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first a formidable outcry in
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PROLOGUE

It came on suddenly, the desire to see Italy, Texas, again. The small town had grown indistinct in my memory, a place that had become more
imagined than real as the months, then years, went by. I wanted to see the sagging storefronts on Italy’s Main Street, feel the clap of air
conditioning on my face as I stepped from the sun-blasted emptiness into the Uptown Cafe.

On a late summer afternoon in 1997, I went back to look around. As soon as I landed at Love Field in Dallas, I got in a taxi and headed
south. Though /ve years had elapsed since my /rst visit, I knew Italy was close when I began seeing the rows of freshly plowed earth, the
crows diving in and out of the spent corn/elds. On the edge of town was the old sign that Fredna Allen had once pointed out. It was badly
weathered and nearly invisible in the shimering heat, but there was still pride in its message: WELCOME TO ITALY. THE BIGGEST LITTLE TOWN IN TEXAS.

Then I was standing on Main Street. It was just as I remembered, especially the heat, which 8attened and bent down everything before it.
Drifting down through the thick air came the sound of a lawnmower, the metallic confusion of an engine that wouldn’t start.

Film crews from all over the world had passed through Italy to interview Fredna, the widow of Elmer Allen, but the intense media
exposure had left no outward mark, no trace of worldliness, on the small community. Italy looked punch-drunk and haggard beneath the
ashy sky, too far gone for some Dallas investor to turn into a quaint version of what it was and always had been: a rural town tethered to the
boom-and-bust cycles of cotton. Although there was nothing faintly Mediterranean about the place, many years ago someone from the post
office in Washington, D.C., had suggested the village change its name from Houston Creek to Italy.1

Most of the stores were still vacant, the names of defunct businesses stenciled across the display windows. Out of a sense of respect, tact
perhaps, sheets of brown paper were drawn down over many of the storefronts. Not all hope had been abandoned though. A new video
store and a beauty salon had staked out space a few doors down from City Hall. And a block or two from the grim desolation of Main Street
there were pockets of cool tranquility, neighborhoods with green lawns and white, two-story houses. With their awnings and screened-in
porches, the homes had the stately air of Italy’s more prosperous decades.

In this unlikely place, I had found the /rst solid evidence that would help me unravel a story that began at the dawn of the atomic age.
Just four months before two bombs were dropped on Japan, the doctors of the U.S. Army’s Manhattan Project, the top-secret wartime
machine that built the /rst atomic bomb, embarked on a human experiment so closely guarded that many details remained classi/ed for /fty
years.

Beginning in April of 1945 and continuing through July of 1947, eighteen men, women, and even children, scattered in quiet hospital
wards across the country, were injected with plutonium. Urine and stool specimens were collected in jars, packed into wooden crates, and
shipped to the Manhattan Project’s laboratory in Los Alamos for analysis. Some of the patients were close to death when they were injected;
others, including some mistakenly believed to be mortally ill, would live for many years. Most went to their graves without knowing what
had been done to them.

I came across the story in 1987, just a few months after I began working at the Albuquerque Tribune, a small afternoon newspaper in New
Mexico. One late-spring morning, while thumbing through a dense report describing the Air Force’s e?orts to clean up its waste sites
throughout the United States, I noticed that several dumps at Kirtland Air Force Base in Albuquerque were on the list. Buried in the dumps
were radioactive animal carcasses. Although this didn’t seem like much of a story, I have always loved animals and the disclosure caught my
eye. What kind of animals were buried in those dumps, I wondered, and why were they radioactive?

I called around and eventually learned that the animals had been used in radiation experiments. Many of the technical papers written
about the studies were stored at what was then called the Air Force Special Weapons Laboratory at Kirtland. When I made inquiries there, a
spokesman for the weapons lab assembled a stack of these papers and told me I was welcome to come to the base and read them.

A couple of days later I drove over to Kirtland, showed my driver’s license to the guards, and was waved on through. The oBcial from the
weapons lab escorted me to the basement, where I was told to take a seat at a long wooden conference table. On the table were the reports I
had requested. Once the public information oBcer had departed, I looked around. Nearby was a walk-in vault where both classi/ed and
unclassi/ed documents were stored. The heavy black door, which had a huge, 1950s-style tumbler lock, had been left ajar, and I could see
hundreds of documents on the shelves. Although I didn’t know it at the time, the base had been a major launching site for many Cold War
missions.

The reports were sti? with age and smelled of dust. As I pried the pages apart, I felt certain they hadn’t been read in many decades. I soon
realized I wasn’t going to /nd a story that afternoon, but, having requested all those papers, felt obliged to read on. I was about to pack it in
when my eye fell on a footnote describing a human plutonium experiment. The information jolted me deeply. One minute I was reading
about dogs that had been injected with large amounts of plutonium and had subsequently developed radiation sickness and tumors. Suddenly
there was this reference to a human experiment. I wondered if the people had experienced the same agonizing deaths as the animals.

I jotted down the citation. The following day I began my research at the University of New Mexico library. Naively I thought I might be the
/rst to “break” this forty-year-old story, but I soon discovered that Science Trends, a small publication in Washington, D.C., had gotten there
/rst with an article in 1976. The injections had also been the centerpiece of a 1986 congressional report, which had attracted some press
coverage.

In none of these places—Science Trends, the newspaper articles, or the congressional report—were the patients identi/ed by name. They
were known by code numbers only. I wondered who these people were; what happened to them after they left the hospital with the silvery,
radioactive metal circulating in their veins—if they ever left at all, that is.

In the months and years that followed, I worked on the story in my spare time—tracking down technical reports, talking to scientists, and
/ling Freedom of Information Act requests with the Department of Energy, the modern-day successor to the Manhattan Project. The DOE sent
me a few scraps of paper, on which anything that might have helped me to identify the patients seemed to have been deleted. Those scraps,
they told me, were all the department possessed on the long-ago study. I knew from my reading that there was much more information
available and that the DOE was not complying with either the spirit or the letter of the Freedom of Information Act. At Los Alamos, an
oBcial denied that such an experiment occurred—despite the fact that it had been described in the 1986 congressional report. The
bureaucratic stonewalling was infuriating and only served to increase my determination to uncover the patients’ identities.

I put the interview notes, the reports, the documents in a manila folder and /led it away. Every few months I’d pull out the folder, hoping



I put the interview notes, the reports, the documents in a manila folder and /led it away. Every few months I’d pull out the folder, hoping
to /nd something that had been overlooked. Using the skimpy data, I gradually developed pro/les of the patients. I put the information on
eighteen sheets of yellow, legal-pad paper—one for each patient. I knew their race and gender; their birth and, in some cases, their death
dates; the hospitals where they were injected; and the diseases they su?ered from. But I didn’t know their names and, quite frankly, never
thought I would.

In the fall of 1991, I went to Stanford University on a John S. Knight Fellowship and left my folder behind. It was a year in which we were
encouraged to set aside the deadlines of daily journalism and explore the riches of the university. So I didn’t work on the story at all that
year. But my /rst week back on the job, in July of 1992, I pulled out the folder again. In an almost absentminded way, I shuJed through the
papers. Suddenly, on the page in front of me, two words that the DOE had neglected to delete jumped out. These were the words that would
/nally unlock the story. There must have been something about seeing them afresh that jolted me into awareness. The document stated that
one of the government scientists had written “to a physician in Italy, Texas, about contacting patient CAL-3….”

I didn’t know where Italy was, but I knew a lot about “CAL-3” from the crude pro/le I had developed.2 He was an African American who
would be about eighty years old if he were still alive. Doctors plunged a hypodermic needle loaded with plutonium into CAL-3’s left calf on
July 18, 1947, in a San Francisco hospital.3 He was the last of the eighteen patients injected. Three days later the left leg was amputated at
midthigh for what was thought to be a preexisting bone cancer.

I got out a map of Texas and began looking for Italy. It was a small dot nearly swamped by the snarl of interstate highways that spoked out
from Dallas. I knew I could /nd CAL-3 in Italy even if it meant going door to door. But, as it turned out, locating him was not that diBcult. I
called Italy’s City Hall and described the man I was looking for.

“You’re looking for Elmer Allen,” a woman on the other end told me, “but he died a year ago. Do you want his wife’s number?”
Suddenly the windowless press room seemed to be swimming with light, but I think it was because I was holding my breath. The minute I

got the number, I thanked the lady, hung up, and dialed Mrs. Allen. she answered on the /rst or second ring. Without going into a lot of
detail, I described a little of what I knew about the experiment. Fredna Allen was very pleasant but didn’t want to meet with me until she
had discussed the matter with her daughter, Elmerine Allen Whit/eld. When I asked Mrs. Allen if I could contact Elmerine directly, she
readily agreed and gave me her number in Dallas.

Elmerine listened intently while I told her about the experiment and why I thought her father had been one of the patients. Finally, after
what seemed like an eternity of silence, she said, “Okay. You can come on.” she gave me instructions to her home and said that her mother
would meet us there.

The following afternoon I arrived in Dallas and checked into a hotel near the airport. Since I wasn’t scheduled to meet Fredna and
Elmerine until the following morning, I decided to drive down to Italy. When I pulled into one of the parking spaces on Main Street, a glaze
of heat and dust lay over everything. The town seemed completely deserted, as if everybody were o? at a funeral. The storefronts looked like
they had been punched from cardboard. Suddenly the possibility that Elmer Allen and CAL-3 were the same person seemed like a long shot.
What could Italy, Texas, have to do with the Manhattan Project? But luck was with me that day.

When I stepped out of my car, I saw an African American man who could have been anywhere from sixty to eighty years old sitting on one
of the benches. He had just slipped o? his leather cowboy boots and was wriggling his feet in obvious relief. His name was Joe Speed. I
asked him if he knew Elmer Allen. They had been good friends, he told me. We talked for a little while. Then I asked him if Elmer had ever
said anything about how he lost his leg or the long-ago hospitalization in San Francisco.

Joe Speed’s eyes swept the deserted street and then focused on a spot somewhere in front of his feet. Elmer, he began, had talked about
the doctors who bustled in and out of his hospital room “practicing” to be doctors. “He told me they put a germ cancer in his leg.4 They
guinea-pigged him. They didn’t care about him getting well. He told me he would never get well.” Joe Speed delivered this information
swiftly, then looked at me sideways as if to say he didn’t believe the story either. But his comments were a powerful con/rmation that Elmer
and CAL-3 were the same person.

