be subject to dioxin
contamination. People demanded that the EPA take action to protect those
exposed. Rita Lavelle stated repeatedly that no emergency existed, and that
since not enough was known about dioxin, more studies were needed before
action could be taken. When asked why some of the sites were not fenced,
she infamously retorted that fences merely encouraged children to climb
over them. Many saw these arguments as attempts to delay the process, as
a denial of the seriousness of the dioxin exposure, and as an unwillingness
to spend the Superfund money that Congress had appropriated.

The EPA’s handling of events in Missouri became an embarrassment in
the fall of 1982 when an environmental organization, the Environmental
Defense Fund, published a leaked EPA document that listed fourteen con-
firmed and forty-one suspected dioxin sites in Missouri, and reported that
the EPA was going to clean up sites only if the level of dioxin exceeded
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100 ppb, whereas the CDC was arguing for cleanups where the dioxin level
was only 1 ppb. The town of Times Beach was included on the list. Piatt’s
records indicated that Bliss’s trucks had sprayed his oil mixture on the dirt
roads throughout the town. Bliss continued to spray Times Beach from
1972 through 1976. Since the town had the largest population of all the
newly revealed sites, it received the most attention. Sampling began in late
1982, and residents in the town soon grew accustomed to people in white
moon suits taking samples of the dirt on their streets.

Sampling was completed on December 3, 1982, which was fortunate,
because on the following day Times Beach suffered its worst flood in his-
tory when the Meramec River overflowed. Residents of the town were
evacuated, and it was several days before they could return. Even then,
no cars were allowed, and the town was accessible only on foot or by boat.
No one under sixteen was permitted to return at that point, and residents
were warned to get tetanus shots, not to smoke because of leaking propane
tanks, and to obey a curfew.

Many residents attended the town’s annual Christmas party at city hall
to celebrate the holiday and their safe return after the flood. At the din-
ner, the residents learned of the results of the samples taken by the EPA.
They were shocked out of their holiday cheer. Dioxin had been found in
the soil along roads and in backyards. The CDC advised that the people
who had not yet returned because of the flood should stay away because of
the dioxin, and that those who had returned should get out. Within days,
police established roadblocks to prevent access to the town, and people in
moon suits returned to take further samples. Times Beach quickly became
Missouri’s Love Canal.

Despite the growing crisis in Times Beach, officials at the EPA head-
quarters remained dismissive. Lavelle insisted that there was no emer-
gency. Others closer to the Reagan White House saw Lavelle herself as
a disaster in the making. In January 1983 control over events in Times
Beach was taken out of her hands.

Further tests conducted by the EPA indicated that dioxin was wide-
spread throughout the town. Officials were uncertain about the health
effects of exposure to low levels of dioxin in soil, and even more uncertain
about how to dispose of it. The town was situated in a flood plain, and fur-
ther flooding could spread the contamination. In the end, it was decided
that buying the town would be more efficient than relocating the residents
for an unknown period while the agencies figured out how to clean up and
dispose of the dioxin.
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The decision to buy out the town was announced at a press confer-
ence on February 22, 1983, by the EPA administrator Anne Gorsuch. The
announcement was made to a room full of reporters, while the residents
of Times Beach listened to a loudspeaker outside.

Within a few weeks, both Lavelle and Gorsuch were dismissed from
the EPA for a variety of reasons, including their handling of Times
Beach. Subsequently, Lavelle was convicted of perjury before Congress, of
obstructing a Congressional investigation, and of submitting a false state-
ment. She spent four months in jail and served five years of probation.

Meanwhile, the people of Times Beach were stranded. They had to
decide whether to stay and wait for the buyout and assume the risks to
themselves and their children, or to get out. The authorities had indicated
that staying was not safe, but no one could tell them how dangerous it
would be to stay. If they chose to leave their homes, they had to find alter-
native living accommodations and pay for both those accommodations
and their Times Beach homes. Businesses in Times Beach were lost, as
were the jobs at those businesses. Parents attended countless meetings try-
ing to figure what to do, where to go, for how long, and how to get some
financial assistance. Every cough, sore, and fever experienced by the chil-
dren of Times Beach was watched intently by their parents, always fearing
that this was just the first symptom of some unknown disease. Pregnant
women worried deeply about the consequences for their babies. For five
families that moved away, it was soon discovered that the mobile home
park they had moved to was another site that had been contaminated by
Bliss. They were forced to move yet again.

The buyouts did not begin until August 1983 and ultimately cost more
than $36 million, with the EPA paying 90 percent and the State of Missouri
paying 10 percent of the costs. Based on the experience at Seveso, Italy, the
state recommended that all the dioxin throughout Missouri be collected
and stored in temporary facilities before being incinerated.

Since Times Beach contained over 50 percent of the dioxin in the state, and
no one would be living there, it was the logical choice for a new incinerator.
Once built, it burned more than 265,000 tons of dioxin-contaminated mate-
rial, including over 37,000 tons from Times Beach. Syntex was responsible for
most of the cleanup at Times Beach and the other sites in Missouri, includ-
ing the construction of the incinerator, the construction of levees to protect
the incinerator and related facilities from flooding, and the demolition and
burying of Times Beach itself. By 1997 the cleanup was complete. With the
settlement of personal injuries, the costs were close to $200 million.
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Judy Piatt and her daughters eventually recovered on their claims
against Bliss, IPC, and others. Bliss was prosecuted on a variety of charges,
including illegal dumping and tax fraud, and was sentenced to a year in
jail on the tax fraud conviction.

People typically visit the Route 66 State Park to pay homage to the
famous national highway and perhaps to learn some of its history. Little
do they know that the vast mound next to the picnic area, like some pre-
historic burial ground, contains the remnants of the lives of some 2,000
people, including their Christmas decorations, their beds, their swing sets,
the roofs over their heads—all buried in this spot.



BHOPAL, INDIA
1984

December 1984 in Bhopal, India, after methyl isocyanate (MIC),

a deadly gas, exploded from a Union Carbide Corporation (UCC)
chemical plant shortly after midnight and continued to discharge for
almost two hours. For most, the warnings came too late.

There was a stiff wind from the northwest that night and, since methyl
isocyanate is heavier than air, the wind quickly drove the gas to the shan-
tytowns that had grown up around the plant. This area surrounding the
plant was overcrowded with families living on small plots of land. Dark,
narrow passageways separated the dwellings. The dwellings were con-
structed of tarpaper, wooden slats, plastic bags, straw, bamboo, and tin.
The gas flowed through the open windows and cracks in the loosely con-
structed shacks. Once inside, it seeped under doors, into bedrooms, and
into lungs. Many children and older people—the most vulnerable—died
in their sleep. Others woke up coughing, choking, with their eyes on fire.
It was dark, with little electricity available in the shacks. They heard noises
outside, and when they stumbled to the door, they saw others rushing

1] Run! Gas! Death!” The shouts were heard early one morning in

away, escaping something.

They looked for their spouses, parents, and children. Some were already
dead. They grabbed whomever they could and began running to escape
the gas. A mother grabbed her infant daughter and ran, coughing and
choking the entire time. When she was far enough away to feel some relief
from the gas, she looked down and realized that her daughter was dead.



102 THIS BORROWED EARTH

A father awakened to the gas and screams and found his wife already dead
in their bed. He panicked and ran, forgetting his children. Only some of
his children survived.

Many ran in the same direction as the wind, which carried the deadly
poisonous gas over an area of twenty-five square miles. People fell on
the streets, choking, vomiting, defecating, and dying. Some foamed at the
mouth, others choked on their own blood. Though some of the victims
helped others off the ground, many more were trampled to death or run
over by cars and trucks. At the nearby railroad station, the stationmaster
hurriedly directed an incoming train to keep going and then signaled
other stations to keep the trains away. He died at the station.

Methyl isocyanate is highly volatile, flammable, and toxic. It was man-
ufactured at the Union Carbide plant and then stored in underground
tanks for use in the production of pesticides. But slow sales resulted in a
surplus of pesticides, and the production of MIC was shut down. During
the downtime, Union Carbide initiated certain repairs and maintenance
procedures, including the cleaning of filters in the pipes that carried the
MIC to the process units at the plant.

MIC needs to be kept cool and free of any impurities, including water.
So the cleaning of pipes connected to the MIC tanks had to be done with
extreme caution, for any water mixing with the MIC could cause an explo-
sive situation. Various safety devices and valves were in place to keep water
from entering the MIC storage tanks. On Sunday evening, December 2,
1984, workers began to clean out material that had accumulated on the
sides of the pipes. Whether someone failed in their responsibility to keep
the valves shut, or whether the valves failed or leaked, water entered MIC
Tank No. 610. Compounding this danger, Tank No. 610 was over 75 per-
cent full, which was in violation of safety measures that limited the capac-
ity of the tanks to 50-60 percent. The unfilled space was designed to serve
as a buffer to absorb heat if a reaction were to occur in the tank. In addi-
tion, the refrigeration unit, which was used to keep the temperature cool,
was turned off at the time and the coolant had been drained during the
shutdown.

Water leaked into the MIC tank and initiated a chemical reaction
that, over several hours, caused an increase in temperature and pressure.
Around 11:30 pMm on Sunday, workers’ eyes began to tear, indicating a
leak of MIC. They searched around the MIC tanks and observed that an
overhead pipe connected to the MIC tank was leaking. They reported the
problem to the supervisor in the control room. The supervisor believed
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it was only water leaking and, since leaks were common, decided to look
into it further after a tea break. At this time, the temperature remained
low and the pressure in Tank No. 610 was 10 pounds per square inch (psi),
safely within the normal range of 2 to 25 psi.

After the tea break, at about 12:30 AM on Monday, December 3, an
operator noticed that the temperature in Tank No. 610 had risen to 77°F,
and the pressure had shot up to 55 psi, both very dangerous conditions.
Tearing also became pervasive, and workers began to cough. There was
an increasing awareness that something very wrong was happening. The
operator ran to inspect the MIC storage tank. When he got there, he heard
aloud noise, felt intense heat coming from the tank, and saw that the con-
crete above the tank was cracking. Others at the plant saw a cloud of gas
burst out of the plant’s stacks. The temperature in the tank was 392°F and
the pressure was 180 psi.

Deadly MIC discharged into the open air. Workers tried desperately
to stop or control the release. But the safety measures that normally
would have helped to control the MIC were inoperative or ineffective. A
gas scrubber, using a caustic soda solution, could have neutralized the
MIC gas as it was escaping from the system, but it had been turned off
during the shutdown. The operator turned the scrubber back on but it
never worked. A flare that could have helped control or reduce the gas
discharge was also inoperative. The refrigeration system was unavail-
able since it had been drained of coolant. A water spray that could have
reduced the amount of gas escaping did not reach far enough up the
stack to be effective. Nothing could be done to stop some forty tons of
MIC and other reaction products from exploding out of Tank No. 610
and over Bhopal.

A worker sounded an alarm, but it was a sound heard often from the
plant and it was turned off after a few minutes. Few outside the plant heard
it and, of those who did, most thought it signaled a shift change. When it
was clear that none of the plant’s safety systems were of use, the workers
still at the plant grabbed oxygen masks or covered themselves with wet
cloths. They first checked the direction of the wind, from a large sock tied
to a pole, and ran as fast as they could into the wind to minimize their
exposure. As they did, they ran past four buses that were designated for
the emergency evacuation of residents from areas adjacent to the plant.
The buses remained unused. No workers died that night.

Those awakening to this very real nightmare had no idea what to do
except to run from the cloud of gas being carried along by the cold wind.
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No effective warnings were given, except an occasional loudspeaker on a
police van, which just told them the obvious: run for your lives. They had
no oxygen masks, and no one told them how to protect themselves.

Dawn broke on a grisly scene. Bodies of infants, children, old people,
mothers, fathers, and young people were strewn every which way on
roads, in ditches, in doorways, on floors, in beds. A mother and child were
found dead, clutching each other. The limbs of the dead were contorted,
reflecting sudden, violent deaths; a residue of foam could be seen on their
mouths. Carcasses of goats, cows, sheep, and buffaloes were mingled with
the dead bodies. Plant life was blackened or dead. Those alive wandered
the streets looking among the bodies for their family, neighbors, and
friends. The army was activated to help local people gather corpses, and to
keep the vultures and dogs away.

While the dead were being gathered, those still alive required help. By
early morning, the hospitals in Bhopal were overwhelmed. On the first
day, at a hospital with one thousand beds, more than twenty thousand
people were treated. Every bed was filled, then every mat, then every space
on every floor. Tents were soon set up outside. People were brought to

Many of those killed on the night of the gas leak were children. Above, a man pastes identi-
fication labels onto the dead children’s foreheads before their cremation.

Credit: © Raghu Rai/Magnum Photos
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hospitals with burning eyes, ulcers on their corneas, corroded lungs, and
inflamed bronchial tubes. Others had difficulty breathing, or were dizzy,
unconscious, or in a coma. Throughout the hospitals, children screamed
and thrashed, gasping for air to breathe.

Treating the victims was compounded by the lack of information about
the nature of the gas to which they were all exposed. When the medical
personnel and police asked for information from the Union Carbide plant
about the gas, they were told that it was something called methyl cyanate,
that it was from an “uncontrolled emission,” and that it was not toxic, only
an irritant.

Knowing little about MIC, medical staff treated the victims with oxy-
gen and bronchodilators to help their breathing, covered their faces with
wet cloths, and washed their eyes. Steroids were given for tissue damage.
The lack of disposable needles and the resulting multiple uses of needles
increased the potential for infection.

Doctors worried about the spread of disease because of all the dead bod-
ies. Medical staff had more than they could handle, taking care of the thou-
sands of people who showed up at the hospitals. There was scant record of
who or how many had died. The corpses were cremated or buried in mass
funeral pyres or graves. Animal carcasses were sprayed with lime and salt
and buried in large graves. Vultures circled over Bhopal. Over 500,000
people were exposed to MIC gas that night, and some 150,000 suffered
injuries, many of which were permanent. Because of the chaotic condi-
tions and the need to bury the bodies quickly in mass graves, the number
who died within the first few days still remains uncertain. Officials esti-
mate that more than 3,000 people were killed by the gas, although oth-
ers estimate that as many as 10,000 were killed. In addition, an estimated
15,000 to 30,000 deaths over the years are attributable to the exposure.

Many aided those in need; others concentrated on placing blame. The
lawsuits started in both India and America within a week of the catastro-
phe and mushroomed after that. During the fight over blame, the causes
of the gas release were attributed to factors related to the original estab-
lishment and operation of the plant as well as to more immediate events.

India had suffered from chronic food shortages almost since its inde-
pendence. A major goal of the government was the modernization of agri-
culture. Increased agricultural production would be achieved through the
greater use of pesticides. The goal was reached; between 1956 and 1970 the
use of pesticides tripled, and India became a net exporter of grain. A pro-
posed UCC plant in Bhopal stood to contribute to these economic goals.
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To accommodate the business, the government waived Indian-ownership
requirements when the plant was established. The government insisted,
however, that the plant be labor intensive, since Bhopal was located in one
of the poorest regions of India, with per-capita income 30 percent below
national figures. The low wages in the area suited UCC’s bottom line.
Ultimately, the establishment of the plant in Bhopal served the interests of
the chemical company and of the Indian government, and those interests
account, in part, for what happened.

By the early 1980s, the sale of pesticides became highly competitive,
and profits fell in many places. At the UCC plant in Bhopal, profits dis-
appeared and losses were incurred for several years. UCC tried to stem
the losses, putting the plant up for sale and laying off workers, especially
among the supervisory, technical, and maintenance staff. Between 1980
and 1984, staff in the MIC unit was cut by 50 percent, and the plant oper-
ated at only 30-40 percent capacity. Losses and cutbacks had taken their
toll, and morale at the plant was low. An audit by UCC in 1982 warned
of danger from a series of problems at the plant, including the potential
danger from overfilling the MIC tanks, a lack of water-spray capability,
defective safety valves, and high staff turnover. It was also pointed out that
staff had little understanding of MIC and that no emergency plans were
in place.

In contrast to the American UCC plant, located in Institute, West
Virginia, which relied on computer-run safety systems, the initial pres-
sure to make the Bhopal plant labor-intensive resulted in manually oper-
ated safety systems. A leak or danger would be first detected because a
worker smelled it. Such problems escaped the notice of the Indian gov-
ernment, largely because it had limited resources devoted to environmen-
tal protection and enforcement. No effective citizen watch group existed.
The lack of effective oversight allowed the chemical company to minimize
expenses wherever possible.

After the explosion, UCC management in America at first claimed
that the Indian plant was every bit as safe as the American plant. When it
became clear that that was not the case, management blamed the Indians
and suggested that it was the Indian operators’ lack of training and edu-
cation and failure to follow company procedures that accounted for the
disaster. Implicit in the argument was the belief that a Third World coun-
try could not manage the high technology imported by the Americans.
UCC management even floated a theory that the release was caused by a
saboteur, although no one else gave the story much credence.
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UCC attempted to reassure American audiences, especially chemical
workers and Congress, that such an event could not occur at UCC plants
in America. Concern about a potential accident led to demands for costly
safety measures and further regulation of chemical plants. Within two
years, based on the events at Bhopal, the federal and some state legisla-
tures passed laws that required companies to inform communities of the
nature and volume of chemical substances used in their plants, to report
releases of hazardous chemicals from their plants, and to provide advice
on medical treatment for exposure to these chemicals.

In response to the management’s arguments that the Indians were at
fault, others pointed out that UCC had designed the plant, had trained
key personnel in America, and had approved operations, including the gas
scrubber, flare tower, and water-spray system, all of which failed or were
not in use on the night of the disaster. UCC’s cost-cutting measures and
failure to correct the safety problems, as evidenced by its 1982 audit of the
Bhopal plant, contributed to the events.

The forum for resolving the legal disputes was critical. Eventually, an
American court held that all claims for injuries and losses should be tried
in India, not America. That was a major victory for UCC because it was
believed that an American jury would likely base any award on the value
of life in America. It was also clear that any litigation in America could
be concluded within years, whereas in India it might be decades, and any
delay would benefit UCC.

In February 1989, UCC finally agreed to pay $470 million to the Indian
government, on behalf of the victims, and to contribute to the construc-
tion of another hospital in Bhopal. Each victim would recover between
$500 and $2,000 from the settlement. UCC also sold the Bhopal plant.
The settlement was widely criticized in India because the government had
initially demanded over $3 billion, and victims had demanded $10 billion.
The settlement amount was substantially covered by UCC’s insurance pol-
icies, which meant that the company suffered little as a consequence of the
lawsuit. A year later, a new government in India attacked the settlement.
India’s Supreme Court sustained the settlement, but it allowed criminal
actions to be reinstated against Warren Anderson, the former chief execu-
tive officer of UCC. Anderson remains a fugitive from Indian justice.

As the legal wrangles continued, so did the effects of the disaster.
Approximately 1,000-2,000 animals died from the gas poisoning, and
some 7,000 were treated for injuries associated with the gas exposure.
Land and crops in the area were contaminated, with 35 of 58 plant species
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damaged, some even destroyed. Damages to crops have been estimated at
$5.2 million, and some land will remain infertile for years. Water impacted
by the gas showed increases in carbon dioxide and nitrogen. A week after
the disaster, people were hospitalized with gas poisoning as a result of eat-
ing fish from contaminated water.

Victims continued to die from the gas exposure and resulting com-
plications for years afterward. Some 60,000 victims were not capable of
working full time because of respiratory problems, including bronchitis,
pneumonia, asthma, and fibrosis. Others continued to suffer from perma-
nent scarring of the eyes.

By the spring of 1985, an increase in the number of premature births
and a decline in birth weight among newborns were reported. Women
who had been exposed to the gas experienced an increase in stillbirths and
spontaneous abortions, a variety of menstrual problems, and a suppres-
sion of lactation. Some women were advised to undergo, and underwent,
abortions because of concerns about the potential effects of the gas on
fetuses.

Such direct, physical impacts were compounded by a host of psycho-
logical disorders—including anxiety, neurosis, and depression—that were
triggered by the exposure and the experience. Posttraumatic stress dis-
order was reported ten years after the disaster. The death of many adult
males forced women to seek income-producing work to support their fam-
ilies, a particularly difficult task during an economic decline in a country
with a history of deep discrimination against women. In other situations,
surviving adult males who lost their wives were forced to give up income-
producing jobs to care for the family and household, a situation that was
equally disruptive to the family structure.

The most significant long-term environmental effect in Bhopal may
have nothing to do with the accident. Greenpeace has reported that the soil
and groundwater in the area of the UCC plant are heavily contaminated
with mercury, carbon tetrachloride, chromium, lead, and other toxic sub-
stances as a result of discharges from day-to-day operations at the plant.
Those who survived the gas in the air now have to live with threats from
chemicals in their groundwater.



CHERNOBYL,

UKRAINE
1986

n Saturday, April 26, 1986, at approximately 1:24 Am, Reactor No. 4
at the V. I. Lenin Atomic Power Station near Chernobyl, Ukraine,
exploded.

First, a steam explosion blew a thousand-ton plate off the top of the
reactor. Two or three seconds later, a hydrogen gas explosion followed.
Massive quantities of radioactive particles and gases were expelled into
the atmosphere. Valery Khodomchuk, an operator standing near the reac-
tor core, died instantly. A second operator, Vladimir Shashenka, was close
to the reactor hall. He was found alive, but died within hours.