The following morning I met with Fredna at Elmerine’s house, a large, four-bedroom in the Oak Cli? section of Dallas. Before I arrived,
Elmerine had gotten out a dictionary and looked up the word “plutonium” for her mother. As we sat at the kitchen table and talked, the
awkwardness between us gradually evaporated. Fredna had taught school for thirty-/ve years and had a sweet, trusting disposition. Elmerine
was a school teacher too, but she had come of age in the 1960s and had stood on picket lines in college. She was outspoken and had
opinions on just about everything.

Fredna brought several documents to the interview, including an old blue mimeographed itinerary of a trip that she and Elmer had taken
to a hospital in Rochester, New York, in 1973, some twenty-six years after the injection. I knew from my research that CAL-3 was one of the
three survivors whom scientists had examined in Rochester as part of a follow-up study of the plutonium experiment. None of the doctors
ever told Fredna that the real purpose of their study was to measure the plutonium circulating in her husband’s body.

The dates on Fredna’s records matched exactly the dates on my documents. Her recollections were also consistent with what I knew about
CAL-3. By the time the interview was over, I was certain that I had /nally found one of the patients. Fredna and Elmerine were also
convinced. Although the knowledge of the experiment would cause her a lot of sadness in the years to come, Fredna was a deeply religious
woman and her initial reaction was mild. “I’m not angry,” she began carefully.5 “It just gives me a better view of how people will do you
when they feel like you don’t know better.” But Elmerine’s response was much harsher. In a curt voice that she undoubtedly used when she
was trying to bring her eighth-grade class to order, she said, “I’m very upset, but being African American, I stay angry about a lot of things.”6

With the trip to Italy, Texas, the process of transforming the plutonium patients from numbers into human beings had begun. CAL-3 was not
just a laboratory animal who provided scientists with a wealth of data about how plutonium was deposited in muscle and bone. He was
husband to Fredna, father to Elmerine and her brother, William; a man who cleaned bricks, upholstered chairs, repaired shoes, and plowed
the rich dark soil the farmers called black gumbo.

When I returned from Italy, I worked on the story full time for another two months. Then the political season was upon us and other
assignments got in the way. But the story now had a momentum of its own. The newspaper’s attorneys /led a new, meticulously worded
Freedom of Information Act request with the Department of Energy. With near-daily prodding from attorney Loretta Garrison, the documents
began trickling in. In the spring of 1993, I returned to the story full time; and, in the space of a few months, I had pieced together the
identities of another four people who had been injected with plutonium. They too became real: Albert Stevens, an easygoing house painter;
John Mousso, a mild-mannered handyman; Eda Schultz Charlton, a shy, nervous housewife; and Fred Sours, the much-beloved town



John Mousso, a mild-mannered handyman; Eda Schultz Charlton, a shy, nervous housewife; and Fred Sours, the much-beloved town
supervisor of a suburb near Rochester. Although Sours died soon after the injection, the rest would live for decades, plagued by a myriad of
physical ailments.

About sixteen months after that trip to Italy, the Tribune published the /rst of a three-day series on the experiment. When the /rst
installment rolled o? the press, I sat at my desk expectantly, waiting for calls from outraged readers. I didn’t get one phone call from the
public that day, but reporters from the hometowns where the /ve patients lived began calling to get more information, and a few reporters
from Japan contacted me. Still, the story went largely unnoticed by the national media until Department of Energy Secretary Hazel O’Leary,
who had been appointed less than a year earlier, oBcially condemned the experiment at a December 7, 1993, press conference, which she
had called to announce the DOE’s new policy of openness and candor. Speaking toward the end of the conference, O’Leary said what she had
just learned of the experiment horrified her: “I was appalled and shocked. It gave me an ache in my gut and heart.”7

Soon after O’Leary’s press conference, President Clinton directed the federal agencies to make public any records dealing with the human
radiation experiments. He also appointed the Advisory Committee on Human Radiation Experiments to look into the controversy. As the
documents on the plutonium experiment poured from the government warehouses and people used in other experiments came forward, it
became apparent that the story was much bigger than anyone had imagined. It turned out that thousands of human radiation studies had
been conducted during the Cold War. Almost without exception, the subjects were the poor, the powerless, and the sick—the very people
who count most on the government to protect them, Clinton would later point out.

Many of the Manhattan Project doctors who took part in the plutonium injections showed up as advisors or participants in the postwar
studies. Although they played a key role in the experiments, they had only supporting parts in the bomb project. They were on a /rst-name
basis with such legendary /gures as J. Robert Oppenheimer and Enrico Fermi, but they themselves have remained among history’s obscure
players. During the Manhattan Project, their job was to protect the health and safety of workers at a time when little was known about the
e?ects of radiation on healthy people. Fearing a cancer epidemic among the project’s employees, they embarked upon a crash course to
learn everything they could about the e?ects of radiation delivered externally or internally through the ingestion or inhalation of radioactive
materials. The bombings of Hiroshima and Nagasaki only intensi/ed the urgency of their research. What did radiation do to human genes,
reproductive organs, and fetuses?

With the building of the atomic bomb, an industry equivalent in size to General Motors had been born in the United States. After the war,
the lavishly expensive atmospheric testing of atomic bombs began at the Paci/c Proving Ground, and the Nevada Test Site. Responding to
these developments, medical researchers found ever-new areas of inquiry to pursue. In closed-door meetings in Los Alamos and Washington,
D.C., they and other scientists investigated such issues as how much radioactive strontium America’s children were collecting in their bones
from fallout and how many more bombs could be exploded before the radioactivity would exceed a level that the doctors had deemed safe.

In addition to studies focused speci/cally on issues relating to the bomb and its fallout products, many other experiments used supposedly
harmless amounts of radioactive materials, so-called tracer doses, to investigate questions relating to human metabolism. OBcials of the early
Atomic Energy Commission, the civilian department that succeeded the Manhattan Project in 1947, promoted radioisotopes with a
missionarylike zeal. Doctors and scientists desperately hoped the splitting of the atom would produce something good for humankind,
possibly even a cure for cancer. Radioisotopes produced in the Manhattan Project’s nuclear reactor in Oak Ridge, Tennessee, were shipped to
quali/ed scientists throughout the world. Over the years the “radioisotope distribution program,” which began partially as a public relations
ploy to show that the bomb builders were willing to share information with civilian outsiders, grew by leaps and bounds.

Some radioisotope research conducted by civilian scientists contributed to a better understanding of how the human body works and to the
development of new diagnostic tools to detect cancer and other diseases. But many studies were repetitive, poorly conceived, and frequently
the subjects did not know what they were being given. Like the plutonium experiment, which was 8awed in design and led to some
erroneous conclusions, they were not just immoral science, they were bad science.

The Army, Navy, and Air Force also funded numerous experiments designed to help them learn more about how to /ght e?ectively on the
nuclear battle/eld. What were the e?ects of shock, blast, and radiation on ships, planes, tanks, and, most critically, men? Were there eBcient
ways to decontaminate men and machinery? As the narrator of one recently declassi/ed /lm about the testing program explained in 1952,
“We’re trying every angle and every gadget we can to /nd out what really happens when an atomic bomb kicks out /ercely at the world
around it.”8

Radiation experiments on soldiers began in 1951, the year atomic bomb tests began in Nevada. They continued until 1962, when above-
ground tests were halted. Military troops were used in psychological tests, decontamination experiments, 8ashblindness studies, research
involving flights through radioactive clouds, and studies aimed at measuring radioisotopes in their body fluids.

Many of the military experiments also were repetitive and poorly planned. Thomas Shipman, the Los Alamos scientist who guided the
lab’s health division through much of the Cold War, complained in 1952 that some of the armed forces’ studies appeared to be the “same old
chestnuts being pulled out of the /re again and again.”9 Five years later Shipman was still complaining about the military’s haphazard
involvement. “From past experience we know all too well that everybody wants to get into the act.10 And all too frequently we /nd within
[the] military establishment anxious souls who have had no opportunity to familiarize themselves with what has already been done.”

The researchers were a curious blend of spook, scientist, and soldier. Many were physicians who swore by the Hippocratic Oath, yet were
willing to administer to their unwitting patients everything from radioactive arsenic to radioactive zinc. Those who were motivated by
patriotism, especially scientists who had seen the ravages of two world wars, /rmly believed the development and testing of nuclear
weapons was essential to maintaining the security of the United States. Shrewd and sophisticated, they were preoccupied with public
relations and obsessed with the fear that someone would /le a lawsuit against the Manhattan Project or its successors for some imagined
illness arising from radiation exposure. Negative publicity and lawsuits, they worried, would jeopardize the nuclear weapons program.

They downplayed the amount of radioactive pollution emanating from the bomb factories and the health risks of fallout, reasoning that a
few extra leukemias, bone cancers, or genetic mutations were an unfortunate but unavoidable side e?ect in the struggle against communism.
“People have got to learn to live with the facts of life, and part of the facts of life are fallout,” said Willard Libby, a chemist who was
awarded the Nobel Prize for developing the radiocarbon dating technique.11

When I returned to Italy, Texas, in August of 1997, ten years had elapsed since I found the footnote describing the plutonium injections.
Thanks in large part to the massive releases of material that began in 1994, my thin manila envelope had grown to eight /ling cabinets. As I
sat on Main Street, listening to the late-afternoon, end-of-summer sounds and the deep silence of the country, I wondered what the people of



sat on Main Street, listening to the late-afternoon, end-of-summer sounds and the deep silence of the country, I wondered what the people of
Italy thought of Elmer’s story.

Though it was not yet six o’clock, nearly every store on Main Street was closed. City Hall was locked tight. So was the Uptown Cafe. But
several women were talking quietly in the Magic Mirror Beauty Salon, one of the new businesses that had come to town. When I asked them
if they had ever heard of Elmer Allen, they all began talking at one. “I read something about that in the Fort Worth Star-Telegram.” “Didn’t
they test something on him when he was in the Army?” “His widow still lives here, I think.” “Isn’t she rich on account of that?”

Fredna did still live in Italy and had received a substantial settlement from the government. But she had not moved out of the small house
that she shared with Elmer for so many decades. She had aged rapidly and had begun using a walker to get around. While she was still
gracious, a guardedness had crept in and she no longer gave interviews. But Elmer-ine, who as a child had been sent out to Italy’s /elds with
her brother to pick cotton, had become more outspoken than ever. She often said she couldn’t imagine going through life without knowing
what had happened to her father. Although theirs had been a complicated and combative relationship, the knowledge had helped her better
understand him.

On my way out of town, I swung by the cemetery. Sitting astride a lawnmower, a man in a broad-brimmed hat was working his way
around the headstones. Down a hill behind this beautifully manicured swath of green is another collection of graves where Italy’s African
Americans are buried. Elmer Allen is there. On my /rst trip to Italy, Elmer had been dead only a year and the grass had not yet grown back
over the chalky soil where he was buried. Now the grass lay thick and undisturbed. At the head of his grave was a beautifully carved
tombstone that wasn’t there during my first visit. Next to the Allen family name, the inscription read:

ELMER

JAN. 26, 1911
JULY 18, 1947

“CAL-3”
JULY 18, 1947
JUNE 30, 1991

ONE OF AMERICA’S
HUMAN NUCLEAR “GUINEA PIGS”

The inscription was his family’s shorthand way of telling visitors how Elmer had been transformed by the U.S. government from a man
into a number after he had been injected with plutonium. This was the story of injustice that Fredna, Elmerine, and I had pieced together at
the kitchen table. Strangers, though, might have a hard time deciphering the tombstone’s meaning. Even in Italy, the story was already fading
from memory.

Would any of what we had learned from the thousands of documents made public over the last several years be remembered? I don’t
know the answer. The granite, at least, will last.

Eileen Welsome
Albuquerque, N.M.

March 1999





PART ONE

The “Product”



1

THE ACID TASTE OF PLUTONIUM

The accident occurred on August 1, 1944, a morning like any other in Los Alamos: hot, dry, the sky an indigo bowl over the sprawl of
wooden buildings and barbed-wire fences that constituted the core of the Manhattan Project. At seven thousand feet, the New Mexico air
smelled of sun, pines, a trace of frost. Occasionally the scent of dust spiraled up from the desert, where temperatures hovered around 100
degrees.

In twelve months, two atomic bombs would be dropped on Japan, and the secret work being carried out in the wooden buildings would
be revealed to the world. On the morning of the accident, the atomic bomb had progressed far beyond mathematical theories but was still an
unproven weapon. Plutonium, a silvery metal discovered about four years earlier, was one of the key elements that would transform the
theories into a fireball.

In Room D-119, a cheerful young chemist named Don Mastick was standing over a sink chatting with his laboratory partner, Arthur Wahl, a
chemist not much older than himself and one of the four scientists from the University of California at Berkeley who had discovered
plutonium. Mastick was just twenty-three years old, a “bushy-tailed kid,” as he would later describe himself, with short blond hair and an
alert, friendly face. He had been one of Berkeley’s most promising chemistry graduates and was just about to enlist in the Navy when J.
Robert Oppenheimer approached him and asked if he would like to join the scienti8c team being assembled in Los Alamos, the most secret
site in the vast network of laboratories and factories established to build the bomb.

Oppenheimer, a brilliant theoretical physicist, was already a legend on the Berkeley campus, and Mastick was thrilled at the idea of
working with him. When he arrived in Los Alamos in the spring of 1943, Oppenheimer had designated him the lab’s ultra microchemist.
Working with amounts of plutonium that were too small to be seen with the naked eye, he studied the chemical reactions of the new
material under a microscope. His glass test tubes were no bigger than sewing needles and his measuring instruments looked like a child’s
toys. Even his laboratory was small: a claustrophobic box at the end of a hallway, ten feet wide and twelve feet long.

In Mastick’s hand that day was a small vial containing ten milligrams of plutonium—an amount so small it would have 8t on the head of a
pin. But it was far more plutonium than Los Alamos had had to work with only a year before. In fact, the radioactive material was still so
scarce that a special crew had been assembled whose only job was to recover the material from accidents and completed experiments and
then repurify it through chemical processes so it could be used again. The crew developed a ;ow chart to help separate plutonium from
every other element in the Periodic Table.1 “They were prepared to tear up the ;oor and extract the plutonium, if necessary.2 They would
even dissolve a bicycle. I mean, plutonium [was] so valuable that they went to great extremes to recover everything,” physician Louis
Hempelmann recalled decades later.

Inevitably some of the radioactive molecules seeped out into the laboratory, spread by a starched sleeve, the scu? of boots, even the dust
that blew in from the desert. Nervous and preoccupied with their e?orts to construct a workable bomb, Oppenheimer and his colleagues
viewed the spreading contamination with consternation. Their concerns were twofold: They didn’t want to lose any material, and they were
just beginning to understand its potential hazards. Joseph Kennedy, another member of the Berkeley team who had discovered plutonium,
acknowledged that it was “not pleasant” to think that unaccounted-for plutonium was ;oating around the lab.3 On the day of this particular
accident—which would be the most serious of any thus far—it was not the lost plutonium that would be the problem. It was the plutonium
in Mastick’s vial.

A purplish-color liquid that gave o? an eerie, animallike warmth when concentrated in larger amounts, the plutonium in the vial had
undergone an unanticipated transformation overnight. Some of the liquid had been converted into gas and was pushing against the walls of
the bottle. Other molecules were tunneling into the sides of the glass itself.

Unaware of the small bomb he was holding, Mastick snapped the slender neck of the vial. It made a small, popping sound in the quiet
laboratory. Instantly the material spewed out of the bottle and onto the wall in front of him. Some of the solution ricocheted back into his
mouth, flooding his lips and tongue with a metallic taste.

Not overly alarmed, Mastick replaced the vial in its wooden container. Then he trotted across the hard-packed ground of the technical area
to knock on the door of Dr. Hempelmann’s 8rst-aid station. He had just swallowed a signi8cant amount of the world’s supply of plutonium.
“I could taste the acid so I knew perfectly well I had a little bit of plutonium in my mouth,” he said in an interview in 1995.

Louis Hempelmann’s oDce was just a few minutes’ walk from D Building, where Mastick worked.4 With its “deluge shower baths” and
clothes-changing rooms, D Building was one of the most elaborately ventilated and costly structures at Los Alamos.5 Except for the forest of
metal pipes protruding from the roof, it looked no different from the other green clapboard structures in the technical area.

Hempelmann was the medical doctor in charge of protecting technical personnel on the bomb project from “unusual hazards,” and he
reported directly to J. Robert Oppenheimer.6 With his long, narrow face and wide jaw, Hempelmann wasn’t handsome, but there was
something re8ned and pleasing about his appearance. He was the son and grandson of doctors and a 8ne physician in his own right,
although he was known to grow queasy at the sight of blood. (“Louie did his 8rst sternal puncture on me and he almost fainted.7 He’s one of
those doctors that can’t stand the sight of blood—he should have been a psychologist or something,” said Harold Agnew, one in a line of
laboratory directors who succeeded Oppenheimer.)

Taking great pains to keep his long face expressionless, Hempelmann listened to Mastick’s account of what had happened and then left the
room for a moment in order to make a frantic phone call to Colonel Sta?ord Warren, the a?able medical director of the Manhattan Project.
Hempelmann often turned to Warren, who was nearly two decades older, for advice and reassurance. In his late forties when he was
commissioned as an Army colonel, Warren was a big man, well over six feet tall, who exuded a breezy con8dence. Unlike many of the
scientists on the bomb project, who refused to join the armed forces and chafed under military control, Warren loved being in the Army. He
liked the rough feel of his starched uniform, the silver eagles on his collar, the .45 revolver tucked in a holster on his belt.

Speaking on a secure telephone line from his oDce at the Manhattan Project’s headquarters in Oak Ridge, Tennessee, Warren tried to calm
Hempelmann down. He thought about the accident for a moment and then suggested that the young doctor try using a mouthwash and



Hempelmann down. He thought about the accident for a moment and then suggested that the young doctor try using a mouthwash and
expectorant to remove the plutonium from the chemist’s mouth. Hempelmann hung up and hurried back to the examining room where he
prepared two mixtures. The 8rst was a sodium citrate solution that would chemically combine with the plutonium in Mastick’s mouth to
form a soluble liquid; the second was a bicarbonate rinse that would render the material insoluble again.8

Mastick swished the solutions around in his mouth and then spit them into a beaker. The 8rst mouthful contained almost one-half
microgram of plutonium. A microgram of plutonium, which is a millionth of a gram, was considered in 1945 to be the maximum amount of
plutonium that could be retained in the human body without causing harm.9 Eleven more times at 8fteen-minute intervals Mastick swished
the two solutions around in his mouth and then spit them into the beaker.

After the accident, Mastick’s breath was so hot that he could stand six feet away and blow the needles on the radiation monitors o? scale.
His urine contained detectable plutonium for many years. In one of several interviews Mastick said that he was undoubtedly still excreting “a
few atoms” of plutonium but had suffered no ill effects.

When the mouth washings 8nally were 8nished, Hempelmann ordered the young man to lie down on a cot. Then he pumped out his
stomach several times. Carefully he transferred the stomach liquids into a tall beaker. The plutonium would have to be chemically separated
from the organic matter in Mastick’s stomach and mouth so it could be reused in future experiments. No scientist at the lab had ever
undertaken such a task.

Hempelmann gave the young chemist a couple of breakfast waKes for his empty stomach and some Sippy alkaline powders to be taken
during the day.10 Then he turned and handed him the four-liter beaker of murky liquid.

Go, he said, retrieve the plutonium.
Mastick returned to his lab with the beaker and opened his textbooks. It took a “little rapid-8re research,” as he put it, to 8gure out how to

separate the plutonium from the organic matter. But he didn’t ;inch from the task, despite the ordeal he had just been through. “Since I was
the plutonium chemist at that point, I was the logical choice to recover it.” From Mastick’s perspective, the mood in which all these events
took place was calm, deliberate, and “almost humorous.” But other people did not feel nearly so relaxed about what had occurred.