The sound of the explosions brought in the plant’s firefighters. Particles
of graphite, white hot and radioactive, blew out of the core, setting fire to
the roof of the reactor building and igniting dozens of fires in the area.
The fire officer in charge immediately sent a coded message to fire bri-
gades in Chernobyl, nearby Pripyat, and the Kiev region. Medical centers
in Chernobyl and Moscow were also sent a coded message: “1” (nuclear),
“2” (radioactive), “3” (fire), and “4” (explosive danger).

The fire on the roof was of most concern because it could easily spread
to Reactor No. 3, which continued to operate. A second reactor explosion
was unthinkable, and firefighting efforts were therefore concentrated on
the roof. Unfortunately for the firefighters, the roof had been constructed
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of flammable bitumen. Not only were the firemen directly exposed to
radioactive substances, but the boiling bitumen burned through their
boots and clothes, eating through to their skin and exposing them further
to radioactivity.

Firefighters from nearby areas arrived with little understanding of what
they faced. Some kicked, or even picked up, chunks of hot material lying
on the ground, not realizing that it was radioactive graphite from the reac-
tor core. While they obviously knew they were fighting a fire at a nuclear
power station, the firemen were not told that they were being exposed to
high levels of radioactivity. By 6:30 AM on Saturday, the roof and other
fires had been extinguished by close to two hundred firemen and eighty
engines from the surrounding area, including Kiev. Six firemen died over
the following days and weeks.

In the early hours, doctors and nurses from Pripyat rushed to the plant,
tending to firemen and plant operators, taking the sick to clinics, and
returning to the site to treat others. The doctors and nurses did not know,
or did not have time to consider, that the clothing and even the flesh of the
exposed firemen and operators emitted radioactivity. Some worked at the
scene of the reactor explosion in medical gowns, without any protective
clothing. The exposure killed one local doctor and sickened many.

Asthe fires were fought, policemen and military personnel were brought
in from throughout Ukraine. Eventually, more than 16,000 policemen
participated in the emergency operations. For their efforts, 57 suffered
acute radiation sickness; 1,500 suffered chronic respiratory or digestive
problems; and 4,000 exhibited lesser symptoms. A total of 31 people died
within weeks from radiation exposure.

For responding to the firestorm and radioactive conditions, and for pre-
venting an even worse disaster, plant operators, firemen, doctors, nurses,
policemen, and other volunteers were hailed as heroes. They soon became
known as “likvidatory,” the Russian term for “liquidate.” The irony is
almost absurd: they both liquidated the fire and were themselves liqui-
dated in the process. For working in such dangerous conditions, they were
entitled to extra pay, which came to be known as the “coffin allowance.”

To meet certain government target schedules, reactor No. 4 at Chernobyl
had been officially cleared for operation on December 31, 1983. While this
clearance enabled those involved to claim credit, thereby earning them
bonuses and awards, a critical safety test was not performed, although it
was mandated before operation could begin. The safety test was finally
conducted in April 1986, on the night of the explosion, during a routine
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The destroyed reactor after the explosion and fire as seen from the open door of a helicopter.
Credit: ©AP Photo/Igor Kostin

shutdown of the reactor. By then the reactor had been operating for several
years, and it was loaded with radioactive fuel.

In power plants, water is heated to produce steam that rotates turbines
to generate electricity. In a fossil-fuel electricity-generating plant, the heat-
ing source is a furnace and boiler, with coal or oil as fuel. In a nuclear facil-
ity, the heating source is a reactor in which energy results from neutron



112 THIS BORROWED EARTH

particles colliding with and splitting atoms of uranium-235. The splitting
produces new neutrons that collide with the split atoms of uranium, and
so on, creating a chain reaction called fission.

An advantage of nuclear reactor power is that one pound of uranium-
235 can produce as much heat as 1,500 tons of coal. The major disadvan-
tage is that the process also produces large amounts of highly radiotoxic
and volatile radionuclides, including iodine-131, cesium-134, cesium-137,
and plutonium. It is critical that there be enough cooling water to prevent
the heating process (atomic fission) from overreacting, since too much
heat results in a meltdown. The cooling process, as well as other parts
of the system, requires electricity to operate, which necessitates a backup
power source in case the normal supply of electricity to the system fails.

The backup system for the reactors at Chernobyl relied on diesel gener-
ators to supply emergency power for the cooling pumps and other equip-
ment. But these generators needed sixty to seventy-five seconds to reach
tull capacity to supply power to the pumps. As it happened, that span of
time was too long.

The test conducted on April 25 was intended to determine whether a
coasting turbine, one that has lost its power source but is still turning,
could provide sufficient power to pump coolant through the reactor until
the diesel generators kicked in with full auxiliary power. The nuclear
reactors used by the Soviet government at Chernobyl had several design
defects, including the lack of a containment structure to keep radionu-
clides within the plant in case of an accident. The safety test was therefore
especially dangerous.

The test had been scheduled for earlier in the day, but for unexplained
reasons it was delayed until the evening. By then a smaller, less-experienced
shift of workers was responsible for the procedure. Operators violated sev-
eral safety precautions by turning off an emergency cooling system and
a safety device that had been designed to shut down the reactor if too
much steam pressure were to build up. Other critical errors were made by
operators during the test, such as lowering the power level too much and
then later withdrawing almost all the rods that controlled the reaction. At
several points, the test should have been terminated. Instead, the cooling
system was not able to keep the heating process (fission) in check, and the
temperature of the reactor core rose to dangerous levels.

At 1:23:40 AM, thirty-six seconds after the testhad commenced, an oper-
ator pushed the panic button. At 1:24:00, the nuclear explosion occurred.
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Several factors hindered attempts by firemen and other liquidators to
control the consequences of the explosion: a roof improperly constructed
of bitumen; inadequate clothing and equipment (no respirators, for exam-
ple); fire trucks with ladders that did not reach the roof, forcing firemen
to fight the fire from the roof itself; inadequate training; and inadequate
monitoring equipment to measure the levels of radioactive contamination
to which the liquidators were being exposed. Although plant operators
notified officials in Moscow of an emergency at the site in the first hours
of the accident, they underestimated, or distorted, the actual conditions
and the scope of the danger. Several officials at the plant were later con-
victed of crimes for violating safety requirements and failing to report
accurate conditions.

While people at the plant engaged in a deadly struggle, a new amuse-
ment park, with a Ferris wheel, was preparing to open just two miles away
in Pripyat. Built in the 1970s for employees of the plant, Pripyat consisted
mainly of high-rise apartment blocks. One Pripyat resident who stayed
out late fishing on Friday night heard a sound like a clap of thunder and
saw the explosion and subsequent column of flames. He continued fishing
until late the next day, convinced it was not a reactor explosion, and noting

Nearby Pripyat was evacuated belatedly after the explosion at Chernobyl.

Credit: © Jean Gaumy/Magnum Photos
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that the mushroom-like cloud was moving away from him. He was later
hospitalized for exposure.

As the day went on, it became hot, so people sought out cool spots, such
as the beach, country cottages, or the reservoir adjacent to the plant. Others
were tending their garden plots at the edge of a forest on the outskirts of
Pripyat. As the day progressed, the green woods turned red from highly
radioactive dust. The area later became known as the “Red Forest.”

Those who looked toward the nuclear power plant could see that the
reactor building was burning, but anyone who asked was told simply that
there was a fire. When some tried to warn others that there were serious
problems with the nuclear reactor, they were told by neighbors to mind
their own business. No one—not the fisherman, not the gardeners in the
forest, not the children playing outside, nor any parent—was warned on
Saturday about exposure to radioactivity in the air.

At the plant, gases and radioactive material from the explosion formed
a plume more than a mile high. Millions of curies of radioactive debris fell
within a two-mile radius of the plant; millions more curies took a journey
through Europe on a radioactive cloud.

By Saturday night, April 26, the military chemical troops under Colonel
General Vladimir Pikalov had assumed command at Chernobyl. Their
instruments showed that radioactivity levels were continuing to rise. At
one point, General Pikalov ordered his driver to take him closer to the
reactor building. No flames were observed, but a fluorescent light glowed
above the burned-out building. The general understood what this detail
could mean, but he needed to confirm it. He dismissed his driver, com-
mandeered an armored car equipped to measure radioactivity, crashed
through the locked gates, stopped at the destroyed building, took mea-
surements, and drove back out. The measurements confirmed his suspi-
cion: the core was probably melting, and the reactor was continuing to
spread radioactive material into the air.

Almost a full day had passed before it was established that the graph-
ite reactor core was still burning. This information was conveyed to the
special investigation commission set up by the government, and from the
commission to the Kremlin. By late Saturday or early Sunday, everyone in
the chain of information and decision making knew how catastrophic the
accident had become.

Wind shifts throughout that second night caused the radioactive
plume to cross over Pripyat, contaminating it through Saturday night and
Sunday morning. When officials realized that the core was still burning
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and releasing radioactivity, they decided to evacuate Pripyat and an area
within a radius of six miles of the reactor.

No official evacuation announcement was made until Sunday after-
noon, but residents began to hear rumors late Saturday night. Indeed, civil
defense staff visited many homes on Saturday night, distributing iodine
tablets and instructing people to take them as a precaution. Radioactive
iodine attacks the thyroid, a particularly vulnerable and important organ,
especially for the young. If iodine-containing substances are taken in suf-
ficient doses, the thyroid becomes saturated and rebuffs the radioactive
iodine. Unfortunately, the children had already been exposed to radioac-
tive iodine for a day and a half.

On Sunday afternoon, residents were finally told to pack clothes for
three days because they were being evacuated. In less than two and a half
hours, over 45,000 people were moved from Pripyat in a twelve-mile-long
convoy of buses. It took several more days to evacuate the rural popula-
tion within the six-mile exclusion zone. Throughout the zone, however,
a number of people hid so they would not have to leave their homes or
animals. Two elderly women hid for over a month, living on canned food,
before being discovered.

On Monday, April 28, at 7:00 AM, the morning shift reported for work
at the Forsmark Nuclear Power Plant on the Baltic coast of Sweden, just
north of Stockholm. As they did, alarms went off on highly sensitive scin-
tillation counters that had been installed in each nuclear power plant in
Sweden. The monitoring equipment indicated a 150-fold increase over
normal levels of radioactivity in the air, but the increase did not give
rise to panic since nuclear power plants occasionally experience leaks.
Nevertheless, the levels detected required that the reactor be closed down
and the workers evacuated. An inspection of the plant began, as it was
assumed that there was a leak. Yet nothing was found to be wrong with the
reactors despite the presence of radioactivity all around the plant.

At 10:00 aM the radiological authority in Stockholm was notified, and
an emergency meeting of the board was soon called. Meanwhile, a report
came in from a monitoring station fifty miles southwest of Stockholm of
a similar dramatic increase in radioactivity. Soon, other power stations in
Sweden, Finland, and Denmark reported similar conditions.

By early Monday afternoon, Sweden’s National Defense Research
Institute had calculated the movements of air masses. An analysis of
weather patterns over the previous days indicated that the wind had gen-
erally been blowing north from Ukraine, across the Baltic Sea, and then
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over Scandinavia. The source of the radioactivity was identified as some-
where in Ukraine.

Air samples, which showed the presence of xenon, krypton, high levels
of iodine and cesium, and other heavy elements, indicated that the radio-
active particles had not come from a nuclear weapon. Most disturbing,
the samples contained pure ruthenium, which melts only at a temperature
of 4,082°F; there were also more volatile nuclides (including iodine-131,
cesium-134, and cesium-137) than nonvolatile nuclides; and there were
hot particles in the fallout. These findings indicated the worst scenario:
a meltdown at a nuclear power plant. By Monday evening, Sweden had
pinpointed the source as Chernobyl.

The detective work was necessary because the Soviet government had
not reported a nuclear accident. Even within the Soviet Union, no offi-
cial announcement had been made. On Monday morning, unaware of the
Chernobyl accident, personnel at a nuclear facility in Belarus switched
on radiation detection devices and found hot readings, which indicated
a leak. They soon discovered that the readings outside were just as high.
Another nearby facility also showed high readings. When a call was
made to a central station in Minsk, the response was, “This is not your
accident.”

Only after Sweden informed the international media of Chernobyl
did the Russian government acknowledge that a nuclear accident had
occurred. On Monday evening, a Russian television program matter-of-
factly announced:

An accident has taken place at the Chernobyl Nuclear Power Plant. One of
the atomic reactors has been damaged. Measures are being taken to liqui-
date the consequences of the accident. Those affected are being given aid.
A government commission has been set up.

At Chernobyl, having faced the fire on the roof of the reactor building
and dozens of fires around the building, it was now necessary to fight the
graphite fire in the reactor core that continued to discharge radioactive
material into the environment. Starting on Sunday, April 27, military heli-
copters flew over the reactor and dropped sacks of sand and clay, boron
carbide, lead, and dolomite, in the hopes that these materials would cool
the core, generate gas to blanket the fire, and somehow slow or stop the
chain reaction. Over the next six days more than five thousand tons of this
material was dropped into the reactor hall. It seemed to work because the
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levels of radioactivity being discharged dropped from 4 million curies on
April 27 to 2 million curies on May 1.

The relief these efforts brought was short lived. On May 2, the releases
shot back up to 4 million curies. The material dropped into the reactor
hall had suppressed part of the fire, but it had not affected the fire from
the fission radionuclides, which did not require oxygen for support. A fire
still raged in the core. In addition, the material that had been dropped
on the fire endangered the structural integrity of the reactor hall floor,
beneath which remained the water used to fight the original fires. If the
tloor gave way, the heated reactor core would crash through and come into
contact with the water, and thus set off an explosion that would release the
remainder of the uranium, plutonium, and other radioactive materials in
the system.

International attention initially focused on the Soviet government but
quickly shifted to the weather. A substantial amount of the larger, heavier
radioactive particles fell out of the cloud close to Chernobyl, creating
frightening risks there. Elsewhere, the concern was with the lighter par-
ticles carried in the radioactive cloud. As long as the radioactive emis-
sions remained in the upper air currents and those currents stayed dry,
substantially less radioactive contamination would fall out. Eventually the
contaminants would be dispersed widely over the planet. But rain picks up
radioactive contaminants suspended in the air, with the potentially devas-
tating effect of concentrating the contamination in hot spots.

That is exactly what happened on Tuesday, April 29, when the cloud
arrived over central and northern Sweden and Norway. As a result of the
fallout from the rain, the Swedish government banned the importation of
food from the Soviet Union, advised people in some areas not to drink or
use rainwater, and directed farmers to keep milk-producing cows from
grazing on grass.

Particularly hard hit by the rain fallout was Lapland. The Lapps, or
Sami, had lived on the edge of the Arctic in northern Scandinavia for more
than ten thousand years, and some 10 percent of the population still prac-
ticed ancient ways of life. The traditional Sami lifestyle was remarkably
efficient since it depended heavily on a renewable resource, the reindeer,
for food, clothing, and implements.

Although studies had been conducted on the effects of nuclear bomb
test fallout on reindeer in the 1960s, there was concern that following the
extensive nuclear accident at Chernobyl, the reindeer would be threatened
with extinction. Lichen, the reindeer’s primary food source, is a unique
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organism that takes its nutrients from the air. It also does not shed tissue.
That April the lichen became a major threat to the reindeer as the radioac-
tive material from Chernobyl quickly built up in the lichen’s tissue.

After passing over reindeer herds in Lapland, the radioactive cloud
shifted with the wind, first heading west, then south, and then north.
Contaminated clouds passed into Austria, where the mountains forced
the polluted air higher, cooling it and causing precipitation. At the end of
April, radioactivity rained down in the vicinity of Salzburg, Austria, for
two days, with the greatest contamination falling on the upper regions of
the Alps and on the high pastures, where cattle grazed.

The Austrian government issued warnings about consuming fresh
vegetables, and in early May set limits on acceptable levels of iodine-131
in milk. The government also banned the grazing of cattle on affected
pastures. When elevated concentrations of fission products were found in
rainwater, it was recommended that children not be permitted to play in
sandboxes, rain puddles, or meadows.

As quick as the Swedes and the Austrians were to respond, the French
moved slowly. By May 1, the cloud had passed over southern France and
then north through Alsace, affecting livestock in the region. Calf thyroids
in Alsace had significantly elevated levels of radioactivity, as did cheese
from goats grazing in high pastures that were subject to heavy rain and
fallout. For weeks no action was taken. Later, the French government
explained that it hadn’t informed the public because it had decided that
there was no risk.

After passing over France, the cloud continued its swing north, cross-
ing Belgium and the Netherlands before arriving on Britain’s coast. When
the British press first disclosed the nuclear explosion, on Tuesday, April
29, the tabloids ran the expected sensational headlines: “Atom cloud hor-
ror,” “Red nuke disaster,” “Scores feared dead. Thousands flee leak.”

Despite the press coverage, the British National Radiological Protection
Board (NRPB) reassured the public that Britain was safe and that there
was no danger from the fallout. But by Thursday, May 1 there was increas-
ing evidence that the radiation was moving toward Britain, and the NRPB
went on partial emergency status. British students returning from Kiev
were tested for radiation in their thyroids, and the government began to
test milk.

Meanwhile, everyone watched the weather forecast. On Friday, May 2,
the weather was dry and sunny. The cloud arrived at the southeast coast of
England, and by evening it covered the north of England, Wales, Scotland,
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and Northern Ireland. For those trying to enjoy a bank holiday weekend,
the NRPB again gave assurances that everything appeared to be safe.
The board did add that perhaps it would be best not to drink too much
rainwater.

While Friday’s weather was pleasant in the south, on Saturday heavy
rain fell in the north, in Wales and Scotland. Although rain can bring its
own depression to Scotland in the best of times, the sheep are keen on
its power to produce fresh grass. Luckily, it was lambing season, and the
sheep were grazing closer to the farms, where there was less contamina-
tion than in the hills and mountains where the rain was heavier. Unluckily,
sheep, like reindeer, feed on plants that trap and retain airborne radioac-
tive contaminants.

The cloud departed England on Sunday, May 4. On that same day
authorities began to detect increased radiation levels in food supplies.
Although the government determined that food with radiation levels above
1,000 becquerels per kilogram (Bq/kg) was unsafe for consumption, they
did nothing when sheep grazing in the upland areas of Cumbria, Wales,
and Scotland were found to have levels of cesium and iodine as high as
2,450 Bq/kg. Hoping these levels would drop, the government waited six
weeks before imposing controls over the movement and slaughter of sheep.
Originally, the emergency was expected to last only a short time, a matter
of days, perhaps weeks. Instead, it lasted for years.

While the effects of the radiated cloud were witnessed throughout
Europe, in Chernobyl authorities were still desperately trying to stop
the continuing discharge of radioactivity that followed that first plume
of contamination, and to save their own people. With the sudden resur-
gence of radioactivity on May 2, the exclusion zone was extended to an
eighteen-mile radius around the reactor. The majority of people in the first
evacuation lived in apartment buildings in Pripyat, but to evacuate the
eighteen-mile zone, people had to be relocated from small towns, villages,
and rural areas. It took several days instead of several hours to evacuate
90,000 people in this second evacuation. A total of 135,000 people from
over 175 villages were permanently uprooted from their homes in the first
week. With them went some 50,000 cattle and 9,000 pigs.

The dislocation was traumatic. Many people had lived in the same vil-
lage for generations, and then, with little advance warning, trucks drove
up to the houses and took everyone and their possessions to unfamiliar
locations. When a spouse died, the survivor had to get special permission
to take the body back home for burial in the family plot.
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Older people were resistant, sometimes openly hostile, to relocation,
many wailing as if at a funeral. Families often resigned themselves to relo-
cating because they feared for their children. Some doctors advised their
pregnant patients to have abortions because of concerns for in utero expo-
sure to radiation. Many took their advice. Some groups in the first evacu-
ation from Pripyat had to be relocated a second time because they had
been resettled the first time within the eighteen-mile zone. Upon arrival
at their new destination, evacuees were measured for radioactivity, which
registered on the trousers and hair of many.

Later in May and June, officials temporarily evacuated 64,000 children
from Belarus and 25,000 from Kiev to summer camps. An additional
20,000 people were removed from hot spots of contamination detected
outside the eighteen-mile zone.

Towns outside of the exclusion zone that showed elevated levels of
radioactivity were “deactivated™ the top layer of soil from gardens and
roads was removed by specially trained chemical army units; the streets
were covered with asphalt; and wooden structures were destroyed. Some
500 villages and towns were deactivated through 1986; another one hun-
dred were deactivated in 1987.

On Sunday, May 4, responding to increased levels of radioactivity and
at great risk to themselves, workers drained the water from below the reac-
tor hall to prevent a total meltdown. They pumped liquid nitrogen beneath
the foundation to freeze the earth in an effort to cool the reactor. Pumping
liquid nitrogen into the foundation, and everywhere else it could be done,
initially proved effective. A benevolent cold nitrogen cloud embraced the
nuclear reactor.

On May 5, radioactive discharges shot back up, to 8 to 12 million curies,
close to the level on the first day of the explosions. Many believed a second
meltdown was occurring. But later that day, just as suddenly and inex-
plicably, the levels again dropped dramatically. On May 6, only 150,000
curies were discharged, and levels thereafter continued to decline.

Several theories have been advanced to explain the sudden drop and
eventual cessation of radioactive discharge. Based on a recent examina-
tion of the buried reactor, it appears possible that the helicopter sorties
actually missed the core, which simply continued to burn until it ran out
of fuel.