The day after the accident, Hempelmann sat down and wrote Sta?ord Warren a thank-you note. “I was sorry to bother you but was anxious
to have your help and moral support.11 In retrospect, I think that the chances of the fellow’s having swallowed a dangerous amount of
material are slight.” Hempelmann told Warren that he believed about ten micro-grams of plutonium had entered Mastick’s mouth. The
mouth washings had removed all but one microgram, an in8nitesimal but nevertheless hazardous amount. More important, Hempelmann
thought the chemist had not inhaled any plutonium. At that time scientists knew that plutonium was extremely hazardous if it was breathed
in and deposited in lung tissue. But they also were discovering that the radioactive material was not readily absorbed through the
gastrointestinal tract and that it could not penetrate beyond the outer layer of human skin. Thus, most of the microgram of plutonium in
Mastick’s mouth undoubtedly would have passed through his digestive system and out of his body without being absorbed.

A catastrophe had been avoided, but the accident was a vivid reminder of the invisible dangers that scientists and workers were confronted
with at “Site Y,” the code name for Los Alamos. The responsibilities seemed overwhelming to Hempelmann, who was only twenty-nine years
old and a neophyte when it came to understanding radiation. He had been working with radioactive materials for three years. As for
plutonium, he had only about six months of hands-on experience. “There were all sorts of problems,” he admitted years later, “which I just
couldn’t handle because of limited experience.”12



2

THE RAD LAB

Research into the atomic bomb had begun in piecemeal fashion at various U.S. college campuses in 1939 when news reached America that
two chemists in Nazi Germany had split the uranium atom. But an all-out e*ort to build the bomb did not really get under way until the U.S.
Army Corps of Engineers was brought in and a newly promoted brigadier general named Leslie Groves took charge in September of 1942.
With Groves at the helm, the Manhattan Project, or Manhattan Engineer District, as it was more formally known, began the frenetic race to
build an atomic bomb.

By then Nazi Germany controlled much of Europe. Many of the scientists working on the bomb project were European refugees who
believed Adolf Hitler’s scientists were working on a similar bomb. With such a weapon, they feared it would only be a matter of time before
Hitler controlled the world.

J. Robert Oppenheimer, who had been selected by General Groves to head the Los Alamos laboratory, had crisscrossed the country in early
1943 trying to lure the nation’s most eminent scientists to the remote outpost. His charisma was so great that his opponents claimed he had
the uncanny ability to turn bright men, even geniuses, into slavish followers. But, in fact, he had to use all of his persuasiveness to get
experienced chemists, physicists, engineers, metallurgists, and explosives experts to go to the remote laboratory.

Many were already engaged in important war work. Others thought the project was preposterous and wanted no part of it. But younger,
less established men such as Don Mastick leapt at the chance to do something exciting that would also contribute to the war e*ort. Mastick
was one of the many scientists recruited for the atomic bomb project who had been educated or worked at the premier center for nuclear
physics in the United States: the Radiation Laboratory at the University of California at Berkeley.

In the early 1930s, when the “Rad Lab” was just beginning to make a name for itself in the European-dominated world of physics, the
young, idealistic scientists working in its sunny classrooms and laboratories dreamed not of weapons of mass destruction but of unlocking the
secrets of the universe. From the atom, they sought to learn more about the enormous energy that binds protons and neutrons together,
hoping that energy could somehow be used to bene=t humankind and perhaps even cure cancer. Dressed in the uniform of their generation
—unpressed suits, ties, and clean white shirts—they labored from dawn until dusk, sustained only by an encouraging word from one of their
revered leaders, Ernest Lawrence or J. Robert Oppenheimer.

Lawrence, an experimental physicist who was only twenty-seven years old when he =rst arrived in Berkeley, and Oppenheimer, a
theoretical physicist three years younger, were transforming what had been a second-rate school into one of the most renowned institutions
in the world for nuclear physics. Both scientists were tall, blue-eyed, ambitious, and inspired a cultlike following among their students.
Beneath the surface, though, were distinct differences in their personalities that would emerge over time.

Lawrence was vigorous looking, with his blond hair swept back from his forehead and his face tanned and regular as the Great Plains upon
which he was raised. Save for the wire-rimmed glasses, which gave him an intellectual appearance, he could easily have been mistaken for a
businessman or football coach. His father was the president of a small teachers’ college in Spring=eld, South Dakota; his mother, a practical
matron who taught him to save water and not to swear. He worked his way through the University of South Dakota selling kitchenware from
farm to farm. He continued his studies at the University of Minnesota, the University of Chicago, and =nally, Yale, where he was o*ered an
assistant professorship.1 Dissatis=ed with the complacency of the students and the snail’s pace of his career, Lawrence packed up a bright red
coupe in 1928 and headed West.2 He picked up his mother and father in South Dakota, stashed his younger brother, John, in the rumble
seat, and drove on to Berkeley.

Lawrence had an infectious enthusiasm and the quirky, imaginative mind of an inventor. He was convinced from work being done in
England that the next great frontier was the atomic nucleus, a dense speck of matter composed of protons and neutrons surrounded by a
protective cloud of negatively charged electrons. The atomic nucleus, Lawrence observed in one lecture, was like a “Cy inside a cathedral.”
The only hope of entering the hallowed ground was to pierce the barrier with a particle moving at an enormous speed.3 In 1929, while he
was Cipping through foreign publications at the library, Lawrence hit upon the idea of the cyclotron, a contraption that would use a
magnetic =eld to accelerate particles in a circular pattern. With each loop, an electric =eld would give the particles another push, making
them go even faster. When the particles were going fast enough, they would be directed o* the circular =eld and hurled onto targets, which
could then become radioactive and eject other particles. With the help of a graduate student named M. Stanley Livingston, Lawrence had his
cyclotron, or “atom smasher” as it was called in the popular press, up and running two years later. By the early 1930s, Lawrence had become
one of America’s best-known physicists. Eventually he was awarded the Nobel Prize for his invention.

Driving a gray battleship of a car, Julius Robert Oppenheimer, known as “Oppie” or “Opje” to friends, arrived in Berkeley the year after
Lawrence. He was slender, almost emaciated looking from a long string of illnesses, which included appendicitis, dysentery, and colitis. He
had a dreamy, choirboy face and a cloud of black hair when he was young. As he matured, the years wore the softness away and he came to
resemble a gaunt medieval scholar.

Oppenheimer was a chain-smoker, his teeth and =ngers stained with nicotine. He liked hot, spicy food and ice-cold martinis, and refused
to teach a class before 11:00 A.M. The nights, he said, were for thinking and physics. On campus, he wore a gray suit and round-toed black
shoes, at home a blue work shirt and faded blue jeans.4 He was the son of a wealthy New York merchant, but his voice had a strange, slightly
foreign accent.

Absorbed in his science and free from =nancial worries, Oppenheimer was initially so detached from world a*airs that he didn’t learn of
the 1929 stock market crash until after the event. Through a girlfriend, he became sensitized to the plight of the masses and began
contributing funds to Loyalists in the Spanish Civil War and migrant workers in California. His ex-girlfriend, his future wife, and even his
brother, Frank, became members of the Communist party. Oppenheimer’s political activities, which were common among liberal
intellectuals of that time, would come to be viewed with deep suspicion by the Manhattan Project’s intelligence agents years later.

Oppenheimer was a brilliant though erratic student. After he graduated from Harvard, he went to the Cavendish Laboratory in Cambridge,
England, where he Coundered badly when he tried his hand at experimental work. Eventually he found his calling in quantum mechanics, a



England, where he Coundered badly when he tried his hand at experimental work. Eventually he found his calling in quantum mechanics, a
branch of physics dealing with the interaction of radiation and matter, the structure of the atom, the motion of atomic particles, and related
phenomena. By the time he reached Berkeley, he had developed a solid international reputation as a theoretical physicist. He predicted the
existence of black holes and neutron stars long before astronomers had the instruments to confirm their existence.

In 1935 John Lawrence, the kid brother Ernest had stashed in his rumble seat, went to Berkeley for a visit.5 Having acquired a medical
degree from Harvard, he was a little startled to discover that the men working around the cyclotron appeared to have no inkling of the
dangers of radiation—or of the potential medical bene=ts from the radioisotopes produced on the cyclotron. With the enthusiastic support of
his famous brother, John Lawrence and a small group of medical doctors began exploring whether neutrons and radioisotopes could be used
to treat cancer patients. (Scientists at that time used the word “radioisotope” to refer to any radioactive element. But technically speaking, a
“radioisotope” refers to the radioactive isotopes of one speci=c element. A “radionuclide” refers to any kind of radioactive isotope and is the
term used by contemporary scientists.)

In the cyclotron, radioisotopes were created by bombarding ordinary elements such as iron, phosphorous, and iodine with fast-moving
particles. When the speeding particles crashed into a nonradioactive element, the element absorbed the moving particle, lost one of its own
subatomic particles, or broke into pieces, thus becoming radioactive. The radioactive version of the element, known as a radioisotope, would
“decay,” or return to a stable condition after it had rid itself of the energy it had absorbed from the collision, in a process that would take
place over minutes, days, or even years. The energy was released in the form of X rays, gamma rays, alpha particles, and beta particles.

Radioisotopes are chemically identical to their stable counterparts. In other words, radioactive iron, phosphorous, carbon, and sodium are
metabolized in the human body in exactly the same way as their nonradioactive counterparts. Since radioisotopes emit energy when they
decay, they can be easily followed, or “traced,” through the body with a Geiger counter.

Many doctors at the time compared radioisotopes to microscopes, hoping they could be used to unlock the hidden, biochemical processes
of the human body. By administering a tracer dose of radioactive sodium to a patient, for example, a doctor could follow the path of sodium
with a Geiger counter and uncover blockages in the circulatory system. The same principle could be applied to animals, plants, or even
industrial processes.

The diagnostic potential of radioisotopes had long been recognized. But Ernest and John Lawrence, as well as other scientists throughout
the world, also hoped that radioisotopes might have an even more important function: They dreamed that one of the new radioisotopes
might become a “magic bullet” that would find its way to malignant cells and destroy them.

A couple of years after Ernest Lawrence had his =rst cyclotron operating, he decided that it was time to build a bigger machine that could
accelerate particles at an even faster rate. But to build a new cyclotron, he needed money. And what better way to get money than to tout the
medical applications of materials made by the cyclotron? Waldo Cohn, a graduate student in Berkeley at the time, remembered dryly,
“Lawrence, with his cyclotron, was very anxious to get money to support not only the building of the cyclotron and its maintenance, but also
to continue the running of the laboratory.6 Any possible use of radioactive materials, [any] practical use, he [would] use as a gimmick to
convince donors to contribute money to his project.”