On May 11, Soviet television reported that the danger had passed. On
May 14, President Mikhail Gorbachev appeared on television to explain
some of what had happened at Chernobyl, and to try to reassure the world
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that everything was under control. He also condemned Western govern-
ments for distorting the events.

Although a collective sigh of relief could be heard, the disaster was not
yet over. After the fires were extinguished, radioactive substances contin-
ued to be released daily, so attention shifted to permanent containment of
the destroyed reactor and the lethal loads of radioactive material. It was
also necessary to assess the long-term impact on the environment and the
public.

The military was used to remove radioactive dust from the roof of
Reactor No. 4. Radioactivity interfered with electronic circuits so that
much of the work was done by hand. Soldiers were instructed to start at
the edge of the roof in teams of three and to begin counting to ninety.
They were told to run to where piles of roofing material had been gath-
ered by others, load the material into wheelbarrows, and dump the mate-
rial over the side of the building onto the ground below. Once their count
reached ninety, they had to drop everything and run back to where they
had started; they were then relieved of duty. Those ninety seconds, roughly
speaking, constituted the total permissible exposure to radioactivity for
tive years. It took 3,500 soldiers to remove the debris from the roof.

For several months the government constructed a sarcophagus with
some 522,800 cubic yards of concrete to entomb the reactor and its radio-
active contaminants, including 2,200 pounds of plutonium. Only after the
completion of the sarcophagus, six months after meltdown, did Chernobyl
Reactor No. 4 finally stop contaminating the environment.

Further testing revealed that hot spots of contamination covered a
much larger area than originally thought. Before the nuclear explosion,
the Soviet government had established the permissible level of accumu-
lated doses of radioactivity at twenty-five rem. By 1988, so many villages
exceeded the maximum permissible level that the government faced sig-
nificantly more evacuations and relocations. At the time, the government
responded by raising the maximum permissible level to thirty-five rem.
After the breakup of the Soviet Union in 1991, however, the governments
of Ukraine and Belarus, both of which had been critical of the diminished
protection levels, changed the permissible tolerance levels from thirty-five
additional rem over a seventy-year lifespan to only seven rem. Between
1990 and 1995 an additional 53,000 people in Ukraine, 107,000 in Belarus,
and 50,000 in Russia were evacuated and resettled. Thus, over a ten-year
period, more than 325,000 people were required to leave their homes and
start their lives over in another place.
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In order to determine the long-term health effects from Chernobyl, the
former Soviet Union established a registry for over 600,000 people involved
in activities related to the cleanup, evacuations, and other activities that
might have exposed them to radiation. The hope was to monitor the reg-
istered people and assess their long-term health and to learn more about
the effects of protracted, low-dose radiation exposures, in contrast to the
high-dose, instantaneous exposure suffered at Hiroshima and Nagasaki.
Those on the registry undergo yearly medical exams, and they are entitled
to social, health, and financial benefits.

The financial costs of Chernobyl and its aftershocks are staggering.
By 1993, the costs related to the Chernobyl disaster were $174 billion in
Russia, $171 billion in Belarus, and $138 billion in Ukraine. Since the col-
lapse of the USSR, Belarus spends 20 percent of its gross domestic product,
and Ukraine spends 12 percent, on problems associated with Chernobyl,
particularly in support of the victims.

Radioactive contamination necessitated the removal of topsoil, bushes,
and fallen leaves from the exclusion zone, the deactivated towns, and hot
spots outside the zone. Not only was cesium found in the soil, but so was
plutonium, a particularly radiotoxic substance whose half-life is 24,000
years. In hot spots around the plant, the plutonium was measured at levels
sufficient to poison the soil for 1,000 years. Even as far as Kiev, eighty-four
miles south of Chernobyl, fallen leaves were removed and buried between
layers of clay, and people known as “catastrophists” were observed walk-
ing around on bright sunny days covered from head to toe in old clothes,
caps, gloves, and stockings.

After removing some 124 acres of topsoil in the area around the plant,
officials determined that the amount removed represented less than one
tenth of one percent of the contaminated soil. Rather than try to remove
all of the contaminated soil, an impossible feat, the decision was made to
call the six-mile radius around the plant an “ecological reserve” for the
study of the impact of radiation on the environment.

Some arable land was deeply plowed to turn the soil and bury the con-
taminated layers. While this may have reduced direct exposure, it did not
make the soil suitable for agriculture. Perhaps as much as 2.5 million acres
of agricultural land in the former USSR will remain contaminated for a
century.

Within the exclusion zone, highly radioactive waste was buried in clay-
lined pits in some 800 sites. These contaminants, and those in the sar-
cophagus, threatened the Dnieper and Pripyat rivers, which supply water
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to 30 million people. To protect the ground and surface water, 140 dams
and dikes were built, and a barrier trench five miles long was constructed
around the plant at a depth of close to one hundred feet.

Problems also remained in other parts of the world. In the fall of 1986,
following the seasonal slaughter of the Sami reindeer, it was discovered
that the carcasses contained dangerous levels of radioactive contami-
nants. A typical Sami family ate reindeer meat six to eight times a week,
with a total average weekly intake of two pounds. Given the elevated level
of contaminants, each Sami would be subjected to a dose of radiation one
hundred times the recommended safe level.

The Swedish government intervened and purchased that year’s supply
of reindeer meat, but this measure did not solve the long-term problem.
Several generations must pass before the lichen is completely cleansed of
the radioactive contaminants.

If the authorities enforced a permissible level of 300 Bq/kg of radioac-
tive substances in reindeer meat, a substantial portion of the Sami reindeer
would have had to be destroyed. Sami culture depended on the reindeer,

The reindeer in this freezer in Swedish Lapland were unfit for human consumption because
the levels of radioactive cesium in their muscle tissue were too high. Workers in the meat-
packing plant referred to these carcasses as the “Becquerel Reindeer.”

Credit: Photography by Robert Del Tredici, courtesy of the artist
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so rather than destroy the culture by destroying the reindeer, Norway
simply raised the permissible level for cesium from 300 to 6,000 Bq/kg;
Sweden raised its permissible level from 300 to 1,500 Bq/kg. Although at
tirst blush this solution might be seen as absurd or dangerous to the health
of the Sami people, there was a precedent to the decision. The permissible
level for cesium in Europe at the time was 600 Bq/kg; in the United States
it was 1,500 Bq/kg.

The news in England and Scotland was not much better. Emergency
controls imposed in June on the grazing and slaughtering of sheep in
highly contaminated areas affected over 7,000 farms and 4 million sheep.
By 1994, the restrictions still affected 400,000 sheep and 500 farms. By
2002, restrictions remained on the slaughter and distribution of sheep and
reindeer in the United Kingdom and some Nordic countries. Some Swedish
lakes today still have elevated levels of radioactive elements. Experts have
estimated that elevated levels of radioactivity will persist until the next
century.

Although the costs of these controls were substantial, the British gov-
ernment did not press claims against the Soviet Union. No legal forum
existed to allow it, and apparently some feared that any claim against the
Soviets for cross-border contamination would set a precedent, raising the
specter of Scandinavian claims against the British for acid-rain damage.

For those directly affected by the contamination the economic impact was
severe. The sale of spring lambs constitutes a significant cash crop for English
and Scottish sheep farmers, just as the reindeer provide an income for the
Sami. Since the radioactive contaminants will continue to affect the rein-
deer and sheep for a very long time, researchers have been looking for ways
to reduce cesium levels to make sheep and reindeer marketable and edible.
Some efforts are focused on feeding reindeer a mixture of high potassium
and clay minerals in the belief that the potassium will dislodge the cesium
and the clay minerals will bind it, allowing the cesium to pass through as
waste rather than being absorbed by the gut and then into the meat.

Similar efforts for sheep center on finding an agent that will bind with
the cesium, make it indigestible, and allow it to pass in feces. One researcher
at Queen’s University, Belfast, has experimented with a pigment known as
Prussian blue, commonly used in eye shadow, as a binding agent in feed
for cows. Another research team has found some success in feeding sheep
a byproduct of the soft-drink manufacturing process, citric acid myce-
lium, to help to flush accumulated cesium-137 from the sheep’s body and
also block it from being absorbed. The feces, however, is radioactive.
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Not surprisingly, the animal kingdom in the former USSR did not fare
well. Visitors to the hard-hit Narodichi district of Ukraine, about thirty
miles from the Chernobyl plant, reported observing pigs with heads that
looked like frogs, a foal with eight legs, and calves born with hare lips or
without heads, limbs, or eyes.

In 1986-1987 it was estimated that perhaps as many as 50 million curies
of radioactive material were released at Chernobyl. However, recent exam-
inations of the reactor in the sarcophagus have led to a revision. It is now
widely accepted that over 150 million curies were released—the equivalent
of the fallout from several dozen Hiroshima bombs. Nevertheless, the total
release from Chernobyl was less than the release from all the atmospheric
nuclear weapons testing that took place from 1945 to 1980.

Chernobyl contaminants were measured over the entire Northern
Hemisphere, reaching 5,000 miles away to Japan, as well as to the United
States. Close to 400 million people throughout the world were exposed
to fallout. Though most were not at significant risk, at the time the scope
of the danger was unknown. As the fallout continued to rain down on
populations throughout the former USSR and Europe, the catastrophists
predicted doom. When the immediate crisis was over and people were
not dropping dead in the fields and streets, the scientific community
reported confidently that the situation was under control. A 1991 study of
the health impact of the disaster sponsored by the International Atomic
Energy Agency (IAEA) reported that “no health disorders...could be
attributed directly to radiation exposure.”

Many others outside the cluster of experts from the energy and nuclear
power organizations who conducted the study did not share the confi-
dence embedded in such language. The naysayers soon had professional
company. No sooner had the five-year studies offered a rosy gloss than
reports began filtering in from the field that sudden, dramatic increases in
thyroid cancer had been found in children exposed to Chernobyl fallout.
At first these reports were treated with skepticism. Soon the evidence was
compelling.

Disputes have arisen regarding the estimated number of cancer deaths
attributable to Chernobyl, but there seems to be little question regarding
the significant increase in the incidence of thyroid cancer among children
in the former USSR. This increase in thyroid cancers was observed par-
ticularly in children born before the accident (and thus exposed directly to
radiation) and those born within six months after (and thus exposed indi-
rectly in utero). Thyroid cancer in children is highly aggressive, and the
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cancer often spreads to the lymph nodes with metastatic disease on both
sides of the neck. Fortunately, if caught early, thyroid cancer can be suc-
cessfully treated by surgically removing the thyroid gland. After surgery,
a high-dose drug replacement therapy is required for the rest of the child’s
life. Thyroid cancers have occurred frequently enough in the region that
the resulting surgical scars around the neck have become known as the
“Chernobyl necklace.”

In August 2005 the World Health Organization (WHO), the
International Atomic Energy Agency (IAEA), the governments of Belarus,
Ukraine, and the Russian Federation, and other organizations collectively
working as the Chernobyl Forum reported on the health, environmental,
and socioeconomic impacts of the disaster almost twenty years afterward.
The Forum confirmed that some fifty people died directly from expo-
sure to radiation, including nine children who died from thyroid cancer.
Four thousand deaths were estimated to occur from radiation exposure,
and another four thousand deaths from thyroid cancer estimated among
children and adolescents exposed at the time of the disaster. There was
some evidence of elevated levels of leukemia among those exposed, and
birth defects for those born later, but it was insufficient to attribute it to
Chernobyl.

There is some dispute as to how much radioactive material is contained
in the sarcophagus. Some claim that the amount and type of radioactive
materials discharged has been underestimated by WHO/IAEA and that
the greater quantity created greater risks and effects than WHO/IAEA
acknowledge; others support the WHO/IEAE claim that 90 percent of the
radioactive material remains within the sarcophagus. So either WHO/
IAEA underestimated the amount of material released, in which case the
health effects for the already-exposed population are worse, or over 90
percent of the radioactive material remains within a leaking, crumbling
sarcophagus, in which case future generations across Europe are at risk
from possible releases.

While plans are in place to build a new containment structure around
the sarcophagus at a cost of $1 billion, that new layer is expected to last
only one hundred years. Some of the radioactive material inside the con-
tainment structure will last for thousands of years. And there remains the
unsolved problem of the nuclear waste generated by the cleanup. Around
Chernobyl hundreds of ditches and trenches filled with radioactive waste
are known to exist, but many have not been found or examined since the
event.
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The final chapter of the nuclear disaster at Chernobyl remains unwrit-
ten. Not only does one have to assess the deaths, illnesses, and severe
psychological strain resulting from the disaster, which are already identi-
tied, but there also are untold costs still mounting from the care of those
affected. And there are serious risks of further releases if the containment
structure is not constructed, or not constructed safely—a decommission-
ing issue—and there is the intractable problem of managing the highly
radioactive waste from the disaster and from the plant. Of course, it is
not only Chernobyl that faces these problems with decommissioning and
nuclear waste management—we have seen them at Windscale and possi-
bly at other nuclear facilities.
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RHINE RIVER,

SWITZERLAND
1986

I n Mary Shelley’s famous horror story, published in 1818, Dr. Frankenstein
observed while boating down the Rhine,

In one spot you view rugged hills, ruined castles overlooking tremendous
precipices, with the dark Rhine rushing beneath; and, on the sudden turn
of a promontory, flourishing vineyards, with green sloping banks, and a
meandering river, and populous towns, occupy the scene.!

This romantic view of the Rhine could not be sustained. Later in the nine-
teenth century others saw those sloping banks and meandering paths as
impediments to the commercial development of the river.

The Rhine River cuts through the heart of Europe, running from high
in the Swiss Alps through France and Germany, into the Netherlands, and
out into the North Sea. The river’s basin covers 77,000 square miles. Some
50 million people live within that basin, and over 8 million rely on the
river for drinking water. While other European rivers, including the Volga
and the Danube, are longer, the Rhine’s position gives it unmatched com-
mercial importance.

In the nineteenth and early twentieth centuries, a series of engineer-
ing projects eliminated many bends and curves in the river and turned
it into a channel. As a result, the Rhine basin became one of the most
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densely populated and heavily industrialized areas with steel and other
heavy metal manufacturing, as well as 10-20 percent of Europe’s chemi-
cal industry. With the increased concentration of industry along the river
came heavy discharges of fertilizer and pesticides from the agriculture
community, polluted runoff from cities along the river, and toxic effluent
from industries, especially in the period of economic reconstruction fol-
lowing World War II. As a consequence, the Rhine became notorious as
“Europe’s sewer.”

Shortly after midnight on November 1, 1986, a fire erupted at a ware-
house within the Sandoz chemical manufacturing facility, near Basel,
Switzerland. Built originally to store machinery and made of corrugated
iron, the warehouse had no automatic heat sensors or sprinklers. When
the fire broke out, the warehouse contained more than one thousand tons
of chemicals in metal drums stacked on wooden pallets. The pallets fueled
the flames, and the drums exploded. The fire quickly spread. It took more
than five hours for ten fire departments and some 160 firefighters to put
it out. In fighting the blaze, millions of gallons of water were poured into

The fire that erupted at the Sandoz warehouse near Basel took five hours to control, and
during that time millions of gallons of water contaminated with toxic chemicals were
discharged into the Rhine River.

Credit: ©AP Photo/Archiv/Keystone
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the warehouse. The chemicals from the warehouse mixed with the water,
and though several catch basins were in place to capture runoff from the
plant and to prevent discharge into the Rhine, the basins were woefully
inadequate to deal with the volume of water generated by the firefight.
The toxic brew of water and chemicals flooded Sandoz’s sewer system and
surface drains, also discharging into the Rhine.

The Swiss trade unions blamed the incident on staff reductions, made
after an American efficiency expert was brought in to increase Sandoz’s
bottom line. The Zurich city police conducted an investigation and con-
cluded that the fire was caused by Sandoz’s packaging procedures. Kept in
the warehouse was a pigment called Prussian blue, stored in paper sacks
on wooden pallets. Plastic was wrapped around the pallets and heat was
applied with a blowtorch to shrink it before shipping. If the blowtorch
was held over the plastic for too long, the plastic could puncture and the
Prussian blue, a highly ignitable substance, could slowly smolder, eventu-
ally bursting into flame.

A red cloud of acrid smoke hung over Basel. At 3:00 aM a civil defense
siren was sounded, and police cars drove through the city warning every-
one to stay inside and to keep their windows shut. The warnings were
given only in German, however, and many foreign workers, who spoke
little German, opened their windows to find out what was happening. The
toxic cloud hung over Basel and nearby French Alsace for a day, prompt-
ing many to flee to escape the stench and irritating smoke.

The toxic chemicals formed a red plume in the Rhine more than twenty-
five miles long, moving toward the North Sea at two miles per hour. The
plume moved inexorably through Switzerland, France, West Germany,
and the Netherlands, threatening all fauna, fish, and wildlife in its path, as
well as public water supplies. Almost everything along a 150-mile stretch
of the Rhine died. Some 500,000 fish, including pike, perch, trout, carp,
and over 150,000 eels, were killed by the contaminants. The fish that sur-
vived did not survive well: their eyes bulged, their gills collapsed, and their
bodies were covered with sores. Fishing businesses along the Rhine lost
millions. Children had to be kept away from the river; sheep drinking
water from the Rhine died; and swans had to be rescued from the river by
environmentalists.

Public water supplies that depended on the Rhine shut down. Some
24,000 villagers in West Germany alone had to get their drinking water
from fire trucks for several weeks. The disruption reminded many of
World War I, as they carried water home in small containers for drinking
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and washing. One of the villages affected was Unkel, home of the for-
mer West German chancellor Willy Brandt, who described the situation
as “Bhopal on the Rhine.” Tourists stayed away from the annual grape
harvest in Unkel, and cruises along the Rhine, famous for its castles and
vineyards, were canceled. German breweries could not use river water
for making beer. Fishing was banned; sluices and locks were closed. The
Rhine was effectively shut down.

The fire occurred in the early morning hours of November 1, but Swiss
authorities did not issue a telex warning to monitoring stations down-
stream until 7:30 PM on November 2. Even then, they did not know what
had been stored in the warehouse or what was in the toxic plume. The
European Union’s Seveso Directive, drafted in response to the dioxin
release in Seveso, Italy, required member states to take precautions to
prevent industrial accidents and the ensuing environmental damage, in
part by requiring companies to inform local authorities when dangerous
chemicals were stored onsite. Switzerland, however, was not a member of
the European Union, and thus had no such obligation.

It took Sandoz three days after the spill to identify the thirty-four
chemicals that had been stored in the warehouse and discharged into
the Rhine. Only then did the authorities, and the public, learn that the
toxic plume heading down the Rhine contained over thirty tons of a wide
variety of agricultural chemicals, including insecticides, herbicides, fun-
gicides, rodenticides, fertilizers, and other substances toxic to fish and the
river’s ecosystem. Even more disturbing was the revelation that two tons
of organic mercury compounds had also been flushed into the river that
night, causing fear of the devastating effects on humans of the mercury
poisoning of fish in Minamata, Japan. Sandoz tried to downplay the dan-
ger by alleging that the mercury was a less toxic form than that found in
Minamata, but many were concerned that it could be transformed into the
more deadly form once it entered the river’s ecosystem.

When authorities sampled the river, they also found high levels of a
weed Kkiller, atrazine. This discovery was perplexing because Sandoz had
not included atrazine in its warehouse inventory, and the company neither
manufactured nor used the chemical. The explanation for the presence of
atrazine in the river came a week later when Ciba-Geigy, another chemical
company in Basel, admitted that it had spilled 105 gallons of the chemical
into the Rhine the day before the Sandoz spill. It gave assurances that the
levels of atrazine were not dangerous, but there was deep suspicion about
the accuracy of their claims. Downstream countries found that to account
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for the levels of atrazine showing up in the river, ten times the reported
amount had to have been spilled. The international environmental orga-
nization Greenpeace also revealed that Ciba-Geigy had been discharging
atrazine into the Rhine for over a year before the Sandoz spill. As for the
claim that atrazine posed no risk, recent studies have reported that when
frogs ingest atrazine, their hormone systems are disrupted and male frogs
grow female gonads. Such studies suggest that atrazine may be a contrib-
uting cause of the worldwide decline in frog populations.

Sandoz’s failure to alert the public to the plume of toxic waste heading
down the Rhine was compounded by its initial dismissive attitudes toward
the impact of the spill. When the company was criticized for not having
sufficient fire alarms in the warehouse, a Sandoz manager replied, “More
tire alarms mean more false alarms.” When authorities in Basel were criti-
cized for the Sandoz and Ciba-Geigy spills, a spokesman brushed it off by
declaring that “the emission of substances used for agri-chemical produc-
tion into the Rhine happens frequently.” This statement was soon verified
when, on November 8, Sandoz leaked another thirty to sixty tons of con-
taminated water into the Rhine as a result of a broken seal in the plant’s
underground drainage system.

Despite the economic importance of Sandoz to the city of Basel, the
spill and its consequences were deeply embarrassing to the Swiss. The
Swiss were leading the fight against nuclear power and the despoliation
of forests from acid rain, and they prided themselves on their devotion to
cleanliness and on their pro-environmental attitudes. The Sandoz spill sul-
lied that reputation. The failure to warn other countries and downstream
users of the water was particularly unsettling since the spill occurred less
than seven months after the Chernobyl accident. It is not surprising that
many called the incident Chenobale or Chernobasel.