A masterly salesman, Lawrence began holding a series of public lectures in Berkeley on the medical bene=ts of the cyclotron-produced
materials. As Nuell Pharr Davis, one of the more colorful chroniclers of the Lawrence-Oppenheimer years tells it, Lawrence was up on stage
one afternoon with a bottle of liquid containing sodium-24 and a Geiger counter. With a Courish, Lawrence put the counter next to the
bottle. Then came an embarrassing moment of silence. One of his assistants had apparently made the solution so radioactive that it swamped
the counter’s detection abilities. Without losing a beat, Lawrence scanned the audience and saw his tall, blue-eyed friend, J. Robert
Oppenheimer, slumped in one of the chairs. “He got me on the platform and used me as a guinea pig,” Oppenheimer recalled.7 “He had me
put my hand around a Geiger counter and gave me a glass of water in which part of the salt had radioactive sodium in it. For the =rst half
minute all was quiet, but about =fty seconds after I drank, there was a great chattering of the Geiger counter. This was supposed to show that
in at least one complex physi-ochemical system, the salt had di*used from my mouth through my bloodstream to the tip of my =ngers and
that the time scale for this was fifty seconds.”

Despite an occasional glitch, Lawrence’s showmanship paid o* handsomely, and the money started Cowing in from foundations and
wealthy patrons. One of his earliest supporters was Lewis Strauss, a New York businessman who would go on to become a close friend of
Lawrence’s and an important =gure in the Atomic Energy Commission. “We thought or hoped there might be a speci=c isotope for every part
of the body,” Strauss said.8 “I suppose I had the medieval notion of the fencing thrust, or of a magic bullet that would strike straight at the
disease.”

John Lawrence injected his =rst leukemia patient with radio-phosphorous on Christmas Eve of 1937. Kenneth Scott, a pudgy, young
scientist who worked in the laboratory at the time and whose recollections of many of the key personnel and events of the Rad Lab are
tinged with bitterness, described the Christmas Eve treatment as a “big grandstand act” designed to attract money and fame for the Lawrence
brothers.9 But Scott’s views were not shared by everyone. According to records and interviews with a number of doctors who were practicing
medicine at the time, radiophosphorous was genuinely thought to have some therapeutic value for the treatment of certain kinds of leukemia
and blood disorders.

Indeed, Ernest and John Lawrence believed enough in the curative power of the neutrons produced by the cyclotron to use it to treat their
mother, Gunda. The sixty-=ve-year-old woman was put on a train for California as soon as the doctor informed her she had cancer of the
pelvis. After =rst undergoing X-ray therapy at the University of California Hospital in San Francisco, located across the bay, she was
transported to the Rad Lab, where her sons arranged for a neutron beam from the cyclotron to be turned upon her. Gradually her health
improved and she lived for another eighteen years. “She was the very =rst to be given neutron treatment.10 It was kept completely
confidential,” an unidentified physicist told author Davis.

Notwithstanding the apparently successful treatment of Gunda Lawrence, many medical doctors at the University of California Hospital in
San Francisco viewed the use of radioisotopes and neutrons by the Berkeley experimenters with skepticism. A few UCSF doctors, however,
became intrigued by the research going on at the Berkeley Rad Lab. UCSF physicians Robert Stone and Joseph Hamilton were among those
who would =nd the Lawrences’ work inspiring. In fact, even before John Lawrence had performed his much-ballyhooed phosphorous
experiment, Stone and Hamilton had quietly injected two leukemia patients with radioactive sodium.11 According to a scienti=c paper
written by the two men, the radioactive material did not seem to alter the course of the patients’ disease, but neither did it cause any severe
side effects. There is no indication whether the patients knew what was being administered or gave their permission.



side effects. There is no indication whether the patients knew what was being administered or gave their permission.
The sodium experiment, performed in 1936, would mark the beginning of a long relationship between the two men. Stone was nearly a

decade older than Hamilton, but he said in a tape-recorded memoir that it was Hamilton who “stimulated me into working with him on
radioisotopes.”12 Stone was a small, benign-looking radiologist who wore glasses and had a thick head of gray hair. Although he had a
gentlemanly demeanor and was well liked by his colleagues, he grew extremely angry when anyone challenged his medical judgment.

Born in Canada in 1895, Stone went to Europe with the Canadian Expeditionary Forces during World War I, was wounded, and returned to
Canada, where he resumed his education.13 By 1924 he had a bachelor’s degree, a master’s degree, and a medical degree from the University
of Toronto. He joined the faculty at the University of California at San Francisco in 1928, becoming the hospital’s =rst full-time radiologist.
Almost immediately, he was drawn into the research across the bay at the Rad Lab. “Ernest Lawrence was a great stimulus to our department
from the very beginning,” Stone recalled in his tape-recorded memoir.14

Like the Lawrence brothers, Stone believed that neutrons had great potential for deep-seated cancers. More biologically e*ective than X
rays by a factor of ten or more, neutrons interact readily with human tissue, causing a series of physical and chemical changes in the body.

With the help of a young scientist named Paul Aebersold, Stone began using the neutron beam from the Rad Lab’s cyclotron for his human
experiments. Between December of 1939 and September of 1941, he bombarded some 128 patients with neutrons.15 They were irradiated in
a small lead-lined chamber adjacent to the cyclotron. Some of the patients came from the UCSF’s outpatient clinic and were in good or fair
condition. Others came from the “Visible Tumor Clinic” and were deemed to be su*ering from cancers that could not by cured by normal
surgical or X-ray treatment. Still others were apparently well-to-do individuals who had been referred to Stone by other doctors.

At =rst, everything seemed to go well. As Kenneth Scott recalled of that period, “Dr. Stone’s wealthy patients used to roll up with
chau*eurs and their iced champagne.16 In the laboratory they had a big =eld day that afternoon; we all got smacked on champagne and I
thought it was wonderful.”

As the experiment progressed, however, it became clear that Stone had underestimated the biological e*ects of neutrons. Although they are
e*ective at killing cancer cells, they are diOcult to control and can cause a lot of collateral damage to healthy cells as well. Nearly half of the
patients died within six months of the treatment period. Many of the subjects su*ered horribly from the side e*ects. Some developed
gruesome skin damage that one radiobiologist likened to armor plates. Others eventually died of malnutrition rather than their underlying
disease because they had such painful ulcers in their mouths they couldn’t eat.17 Although Stone acknowledged the statistics were
discouraging, he nevertheless recommended that neutron therapy be continued because the neutrons did shrink tumors and, in some cases,
caused them to disappear altogether.

While Robert Stone was discovering the good and bad e*ects of neutrons, his young sidekick, Joseph Hamilton, continued to explore the
medical possibilities of radioisotopes. According to Scott, Hamilton had become interested in radioisotopes almost by accident. Scott was
analyzing mouse tissue at his laboratory bench one day when Hamilton, dark-haired and smooth-looking, slipped onto the stool behind him
and asked him what he was doing. “He was just a young resident in neurology interested in doing something interesting,” Scott
remembered.18 Scott later worked for Hamilton but the two men never became close friends: “He was the kind of guy who gets his zipper
stuck in the men’s room, he won’t let anybody help him.19 I caught him in the men’s room one day and he couldn’t get his zipper up, and he
wouldn’t let me help him with it. So I got him a pair of scissors. I guess he cut himself out of there one way or another.”

To the casual observer, Hamilton seemed like any other aPuent, urbane doctor; he enjoyed =ne wine, drove a convertible, played poker.
But documents written by Hamilton himself as well as recollections of his colleagues reveal a suspicious and brooding side to his personality.
As his hairline receded and pouches formed beneath his eyes, he developed a scowling and remote appearance that seemed a more accurate
reflection of the inner man.

Hamilton was trained as a medical doctor to heal the sick, yet he recoiled from human touch. He was taught to respect the sanctity of
human life, yet he plotted ways to poison the food and water supply of enemies with radioactive materials. Anne de Gruchy Low-Beer, a
contemporary and wife of one of his colleagues, said, “He didn’t have any warm friendships.20 He was not the kind of person to make them.”
Patricia Durbin, a Berkeley scientist who as an undergraduate washed glassware in Hamilton’s lab and is to this day one of his most devoted
fans, saw the same qualities but in a more positive light. Hamilton, she said, “would have been very much at home in mid-Victorian Sweden,
hard bound, bound by rules of conduct, narrow, not to show in public that you had either emotions or affection.”21

Hamilton’s guarded nature may have been a defense mechanism developed in response to the probing eyes of his father, Gilbert Van Tassel
Hamilton, an author, scientist, and avid experimenter. A contemporary of Sigmund Freud, the elder Hamilton was a “psychopathologist” who
specialized in the study of human sexuality. Hamilton Sr. moved to southern California sometime before 1914 and began treating many well-
known personalities, including playwright Eugene O’Neill.22 In a live-oak woods in Santa Barbara, the elder Hamilton also maintained a
spacious laboratory where he did observational experiments on monkeys and baboons. He would place various combinations of animals—
even di*erent species—in cages together and then record their behavior and sexual couplings in steamy, overwrought language. Joseph
Hamilton was an only child and undoubtedly served as an experimental subject for his father—at least on an observational level. In a
discussion about the suckling behavior of animals, the elder Hamilton once wrote that his son had sucked both his thumb and his Teddy bear
until early adolescence.23

Hamilton attended schools in Santa Barbara and then enrolled in the University of California at Berkeley.24 He graduated with a bachelor’s
degree in chemistry and then crossed the bay, where he obtained his medical degree from the University of California at San Francisco in
1936. During medical school, he married painter Leah Rinne, who had had rheumatic fever as a teenager and su*ered from ill health for
much of her life. The couple owned a log cabin in the Sierra Nevada where Hamilton liked to pan for gold.25

Although Hamilton’s colleagues thought he was a bright and imaginative scientist, he didn’t have the patience for painstaking research nor
did he possess the originality that produces great scienti=c discoveries. “We considered him a kind of explorer,” Sta*ord Warren remembered
years later.26 “He didn’t want to do any of these long-term, big-scaled things. He was not that kind of an operator. He had a mind that was
very quick and very imaginative.” Toward the end of his life, he told Patricia Durbin on several occasions, “what he liked to do was get in
there early and skim off the cream and go on to something else.”27

Like Ernest Lawrence, Hamilton often gave public talks about the bene=ts of radioisotopes. Instead of sodium, he used radioactive iodine,
which has a longer half-life and concentrates in the thyroid gland. As for the guinea pig, Hamilton used himself. He would pour the
radioactive iodine into a water glass and then hold a Geiger counter up to the glass so the audience could hear the clicks. “Then he would
walk across the room and put it up to himself and there were no clicks,” recalled Patricia Durbin.28 “He would drink the water, and in order
to demonstrate how valuable this tool was with respect to the thyroid metabolism, at the end of his lecture he would put the Geiger counter



to demonstrate how valuable this tool was with respect to the thyroid metabolism, at the end of his lecture he would put the Geiger counter
up to his neck—lots of clicks.”

Hamilton was cold, sober, serious-minded. Yet, at the edges of his life, there was a giddy recklessness. He immersed himself in radiation,
gulping down “radioactive cocktails” and Cying through radioactive clouds in the postwar years.29 But where he really pushed his luck was
around the cyclotron. He raced into the bombardment area to grab samples while the room was still radioactive and slouched against the hot,
ticking parts of the machine with a nonchalance that radiologist Earl Miller still found staggering decades later. “I tried to talk to him about
the danger,” Miller told interviewers from the Department of Energy in 1994. “This was massive doses of radiation that he exposed himself
to.”30

Perhaps as he watched the delicate starlike shapes from plutonium emerge on =lm, or when he looked up from a microscope late at night
in the stillness of the laboratory, the knowledge suddenly came to Hamilton that he was carrying the irradiated cells of his own death within
him or, as colleague Kenneth Scott bluntly put it, that he “had already had it.”

Hamilton was one of the many Manhattan Project veterans who often boasted after the war about how safe the nuclear weapons industry
was, but he was to become one of its =rst casualties.31 Sometime in the 1950s, he grew pale and wan, plagued by infections, bleeding gums,
and bruises. He had contracted a fatal form of leukemia, a disease that can be induced by exposure to radiation. His sister-in-law, Christine
Alan, said Hamilton diagnosed the illness himself. John Gofman, a Berkeley scientist who has written extensively on the effects of small doses
of radiation, said Hamilton “looked like a ghost” after he became ill.32 Patricia Durbin added, “I would be willing to bet that his [radiation
exposure] would have been if not the highest, among the highest ever recorded in Berkeley.”33

Through the 1930s and into the early 1940s, the Rad Lab continued to attract eager new students interested in working with one of the
great masters, Ernest Lawrence or J. Robert Oppenheimer, or with the lesser-known physicians who were using the side products of the
cyclotron to forge a new discipline that came to be known as nuclear medicine. The students came not only from California but from other
parts of the United States and even Europe.

One of the pilgrims was Hymer Friedell, an extremely bright and talented young doctor with a medical degree and a doctorate in radiology
from the University of Minnesota. Friedell began hearing about Berkeley while he was working in New York at Memorial Hospital (today
known as the Memorial Sloan Kettering Cancer Research Institute) and thought he had better get himself to California. “I wrote to Dr. Stone
and asked him if he would accept me.34 And he did. So I came and became a member of the staff.”

Friedell helped Stone with his neutron experiment and treated a few of his patients. With John Lawrence and other doctors, he also
administered radioactive phosphorous and radioactive strontium to cancer patients.35 The radiophosphorous seemed especially e*ective in
the treatment of breast cancer, Friedell recalled.36 But the radiostrontium, which behaves like calcium in the body, was a failure. Joseph
Hamilton, in a letter written years later, said one of Friedell’s patients had almost died from too much radiation after he gave her a small
amount of radioactive strontium.37 When Friedell was asked about Hamilton’s remarks, he said Hamilton was confused and must have been
talking about radioactive phosphorous.38 But in an interview with fellow scientist J. Newell Stan-nard more than a decade earlier, Friedell
said, “I was assigned a project very early working on radiostrontium.39 In fact I did some terrible things in my day. I took radiostrontium, and
I was going to cure some tumors because it was going into bone, bone tumors. I got some into the bone (tumors), but I also got a hell of a lot
into normal bone, too.”

While Hymer Friedell was doing his apprenticeship, Louis Hempelmann was =nishing his residency in Boston, Massachusetts. One day he
got an inquiry from a medical colleague back home in St. Louis. Washington University was building its own cyclotron; would Hempelmann
be interested in treating cancer patients with the radioactive materials created by the machine?

Hempelmann was intrigued by the o*er. Washington University was his alma mater and St. Louis was his hometown.40 He had received
his undergraduate degree in 1934 and his medical degree in 1938 from the university. He also had many friends and well-established
acquaintances in St. Louis. His wife, Elinor Wickham Pulitzer, was the daughter of Joseph Pulitzer, publisher of the St. Louis Post-Dispatch,
for whom the Pulitzer Prizes are named.

The idea of returning to St. Louis was attractive, but Hempelmann had absolutely no experience with cyclotrons or radiation therapy. So he
decided to get a fellowship and =nd out more. He spent three months working in St. Louis and then struck out for the Rad Lab where all the
breakthroughs were being reported and little, if anything, was being said of the failures.

Like Hymer Friedell, Hempelmann worked with Robert Stone and John Lawrence. Hempelmann was modest and unassuming and
probably said little as he made the medical rounds in San Francisco or crossed the bay to Berkeley where the patients were being bombarded
with neutrons. The neutron exposures left deep marks, like an iron that had burned through a sheet, on the patients’ skin. Hempelmann had
a =rst-rate mind and would soon see for himself how hazardous radioactive materials could be if they were not carefully administered.
Nevertheless, he viewed the Berkeley research as the wave of the future.

After four months in Berkeley, Hempelmann went to Memorial Hospital in New York (where Hymer Friedell had just been) and spent
another month studying radiation physics.41 Then he returned home to St. Louis. Before the year was out, on Sunday, December 7, 1941, the
Japanese attacked Pearl Harbor. Nearly twenty ships and 292 aircraft were destroyed, and 2,403 Americans killed and 1,178 wounded.42 The
following day the United States declared war on Japan, Germany, and Italy. Hempelmann, like millions of other young men, would soon be
drawn into the war.
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1942: THE MET LAB

Arthur Holly Compton, a handsome man who was just entering his #ftieth year, sat up as straight as he could in his sickbed as the group of
scientists climbed the stairs to the third (oor of his Chicago town house for the meeting he had called.1 With the visitors came a blast of
wintry air and the sense of urgency that had seemed to grip the entire country since President Roosevelt’s declaration of war six weeks
earlier. Ernest Lawrence, his handsome face reddened by cold and excitement, sat down on the bed opposite Compton. Luis Alvarez, one of
Lawrence’s protégés, sat down next to his mentor. Standing close enough to participate in the discussion but far enough away to reduce the
risk of catching cold was Leo Szilard, a brilliant Hungarian physicist known to his friends as “Leo the Lizard.” Two other scientists also had
squeezed into the room.

The date was January 24, 1942. The scientists had met at Arthur Compton’s home to decide where a central laboratory should be located
for further investigations into the chain reaction. Compton was the head of a National Academy of Sciences committee that had just #nished
a study concluding that an atomic bomb could be built. It was the most positive and concrete report written to date, providing estimates of
the time it would take to build such a weapon, the amount of #ssionable material needed, and what it would cost. Although the United
States was now o:cially at war and President Roosevelt recognized that raw materials and manpower would soon be in short supply, he
nevertheless was so impressed by Compton’s report that he had given his approval for the project to proceed to the construction phase on
January 19, just five days before the meeting in Compton’s sickroom.

Many scienti#c advances had been made since December 1938 when radiochemists Otto Hahn and Fritz Strassman split the uranium
nucleus in their Berlin laboratory. The German scientists could hardly believe what had happened. They checked and rechecked their
#ndings, and then Hahn contacted a trusted colleague, Lise Meitner, a superb physicist who had been forced to (ee Nazi Germany and was
living in Sweden. Meitner thought deeply, conducted numerous calculations, and talked the matter over with a nephew, Otto Frisch, also a
physicist. She suspected the uranium atom, when it captured the neutron, had become unstable and divided into two parts. Using Albert
Einstein’s theory of mass and energy, she calculated the energy released from one atom was equal to 200 million electron volts.2 Meitner was
convinced that Hahn and Strassman had indeed split the uranium atom and wrote them a letter of congratulations. Then her nephew set out
for Copenhagen to tell Niels Bohr, the great Danish physicist, of the discovery.

Bohr, who was about to board a boat for America, struck his forehead in sudden understanding when he heard the news. As his ship
lurched across the Atlantic, Bohr pondered the scienti#c implications of the discovery. When he reached the United States, Bohr inadvertently
leaked news of the Hahn-Strassman experiment and the Meitner-Frisch interpretation to fellow scientists. The information spread like
wild#re. The profound rami#cations of the discovery were immediately understood by scientists in the United States as well as those
working in England, France, Germany, Russia, and Japan.

The physicists suspected that when a uranium atom splits, it might eject two or three more neutrons. Those neutrons could smash into
other atoms and break them up. Soon a chain reaction would be ignited in which geometrically increasing amounts of energy would be
released. A controlled reaction could be used to generate heat and power. An uncontrolled reaction could lead to an explosion of
unimaginable proportions.

Leo Szilard, a balding, portly scientist, had prophesied such a chain reaction even before the German chemists had split the uranium
nucleus. When he heard the results of the Hahn-Strassman experiment, his mind leapt ahead to Hitler, whose September 1939 invasion of
Poland was still some months away. The Nazi leader would be unstoppable with an atomic weapon in his arsenal.

Szilard, who had an imaginative, restless mind and an uncanny ability to see into the future, was deeply worried by the news. After
discussing the matter with fellow Hungarian scientists Eugene Wigner and Edward Teller, he asked Albert Einstein, then working at Princeton
University, if he would use his enormous scienti#c prestige to help him get a letter of warning to President Roosevelt. Einstein, who had
known Szilard for many years, agreed. In a letter dated August 2, 1939 and delivered several months later through an intermediary, Einstein
warned Roosevelt that “extremely powerful bombs of a new type” could be constructed.3 The Germans, he added, were already investigating
the chain reaction phenomenon.