As the toxic red plume flowed downstream on its course to the North Sea
through France, Germany, and the Netherlands, the public, in Switzerland
and throughout Europe, grew angry. Protests began almost immediately
and escalated as the impact from the spill and the cavalier attitude of the
companies came to light. A funeral was held in Basel for “Fluvius Rhine.
Died Nov. 1.” Swiss school children demonstrated; protesters carried signs
declaring, “Fish are powerless, we are not,” and, “Today the fish, tomor-
row us” (Heute Fische, Morgen Wir!). A cartoon in a German magazine
depicted the mythic Lorelei with her hair falling out because of chemical
pollution. Some protesters, called “chaotics,” even smashed windows of
the chemical companies. As resentment grew, Sandoz representatives and
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Basel authorities were pelted with dead eels and bottles of Rhine water
at public meetings. Sandoz managers were spat upon, and some received
death threats.

The investment community also expressed dissatisfaction with Sandoz.
In the six days after the fire, Sandoz stock plummeted, in large part
because of the anticipated damages that the company would have to pay.
Eventually, Sandoz paid the French government $7.85 million and set up
a $6.8 million foundation for environmental research. The company also
paid $1.98 million for losses suffered by German interests. To put these
damages in context, Sandoz registered sales of $5.1 billion for the year
ending December 31, 1985.

Cleanup at the plant site was also costly. A tent-like cover was placed
over the warehouse, and a wall was constructed around the building to
prevent additional material from discharging into the river. The cover also
alleviated the smell of pesticides that had hung in the air for days after
the accident. It took more than a month to clean up the warehouse site,
and some 2,755 tons of contaminated debris were removed and buried in
dumps in Switzerland.

Little could be done about the contaminants flowing down the Rhine
except to get any living thing out of the way and avoid the water until the
chemicals passed into the open sea and dispersed. However, many chemi-
cals settled into the sediment at the bottom of the river, especially near
the point of discharge at the Sandoz plant. These chemicals, including
mercury, were a continuing source of toxins to bottom-feeding fish until,
several weeks after the spill, divers dragged large hoses along the river
bottom and pumped out the contaminated silt. They removed more than
2,200 1bs of chemicals.

The Sandoz spill was widely viewed as the worst instance of pollution
to date in a major European river, wiping out decades of work invested in
restoring the Rhine. Initial estimates suggested that it would take decades
for the river ecosystem to recover from the chemical spill. Not only was
there a massive fish kill, but it was expected that the microorganisms on
which the fish depended for food would take years to recover.

Fortunately, the microbiology of the river survived better than had
been expected, as the steady flow of the river flushed out many of the
chemicals, aided by the cleaning of sediment near the plant. Within sev-
eral weeks of the accident, people started to use the river water again, and
within months microorganisms began to multiply in the river, providing
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food for the depleted fish population. It took several years, however, for
the eel population to return to normal levels.

The amount of mercury that spilled into the Rhine was substantial, yet
it equaled the amount of mercury discharged into the Rhine every week
from all sources. This statistic may have been comforting to those who
tried to minimize the effects of the spill, but for those working to restore
the Rhine, it merely reflected the fact that by the late 1980s, 40 percent of
Germany’s total industrial waste stream, as well as 50 percent of urban
effluent, was still being discharged into the Rhine. Large spills and daily
assaults were taking their toll, and the persistent pollution of the Rhine
had to be confronted.

At the time of the spill, an international organization was already in
place to deal with the contamination of the Rhine. In the postwar period,
the solution to pollution—flush it down the river into somebody else’s
backyard—was particularly dangerous for the Netherlands, since much
of what went into the river ended up downstream. More than half of the
Netherlands is below sea level, and the Rhine is the source of 80 percent
of Dutch drinking water. Water is also critical for the Dutch flower indus-
try. Everything that happened upstream reverberated in the Netherlands.
With the Dutch leading the way, the International Commission for the
Protection of the Rhine (ICPR) was founded in 1950 to try to address the
contamination.

Although opposition from commercial interests at first limited the
ICPR to gathering data about the environmental condition of the river, by
the mid-1980s environmental protection efforts had garnered wide sup-
port. A 1984 poll found that 59 percent of Europeans supported the loss
of some economic growth in exchange for a cleaner environment, similar
to findings in the United States. No longer dismissed as a sewer, the Rhine
was gradually becoming valued as a natural resource.

The spill galvanized political and citizen support. The Swiss held
an extraordinary joint session of both houses of Parliament, normally
reserved for national emergencies, to evaluate a report on the Sandoz spill.
In the January 1987 German national elections, the Green Party increased
its popular vote from 5.6 percent to 8.4 percent, largely owing to public
outrage over the Sandoz spill.

The widespread political outrage following the Sandoz spill allowed
the ICPR and other groups to take measures that had previously seemed
impossible. In 1987 the ICPR adopted the Rhine Action Plan (RAP) to
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protect drinking water supplies, reestablish fish species that had disap-
peared, clean sediments, and safeguard the North Sea ecology. The ambi-
tious project set out to inventory thirty major pollutants in the river,
including mercury, cadmium, and toxic organic compounds; to identify
the sources of these pollutants; and to reduce discharges by 50 percent.
Sampling over many years by the ICPR and local water authorities pro-
vided a large pool of data on the quality of the Rhine and the chemicals of
concern. In addition, monitoring by Greenpeace and other environmen-
tal organizations, including the Dutch Stichting Reinwater (Clean Water
Foundation), had identified specific sources of pollution.

Building on this data, and with widespread political and public sup-
port, by 1995 the RAP did succeed in reducing by 50 percent the discharge
into the Rhine for all thirty chemicals. Stiff penalties for those who did not
cooperate bolstered the groups’ efforts.

The organizers of the RAP chose salmon as a symbol—a poster species
with a large public following—for its goal of reestablishing species that
had disappeared from the Rhine. In 1900, 150,000 salmon were caught
each year in the Netherlands and Germany. By 1920, the number had
dropped to 30,000, and by 1960 salmon had disappeared from the Rhine
altogether. To reintroduce the salmon, the RAP removed or bypassed the
many weirs, dams, and hydroelectric plants that had grown up along the
Rhine and its tributaries, which had interrupted natural migratory paths
for the salmon. By the 1990s, salmon had begun to reappear in a number
of tributaries and sections of the Rhine.

While the Sandoz spill raised the level of support for environmental
protection efforts, and the RAP has made significant contributions, much
remains to be done. Thirty chemicals have been brought under some
control, but there are still some two thousand pollutants that have not.
Sediments in the Rhine remain contaminated. Farm fertilizer and urban
runoff continue to flow into the Rhine virtually unabated. The salmon
have returned to the Rhine basin, but only in small numbers. The RAP
remains an important, multinational, cross-border effort to restore a nat-
ural resource, but that effort must grow if the Rhine is ever to regain its
former beauty.



PRINCE WILLIAM

SOUND, ALASKA
1989

or centuries, the Chugach Eskimo have lived along Alaska’s Prince
FWilliam Sound, an enclosed sea with mountainous islands, glacial

fjords, and numerous protected bays. The landscape is dominated
by a temperate rainforest with the Columbia glacier serving as a dramatic
backdrop. The climate is fairly mild for Alaska, with winter temperatures
ranging from only 17° to 28°F. The climate and landscape differ from
the barren, frozen Arctic conditions often associated with Eskimo life.
Although the Columbia glacier once reached to the sound’s shoreline, and
cruise ships brought tourists right up to its 200-foot-high wall, over the
past sixteen years the glacier has retreated eight miles inland, the result of
a warming trend in Alaska.

The sound also contains one of the largest undeveloped ecosystems in
the United States and one of the continent’s largest tidal estuaries, created
by the mingling of rivers, tides, and ocean currents. This ecosystem sup-
ports a variety of animal life: humpback and orca whales, sea otters and
sea lions, salmon, herring, cod and clams, bald eagles, puffins, murres and
harlequin ducks, and thousands of other marine mammals and seabirds.

That environment sustained the Chugach Eskimo subsistence way of
life for a very long time. Marine mammals and animals provided most of
what the Eskimos needed for food, clothing, shelter, and bedding. Flesh
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was food; bones were used for tools, utensils, and kayak frames; guts were
used for thread and rope; oil was used for cooking and lamps.

The term “subsistence” is used to describe harvesting and fishing
wild resources for food, fuel, and other necessities. For the Chugach,
subsistence flows from and requires communal activities: maintaining
equipment (nets, boats); preparing for hunting and fishing expeditions;
tanning skins and making clothing, housing, and kayaks from the skins;
killing and retrieving the animals; and sharing the bounty. The term
refers to a way of life that is not substantially dependent on a market
economy. It includes common ownership of resources and the learning
of traditional ways, with special skills and understanding to deal with
the interdependent relationship of the Eskimos, the animals, and the
environment. The term entails attributes of cultural identity, even spiri-
tual aspects, as well as economics. Throughout the twentieth century,
and long before, subsistence survived along with economic and techno-
logical developments.

World War II brought roads, bases, and a military presence to the area.
Statehood came in 1959, following the Alaska Statehood Act of 1958.
Under the act, the State of Alaska was entitled to part of the land that was
vacant, unappropriated, or unreserved—the public domain. The natives,
however, disputed what was being identified as the public domain.

This dispute over title to the land took on added significance with the
discovery of oil along the North Slope of Alaska in 1968. Given their way
of life, the land dispute was paramount for the natives, but the stakes were
also high for those who knew that a proposed pipeline to carry crude oil
could not be constructed until title to the land was resolved.

A resolution, of sorts, was established through the Alaska Native Claims
Settlement Act (ANCSA) in 1972. The act converted the natives’ claim for
common ownership of most of the land in Alaska to private ownership of
10 percent of the land, or some 40 million acres, plus a payment of $962.5
million over eleven years. The federal government and the State of Alaska
retained the rest.

There was a catch for the natives. Ownership no longer resided with the
natives, collectively considered, or with the native tribes of a given area,
but with native corporations that were created by the act. Each native was
to receive shares in the corporation in their area, with some land reserved
for public purposes. Stock ownership would, in the hearts and minds of
some of those in Congress, teach the natives the American, capitalist way,
and provide them with a living.
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Profit-making exploitation of natural resources conflicted, in a most
fundamental way, with the traditional Eskimo relationship as caretaker or
steward of the natural resources. These resources were converted into units
of wealth that were owned by individual stockholders. Moreover, stock in
the corporation was issued only to those Eskimos alive as of December 18,
1971. Such a concept was foreign to and indeed potentially destructive of
traditional kinship ties through which every member of the village became
an owner in common at birth. Since ownership over native land was
through stock, it could now be sold, which meant that control could pass
to non-natives. The right of an individual to transfer ownership interests
conflicted deeply with native communal life. While the ANCSA threat-
ened the Chugach traditional way of life, as long as they had access to the
bountiful harvest of unspoiled Prince William Sound and the surrounding
seas, the natives could carry on their subsistence hunting and fishing.

After the ANCSA resolved the issue of title to the land, and following
the passage of the federal Trans-Alaska Pipeline Authorization Actin 1973,
oil exploitation proceeded. The Alyeska pipeline was completed in 1977
and carried crude oil 800 miles from Prudhoe Bay to Valdez on Prince
William Sound, the northernmost ice-free port in the United States. The
pipeline was constructed only after a protracted, contentious battle over
the potential environmental harm that might result from an oil spill, either
from a break in the pipeline or from tankers carrying the oil from Valdez.
During the heated debates over the construction of the pipeline, the oil
industry and its supporters within government assured everyone that all
necessary precautions would be taken to protect the environment.

One Chugach native village is located at Chenega Bay in the southwest
area of Prince William Sound. It consists of some thirty homes, a school, a
Russian Orthodox church, and a community center, but no grocery store.
The villagers make their living from the sea. When they awoke on Friday,
March 24, 1989, there was much anticipation, as it was spring, and the vil-
lagers were ready to collect herring eggs. They expected the arrival soon of
the king salmon, which would signal the start of the fishing season. There
was also much reflection, and sadness, however, for it was the twenty-fifth
anniversary of the Alaska earthquake of 1964.

The earthquake struck on Good Friday, March 27, 1964, registering
9.2 on the 10-point Richter scale. There were seventy-six people living on
Chenega Island at the time, just northwest of the current Chenega Bay
settlement. Within minutes, when the tsunamis followed, a seventy-foot
wave wiped out the village and killed twenty-three people, almost a third
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of the close-knit community. It was not until 1984, twenty years after the
quake, that the original Chenega community was reestablished and the
villagers were able to resettle on Evans Island.

When the villagers awoke on March 24, 1989, the morning news
brought word of a new disaster: a major oil spill had occurred in the
Sound, off Bligh Reef. Reports suggested threats to villages nearer to the
wreck, such as Tatitlek. The spill initially seemed far enough away from
Chenega not to pose a threat to fishing. That would soon change.

A tanker ship, the Exxon Valdez, had left the Alyeska Pipeline Terminal,
in Valdez, at the eastern end of Prince William Sound, at about 9:00 pm,
Thursday night, March 23, carrying more than 53 million gallons of crude
oil, heading for Long Beach, California. The ship was a “supertanker,”
about the size of an aircraft carrier, built with a single hull. The ship was
escorted through the Valdez Narrows by tugboat, and after the Narrows,
the ship was on its own, guided by its captain, Joseph Hazelwood, and
his crew.

Hazelwood was a fearless and talented sailor who was widely respected
by his peers. When he was thirty-two, he became the youngest captain
appointed by Exxon. Given his talents and achievements, it was not sur-
prising that the captain was strong-willed and independent, and that he
resented Exxon’s cost-cutting efficiency experts. When he first started
with Exxon, at age twenty-two, there were forty sailors on ships smaller
than the Exxon Valdez. The Exxon Valdez started out in 1986 with a crew
of thirty-four, but now, in 1989, when Hazelwood was forty-three years
old, he had only twenty crew members. Complaining too much might
have seemed ungrateful since Exxon had kept him on after he had experi-
enced some drinking problems.

The harbor pilot steered the ship through the Narrows, and Captain
Hazelwood retired to his cabin. Although this was a violation of company
rules, nothing occurred while he was off the bridge this time. When the
pilot had steered the Exxon Valdez through the Narrows and was ready to
depart onto the tugboat, Captain Hazelwood was called and returned to
the bridge.

Hazelwood then reported to the Coast Guard’s Valdez Traffic Center,
which tracked the ship on radar, that he was going to divert from the estab-
lished outbound traffic lane and cross over into the inbound lane to avoid
several small ice floes. Ice floes were a common encounter, and Hazelwood
had the choice of slowing down to push the ice out of the way or switching
over to the inbound lane, traffic permitting, to exit the Sound. Switching
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The Exxon Valdez aground on Bligh Reef. After the initial impact, at 12:04 AM on Friday,
March 24, 1989, the vessel’s chief mate reported that eight of eleven cargo tanks had
ruptured.

Credit: Courtesy of the Exxon Valdez Oil Spill Trustee Council

lanes saved time and money. The Traffic Center reported no inbound traf-
fic and concurred with the decision.

Hazelwood gave the third mate a course heading to cross over to
the inbound lane, and a second course change, a slight right turn on
the approach to Busby Island, that would take the ship out through the
inbound lane. Hazelwood repeated the instructions three times to the
third mate. Before retiring to his cabin, another violation of company
rules, Hazelwood turned on a computer program that automatically and
gradually increased the speed of the ship so that it would reach top speed
by the time they exited the Sound. Since the vessel was already on course
to switch over to the inbound lane, all the third mate and helmsman had
to do was make the slight course change once they were in the lane.

The third mate was likely fatigued from long hours of work on the previ-
ous day, and an inexperienced mate was at the helm. The third mate plot-
ted on a map the position for making the last right turn, but unfortunately,
he did not make the turn. In the absence of the captain, the third mate and
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helmsman allowed the ship to head straight for Bligh Reef without the
necessary course correction to take them out through the inbound lane.

Alookout rushed onto the bridge and reported that they were in trouble
and were fast coming up on Bligh Reef. The third mate tried to correct
the course, but it was too late. As he called Hazelwood on the phone to
report the danger, the ship hit the reef. The chief mate was awakened by
the sound of the wreck, and he immediately awakened several crew mem-
bers with the announcement, “Vessel aground. We’re fucked.”

When Hazelwood got to the bridge, he tried several maneuvers to try to
free the ship from the rocks, but without success. His chief mate reported
that eight cargo tanks out of eleven had ruptured, with loss of oil. Oil was
shooting forty to fifty feet into the air from one of the tanks.

The wreck occurred at 12:04 AM, on Friday, March 24. At 12:26 AM,
Captain Hazelwood radioed the Coast Guard Traffic Center: “We’re fetched
up, ah, hard aground...and, ah, evidently leaking some oil, and we’re gonna
be here for a while and, ah, if you want, ah, so youre notified.”

“Some o0il” turned out to be 11 million gallons, about one-fifth of the
cargo. During the first few hours, almost 6 million gallons of oil poured out
of the ship. Five million gallons followed before the spill could be stopped.
The call to the Coast Guard triggered a flurry of contacts among repre-
sentatives of the Coast Guard, the Alyeska pipeline, Exxon, the State of
Alaska, and many others who became embroiled in the ensuing cleanup.

In determining the causes of the wreck, in assigning blame, Captain
Hazelwood was an easy, early target. He had had at least three alcoholic
drinks on the Thursday they left Valdez; he had a history of hard drink-
ing and had been arrested several times for drunk driving. On the morn-
ing of the spill several persons reported that they had smelled alcohol on
Hazelwood’s breath. These reports received widespread press coverage. A
story line that was often repeated was that of the “drunken sailor running
into some rocks.” A year later, however, Hazelwood was found innocent
of criminal charges of driving a watercraft while intoxicated, and a Coast
Guard hearing dismissed the charges of drunkenness and misconduct.
Yet, the National Transportation Safety Board investigation concluded
that Hazelwood was impaired by alcohol when the ship wrecked. It would
appear that he had been drinking, and that he probably was impaired,
but that there was insufficient proof to demonstrate that he was actually
drunk.

Further investigations revealed other culprits. Fatigue on the part of
the third mate and helmsman was considered a factor. The crew had not
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complied with required rest periods, and Exxon management was blamed
for the cost-cutting reduction in crew size. The Exxon Valdez was not
constructed with a double hull, which would have contained, or at least
substantially reduced, the loss of oil. The Coast Guard Traffic Center
radar system was out of date and inadequate, and the radar that could
have tracked the vessel as far as Bligh Island was out of order. The State of
Alaska permitted the harbor pilots to accompany the ships only to the end
of the Narrows instead of to the end of the Sound. Both were seen as cost-
saving measures by the government that had contributed to the wreck.

Perhaps also relevant was the fact that before the Exxon Valdez spill, in
the twelve years since the trans-Alaska pipeline was completed, over 8,700
shipments of oil had been transported by tankers, with no major disasters,
only minor incidents. As a result, complacency had set in, which served to
rationalize all sorts of cost-saving measures.

The causes of the wreck were much easier to sort out than were remedies
for the spill or assessment of the damage that resulted. Nobody—neither
the Alyeska pipeline consortium, nor Exxon, nor the Coast Guard, nor
the State of Alaska—was prepared with the necessary ships, equipment,
or personnel to respond quickly to a spill of such magnitude. The Alyeska
spill plan relied on a barge with equipment to contain the spilled oil that
would respond within five hours. The barge, however, was damaged at
the time, and the necessary equipment had been removed. It took more
than fourteen hours to prepare the barge, load the equipment, and get to
the spill site. A tugboat with lightering equipment—to off-load the oil that
was still on the Exxon Valdez—did not reach the wreck until about eleven
hours after the spill was reported.

As the barge and tug were dispatched, officials hurriedly tried to col-
lect more lightering equipment and booms (floating barriers), skimmers,
and chemical dispersants to contain the oil that had already been spilled.
Materials were flown in from as far away as England, and the Valdez air-
port, accustomed to twenty flights a day, saw some four hundred flights in
the first twenty-four hours after the report of the spill.

Stabilizing and off-loading the Exxon Valdez was the priority, in order
to prevent some 42 million gallons of oil still on board from pouring into
the Sound. No booms were used to surround the spilled oil until after the
ships and equipment could be positioned to off-load the remaining oil. It
was not until Saturday, March 25, that the ship was finally surrounded by
booms. Officials discussed both the use of chemical dispersants and burn-
ing of the oil. Both were controversial. Chemical dispersants break up oil
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into droplets that sink into the water rather than remaining as slicks on
the surface that eventually wash up on shore. Opponents argue that the
dispersants do not solve the problem but merely move it below the surface
where it continues to affect organisms and fish, and that the chemicals are
as toxic as the oil. Some countries use dispersants; many use them only
as a last resort. At Prince William Sound, the Exxon representatives were
pushing for use of dispersants while the fishermen and environmental-
ists were opposed. Burning the oil as it floats on the water is an exten-
sion of the natural volatilization or evaporation of oil when exposed to
air. The lighter fractions of the oil evaporate as soon as the oil is spilled
and exposed to air. Igniting the slicks burns off substantial amounts of
the heavier oil fractions. The problem was that the fire also produced sub-
stantial amounts of smoke and soot that carried their own threats; the
residents of Tatitlek, for example, were sickened after just one test burn.
Again, it was Exxon that favored burning. It was up to the Coast Guard to
decide which measures they would take.

By noon on Friday, the oil slick had spread to an area three miles by five
miles around the Exxon Valdez. The Easter weekend weather was mild and
calm, so there was little wind and wave action to spread the oil across the
Sound and onto the beaches and shore. When, later that Friday afternoon,
the Coast Guard permitted a trial application of chemical dispersants, it
was unsuccessful because the calmness of the water prevented the mixing
energy required for the chemicals to interact with the oil.

On Saturday people and equipment continued to arrive in Valdez.
Exxon, with Coast Guard consent, assumed control of the recovery
efforts. By 8:00 aM, the oil had stopped leaking from the Exxon Valdez.
Mechanical recovery equipment was employed to start recovering the oil.
Another chemical dispersant test was conducted. The company thought
it worked; the Coast Guard was not convinced. A burn test proved to be
more successful.

By Saturday night, the remaining oil had been transferred from the
Exxon Valdez to another tanker, and about 50,000 gallons had been recov-
ered from the water by mechanical skimming. Some fifty-six vessels,
26,000 feet of boom, and six skimmers were at work in the cleanup opera-
tion. The next morning wave action increased so two more runs were tried
with chemical dispersants, which were deemed successful. The Coast
Guard authorized the use of the dispersants for that evening. Burning was
also approved. Although the oil had spread over more than fifty square
miles by this point, the situation was improving.
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If the cleanup crews had looked up, they would have noticed darkening
skies. The wave action that made the dispersants more effective signaled
more sinister forces. Around the same time, reports started coming in
about oiled and dead birds. On Easter Sunday night, all hell broke loose on
the Sound. A spring storm blew in, bringing winds of seventy-three miles
an hour. The storm carried a substantial volume of oil all over the Sound,
soaking beaches and shores, and covering trees up to forty feet above the
ground near the shore. What oil remained on the surface of the water was
pushed farther out from Bligh Reef.

More than 10 million gallons of crude oil went flying across the Sound
and beyond. Over the next several months, the oil spread over 450 miles
from Bligh Reef. More than 1,000 miles of shoreline were oiled. Included
in the affected area were a national forest, four national wildlife refuges,
three national parks, four state parks, four state critical habitat areas, and
a state game sanctuary. For the Chenega, natural resources that were criti-
cal to their subsistence were endangered.

The churning action of the wind and waves thoroughly mixed particles
of water with the oil, turning much of the oil that was spread around into
a black-brown “mousse.” While this mousse was less toxic than the unal-
tered oil, it doubled or tripled the spread of oil around the Sound. It was
also heavier than the oil, making skimming more difficult; it was impos-
sible to burn, because of the water content; and it retarded any chemical
dispersants. The oil coated rocks and hardened into a tar-like substance.
Oil pooled in pockets among the rocks and sank into sediments on cob-
bled or coarse sand beaches. Chemical dispersants and burning were now
practically impossible, containment was no longer possible, and mechani-
cal recovery was made more difficult.

After the Easter storm receded, things were very bleak in Chenega Bay.
Elders observed gray cod gathering in shallow water at the boat harbor,
an event that had happened only once before, on the day of the quake in
1964. This was seen as a bad omen. Having lost their village twenty-five
years ago to the earthquake, the natives now saw their subsistence way of
life threatened. They wondered how they would provide for their families
and whether the village would have to be abandoned again.

A native chief of another village described the impact at a meeting of
mayors in June. The chief acknowledged that much had changed over the
years, that they now had schools and many modern appliances, but that
such modern advances were put aside and forgotten when the fish came.
The water was their source of life and through all the waves of invasions
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The Easter Sunday storm blew ten million gallons of crude oil across the Sound, oiling
everything in its path. Birds and other wildlife were drenched in oil.

Credit: Courtesy of the Exxon Valdez Oil Spill Trustee Council

and technological change they had never lost their connection to the water.
“So long as the water is alive, the Chugach natives are alive,” he said. Yet
now they were facing “oil in the water. Lots of oil....Never in the millen-
nium of our traditions have we thought it possible for the water to die. But
it is true.... We have never lived through this kind of death.”” The image
of dead water resonated through media coverage.

Within several days of the spill, oiled and dead birds and carcasses
of marine mammals appeared everywhere. The geographical scope and
impact on the ecosystem of the contamination was disturbing, but that
effect was overshadowed by the concrete images of suffering animals car-
ried by extensive television coverage: animals eating toxic kelp; jawless
fish; dead birds floating in the water. People observed sea otters scratching
their eyes out and beautiful birds pecking holes in their chests, trying to
clean off the oil. Sea lions were covered in oil, their eyes decaying.

The sea otter captured much of the media’s attention. Before the spill,
there were an estimated thirteen thousand sea otters living in Prince
William Sound. The animals inhaled the hydrocarbon fumes, ingested
the petroleum while grooming, or absorbed the chemicals through their
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skin. Otters are particularly vulnerable to oil pollution because they do
not possess a layer of fat to keep them warm but rely instead on their dense
fur to trap air bubbles to insulate them. The oiling destroyed that insula-
tion. Further aggravating the situation, the spill occurred in the spring
when the sea otters give birth to pups, so the females were pregnant or
nursing when the spill hit. The total killed by the spill has been estimated
at three thousand, or almost a quarter of all the otters in the Sound.

Science writer Jeff Wheelwright described the deaths of the sea otters in
Degrees of Disaster, an account of the oil spill:

Maneuvering on their backs as is their wont, sea otters ran into oil they
didn’t see. Their heads and necks blackened, they groomed furiously, ris-
ing half out of the water in alarm, but they succeeded only in distribut-
ing the oil over their bodies and into their gullets. Their clumped fur let
icy water in. The lighter fractions of the crude burned their stomachs and
pierced their lungs. In some instances acute emphysema caused air bubbles
to bulge out under the skin of an otter’s throat like a grisly necklace. Those
animals were the first to go.2

The harbor seals were also affected, though not as dramatically as the
otters. In the weeks after the spill, harbor seals swam through oil and
inhaled hydrocarbons; for months they crawled through oil on the rocky
shores and rested on oiled rocks and algae. In some areas of the Sound,
over 80 percent of harbor seals were oiled. Pups born in May and June
became oiled after birth, and in some areas almost all of the pups were
oiled. The oil drove the seals crazy. Oiled seals became sick, uncharacter-
istically tame, and lethargic, with excessive tearing, squinting, and disori-
entation. At least three hundred of them died. Autopsies documented the
same sort of brain damage seen in people who die from sniffing glue or
from other solvent abuse.

The Orca killer whales of the Sound fared no better. Killer whales num-
bered about 350 in Prince William Sound, living in a number of pods,
which are stable social groups of maternally related whales. The pods
contain up to fifty whales. The members stay together—rarely does one
member spend extended time away from the pod—and each pod has its
own distinct dialect of echolocation for finding fish and communicating
with one another. One pod living in the Sound, identified as the AB pod,
contained thirty-six whales in 1988. This pod enjoyed a certain celebrity,
being well known to researchers, boaters, and fishers because of the whales’
particular friendliness. They often closely followed boats in the Sound.



148 THIS BORROWED EARTH

The AB pod was photographed several days after the spill swimming
in oil slicks. Seven of the thirty-six whales have never been seen since and
are presumed dead. Among the missing whales were two females that left
young offspring. Within a year, another six whales from the AB pod dis-
appeared, including one female that left behind a young calf. All three of
the orphaned calves died. Such a mortality rate for killer whales in the
Sound was unprecedented. Not only did the AB pod lose a third of its
members, but the reproductive potential of the pod was curtailed by the
loss of three females and several juveniles. These losses seem to have led to
the social disintegration of the pod itself, as evidenced by the departure of
one matrilineal group from the AB pod to join another.

The bird population of the Sound suffered the heaviest losses. Tens of
thousands of birds were oiled. Workers retrieved more than thirty thou-
sand carcasses from ninety different species, including loons, grebes,
puffins, and guillemots. It is believed that as many as three hundred thou-
sand birds may have died from the spill. Wheelwright provides a possible
account of how many of the birds may have died:

The average marine bird weighs just a pound or two. A half-cup of oil,
which a 150-pound human might ingest and shrug off, wreaks catastrophic
effects. The bird’s intestines, bone marrow, liver, kidney and immune sys-
tem are attacked all at once. The aromatic compounds also interfere with
the function of its adrenal and thyroid glands, with its system of convert-
ing saltwater to fresh (resulting in dehydration), with its capacity to break
down food (resulting in malnutrition).?

Fortunately, there were no large fish kills, no fish carcasses to count,
apparently because fish readily sense petroleum in water and avoid it. But
the concern was that the fish would spawn in an oil-contaminated envi-
ronment and the fish harvest would be negatively affected.

While the carcasses of dead otters, seals, and seabirds drew public sym-
pathy and outrage, a less visible yet more insidious consequence of the
spill was the impact of oil contamination on the priceless ecosystem of the
Sound. When oil enters a marine ecosystem, it is taken in by zooplankton,
tiny animals that drift in the upper surface water. The petroleum hydro-
carbons are stored in the zooplankton’s fat reserves or pass through as
undigested matter and are discharged as fecal pellets. The hydrocarbons
that remain stored in the fat reserves are transferred to fish that feed on
zooplankton, and then on to the sea lions, seals, birds, and other animals
that feed on the fish. The fecal pellets contaminated with the petroleum
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hydrocarbons sink to the bottom of the Sound, where they are trans-
formed by bacteria into detritus, a food source for bottom-dwelling sea
creatures. Clams and small animals eat the contaminated detritus; crabs,
fish, sea otters, and other animals then eat the contaminated clams and
smaller animals.

Wildlife rescue operations began as soon as the oiled and dead birds and
mammals appeared. A rescue center was established at Valdez. As the oil
spread and the problems worsened, other centers were set up farther west
on the Sound, as was an animal morgue. Over 1,600 oiled seabirds were
taken to rescue centers; half of them survived and were released. More
than 350 otters were rescued, and 225 survived. Some argued later that so
few otters were saved that it would have been better, certainly cheaper, to
let nature take its course, but the graphic pictures of oiled birds and car-
casses of otters and sea lions that appeared on national television would
not have supported such inaction.

During the first year, 1989, more than 11,000 people and 1,400 marine
vessels participated in the cleanup of the oil that covered the shorelines

Oiled beaches were washed with high-pressure hoses. More than one thousand miles of
coastline and an area of ten thousand square miles were affected by the spill, much of it
inaccessible to cleanup crews.

Credit: Courtesy of the Exxon Valdez Oil Spill Trustee Council
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and still remained on the water surface. Inaccessible locations of the
rocky shoreline and cobble beaches provided significant challenges. The
recovery efforts included skimmers and other materials to collect oil, and
booms along shorelines and bays to prevent the oil from reaching shore.
Heavily oiled beaches were washed, sometimes with cold, sometimes with
warm or hot water, with high-pressure or other hoses. The high-pressure
hoses sometimes drove the oil deeper below the rocks where it was more
difficult to reach. Chemicals were tried instead of water, but too heavy a
dose of chemicals was required to clean a little oil, and the chemicals kept
washing off the beaches and into the water. The chemicals became as great
a concern as the oil. Mousse, tar balls, and tainted seaweed were removed
by hand. Some bioremediation fertilizer was used to break down the oil
and remove it. But the standard method was mechanical—people raking,
shoveling, wiping, and scrubbing oil by hand from beaches, rocks, and
sediments. Whatever was collected was either burned or sent to a hazard-
ous waste site in Oregon.

The cleanup was suspended over the winter of 1989-1990 because
of weather conditions, and oily material continued to wash ashore.
Fortunately, the winter storms that year removed a substantial amount
of oil from the surface of the beaches. In 1990, 1,000 workers returned
to 600 shoreline sites, and by 1991, there were only 5 teams cleaning 147
shoreline sites.

As Exxon representatives, government agencies, waves of experts, and
almost everyone living on the Sound joined together to stem the contami-
nation, these same parties squared off against each other on a number
of legal fronts. Litigation over who was responsible, and for how much
money, began almost immediately after the accident. At bottom it was a
contest between Exxon and everyone else: the United States, the State of
Alaska, commercial fisheries, natives, and anyone who suffered a loss as a
consequence of the spill.

After extensive and heated litigation, the governments settled their
claims with Exxon in October 1991. Exxon agreed to pay the two gov-
ernments a total of $900 million in civil damages for restoration of the
damaged natural resources, and $250 million in criminal penalties, half
of which was forgiven based on several factors, including Exxon’s early
response to the disaster and its instituting of corrective practices in its
shipping fleet. The restoration fund was to be administered by an Exxon
Valdez Oil Spill Trustee Council, comprised of three federal and three
state trustees. These sums were in addition to the $2.1 billion Exxon had
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spent on the actual cleanup, $46 million in lost oil and vessel damages,
$300 million in settlements with private parties, and $19.6 million in other
damages. In total, the spill cost Exxon over $3 billion.

The private litigation went to trial in 1994 and lasted several months.
The plaintiffs were commercial fisheries, municipalities, businesses, native
subsistence fishermen, and others claiming loss from the spill. The defen-
dants were Exxon and Captain Hazelwood. The jury found that the crash
and the damages sustained from that crash were the result of recklessness
because Hazelwood had sailed three hours after drinking alcohol; he left
the bridge when he should not have; he left the controls in the hands of an
unqualified seaman; and he activated the computer program that sped up
the ship before making the final turn. Under widely accepted legal prin-
ciples, Exxon was found responsible for the recklessness of its captain. The
jury then found Exxon liable for $287 million in compensatory damages,
and a whopping $5 billion in punitive damages. After the verdict for puni-
tive damages, an Exxon lawyer was quoted as saying, “I think it’s a case of
the jury not appreciating what five billion dollars means.” A juror replied,
“Well, he can kiss my ass. It is a chunk of change. But eleven million gal-
lons is a chunk of 0il.™ After years of legal appeals, in June 2008 the United
States Supreme Court reduced the punitive damage award to $500 million,
slightly more than 1 percent of Exxon’s profits of $45.2 billion in 2008.

While the natives recovered the value of some of their harvest losses
through the litigation, the court, prior to the trial, dismissed their claims
for damages to their culture, their subsistence way of life. For such a claim
to prevail under principles of public nuisance law, the natives had to have
suffered a special injury, or an injury different in kind from that suffered
by the general public. The court held that “the right to obtain and share
wild food, enjoy uncontaminated nature, and cultivate traditional, cul-
tural, spiritual, and psychological benefits in pristine natural surround-
ings” was shared by all Alaskans, not just natives, and therefore there was
no special injury to the natives.

The Chenegans were not faring much better back at the cleanup. The
subsistence harvest areas critical to Chenega Bay suffered the most dam-
age from the oil spill, and for years following the spill the wildlife that
survived was suspect in the eyes of the Chenegans because of health con-
cerns. They were told that they could eat foods that did not taste or smell
of oil, and that eating foods with low levels of hydrocarbons did not pose
a significant additional risk to health, but that they should continue to
avoid shellfish from beaches that were still oiled. However, they were also
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told that no studies existed on the human health effects of consuming oil-
contaminated seafood, especially for those whose diet depended heavily
on such seafood.

Despite assurances from officialdom, it was clear that animals in their
harvest areas were dying from exposure to the oil. The drop-off in the
harvest of marine mammals, especially harbor seals and sea lions, staples
of the Chenega diet, was substantial. Before the spill, the average mammal
harvest provided 145 pounds per person; in 1989, the mammal harvest fell
to 3.6 pounds per person; and, in the post-spill period, 1990 to 1994, the
harvest rose to only 20 to 35 pounds per person.

Over the first several years following the spill, the Chenegans devoted
substantial time to cleanup activities at the expense of subsistence activi-
ties. And what subsistence activity there was required more time and
greater travel to fish and hunt for uncontaminated wildlife. Finally, cash
income from cleanup work distorted the prior balance between subsis-
tence living and cash income from summer cannery work.

Perhaps most damaging, the Chenegans could no longer trust their own
judgments about the wildlife or the environment, for the oil created dan-
gers for which their long history and traditions had not prepared them.
Since the cultural values of subsistence depend on communal sharing
and learning by the young of those ways, such dislocations threatened the
subsistence lifestyle. This was especially so since the Chenegans had only
recently reestablished that way of life at the relocated Chenega village, and
the younger adults were still learning subsistence skills for the first time.
As one Chenega villager remarked, “I still hunger for clams, shrimp, crab,
octopus, gumboots. Nothing in this world will replace them....Living in
my ancestors’ area [I should] be able to teach my kids, but now it’s all gone.
We still try, but you can’t replace them.”

By 1992, three years after the spill, most of the oil was gone from slicks
and sheens and from the surface of the water in the Sound, as well as from
the beaches. In June 1992, the Coast Guard declared the cleanup com-
plete, although it acknowledged that oil remained in spots throughout the
Sound, including on some rock surfaces and buried beneath sediments,
rocks, and mussel beds. Despite the declaration, the long-term impact on
the wildlife populations was unclear.

Initially, the goal of the recovery efforts was characterized as a cleanup.
It soon became clear that a total cleanup was impossible, so the recovery
was described as a “treatment.” Eventually the goal came to be called “envi-
ronmental stability.” While the cleanup efforts were largely curtailed after
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June 1992, most of the oil had not been recovered. The U.S. Government
Accounting Office has estimated that only about 10 to 15 percent of the
oil that is lost in a major spill is ever recovered. But not even that mea-
ger proportion was achieved in Prince William Sound. An Alaska agency
estimated that only about 3 to 4 percent of the oil spilled from the Exxon
Valdez was recovered. It is no surprise that even after the official decla-
ration that the cleanup was over, after the government settlement, and
after the trial of the private claims, questions remain about the long-term
impact of the oil spill on the wildlife populations and the ecosystem of the
Sound.

A series of conferences held in 1993 and 1999 published the results of a
multitude of studies that had been conducted to determine the impact of
the spill. Much of the research reported at these conferences was directed,
at least in part, toward the litigation. Studies sponsored by Exxon argued
that the projected numbers of dead animals were exaggerated; that certain
cleanup techniques (high-pressure hot water washing) did more harm
than good; that too much money was spent on animal rescues; and that
the shorelines would have recovered if left alone. They also argued that
not all of the hydrocarbons in the Sound and wider area came from the
Exxon Valdez spill, as some came from naturally occurring oil seeps in
the wider area, and from increased boat traffic during cleanup activities.
Finally, they argued that the death of large numbers of wildlife was by and
large irrelevant as long as the populations of the wildlife affected were
restored.

Contrary arguments reported that any early exaggerated estimates of
dead wildlife were corrected within a short time; that most cleanup tech-
niques (chemical dispersants, burning, high-pressure washing) have down-
sides as well as benefits; that the public would not tolerate governments’
standing passively by as otters and bald eagles and other animals died
“naturally” from exposure to oil that had been spilled by a company that
makes large amounts of money from the oil; and that shorelines might
recover if left alone, but only after many years, during which time the
Chenegans and others would be deprived of their subsistence and their
environment. Moreover, if there was oil in the Sound environment from
other sources, it paled in comparison to the 11 million gallons of spilled
Exxon Valdez oil.

In 2001, a research team from the National Oceanic and Atmospheric
Administration (NOAA) surveyed 4,800 miles of shoreline and ninety-six
sites, randomly selected, to determine the presence of any lingering oil
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along the Sound. They found that oil remained at fifty-eight of the sites.
While the surface oil is generally weathered and hardened, like asphalt,
the buried or subsurface oil presents greater concern because it remains
in place for years, is more liquid and still toxic, and is taken up by ani-
mals. That lingering oil is partially responsible for the impeded recovery
of certain of the species in the Sound. In 2004, the Exxon Valdez Oil Spill
Trustee Council reported that in the fifteen years since the spill there has
been little or no clear improvement for the cormorants, harbor seals, har-
lequin ducks, and pacific herring. Fortunately, there has been substan-
tial progress toward recovery for the AB pod of killer whales and the sea
otters, and recovery has been achieved for the bald eagle and pink salmon.
Information was inconclusive for other species.

In the 1991 civil settlement with Exxon, the state and federal govern-
ments reserved the right to seek up to $100 million in additional damages
if the spill caused a substantial loss or decline in species or habitat in the
future. In the summer of 2006, the United States and the State of Alaska
demanded $92 million from ExxonMobil based on the continued pres-
ence of oil along the Sound.

In the meantime, the Chenegans and others have to live with the results
of the spill. Even supporters of Exxon have acknowledged that pockets
of weathered oil may have adverse local effects for years. The people of
Chenega may not be able to prevent another earthquake. But as one bird
rescue worker said, “We tend to lead a sheltered life up here because we’re
out in the wilderness. The power of large corporations has hit home. It’s
time we started watching what they’re doing more closely.”
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the manatee. As a mammal, it seems more human than fish. With a

rounded head, small eyes, and a large snout, its face is that of a sad
walrus. Its tail is like that of a dolphin, and its front fins allow it to move
slowly and gracefully through water. The dugong is also known as the sea
cow because it grazes on sea grass, devouring fifty-five pounds a day, and
weighing up to 880 pounds. In East Africa, the dugong is known as the
“wild pig of the coral.”

The dugong can live for up to seventy years. One drawback to their long
life is that the female raises a calf only every three to five years. It is a frag-
ile, endangered species, and any interruption of the breeding cycle casts a
dark shadow over the group’s survival.