Responding cautiously at #rst to Einstein’s appeal, Roosevelt authorized a group of civilian and military representatives to look into the
potential military applications of nuclear #ssion. Scientists working in laboratories at Columbia, Princeton, and Berkeley soon realized that
while a bomb was theoretically possible, constructing such a weapon was fraught with enormous technical di:culties. Chief among them
was finding a way to enrich uranium to the point it could be used in a fission bomb.

While work progressed on this di:cult task, a young chemist in Berkeley named Glenn Seaborg continued the promising research which
had been started by his colleague, Edwin McMillan. As soon as news of the German breakthrough reached Berkeley, McMillan had begun
bombarding uranium with neutrons produced by the cyclotron. During the process, McMillan and fellow scientist Philip Abelson discovered a
new element that lay beyond uranium, then the heaviest known element in the Periodic Table. McMillan called the ninety-third element
neptunium, after the planet Neptune. McMillan suspected there was another, even heavier element beyond neptunium, but before he could
confirm his hunch, he agreed to go to MIT’s newly established radar laboratory to help with defense work.

After McMillan moved east, Seaborg wrote to him and asked for permission to continue his research.4 McMillan said he would be
“pleased” to have Seaborg’s help. Seaborg enlisted the aid of Arthur Wahl, then a graduate student, and Joseph Kennedy, an instructor in UC-
Berkeley’s chemistry department, and the assault on the new element began.

Seaborg, a tall scientist with blond hair and hazel eyes who had received his Ph.D. in chemistry at the age of twenty-#ve from University of
California at Berkeley, had been chagrined when he learned that the Germans were the #rst to report splitting the uranium atom. But he
soon suspected that there was still-uncharted country beyond uranium where new elements were waiting to be identi#ed. Seaborg, who
would go on to identify many of those elements, recalled years later, “The new land had not really been discovered.”5

Seaborg’s team began their backbreaking attack on the ninety-fourth element in the fall of 1940. First the uranium had to be bombarded in
the cyclotron, where some of it would be transmuted to plutonium. Then the plutonium would have to be isolated through a series of



the cyclotron, where some of it would be transmuted to plutonium. Then the plutonium would have to be isolated through a series of
tedious chemical processes. By Tuesday, February 25, 1941, the team had solid evidence that they had isolated the ninety-fourth element.6 It
was later confirmed to be plutonium-238, a very radioactive isotope of plutonium with a half-life of about eighty-six years.

But Seaborg was not yet through with his labors. With the help of Emilio Segre, one of Enrico Fermi’s colleagues, he continued to bombard
uranium samples in the cyclotron in order to isolate a second isotope, plutonium-239. As the radioactivity increased, the men donned goggles
and lead gloves and worked behind lead shields.7 They placed the radioactive mixture in a centrifuge tube, which was inserted into a lead
beaker. Then they carried the lead beaker from room to room in a wooden box with long poles, which served as handles. Seaborg and his
colleagues #nally isolated a minuscule speck of plutonium-239 on March 6. About two weeks later, they completed tests showing that
plutonium-239, with a half-life of about 24,000 years, would fission violently.

Although it would be nearly a year before the new substance got its formal name, Seaborg’s team followed McMillan’s lead and called the
ninety-fourth element plutonium, after the small planet Pluto that orbits the sun at the outer edges of the solar system. “It really should have
been called ‘plutium,” Seaborg said, “but we liked how plutonium rolled oG the tongue.”8 Pluto was also the name of the Greek god of the
underworld. Deaf to prayers and unmoved by sacri#ces, Pluto was the most hated and feared of all the gods. He owned a helmet that
rendered him invisible.

Plutonium, also feared and invisible when it was #rst discovered, oGered scientists a second and perhaps more plausible way to build a
bomb. Ernest Lawrence immediately recognized its potential. Plutonium-239, he told government o:cials, could be used to create a “super
bomb.” But how would plutonium be produced? Assuming a cyclotron could make a milligram a month, it would take about 500,000 years
to scrape together enough plutonium for a bomb.9 But some other apparatus that could be used to produce plutonium—a nuclear reactor, for
example—might do the trick.

At Columbia University, Enrico Fermi was already hard at work on the problem. Fermi, who was awarded the Nobel Prize in 1938 for the
discovery of new radioactive substances and his work with slow neutrons, had actually been the #rst to split the atom in 1934 but didn’t
recognize it as such. He was an undisputed genius, a small, wiry man who had learned English from reading Jack London stories. In a drafty
laboratory, Fermi and his assistants were engaged in the grimy job of trying to build a crude nuclear reactor by layering chunks of uranium
and graphite on top of each other. Fermi called his towering creations “piles” because that’s exactly what they looked like. Fissioning
uranium would produce the neutrons; graphite would act as a moderator and slow the neutrons down. Fermi believed the “pile” would be
able to sustain a controlled chain reaction once the technicalities were worked out. And then they would have the plutonium they needed to
build the bomb.

On the day the scientists crowded into Arthur Compton’s sickroom (actually the bedroom of one of his children), all of these facts were
known. With Compton listening, each of the men began pitching his respective university as the best place to build the chain-reacting pile
and perform the chemical research on plutonium. Szilard, who was working at Columbia with Fermi, argued that the project should remain
in New York. To disassemble the experimental piles, pack up the scientists’ families, and move halfway across the country would mean a
loss of valuable time.

But Ernest Lawrence countered that the project should be established in Berkeley. After all, it was Glenn Seaborg, one of Lawrence’s young
colleagues, who had isolated plutonium (and would marry Lawrence’s secretary in a few short months). Besides, there was something
undeniably magical about Berkeley. The classrooms and laboratories were #lled with Nobel laureates and future Nobel laureates, and
scientific discoveries seemed to occur as effortlessly as the ripe apricots that dropped from trees in nearby orchards.

Compton, himself a Nobel Prize winner, already had his mind made up. He insisted that the project should be housed at the University of
Chicago for a number of reasons: The school’s administrators had promised full cooperation; housing was adequate; more scientists were
available in the Midwest than on the eastern or western seaboards; and the city was not as vulnerable to military attack as the coastal cities.

Lawrence objected. “You’ll never get the chain reaction going here.10 The whole tempo of the University of Chicago is too slow,” he told
Compton.

“We’ll have the chain reaction going here by the end of the year,” Compton retorted.
“I’ll bet you a thousand dollars you won’t,” responded Lawrence.
When Compton accepted the bet, Lawrence dropped the stakes to a #ve-cent cigar. As soon as the scientists left, Compton climbed out of

bed and called Enrico Fermi—the man upon whose shoulders the success of the whole plutonium project rested. Everything would (ow from
his chain-reacting pile, if only he would agree to move from New York. Fermi was a congenial man and eager to do his part. Reluctantly he
agreed to make the move.

“The project for producing plutonium, as yet unseen even under a microscope, using a nuclear reactor that was still imaginary, and of
fashioning this plutonium into bombs whose explosiveness had never been tested, was now ready to go,” Compton wrote in his memoirs.11
The coordinated eGort was given the code name of the “Metallurgical Project.” Eventually the research would be spread out among some
seventy groups located throughout the country, but the most critical work would be done at the University of Chicago, in a group of
buildings that came to be known simply as the Met Lab.

Within a matter of weeks, the scientists began arriving. Compton’s wife, Betty, found rooms in a friend’s home for Enrico and Laura Fermi
and their two children. Fermi’s two assistants shared a room in Comp-ton’s house. On a racket court under the West Stands of Stagg Field,
Fermi’s men began building a series of piles that were far below the size needed for a chain reaction but would help them better understand
the behavior of neutrons.

Compton also persuaded Glenn Seaborg to move his research from Berkeley to the Met Lab. Seaborg and a colleague, Isadore Perlman,
arrived in Chicago on April 19, 1942—Seaborg’s thirtieth birthday—following a two-day train trip aboard the City of San Francisco.12 As the
two scientists left the station, they scanned the Chicago newspapers: Tokyo was being bombed by Allied troops and the (imsy Japanese
homes were going up in flames.

In a few short months an extraordinary collection of scientists was working at the Met Lab. They would be eclipsed in brilliance only by
those eventually assembled at Los Alamos. They included Eugene Wigner, a future Nobelist known for his almost painful politeness; James
Franck, a highly respected German physicist and a 1925 Nobel Prize winner; and, of course, Leo Szilard, who roamed from lab to lab,
oGering advice and opinions to anyone who would listen. One scientist, distracted by Szilard’s talk, suggested putting him in a state of
suspended animation and then reviving him for two minutes each year. “He could give us enough ideas to keep us busy for the rest of the
year.13 For two minutes he’d be fantastic, but how marvelous life in the lab would be for the rest of the year.”



year.  For two minutes he’d be fantastic, but how marvelous life in the lab would be for the rest of the year.”
Compton also asked J. Robert Oppenheimer to take over the theoretical studies necessary to construct the actual bomb. He had quizzed

Oppenheimer about his Communist connections, but the scientist assured him those days were over. “I’m cutting oG all my Communist
connections,” Compton quoted him as saying.14 Oppenheimer assembled a group of scientists in Berkeley whom he called “the luminaries”
to help him with his theoretical work. Among them were Edward Teller, Hans Bethe, Robert Serber, and John Manley.

Before Glenn Seaborg’s chemists began their laboratory experiments, they spent two days with the project’s top leaders discussing how to
go about studying plutonium. Met Lab o:cials decided that plutonium research was to have a “special category of secrecy,” Seaborg wrote in
his journal, and information about it would be strictly limited to a small circle of people within the lab itself.15 To further ensure its secrecy,
the leaders decided a new terminology was needed. He wrote:

At Berkeley, we have been using the code names “silver” for neptunium (element 93) and “copper” for plutonium (element 94), but this is often confusing and we have been
forced to resort to such expressions as “honest-to-God” silver and “honest-to-God” copper when referring to these elements themselves.16 It was agreed that the names
“neptunium” and “plutonium” should not be used as code words for elements 93 and 94 because they might be revealing if overheard.

The group came up with new code words for those elements derived from the last digit in the atomic number and the last digit in the
atomic weight for each isotope. Thus plutonium-239, with an atomic number of 94 and an atomic weight of 239, became known for the
duration of the bomb project as 49. Soon another code name for plutonium emerged: the product.