The waters and sea grass in the Arabian or Persian Gulf, off Kuwait, are
a thriving habitat for the dugong. When Saddam Hussein invaded Kuwait
in August 1990, he had no concern for the dugong or the environment of
Kuwait. Hussein dispatched some 30,000 soldiers and 700 tanks, followed
by another 100,000 troops. Kuwait had 20,000 soldiers. The conquest was
swift.

Others, however, paid attention to the effects of the war on the envi-
ronment when Iraq threatened to blow up Kuwait’s oil wells and facilities

The dugong is a strange, wonderful creature, like its closest relative,
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if attacked. At stake was the loss of 100 billion barrels of oil contained in
Kuwait’s oil fields, representing about 65 percent of the world’s reserves.
Since oil represented 39 percent of the world’s energy consumption, and
95 percent of all transportation energy, the stakes were high.

King Hussein of Jordan triggered the environmental debate in November
1990 when he predicted at an international climate conference that the
incineration of even half of Kuwait’s oil reserves would dramatically
increase carbon dioxide in the air and create a global warming event that
would result in food shortages of disastrous proportions. Others who had
been exploring the possibility of a so-called nuclear winter predicted the
opposite climatic effects. They hypothesized that the smoke, particularly
the soot, from the oil well fires would absorb and block out sunlight, caus-
ing a cooling of the earth’s surface. The darker the soot, the more sunlight
would be blocked out.

The possible effect of such climatic changes on the monsoons was of
particular concern. If the soot from the fires at the Kuwaiti oil wells rose
only into the troposphere, then much of it would wash back to earth with
the rain in a short time, causing only severe local threats. If, on the other
hand, the soot rose high enough into the stratosphere, it would remain
there for years, and would be carried by prevailing easterly winds over
Africa and Asia. There it would block the flow of the cooler, moist air from
the oceans necessary for the monsoons. Hundreds of millions of people in
Asia and Africa depend on the monsoons for their food, and any interrup-
tion in the annual rainfall would result in catastrophe.

The debate raged, but the American scientific community was largely
silenced. The U.S. administration, under President George H. W. Bush,
censored statements by government scientists on issues such as the possi-
ble environmental consequences of an American-led attack on Iraqi forces.
In January 1991, the U.S. Department of Energy instructed its research-
ers not to talk to the media about any possible environmental impacts
from oil fires or spills. Other researchers were ordered to withhold satel-
lite images of the Gulf region. The Bush administration feared that con-
cern for adverse environmental effects might diminish public support for
the anticipated war effort. Public opposition to the Vietnam War was still
fresh.

In January 1991, coalition forces, led by the Americans with British and
French participation, struck at Iraq and its troops in Kuwait. No sooner
had fighting begun than Iraqi forces discharged oil from pipelines and
other facilities into the Gulf to deter invasion from the sea. In addition,
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coalition attacks struck a supertanker and an offshore loading terminal.
Altogether, more than 10 million barrels of oil were spilled into the Gulf,
contaminating over 398 miles of shoreline.

When the ceasefire was called on February 28, 1991, Iraqi troops car-
ried out Hussein’s promise to blow up the oil wells before surrendering or
escaping back into Iraq. In all, the Iraqi forces blew up some seven hun-
dred oil wells, many of which caught fire. The oil well fires spewed out up
to six million barrels of oil daily, accompanied by sulfur dioxide, nitro-
gen oxides, soot, and other toxic substances. That amount was roughly
equivalent to 10 percent of the world’s daily use of oil. The wells that did
not catch fire nevertheless poured out oil onto the ground where it formed
lakes containing as much as 60 million barrels of oil on the flat, Kuwaiti
landscape. Some of the oil from the lakes infiltrated the groundwater;
some evaporated or caught fire, adding more pollutants to the air.

When officials were finally able to assess the scope and impact of the
oil well fires it became clear that the worst predictions were not realized.
Smoke plumes were contained generally within the lower atmosphere and
did not loft into the stratosphere to any significant degree. The smoke and
soot were not as black as feared, in part because the fires burned more
efficiently than had been expected. The wind direction helped. During the
worst times, while the oil well fires still burned, the plume of smoke moved
in a southeasterly direction, away from areas of concentrated populations,
unlike the fog in London or the chemical cloud in Bhopal, India.

The nature of the Kuwaiti oil also helped reduce the extent of the harm.
For the most part, it was a light crude oil that contained more volatile
aromatic compounds than heavier forms of crude oil, such as the type
spilled by the Exxon Valdez in Prince William Sound. The lighter crude
can be more toxic, but the volatile compounds disperse easily and are less
persistent in the environment.

Even if the worst-case scenario of the Kuwaiti fires and spills was not
realized, the emissions and consequences were still considerable. Thick
smoke clouds from the fires extended over 4,350 square miles, hovering
over Iraq, Iran, Qatar, Pakistan, Sri Lanka, India, Bulgaria, and the Soviet
Union. In late March, black oily snow fell in the Himalayas in Kashmir.
Low levels of soot from the conflagrations were detected 9,000 miles away
in Hawaii. Closer to the source of the fires, oil and soot rained on the
people, animals, soil, plant life, and water resources of Kuwait. Black-
and-white cows turned gray. Sheep lost weight and then lost their wool,
finally developing breathing problems before dying. The smoke and soot



158 THIS BORROWED EARTH

were thick enough to block sunlight and drop daytime temperatures by as
much as 27°F below normal. Smoke and flaring fires could be seen at night
and during the day all along the landscape. Tarmac surfaces were too slip-
pery to walk on. Everything was coated with black, oily substances. This
lasted for eight months.

The war produced oil well fires and oiled birds.
Credit: © Steve McCurry/Magnum Photos
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In February, a string of fires surrounded Ahmadi City in Kuwait, and
thick, tarry substances dropped from the sky. While some were able to
protect themselves by wearing a mask while outside and using air condi-
tioning indoors during the worst events, many houses had lost their win-
dows from air strikes or were unable to afford air conditioning.

By May, as the oil well fires continued to burn, the soot in the air over
Kuwait was equal to the soot produced by 3 million diesel trucks. Breathing
the air in Kuwait City was like smoking 250 cigarettes a day. Into the sum-
mer, the maternity hospital in Kuwait City had to change the air filters on
incubators every two days instead of every six months.

The air over the Kuwait region was dangerous for over six months. The
danger from the black air was obvious. Not so apparent was the impact of
the oil spills on the Gulf waters. The Gulf is warm and shallow with coral
reefs, coastal sea grass, mangroves, and sensitive intertidal zones. This
ecosystem produced a catch of 120,000 tons of fish per year for commer-
cial and subsistence fishing. Dolphins, whales, sea turtles, and dugongs
were common.

One natural drawback to the warm, shallow Gulf was that it experienced
little wave action or tidal energy, which would have loosened oil contamina-
tion. It took over three years for the Gulf to flush its waters into the Indian
Ocean, in contrast to Prince William Sound in Alaska, which flushed in
twenty-eight days. One threat that was recognized immediately was the
danger to the desalination plants in neighboring Saudi Arabia, which
provided 80 percent of the area’s water supply. Booms were installed, and
critical financial resources were directed to protecting these desalination
plants and other commercial operations along the coast. The same atten-
tion, however, was not paid to other environmental impacts of the war.

By the time the war ended, the destruction of the bird populations in
the area was considerable. Over a million migratory birds, including sev-
eral endangered species, visited the region annually. As the birds flew over
the area, they mistook flat, reflective surface bodies for water lakes. They
landed in what turned out to be oil lakes and were trapped, becoming
easy prey for hawks. The hawks, in turn, also became trapped in the oil.
Birds were burned when they flew through the oil fire smoke; others were
covered with oil from the fires and fell to the ground. A survey in March
found that 50 to 75 percent of shorebirds were oiled, and that between
25,000 and 30,000 seabirds were killed by exposure to the oil.

Remarkably, much of the marine ecosystem survived. Most of the oil
washed ashore instead of sinking into the Gulf, and that minimized the
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damage to the coral reefs and sea grass, the haunt of the dugong. Certain
precious natural resources, such as the mangroves and green turtles,
were protected by immediate, extensive cleaning operations after the war
ended. The dolphins in the Gulf escaped extensive harm by simply staying
away from the oil.

By July 1991, much of the oil floating on the surface of the Gulf waters
was recovered, mainly by mechanical means. Close to 20 percent of the
spill was captured, which is fairly high for oil recovery efforts. In Prince
William Sound, only about 3 to 4 percent of the oil was recovered, in part
because the Exxon Valdez oil was heavier and the weather conditions were
much more difficult.

Many estimated that it would take a year or two to extinguish the
oil well fires, yet it took only nine months, with the last well fire extin-
guished in November 1991. Firefighters came to Kuwait from all over the
world, some 10,000 workers from thirty-four countries. They came in part
because the pay was plentiful —Kuwait oil interests poured substantial
money into the well cleanup since the burning oil was costing a fortune in
lost revenues each day. By June, Kuwait was shipping oil for sale, and by
November it was producing 320,000 barrels a day. The loss of oil—to fires,
spills, and discharges—cost over $10 billion, and the cleanup cost more
than $1.5 billion.

The oil well fires and oil spills in the Gulf waters caused the most vis-
ible environmental damage from the Gulf War. Contamination of the
land and groundwater was equally destructive, if less noted. Some of the
oil was pumped out of the lakes, some seeped into the ground, and some
remained as sludge. The oil seeped into the Kuwait desert and spread the
contamination over 250 million cubic feet of soil. Oil also seeped into
Kuwait’s fresh groundwater and contaminated almost half of its freshwa-
ter reserves. Over 300 oil lakes remained in Kuwait ten years after the war.
Both the soil and groundwater contamination still require remediation,
but the resources to address that damage are scarce.

The particulate matter, or PM, emissions were especially problematic for
the more vulnerable populations in Kuwait—the very young, the old, and
those with respiratory problems. Particulate matter of a certain size, espe-
cially particles less than ten micrometers in diameter (PM,,), can absorb
gases and other pollutants, infiltrate the lungs, and cause severe breathing
problems. Before the war the permissible level of PM,, in Kuwait was 340
micrograms per cubic meter (ug/m’) for twenty-four hours. During the
tires the PM, levels in Kuwait rose to 610, and even at times as high as
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5,400 ug/m’. These particulates were loaded with the kinds of toxic sub-
stances that often accompany oil fires, such as volatile organic compounds,
polycyclic aromatic hydrocarbons, benzene, lead, and nickel.

Both the people of Kuwait and the coalition forces were exposed not
only to the oil fires and soot, but also to diesel fuel, pesticides, and possibly
dust from depleted uranium (DU) ammunition, made with the tailings, or
waste, from the uranium-enrichment process. Just as citizens of Kuwait
had no protection against the smoke, the soldiers received little training or
equipment to protect them against the risks from the smoke and they were
reduced to tying scarves or shirts over their mouths and noses.

More than 700,000 U.S. troops were deployed in the war and, upon
their return home, tens of thousands claimed to have been sickened by
the war. The symptoms reported—fatigue, joint pain, headaches, memory
loss, depression, and chronic diarrhea—were common to several medi-
cal conditions, including chronic fatigue syndrome, fibromyalgia, and
multiple chemical sensitivity. British soldiers who served in the Gulf War
experienced similar symptoms.

Returning soldiers firmly believed that they were suffering physically
from a “Gulf War disease,” while the government attributed the symp-
toms to posttraumatic stress disorder, a psychological condition. Given
the American government’s delays in recognizing the medical effects of
the use of Agent Orange in Vietnam, many distrusted its denial of a Gulf
War disease. In 1998, the U.S. Congress mandated the establishment of
the Research Advisory Committee on Gulf War Veterans’ Illnesses, which
issued its report in November 2008. The committee, after reviewing all
the studies completed to date, concluded that Gulf War illness is a serious
medical condition affecting 25 percent of the veterans who served in the
war and that the illness was not a stress-related, psychological condition.
The committee further found strong and consistent evidence that the ill-
ness was associated with the use of pyridostigmine bromide, or PB, a pill
given to troops to protect them against nerve agents, and with exposure to
pesticides used during the war. Research available on the effects of expo-
sure to petroleum smoke and vapors was insufficient, and the committee
could not determine whether exposure to the oil fires was also a risk fac-
tor for the complex of symptoms associated with Gulf War illness. Finally,
there was evidence that high-level exposure to smoke from the fires was a
risk factor for asthma among the soldiers, and no association was found
between exposure to DU munitions and dust, but again the research was
inadequate to eliminate a connection.
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Beyond the damage caused by the oil spills and fires, the coalition
strikes on Iraq’s infrastructure also had significant consequences for the
Iraqi people. Power plants were destroyed and the operation of water and
sewage treatment plants was interrupted, resulting in water-borne diseases
such as cholera. These quickly spread in a population already weakened by
malnutrition and lacking medical supplies. In addition to the thousands of
direct Iraqi casualties from the war, thousands of Iraqis died from disease,
malnutrition, or inadequate medical care as a result of the war. Iraqi chil-
dren in particular were affected, with a four-fold increase in the incidence
of leukemia among children. Some have attributed the cancer to exposure
to the coalition’s DU munitions, which release radioactive toxic metals in
the dust. American tanks that were hit by friendly fire and contaminated
with DU dust were brought back to the States and buried as radioactive
waste. When the contaminated Iraqi tanks and the DU munitions were
left in southern Iraq, they became objects of curiosity for adults and play-
things for children.

War is hell because it kills so many in a short time in violent ways. It
also causes suffering for those who lose loved ones. We see from the Gulf
War that the environmental consequences also wreak havoc on the air, the
water, the land, the ecosystems, and the long-term health of those exposed
to toxic substances unleashed by war.
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fish,” they are bumbling walkers on land and graceful torpedoes

under water. In some ways penguins can seem more human than
almost any other animal, walking upright, like us, with their flippers
hanging down their sides like arms. Public affection for penguins, how-
ever, is a relatively recent development, arising only in the last century
with the introduction of penguins into zoos in the northern hemi-
spheres. Once conservationists and the general public got a look at these
creatures, penguins earned a worldwide following in the fight for their
protection.

Although penguins have long been game for predator seals and other
natural enemies, such as native populations, their methods of killing
were not systematic enough to diminish penguin populations. Sailors
and explorers were the first to menace penguins by killing large num-
bers for food and oil. Countless expeditions, including those led by Scott,
Shackleton, and Cook, participated in the slaughter of penguins and the
harvest of their eggs.

Penguins are charming creatures. Originally called “feathered
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The real threat to penguins, however, came with commercial exploita-
tion of their oil and eggs, as well as their guano, which is used as fertilizer.
King penguins—trusting animals—were easily herded onto ramps, led to
boilers, and pushed in. Each dead penguin yielded about a pint of oil. In the
seventeenth and eighteenth centuries, penguins on Dassen Island, off the
coast of South Africa, were clubbed to death in such numbers that breeding
on the island all but ceased until the twentieth century. When breeding on
the island recovered, penguin eggs were gathered for food. From 1919 to
1931, as many as four hundred thousand eggs were taken each year.

In addition to the threat posed by large-scale killing of penguins and
the harvest of their eggs, overfishing in some regions depleted penguin
food supplies. In other breeding grounds, introduced animals, such as
cats, became yet another threat. Even tourists can pose a danger by getting
too close to nests, scaring away the parenting penguin and leaving the egg
or chick vulnerable to birds and other predators.

By the mid-twentieth century, most penguin harvesting was declared
illegal in many countries, and had virtually ceased around the world. But
while the twentieth century brought legal protection for penguins, it also
introduced a new menace—oil spills. Now it was not humans killing pen-
guins for their oil, but oil killing penguins. Oil spills around the tip of
southern Africa were to prove particularly destructive.

We often associate penguins with the Antarctic, where the Emperor
penguin holds court, but only four of the seventeen penguin species breed
on the Antarctic continent. Most penguins live in less frigid and even tem-
perate climates, such as the African penguins that breed on both Dassen
and Robben Islands off the coast of southern Africa. The African penguin,
also known as the jackass penguin because it makes a sound like a braying
donkey, is about two feet tall, and weighs between 6.8 and 8 pounds. Males
are only slightly larger than females and they look very much alike, so it
can be difficult to tell them apart.

African penguins spend much of their time feeding in cold waters on
sardines, anchovies, squid, and other fish. Breeding occurs once a year.
Nests are dug in guano, or sand if the guano has been depleted, and under
rocks or bushes. The female lays two eggs, though usually only one sur-
vives. The eggs incubate in the nest for thirty-eight to forty-two days, and
the parents take turns guarding the nest and feeding the hatchlings regur-
gitated food.

Penguins have more feathers than most birds, tightly arranged over
a layer of down, which they waterproof using oil secreted from a gland
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beneath their tails. When a penguin dives into water, its feathers com-
press, trapping air. Feathers, down, and oil provide insulation against the
cold waters in which penguins hunt.

Petroleum, however, has a vastly different effect on penguins. After
spills, the penguin ingests the oil or breathes in toxins, causing ulcer-
ation of the mouth and stomach. The oil can attack the kidneys, liver, and
intestines, cause red blood cells to rupture, and may lead to immunosup-
pressant effects that make the penguin vulnerable to disease. The oil also
destroys the insulation of the feathers, which causes the penguin to lose
body heat and die from the cold.

By the late 1960s, the largest cargo ships could not pass through the
Suez Canal, which substantially increased traffic along the coast of South
Africa and around the Cape of Good Hope, also known as the Cape of
Storms. And from 1967 to 1975, the Suez Canal was blocked because of
the Arab-Israeli conflict, which forced many additional ships to travel
around the Cape. Six major oil spills occurred in that period, resulting in
injury to or the deaths of hundreds of penguins. Additional spillage from
tank washings, bilge-pumping, and fuel from the wreck of cargo ships also
posed risks. In 1994, the Apollo Sea, carrying iron ore, sank off the South
African coast, spilling its fuel and other oil. An estimated ten thousand
penguins were oiled, of which some five thousand died.

Such oil spills contributed to the drastic decline of the African penguin
population from between 1.5 and 2 million birds at the turn of the twenti-
eth century to about 180,000 birds at the end of the last century, a decline
of some 90 percent. It is not surprising that international organizations
list the African penguin as a species that requires protection in order to
ensure its survival.

Just six years after the Apollo Sea disaster, another major oil spill hit
breeding grounds on the islands off South Africa, threatening a substantial
portion of the remaining population of African penguins in the world.

In June 2000 the Panamanian M.V. Treasure was carrying a cargo of
iron ore from China to Brazil. Also on board was a supply of 1,300 tons
of oil for fuel and other onboard operations. For unknown reasons, a hole
developed below the water line during the journey from China to South
Africa. The ship sought refuge near the coast to inspect the damage, but
when the hole was discovered, the ship had to be towed toward the open
sea where repairs could be made. The M.V. Treasure did not get far. On
June 23, it sank about 6.5 miles off the coast, spilling most of its 1,300 tons
of oil into the waters off South Africa near Dassen and Robben Islands,
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respectively the largest and third largest breeding grounds for African
penguins.

Oiled penguins were found coming ashore from the first day of the
spill. It was the middle of breeding season, when one parent guarded the
nest and fed the chick while the other went to sea for food, so the tim-
ing was particularly devastating. Fortunately, the earlier experience with
the Apollo Sea spill provided some guidance for dealing with the disas-
ter. Several local organizations, including the Cape Nature Conservation
and the South African Foundation for the Conservation of Coastal Birds
(known as SANCCOB), began to collect oiled birds and to organize a res-
cue operation. They called on the International Fund for Animal Welfare
(IFAW) and the International Bird Rescue Research Center for additional
expertise in handling what was expected to be a large-scale effort.

Within a few days it became clear that even these resources were woe-
fully inadequate. While there were some eighteen thousand penguins on
Robben Island, the spill was now heading for Dassen Island, the breeding
ground for another fifty-five thousand penguins. This meant that more
than 40 percent of the African penguin population was at serious risk.
If half the penguins died after exposure to the oil, as happened after the
Apollo Sea incident in 1994, nearly one-quarter of the world’s population
of African penguins would be lost. More help was urgently needed.

The rescue organizations sent an emergency call over the Internet to
zoos and aquariums throughout the world and to anyone with expertise
in caring for injured or oiled birds. The response was immediate. More
than a hundred experts arrived from fourteen countries, including staff
from zoos and aquariums, all at their own expense. In addition to the
professionals who flew in from all over the world, more than ten thousand
volunteers from Cape Town and beyond stepped forward to help capture,
clean, and feed the birds.

Despite the large turnout, the crisis was overwhelming. Besides captur-
ing the oiled birds and sending them to rehabilitation centers for clean-
ing and feeding, the clean penguins had to be kept from the oiled water,
and fed until the oil was cleaned up. Just collecting the penguins would
stretch every resource. Feeding this motley and growing crowd seemed
impossible.

The oil cleanup began at once. A recently developed Canadian
product—Spill-Sorb—was employed to clean the area around the breeding
grounds. Made of sphagnum moss, Spill-Sorb is a natural, nonpolluting
material that can absorb about ten times its own weight in hydrocarbons.
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Portable swimming pools served as temporary homes for the penguins while they were
cleaned and fed. Over 140 pools were set up in this disused railway warehouse in Salt River,
a suburb of Cape Town, South Africa.

Credit: © Jon Hrusa, courtesy of the International Fund for Animal Welfare

Volunteers hand-scrubbed rocks with wire brushes, then scrubbed them
again when waves washed in fresh oil.

The oiled penguins were captured, placed in specially built boxes, and
shipped to one of several rehabilitation facilities on the mainland, near
Cape Town, and housed in large porta-pools. The birds were sprayed with
vegetable oil to loosen the fuel oil, scrubbed with detergents until the oil
was gone, and rinsed and dried, a process that took up to forty minutes
for each penguin. During the drying process, a veterinarian inserted a
tube down the penguins’ throats and fed them a multivitamin solution to
hydrate and strengthen them. The penguins were then boxed, trucked to
another facility, and fed for two to three weeks until their feathers recov-
ered their waterproofing ability and the oil was cleaned from the sea and
their breeding grounds.

The penguins were also hand-fed sardines that had been infused with
vitamins. Force-feeding was necessary because they had never learned to
eat dead food. During the feeding operation, the charm of the penguins
was lost on the rescue workers, many of whom were first-time handlers.
Volunteers had to stand in the guano-filled pool, grab a bird and hold
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it between their knees, open its beak, and force a slippery sardine down
the penguin’s throat, while the penguins beat their flippers, kicked their
webbed feet, and bit with their sharp beaks. Between two to three thou-
sand orphaned chicks were also gathered, transported to the mainland,
and cared for in several centers. After the oil was removed, the chicks were
taken back to their islands by boat and released among other chicks.

Penguins have sharp homing instincts and can swim long distances. It
was decided that the only way to save the unoiled penguins was to capture
them and ship them five hundred miles up the Eastern Cape. The clean
penguins were corralled and placed in special boxes, put on boats or heli-
copters, and transported to the mainland where they were loaded onto
three-tier sheep trucks and driven for eight hours to Port Elizabeth. Once
at Port Elizabeth, they were released on the beach. As had been hoped,
the penguins made a dash for the sea, and headed home to Robben and
Dassen Islands. The journey took several weeks, and along the way the
penguins fed and regained the strength they had lost during their con-
finement and relocation. Eventually, some twenty thousand penguins
were released at Port Elizabeth, and by the time they reached home, their
breeding grounds and the surrounding sea had been cleaned of oil.

The relocation was no doubt traumatic for the penguins, but this
extraordinary event produced three media stars: Peter, Percy, and Pamela.
These were the names given to three African penguins fitted with satel-
lite tracking devices. The devices permitted researchers to study the path
and behavior of the relocated penguins after they were released at Port
Elizabeth and while they swam the five hundred miles to Robben and
Dassen Islands. The signals from the devices, which were attached with
Velcro, were transmitted to a Web site where the public could follow the
course of their journey home.

In the end, the rescue effort saved almost forty thousand African pen-
guins, although some four thousand chicks could not be saved in time and
about two thousand captured adults died. The cleanup cost was $7 mil-
lion, much of which was spent on rescue and rehabilitation. Some of those
saved were two-timers, having been oiled, cleaned, and tagged after the
Apollo Sea spill.

Assessments of the impact of the spill on the African penguin generally
indicate that the population has largely recovered. That success is attrib-
uted to several factors: the unprecedented rescue and relocation efforts; the
expertise of SANCCOB, IFAW, and other local organizations, which had
plenty of experience with prior spills; the quick, generous response from
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experts throughout the world; and the work of more than ten thousand
local volunteers. The weather also cooperated; stormy conditions would
have altered the outcome substantially. Finally, the insurance company
for the M.V. Treasure acted promptly and provided interim funding dur-
ing the rescue effort and made final payment within nine months. Other
funding was provided by the World Wide Fund for Nature and by many
local companies and environmental organizations.

Despite the success of the rescue, African penguins have suffered a 60
percent decline since 2001. Part of that decline is due to the loss of food
sources, particularly anchovies and sardines, which has resulted, at least
in part, from global climate change.
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BRAZILIAN
RAINFOREST

he rainforest is to some a chaotic place. Others have viewed the rain-
forest as a lush, mysterious wilderness inhabited by Rousseau’s noble
savages and free of the trappings of civilization, or as the home of El
Dorado, the mythical seat of a king drenched in oil and covered in gold
dust. Early anthropologists categorized the rainforest as a haven of “prim-
itive” people, the discovery of which could bring academic fame and for-
tune. In almost all cases, the impulse has been to enter and impose order.

A tropical rainforest requires substantial rainfall, usually 160 to 300
inches, in comparison to the forty-three inches that New York City
receives each year. In severe storms, rain can fall at a rate of eight inches an
hour, and in the Amazon basin a river can rise thirty feet overnight. Lying
near the equator, the rainforest also gets an abundance of sunshine, with
an average annual temperature of 80°F. With the rain and sun, humid-
ity remains high year round, effectively eliminating seasonal changes.
These hothouse conditions promote biological activity and growth, which
accounts in part for the incredible biodiversity in the rainforest.

In the rainforest everything is interconnected, and nothing is wasted.
Some species of army ants, for example, can marshal up to 20 million
members to march across the rainforest floor, where they collect every-
thing that has fallen in their path—leaves, twigs, bark, mosses—and take
it back to their nests where it is broken down into food for the queen. Other
insects flee from this marauding army, only to fly into the waiting mouths
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of birds and other predators who follow the army ants. The native people
of the rainforest use the pincers of live army ants to stitch wounds.

As active and inhabited as the forest floor is, the real life of a rainforest
can be found in the trees and vines. The uppermost layer, the canopy, is
dominated by the treetops, which rise some 100 to 130 feet. Organisms
compete for the sunlight at the top where the brightest flowers flourish.
Camouflaged from predators by the colorful tree-top flowers, toucans,
hornbills, parakeets, and birds of paradise can afford to show off their
flamboyant colors. Most of the wildlife, including spider monkeys, chim-
panzees, sloths, marsupials, and squirrels, exists in the trees.

The Amazon rainforest functions as a self-contained hydrological
cycle. Water vapor from the Atlantic Ocean falls on the forests, and trans-
evaporation releases about half of that rain back into the atmosphere,
which creates the region’s moist climate. The rainwater that penetrates
the canopy provides sustenance, trickling down trees and vines, absorb-
ing compounds from plants and excrement from animals, and picking up
important nutrients such as nitrogen, phosphorus, and potassium. Along
the way, it feeds the epiphytes, such as mosses, ferns, orchids, fungus, and
lichens that grow on other plants and trees. The epiphytes have leaves that
form reservoirs for storing rainwater and that also serve as homes for frogs
and other animals. The frogs are particularly happy denizens of the rain-
forest. They absorb water through their skins, and the humidity is ideal
for them. Countless varieties of birds, snakes, termites, and spiders also
live among the trees and vines, dispersing the seeds of the plants on which
they depend.

The Amazon rainforest has also supported indigenous groups for close
to ten thousand years. Often, they engage in shifting cultivation, clearing a
small patch of land for dwellings and subsistence farming, mainly of maize,
beans, and manioc. Small plots of trees are burned, and the ash is used to
supply carbon and other nutrients to the poor soil in the rainforest. When,
after several years, the soil no longer supports crops, the community moves
on. Twenty-five to fifty years later, the land returns to productive use, and
the Indians return. The forest supplies trees, vines, and leaves for dwellings,
palm trees and bamboo for bows and arrows, vines for baskets and fiber for
ropes, and plants for medicines, magical potions, aphrodisiacs, contracep-
tives, and body decoration. Hunting, fishing, and gathering nuts, fruits, and
mushrooms supply other sources of protein and nutrients.

Rubber tappers are another group of people who live from the rainfor-
est of Brazil without destroying it. In the nineteenth and through much of
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the last century, impoverished Brazilians from the overcrowded, drought-
stricken northeast of the country were induced to migrate to the Amazon
rainforest to work as rubber tappers. They extract latex by hand from the
rubber trees, which are spread out through the forest to protect them from
parasites that attack only if the trees are in close proximity. Though the
rubber tappers were for many years exploited by intermediary brokers and
large American syndicates, foreign control of the Brazilian rubber trade
was eventually defeated.

Despite such amazing diversity, the rainforest has always been fragile.
Thousands of species of trees, plants, insects, and animals in the rainfor-
ests exist only in a very narrow locale. One can find hundreds of spec-
imens of a plant within a small plot of the Amazon rainforest, and yet
that species does not exist a short distance away, or anywhere else in the
rainforest. Destroy a small plot of the Amazon, and an entire species is
destroyed.

In 1800, there were 7.1 billion acres of tropical rainforest throughout
the world. By 2000 there were only 3.5 billion acres, with about one-third
of those acres in Brazil. The world continues to lose rainforest at the rate
of 35 to 50 million acres each year. Over 50 percent of our planet’s species

Large tracts of the rainforest continue to be destroyed for soy farming and other agricultural
products. Nutrients in the poor rainforest soil are often depleted within ten years.

Credit: © Daniel Beltra/Greenpeace, courtesy of Greenpeace
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live in tropical rainforests, including some 5 million species of plants,
animals, and insects in Brazil’s Amazon basin. It is estimated that one
hundred species are lost each day as a result of the destruction of the rain-
forests. About one quarter of all medicines are derived from plants, not
synthetic compounds, and 90 percent of the plants critical to medicine
are found only in rainforests. Lost in rainforest destruction are plants that
could provide critical medicines, such as those already known to produce
curare (used as a muscle sedative in surgery), diosgenin (for birth control
pills and to treat arthritis and asthma), and quinine (to treat malaria and
pneumonia). Vincristine and vinblastine are derived from rosy periwin-
kle; they are used not only for the treatment of Hodgkin’s disease but have
increased the chances of recovery from childhood leukemia from 20 per-
cent to 90 percent.

Besides the plants, trees, and animal species, the world is losing the indig-
enous peoples of the rainforests. As a result of contact with outsiders, indig-
enous groups have been decimated by several diseases, including measles,
influenza, malaria, venereal disease, tuberculosis, and typhoid, for which
they have no developed immunity. Violent conflict, which pitted bows and
arrows against shotguns, has also claimed the lives of many natives. Some
6 to 10 million indigenous people lived in the Brazilian Amazon in 1500. In
1900, it was 1 million. Today, fewer than 250,000 people remain.

Until the mid-twentieth century, few substantial threats to the Brazilian
forests existed. That changed with the military coup in Brazil in 1964,
which led to the economic development of the Amazon and far greater
territorial settlement. Rich mineral deposits, land for farming and cattle
grazing, and the hydroelectric power potential of rivers were all exploited
by the military regime. By settling in the Amazon, Brazilians also secured
territory for the state.

While subsequent civilian governments have also been reluctant to
put limits on economic development, other pressures contributed to the
exploitation of the rainforest resources. Brazil’s population grew rap-
idly in the late twentieth century, and the Amazon, which constitutes
half of Brazil’s total territory, served to relieve the pressure in the cities.
As a result of migration to the Amazon, the non-indigenous population
increased from 2 million in the 1960s to 20 million. Inflation grew just as
rapidly, becoming as high as 100 percent in the 1970s and 1980s. Not only
did land became an attractive, safe investment, but repaying international
debt required exporting Brazilian resources to pay the interest with for-
eign money.
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Cattle ranching and soy farms result in the further destruction of the
rainforest. After the ranchers destroy large tracts of Brazilian rainforest
for cattle grazing, displacing small, subsistence farmers who are forced to
move further into the rainforest, the nutrients in the soil are depleted in
less than ten years. Once the soil is depleted, the ranchers move, burning
more forest and displacing small farmers, natives, and tappers. Soy farms
also compete with cattle ranches for deforested land.

The harvesting of tropical hardwood for high-quality furniture in
American, Japanese, and Chinese markets not only destroyed the hard-
wood growth, but also the rubber trees and Brazil nut trees that stood in
the way. With the soil exposed to intense heat and heavy rains, it is washed
into streams and rivers that become filled with sediment, ruining the sur-
face waters for fishing.

While there have always been lone gold miners exploring the rainfor-
ests, government backing led to large-scale mining of gold and iron ore
in the mid-1960s. In the 1980s, gold was discovered at Serra Pelada, and
the ensuing rush created wealth for some lucky prospectors, but also dis-
placed or killed the natives who happened to live on the land where the
gold was discovered. Those who survived continue to pay a price. The gold
mining uses mercury to process the ore, and as a result the level of mer-
cury in fish in nearby rivers has increased to four times the level allowed
for safe consumption under Brazilian law. The mercury levels in Kayapo
children who live near the gold mines are twice as high as the acceptable
standard. The environmental disaster in Minamata, Japan, demonstrated
how awful the consequences of mercury poisoning can be. In fact, staff
from the National Institute for Minamata Disease have helped to monitor
the pollution and to assess the health effects of mercury poisoning in the
Brazilian rainforest.

In order to supply power for its projects, the government embarked on
a drive to construct dams for hydroelectric power. In some cases, develop-
ers were in such a rush to flood the land that they did not even bother to
harvest the trees. The ensuing soil erosion resulted in a build-up of silt in
the reservoirs and feeder streams that made some dams practically useless
within a short time after construction. Dam construction also wiped out
large tracts of land that were home to indigenous people.

Most of these projects were made possible by government tax subsidies
and international financing. Each project required the construction of
new roads through the rainforest. And each road led to more soil erosion
and more incursions by ranchers and miners. When the cattle ranchers,
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loggers, and miners continued to exploit resources farther and farther into
the rainforest, sometimes resorting to violence and murder, the natives
and rubber tappers began to fight back.

Though that resistance involved violence at first, in the 1970s rub-
ber tappers began to unionize and then aggressively resist development
through empates, or standoffs. When word went out that a rancher was
starting to clear an area that the tappers used, large groups of tappers,
their wives, and children would gather at the site. They would block the
deforestation physically and urge workers to desist from destroying their
livelihood. A particularly successful union organizer was a man named
Chico Mendes. Mendes, part of a family of rubber tappers, helped tappers
gain control over the price and distribution of the rubber they harvested
through grassroots organization. He was patient and stubborn, and he
traveled long distances by river and through forests to spend time with
other rubber tappers, listening to their problems and gaining their trust.

In 1985, with the assistance of the anthropologist Mary Helen Allegretti,
and her organization, the Institute for Amazon Studies, Mendes helped
to organize the first national congress of rubber tappers. Mendes related
the struggle of the rubber tappers to the wider fight for protection of the
environment by aligning the movement with international environmental
organizations, such as the Natural Resources Defense Council, and the
World Wildlife Fund. Environmentalists, too, learned that the fragile rain-
forest was inhabited by people who depended on it for their livelihood. In
1987 Mendes was invited to the United States to lobby international bank-
ing interests against certain development projects in Brazil.

As the peaceful empate movement grew, the ranchers decided to stop
the rubber trappers by killing the main leadership. Some believed that
Mendes’s fame would protect him from the violence, but the international
attention Mendes received merely intensified the anger of the ranchers.
Gunmen were hired to kill hundreds of rubber tappers, as well as activist
priests and lawyers. Mendes remained the subject of death threats and was
assigned bodyguards by the authorities. On December 22, 1988, while his
family and bodyguards were inside his house, Mendes stepped outside to
wash and was fatally struck in the chest by a shotgun blast. A local rancher
and his son were eventually convicted of the murder, and an investigation
continues into the role that other prominent ranchers may have played
in the murder. Such murders continue today. In February 2005, Dorothy
Stang, an American nun and environmentalist who worked to protect the
rainforest and its people from exploitation, was shot dead in the Amazon
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rainforest after receiving death threats from loggers and landowners. The
rancher who ordered and paid for the murder of Sister Dorothy was con-
victed in the spring of 2007.

The natives of the rainforest also recognized the need to organize, and
in 1980 the Indigenous Peoples’ Union was formed. The union lobbied
for indigenous rights, disseminated information about the natives’ way of
life, and networked with other groups, including the rubber tappers. At a
constitutional convention following the return of a civilian government
in Brazil, the union secured rights to traditional lands and the power to
influence development that affects their way of life. Like Chico Mendes,
the natives received considerable attention from the international envi-
ronmental community, as well as from the rock star Sting, who has offered
substantial support for the Kayapd. Several Kayapd chiefs even went to
Washington at the invitation of environmentalists to speak to politicians
and the World Bank in opposition to a major Brazilian dam project. When
the project was delayed, in part owing to concerns over its environmental
impact, the Brazilian government responded by charging the chiefs with
sedition. The case brought further international attention, however, forc-
ing the government to dismiss the charges.

Support continues for indigenous groups, rubber tappers, and Brazilian
environmentalists in their struggle to stop rainforest destruction. The
World Bank and other regional development banks have come under pres-
sure to ensure that economic development projects address the concerns
of the natives and the rubber tappers. Some international companies,
including cosmetic manufacturers, are working with indigenous groups
to make products with tropical plants that are collected without harming
the forest. National parks are being established that will set aside large
sections of the rainforest.

Reserves have also been established to protect the traditional economic
activities of the natives and the rubber tappers and to preserve their cul-
ture. The reserves are a form of collective action, in which the local popu-
lation retains the right to use the land for rubber extraction, nut gathering,
or other productive, sustainable uses.

The World Wildlife Fund and the Nature Conservancy, among other
organizations, are also engaging in debt-for-nature swaps. A group pur-
chases debt owed to a bank by a developing country and then exchanges
that debt for environmental projects in the developing country, such as
the purchase of rainforest land, the creation of a park, or the construction
of a sewage system. To help encourage consumers to make responsible
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decisions, the Forest Stewardship Council is working with indigenous
groups, industry, and environmental organizations to develop and admin-
ister a certification program to support the marketing of timber from for-
ests that have been responsibly managed.

Despite attempts to stop or slow deforestation, there is little enforce-
ment to protect the extractive reserves and demarcated lands from being
invaded by ranching and mining interests. Forces within the Brazilian
government resist debt-for-nature swaps as fresh attempts by outsiders to
seize control of Brazil’s natural resources. There are also questions about
the economic viability of small-scale extractive activities, in particular
the collecting of rubber and Brazilian nuts. Meanwhile, the rainforest
continues to be destroyed at an alarming rate. Between 2000 and 2005,
more than 51,000 square miles of Brazil’s rainforest—an area larger than
Greece—was destroyed, and in 2006 and 2007 an additional 9,266 square
miles was lost.

This deforestation is disturbing not only because of its impact on the
environment of Brazil, but also because of the far-reaching consequences
for regional and global climate change. The Amazon rainforest has been
described as the “Lungs of our Planet” because it continuously recycles
carbon dioxide into oxygen. More than 20 percent of the world’s oxygen is
produced in the Amazon rainforest. As a result of the burning of the rain-
forest, an alarming amount of carbon dioxide is released into the atmo-
sphere, and there is no forest to recycle the carbon dioxide. The prevalence
of carbon dioxide in the atmosphere is a major contributor to global warm-
ing, the next and most pressing environmental disaster facing us today.



GLOBAL CLIMATE
CHANGE

f all the environmental disasters described in this book, Chernobyl

had the most far-reaching impact. Yet it pales in comparison to the

vast consequences of global climate change. The consequences may
not rise to the level of an apocalypse, but they will be disastrous. Just how
disastrous will depend largely on what we do right now. Gases such as car-
bon dioxide and methane are pollutants emitted from various industrial,
transportation, and agricultural operations. Once in the air, they trap rays
of heat emanating from the earth that otherwise would have discharged
into the outer atmosphere. The gases act much like glass in a greenhouse,
which has led to their being described widely as greenhouse gases (GHG).
While the problem is popularly referred to as global warming, it is more
accurate to describe it as global climate change resulting from the emission
of GHG. Under certain circumstances and in certain places, the continu-
ing emission of these chemicals will turn some mild locales very warm
and turn other mild locales very cold.

Climate change accelerated in the twentieth century, but its most dire
effects are just beginning to unfold, and the worst is yet to come. Up to
one quarter of all plant and animal species may be wiped out by 2050 as
warming makes certain habitats unlivable.

Temperature changes of just several degrees will intensify weather
events, including droughts, floods, and hurricanes. Shrinking glaciers in
the Andes will no longer provide sufficient water for drinking, irrigation,
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and hydropower in Bolivia and Peru. Future wars will be fought over
water, not oil. If global climate change continues unabated, the warm
air currents of the Gulf Stream could be disrupted. Cold, salty water in
the North Atlantic sinks, and warm water from the south is pulled north
to replace that sinking cold water, moderating what would otherwise be
much colder weather. If fresh water from thawing glaciers and increased
rainfall disturbs the current balance, the North Atlantic could turn very
cold. In such circumstances, Ireland’s weather would be comparable to the
current weather of Alaska.

The penguins on Robben and Dassen Islands, off South Africa, are
threatened by much more than oil spills. Loss of food supplies and other
habitat changes resulting from global climate change are already part of
the reason that the African penguin and nine other penguin species are
being considered for protection under the Endangered Species Act by the
U.S. Fish and Wildlife Service. Sea rise causes storm surges that will dev-
astate low-lying areas, including the breeding grounds of the African pen-
guins. Several thousand miles north, those same rising waters threaten the
Netherlands, where two-thirds of the people live below sea level. Whole
island nations will be wiped off the map of the world, and tens of mil-
lions of people will have to be relocated from low-lying coastal areas.
These people will become environmental refugees like those forced to flee
Chernobyl, Love Canal, Seveso, and Times Beach.

The Chugach Eskimos who live along Alaska’s Prince William Sound
continue to cope with the lingering effects of the Exxon Valdez oil spill,
but they face a much greater risk to their subsistence way of life from
global warming. Since the 1950s, Alaska’s climate has warmed about four
degrees, and fish stocks that were once abundant have already declined.
Sea ice is farther from shore, thinner, and shorter in duration, making it
difficult for walruses and polar bears to hunt. Thawing of the permafrost,
which is already destroying highways and utilities, is causing increased
ground subsidence, erosion, and landslides. Those who have always lived
near the sea, close to their source of life and culture, are finding their
villages under direct threat. Alaska’s temperature could rise another five
degrees by the middle of this century.

The signs of global climate change now appear everywhere, but it was
only in the last quarter of the twentieth century that the scientific and
policy communities reached a consensus about the threat to the planet.
Since some critics continue to deride the significance of global climate
change, it is important to understand how that consensus developed, and
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A Greenpeace ship moves through thinning sea ice that makes it difficult for walruses to
hunt their prey as they depend on sea ice for use as diving platforms, and to travel through
feeding areas.

Credit: © Daniel Beltra/Greenpeace, courtesy of Greenpeace

how wide and deep it is. That consensus has to be accepted by everybody
before we can develop the political will that is still missing.

Global warming was discovered, oddly enough, by scientists studying
ice ages. The glaciations of much of North America and parts of Europe
and the thawing that came some ten thousand years ago were cataclysmic
events that reconfigured the entire planet. The concern in the scientific
community was to understand how the ice age developed, how it ended,
and, of most interest, what forces might lead to another ice age descending
upon the earth. Various theories were advanced—geologic shifts, volca-
nic eruptions of ash and cinders into the atmosphere, movement in the
oceans, or increases in the levels of carbon dioxide as a result of human
action.

These early theories produced several critical insights. First, the change
from a non-ice age to an ice age could occur over a relatively short time
span, perhaps even hundreds of years. Second, human actions could cause
such an earth-changing event. These insights called into question a widely
held belief, grounded in part on a theistic view of the world, that the earth
and its climate obey orderly, benign processes, that global climate change
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and other major events are predictable and can occur only over thousands
of years.

In the last quarter of the twentieth century, the scientific community
began to realize—from studies of fossilized pollen in lake sediments, ice
cores, marine fossils, volcanic dust, deep-sea cores, and coral reefs—that it
was global warming, not cooling of the earth, that presented the real threat.
From a 1965 Boulder, Colorado, conference called “Causes of Climate
Change,” through an important international conference in Stockholm in
the early 1970s, attended by representatives of 113 nations, the scientific
community began to acknowledge the possibility of climate warming that
might affect the entire planet. These discussions were filled with qualifi-
cations that this was only a possibility, something that might happen in
the future. By the late 1970s, with studies reported by the U.S. National
Academy of Sciences (NAS) and a World Climate Conference in Geneva,
Switzerland, the focus crystallized on the increase in CO, levels caused by
human action, and the language of the discourse strengthened. The studies
concluded that increased CO, emissions might result in significant changes
in global climate and that these changes might be long term.

In the 1980s, scientific research continued, and the consensus grew,
at least internationally. In the United States, the Reagan administration
resisted these developments. In 1983, the Reagan White House promoted
a National Academy of Sciences study that downplayed the possibility of
global warming and urged people not to worry. Several scandals involv-
ing the U.S. Environmental Protection Agency (EPA), including actions
at Times Beach, led to attempts to sanitize the EPA of political influence.
As a result, the agency was able to assert some independence in the mid-
1980s. In contrast to the NAS, the EPA concluded that catastrophic conse-
quences could be anticipated if global warming continued unabated.

In 1987 the Montreal Protocol on Substances that Deplete the Ozone
Layer stipulated that production and consumption of compounds that
deplete ozone in the stratosphere—chlorofluorocarbons (CFCs), halons,
carbon tetrachloride, and methyl chloroform—were to be phased out.
Scientific theory and evidence suggested that, once emitted into the atmo-
sphere, these compounds could significantly deplete the stratospheric
ozone layer that shields the planet from damaging UV-B radiation. This
international agreement was ratified by the countries responsible for
more than 80 percent of world consumption, including the United States.
Provisions were included to address the special needs of developing coun-
tries with low consumption rates in order to avoid hindering their devel-
opment. Flexibility in the agreement allowed for adjustments in light of
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developing scientific evidence without requiring a complete renegotia-
tion. The protocol is a model of collective, cooperative action on the part
of countries to protect the global environment, a model that was seen as
applicable to global warming. In the late 1980s extremely warm weather
was experienced throughout the world, causing loss of life and economic
damage and adding urgency to the issue. In 1988 the Intergovernmental
Panel on Climate Change (IPCC) was created to assess the potential impact
of human-induced climate change and to develop options for adaptation
and mitigation. The IPCC was created to periodically gather the current
tindings of the leading researchers and policymakers on global warming,
and to publish the consensus reached in the literature. That consensus in
turn serves as the basis for international negotiations and national action
to address global warming. Four assessment reports have been issued thus
far by the IPCC.

The course of these IPCC reports is instructive. The first, issued in
1990, indicated that the world was warmer but that it was not possible at
that time to determine to what extent human action might be contributing
to the warming. Whatever the cause, the increasing warmth was a mat-
ter of concern. Despite the moderate conclusions, the American admin-
istration, under President George H. W. Bush, denounced the report and
secretly adopted a policy of stressing any uncertainties as a way of avoid-
ing positive action to address the warming.

The first report played an important role in the discourse at the famous
1992 Rio de Janeiro Conference, known as the Earth Summit, the larg-
est-ever gathering of world leaders. The state of knowledge had advanced
enough by 1992 to convince the nations of the world, including the United
States, to sign on to the goal of stabilizing GHG emissions at levels that
would prevent dangerous human interference with the climate system.
However, no specific actions or targets were established.

On the basis of additional studies, the IPCC concluded in its second
report in 1995 that “the balance of evidence suggests a discernible human
influence on global climate.” The consensus in the report was that a dou-
bling of CO, levels by the middle of the twenty-first century would cause
a 3° to 9°F increase in global average temperatures. The magnitude of this
increase had been discussed widely and was not new to scientists in the
tield. More striking was the growing conviction across the scientific and
policy communities that a significant increase in temperature was already
occurring.

By the mid-1990s, more divergent voices demanded official recognition
of the dangers of global warming and the necessity for corrective action.



184 THIS BORROWED EARTH

Over 2,500 economists, including eight Nobel laureates, endorsed a state-
ment on climate change in February 1997, declaring that the United States
could in fact reduce GHG emissions and that “sound economic analy-
sis shows that there are policy options that would slow climate change
without harming American living standards, and these measures may
in fact improve U.S. productivity in the longer run.”* British Petroleum
broke ranks with the American oil companies and called for action to stop
global warming. One of BP’s chief executives acknowledged that “compa-
nies composed of highly skilled and trained people can’t live in denial of
mounting evidence gathered by hundreds of the most reputable scientists
in the world.”* Some insurance companies began to take an interest in the
issue since they were losing substantial sums of money for weather-related
losses; the dire and plausible predictions of even worse global weather
catastrophes were getting their attention.

The second assessment report provided key information for the nego-
tiations that led to the adoption of the protocol at a 1997 conference on cli-
mate change in Kyoto, Japan. More than 6,000 official delegates attended
the conference, along with thousands of representatives of environmental
organizations, industries, and the press. To advance the goal set at the Rio
Earth Summit, the Kyoto conference was convened to negotiate specific
targets and dates by which countries should reduce their GHG emissions.
The leading proponents for emission targets were the Europeans, small
island nations, and environmental groups; leading the opposition were the
oil-producing states, including Australia, Russia, and American oil and
auto companies, all united in the Global Climate Coalition, also known
as the Carbon Club.

A critical issue that emerged in the Kyoto talks was whether devel-
oping countries should be burdened with specific limits on their GHG
emissions. Many argued that the developed, industrialized countries had
grown wealthy in part by relying on cheap fossil fuel, that global warm-
ing was largely the result of emissions from these industrialized coun-
tries, and that developing countries should have the same opportunity to
strengthen their economies with relatively inexpensive fuel. The Carbon
Club seized on this issue and, through advertisements and lobbying,
appealed to American nationalism as an excuse for opposing the Kyoto
Protocol. It argued that American jobs would be lost to the developing
countries unless these countries were also required to share the burden
of reducing GHG emissions. Even before the protocol was considered,
the U.S. Senate adopted a resolution opposing any agreement that caused
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substantial economic harm to U.S. interests and that did not require devel-
oping countries to adopt targets and dates for compliance.

Delegates to the Kyoto conference determined that it was necessary
to establish a timeline for reduction to a specific level of emissions. The
targets adopted generally amounted to a modest 5 percent reduction in
GHG emissions and were applicable only to certain developed countries
and some of the countries with economies in transition, such as those of
the former Soviet Union.

The third report by the IPCC in 2001 documented global temperature
increases since the 1950s, decreases in snow cover and sea ice, the retreat
of mountain glaciers in non-polar regions, a rise in sea levels, increase in
global ocean heat, increase in precipitation, increase in frequency of storms,
increase in cloud cover, reduction in the frequency of extreme low tem-
peratures, more frequent, persistent, and intense El Nifio episodes, and the
frequency and intensity of droughts in various regions. This evidence led
the scientific and policy community to conclude that “most of the observed
warming over the last fifty years is likely to have been due to the increase
in greenhouse gas concentrations” (emphasis added). The report also esti-
mated that by 2100 the average global temperature would likely rise by 3° to
11°F, an increase from the estimate made in the second report. If no action
is taken to reduce emissions, the increase in temperature could be con-
siderably higher. Putting this kind of shift in perspective, the temperature
change in the ten thousand years from the last ice age to the preindustrial
period was only 10° to 12°F. That change wrought extraordinary environ-
mental shifts, which largely benefited humans. The equivalent change from
a warm climate to a very warm climate in less than a hundred years will
also produce extraordinary shifts, but these will not be so kind.

The fourth report by the IPCC, published in 2007, concluded that
there is a greater than 90 percent chance that climate warming is caused
by human beings, and that the projected increase in average global tem-
perature over the next century may be in the range of 5°F. The report also
indicated that this warming has caused, and is aggravated by, snow and ice
melt, which will lead to a rise in sea levels across the globe. Just how high a
rise will occur remains uncertain, but a rise of several feet is likely.

Several aspects of the IPCC reports deserve noting. More than 170
scientists from twenty-five countries contributed to the deliberation and
writing of the first report in 1990, and some 200 scientists were involved
in a peer review of that report. Four hundred scientists from 26 coun-
tries provided expertise for the second report in 1995; 500 scientists from
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40 countries provided its peer review. One hundred twenty-two lead
authors and 515 other scientists, as well as hundreds of government rep-
resentatives, participated in the 2001 report; 420 experts reviewed it. The
fourth report was prepared by more than 450 lead experts, supported by
800 contributing experts and 2,500 reviewing experts from more than 130
countries. The reports reflect a remarkable consensus among scientists
who have studied global climate change for decades.

That consensus was soundly rejected by the George W. Bush admin-
istration in the United States. Since the United States is the largest con-
sumer of oil in the world, and the largest emitter of CO, and other GHGs,
the Bush administration’s position was deeply frustrating for leaders
of the European Union (EU), and for environmentalists everywhere
who adopted the IPCC reports and hoped that implementation of the
Kyoto Protocol would finally begin to address climate change. The Bush
administration, and some others, called for delay on the grounds that too
many uncertainties exist in the scientific data to justify taking corrective
action. An editorial in the New Scientist, in forcibly countering earlier
similar arguments, stated: “Government can’t have it both ways. They
whine that they can do nothing about global warming because of ‘scien-
tific uncertainty,” then cut back on the very science we need to end that
uncertainty.”> Some argue that technological innovation in the future
will fix the problem quickly and cheaply, but neither funds nor incen-
tives are provided to motivate or support the development of such solu-
tions. When confronted with the threat that small island nations might
be wiped out by sea rise, one opponent of taking action on climate change
glibly suggested, “What’s wrong with a bit of sea level rise? It is merely
changing land use—where there were cows there will be fish.” Those
whose lives and cultures will be destroyed by even a slight rise in sea level
would think otherwise.

Another argument advanced for opposing any action to address climate
change is that nothing should be done that might adversely affect eco-
nomic development. In October 2006, the British government published
the Stern Review on the Economics of Climate Change, which evaluated
the implications of climate change on the world economy. The report con-
cluded that not taking action to ameliorate the effects of climate change
would be substantially more costly than taking action now: one percent of
global Gross Domestic Product (GDP) must be invested each year in order
to mitigate the effects of climate change, whereas doing nothing will cost
us up to a 20 percent loss of global GDP.
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Times are changing. The administration of George W. Bush has been
replaced by the administration of Barack Obama, which is much more
favorably committed to addressing the problem. Other countries with a
history of inaction or direct opposition to climate change, such as Ireland
and Australia, have recently experienced changes in administration and
are now moving toward addressing the threat. As the then-British Foreign
Secretary Margaret Beckett stated in 2006, “It is now—literally—only
one or two fringe scientists and a rather larger number of paid propagan-
dists who still try to deny that climate is changing as a result of human
behavior.” Hardly a day goes by without a newspaper or television report
on yet another piece of evidence that global climate change is having real,
immediate, and adverse effects.

In the United States and elsewhere, many local and state governments
are taking action. Several states in the northeast have formed a Regional
Greenhouse Gas Initiative, which established a cap-and-trade system for
reducing GHG from power plants. A cap in GHG emissions is set, then
each company either implements improvements at its plants to meet that
cap, or purchases GHG credits from other plants that have reduced emis-
sions beyond their requirements. California has also begun to regulate
emissions of carbon dioxide from cars, requires electrical utilities to buy
energy from only those companies that meet stringent GHG emission
standards, requires a 25 percent reduction in GHG emissions by 2020,
in part through use of a cap-and-trade system, and has sued automobile
manufacturers for contributing to global warming.

Enlightened companies recognize that if they are to operate in a global
economy, their European divisions must meet emission targets, and the
same technology for achieving these targets can or will be applied in U.S.
operations. The U.S. chemical company DuPont, for example, reduced
its GHG emissions by 40 percent between 1990 and 2000 throughout its
worldwide operations. At the same time it held its energy use constant
and increased output by 40 percent. The British oil company BP spent $20
million to reduce its emissions by 20 percent and saved $650 million in
production costs.

Many companies see the handwriting on the wall in the United States—
some form of control over carbon emissions is inevitable—and they believe
that a single form of regulation at the federal level is better than fifty forms
of regulation at the state level. The European Union is proceeding with
implementation of the Kyoto Protocol targets through a cap-and-trade
system to reduce GHG emissions by less than 10 percent.
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While such developments are encouraging, they are inadequate. Many
countries are reducing GHG emissions only because of the economic
downturn rather than making concerted efforts to reduce demand or con-
trol emissions. Many countries, including China, are relaxing environ-
mental protections in order to stimulate their troubled economies more
quickly. The globalization of the world’s economy will continue, and that
global economy, including the large developing economies of China and
India, will still depend largely on fossil fuel to drive its plants and cars.

Much of the public believes in the reality of global climate change,
but people do not necessarily accept that any real change in behavior is
required to stop it, or that the situation is a crisis demanding immedi-
ate action. Bill McKibben, Jim Hansen, and other environmental activists
argue that we may have only a decade to address global climate change
before irreversible effects transform our planet forever. As McKibben
forewarned recently, the world is slowly awakening to the reality of global
warming, “but very few understand with any real depth that a wave large
enough to break civilization is forming, and that the only real question is
whether we can do anything at all to weaken its force.”

Greenhouse gases are inert. They do not dissipate quickly. The green-
house gases that we discharge into the atmosphere today will be there a
hundred years from now. We do not have the luxury of distancing our-
selves from this disaster. It is not someone else’s problem; it is our own.

The challenge is to convince people to sacrifice now to protect against
risks in the distant future. This is a formidable challenge that has to com-
pete with the short-term objectives that dominate corporate bottom lines
and the reelection campaigns of politicians.

Individuals must do what they can—drive hybrid or electric cars, switch
to energy-efficient appliances and heating systems, waste not—but the
larger political realm has to be engaged, on the national and international
levels. The problem exists on such a scale that nothing short of direct gov-
ernment intervention will rectify it. What remains is the development of
political will. We can vote only for those politicians who are willing and
able to face the reality of our own complicity in climate change. We need
leaders who are capable of imagining the consequences of global climate
change, and who can identify with those who will suffer in the future,
including our children, our grandchildren, and their descendants. We
need the courage and fortitude, demonstrated by the people in the preced-
ing stories, to take control of events that threaten our environment, and
confront those in power who refuse to help us protect it. We are all vulner-
able on this borrowed earth.



LIST OF SOME ENVIRONMENTAL
ORGANIZATIONS

Greenpeace WWWw.greenpeace.org
Greenpeace is an independent, campaigning organization that uses non-
violent, creative confrontation to expose global environmental problems
and promote solutions for a green and peaceful future. Greenpeace’s
goal is to ensure the ability of the Earth to nurture life in all its diver-
sity. Greenpeace has been campaigning against environmental degrada-
tion since 1971 when a small boat of volunteers and journalists sailed into
Amchitka, an area north of Alaska where the U.S. government was con-
ducting underground nuclear tests. This tradition of “bearing witness” in
a nonviolent manner continues today. For this publication, Greenpeace
generously donated a number of photographs illustrating certain of the
disasters, as indicated in the credits.

International Fund for Animal Welfare www.ifaw.org
As the world’s leading animal welfare organization, IFAW works from its
global headquarters in the United States and sixteen country offices to
improve the welfare of wild and domestic animals by reducing the com-
mercial exploitation of animals, protecting wildlife habitats, and assist-
ing animals in distress. With projects in more than forty countries, IFAW
works both on the ground and in the halls of government to safeguard
wild and domestic animals and seeks to motivate the public to prevent
cruelty to animals and to promote animal welfare and conservation poli-
cies that advance the well-being of both animals and people. IFAW gen-
erously donated use of the photograph illustrating the environmental
disaster at Robben and Dassen Islands, South Africa, as indicated in the
credits.
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The Natural Resources Defense Council www.nrdc.org
The Natural Resources Defense Council’s purpose is to safeguard the
Earth: its people, its plants and animals and the natural systems on which
all life depends. NRDC works to restore the integrity of the elements that
sustain life—air, land and water—and to defend endangered natural places.
It seeks to establish sustainability and good stewardship of the Earth as
central ethical imperatives of human society. NRDC affirms the integral
place of human beings in the environment and strives to protect nature
in ways that advance the long-term welfare of present and future genera-
tions. NRDC works to foster the fundamental right of all people to have
a voice in decisions that affect their environment. It seeks to break down
the pattern of disproportionate environmental burdens borne by people
of color and others who face social or economic inequities. Ultimately,
NRDC strives to help create a new way of life for humankind, one that can
be sustained indefinitely without fouling or depleting the resources that
support all life on Earth.

Center for Health, Environment & Justice www.chej.org
Earth First! www.EarthFirst.org
Earthwatch Institute www.earthwatch.org
Environmental Defense www.edf.org
Forest Stewardship Council www.fsc.org
Friends of the Earth International www.foei.org
Green Cross International www.greencrossinternational.net
Green Action Japan www.greenaction-japan.org
International Bird Rescue Research Center www.ibrrc.org
International Union for Conservation of Nature www.iucn.org
Izaak Walton League www.iwla.org
National Audubon Society www.audubon.org
National Wildlife Federation www.nwf.org
Nature Conservancy www.nature.org
Rainforest Action Network WWW.ran.org

Rainforest Alliance www.rainforest-alliance.org
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Sierra Club

Union of Concerned Scientists

WE ACT for Environmental Justice
Wilderness Society

Wildlife Conservation Society
World Environmental Organization

World Wildlife Fund/World Wide Fund

www.sierraclub.org
WWW.UCSUSa.org
www.weact.org
www.wilderness.org
WWW.WCS.0rg
www.world.org

www.panda.org
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INTRODUCTION

1. Barry Commoner, “Failure of the Environmental Effort,” Environmental Law
Reporter 18: 10195 (June 1988).

2. Atthe back of the book are some Web site addresses for various environmental
and citizen groups that can provide further information on ways of protecting
our environment.

3. On his Web site, www.environmentaldisasters.info, the author has provided
additional material on these environmental disasters, called “Postscripts,” that
trace implications of the stories and offer some further lessons to be learned.

MINAMATA, JAPAN

1. Throughout the chapter, the dollar equivalents given are for the applicable
time period.

2. Ishimure changed the names of many of the patients she wrote about.

3. A pseudonym used by Ishimure in her book.

4. Atthe request of Tomoko’s father, Aileen Smith has withdrawn the photo from
further publication.

LONDON, ENGLAND

1. Quotedin William Wise, Killer Smog: The World’s Worst Air Pollution Disaster
(New York: Ballantine Books, 1970), 164-165.

SEVESO, ITALY

1. Michael R. Reich, Toxic Politics: Responding to Chemical Disasters (Ithaca:
Cornell University Press, 1991), 99, quoting from Marcella Ferrara, Le Donne
di Seveso (Rome: Editeri Riuniti, 1977).

2. P. Lagadec, “From Seveso to Mexico and Bhopal: Learning to Cope with
Crises,” in Insuring and Managing Hazardous Risks: From Seveso to Bhopal
and Beyond, ed. Paul R. Kleindorfer and Howard C. Kunreuther (New York:
Springer-Verlag, 1987), 15-16; also Michael R. Reich, Toxic Politics: Responding
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