The Chicago chemists worked with amounts of plutonium even smaller than those available to the Los Alamos chemists a year and a half
later.17 Since the machine shops were already swamped with requests from the physicists, Seaborg’s men fashioned their own tiny
instruments. They made balances from quartz #bers to weigh their precious millionths of a gram. Miniature pans were created from very thin
platinum foil cut and shaped under the microscope. To protect the delicate instruments from air currents, they surrounded them with small
cases constructed from wood and glass.

While the chemists were making their instruments, #ve kilograms, or about eleven pounds, of uranyl nitrate hexahydrate was being
bombarded with neutrons in Berkeley. From those eleven pounds, the Berkeley group extracted one microgram of plutonium, or one-
millionth of a gram.18 The precious microgram was forwarded to Chicago. Since the sample was too small to be seen with the naked eye,
radiation counters were used to determine its presence. The Met Lab then turned to Washington University in St. Louis for additional help.
The St. Louis cyclotron had a more powerful beam than the one at the Rad Lab, and by early August it had produced 50 micrograms of
plutonium, a collective amount that was about one-tenth the size of a grain of salt.19

To make the micrograms of plutonium, the St. Louis cyclotron crew worked around the clock. It was hot, dirty work, and it gave Louis
Hempelmann, one of the crew members, a lifelong appreciation for im-ponderably small amounts of plutonium. Hempelmann had begun
helping out on the cyclotron soon after returning to St. Louis.20 He also had established a clinic where cancer patients were treated with
radio-phosphorous made in the cyclotron. Hempelmann injected the radioactive material into the veins of patients two to three times a
week. He soon grew uneasy when some of the patients developed dangerously low blood counts and even hemorrhages. While he was
convinced that radio-phosphorous was still a valuable tool, he nevertheless warned doctors in a scienti#c paper to monitor blood counts
carefully so that treatment could be halted before “irreversible toxic effects on the bone marrow are produced.”21

By August 20, 1942, Seaborg’s microchemists had isolated their #rst visible speck of plutonium. It was pink in color. Wrote Seaborg, “It is
the #rst time that element 94 (or any synthetic element, for that matter) has been beheld by the eye of man.22 I’m sure my feelings were akin
to those of a new father who has been engrossed in the development of his oGspring since conception.” A holiday spirit soon enveloped the
Met Lab. One of the team brought in flood lamps and photographed everything in sight.

The chemists’ elation turned to wrenching disappointment #ve days later when Isadore Perlman went to his lab one morning to work with
his microscopic allotment of plutonium and found the contents spilled on a Sunday edition of the Chicago Tribune.23 Someone who was
concerned about radiation apparently had surrounded the beaker with lead bricks, one of which had fallen over and smashed the glass.
Perlman placed the newspaper into a large dish and poured nitric acid over it. Once the Sunday paper had been dissolved, he could retrieve
the plutonium through a chemical process.

The chemists soon discovered that plutonium was an “absolutely crazy” metal.24 Small amounts undergo spontaneous combustion in air;
therefore, it must be handled in an atmosphere devoid of oxygen. Depending on its chemical compound, it can be blue, green, purple,
yellow-brown, red, or pink. “Plutonium is so unusual as to approach the unbelievable,” Seaborg once observed:

Under some conditions, plutonium can be nearly as hard and brittle as glass; under others, as soft and plastic as lead.25 It will burn and crumble quickly to powder when
heated in air, or slowly disintegrate when kept at room temperature. It undergoes no less than #ve phase transitions between room temperature and its melting point. Strangely
enough, in two of its phases, plutonium actually contracts as it is being heated. It also has not less than four oxidation states. It is unique of all the chemical elements. And it is
fiendishly toxic, even in small amounts.

No one who held plutonium ever forgot its seductive warmth. Leona Marshall Libby, one of the few female scientists at the Met Lab, said it
felt like a “live rabbit.” But Arthur Compton thought it was much hotter.26 “I held in my hand a heavy lump of plutonium, gold-plated to
protect me from the alpha particles.27 Its temperature was so high from its own radioactivity that it almost burned my fingers.”

Through the summer and fall of 1942, while Seaborg’s team continued their plutonium research, Fermi’s group continued its work on the
chain reaction under the West Stands of Stagg Field. A towering pile of graphite blocks embedded with uranium was erected. Flat on top and
bulging at the sides, the edi#ce resembled a huge crushed bowling ball. On December 2 Fermi was ready to conduct his #rst test to see if the
pile would actually sustain a chain reaction. It was cold in Chicago that day, about ten degrees above zero. Gas rationing had begun the day
before, and the streetcars and elevated trains were jammed.

Threaded down through the pile were cadmium rods that absorbed neutrons and would be used to control the reaction. As Fermi ordered
one rod after another removed, the clickety-clack of the neutron counter soon became a roar. When the pile had achieved a sustained
reaction for a few minutes, Fermi ordered the control rods reinserted. As the counters subsided, the Met Lab scientists stood around in dazed
silence. A bottle of Chianti in a brown paper bag was presented to Fermi. One of the greatest barriers to building a successful bomb had just
been hurdled. The unflappable Fermi later said operating a pile was as easy as driving a car.

With the successful operation of Fermi’s pile, the stage was set to build a pilot plant where grams of plutonium could be produced.28 Less
than three months later, construction began on a graphite reactor, code-named the X-10 plant, at the Clinton Engineer Works in Oak Ridge,



than three months later, construction began on a graphite reactor, code-named the X-10 plant, at the Clinton Engineer Works in Oak Ridge,
Tennessee. The Clinton Engineer Works, which subsequently became the o:cial headquarters of the Manhattan Project, was a 56,000-acre
tract of land located in the foothills of the Smoky Mountains, ancient hills covered with forests and teeming with deer. Several vast factories
where uranium-235 would be produced also were located in the rolling hills and valleys. The bomb builders, still unsure whether enough
uranium or plutonium could be produced to make a weapon, were hedging their bets and pursuing several ways to produce enriched
uranium, as well as plutonium.

The construction on the Tennessee reactor was still in its initial stages when a decision was made to build a full-scale plutonium facility in
an even more isolated region. A huge windswept chunk of land in eastern Washington state near the small town of Hanford was selected.
This site became known as the Hanford Engineer Works. There the chemical separation methods that Seaborg’s team developed in Chicago
would be scaled up a billionfold.
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A TOLERABLE DOSE

In the summer of 1942, when it looked as if Enrico Fermi’s pile would actually work, the physicists began to worry about their own safety.
The scientists realized that the crude nuclear reactor would be a source of copious amounts of radiation. Fermi’s pile would not only create
the highly desirable plutonium, it would also create many di*erent radioactive ,ssion products from the middle of the Periodic Table.
Extracting plutonium from this radioactive stew would be an extremely hazardous undertaking.

The physicists, Arthur Compton wrote in his memoirs, “knew what had happened to the early experimenters with radioactive materials.1
Not many of them had lived very long. They were themselves to work with materials millions of times more active than those of these earlier
experimenters. What was their own life expectancy?” Compton decided there was only one thing to do: “We must bring to Chicago the most
competent men we could find in the field of the physiological effects of ionizing radiations.”

Compton put out feelers to various scientists and medical doctors. Several advised him that Robert Stone was the man for the job. As a
member of the National Cancer Advisory Council, Compton knew of Stone’s experimental use of neutrons for cancer treatment. Although the
neutron experiment could hardly be considered a success, Compton nevertheless was impressed by Stone’s work at the Rad Lab and invited
him to come to Chicago and take over the Met Lab’s new Health Division, which would be on an equal footing with the physics, chemistry,
and engineering divisions. Stone would have a seat at the table with Comp-ton, Fermi, Seaborg, and the other members of the innermost
sanctum. “Stone’s exceptional qualification for this work on which the very lives of our workers depended was evident,” Compton wrote.2

Robert Stone accepted Compton’s o*er but was slow to immerse himself in the bomb project. Initially he divided his time between
Chicago and San Francisco, spending three weeks at the medical school and only one week at the Met Lab. As the pace at the Met Lab
increased, Stone reversed his schedule, spending three weeks in Chicago and one week in San Francisco. Eventually he joined the Manhattan
Project full time for the duration of the war.

Soon after Stone arrived in Chicago, he realized that a scientist of extraordinary skill would be needed to investigate the new ,ssion
products that Fermi’s pile would produce. Stone knew of no scientist better quali,ed for the job than his old partner, Joseph Hamilton. Two
months after Stone was hired, Hamilton was put under contract by the Met Lab to do the biological studies on the fission products.

Unlike Robert Stone, Hamilton did not move to Chicago. Instead he remained in Berkeley, where he did his research and then forwarded
his reports to Stone. Using the cyclotron, Hamilton produced micrograms of the same radioactive isotopes that would be cooked up in
Fermi’s pile. Then he exposed rats to the isotopes, killed them, and studied how the radioactive materials were distributed in their bodies. A
year or so into this assignment, Hamilton and Stone were among the scientists tapped by the bomb builders to investigate the possibilities of
using the ,ssion products as a weapon against the enemy. This investigation was known as radiological warfare, or RW. Hamilton advised
Robert Stone in a May 26, 1943, report that radioactive isotopes sprayed from aircraft “o*er the possibility of infecting to dangerous levels,
large areas such as cities.”3 He added, “The poisoning of water supplies such as reservoirs, wells, etc., and food must be kept in mind.”

Radiological warfare was seriously considered by other Manhattan Project scientists and military o?cials early in the bomb-building e*ort,
when there were still real doubts about whether a workable weapon could be made. J. Robert Oppenheimer and Enrico Fermi once debated
whether to use radioactive strontium to poison food supplies. “I think that we should not attempt a plan unless we can poison food su?cient
to kill a half a million men, since there is no doubt that the actual number a*ected will, because of non-uniform distribution, be much
smaller than this,” Oppenheimer wrote in a May 25, 1943, letter to Fermi.4 Rad warfare was put on a back burner as the construction of the
atomic bomb progressed, but Hamilton continued to nurse the idea for years.

While Joseph Hamilton conducted his rat experiments in Berkeley, Robert Stone was busy organizing the Met Lab’s Health Division. There
were three major sections: the medical section, responsible for the health of the workers; the health physics section, which monitored the
labs and developed new radiation measuring instruments; and the biological research section, which undertook a massive program to better
understand the e*ects of external and internal radiation from materials inhaled or ingested.5 Each of these sections was working in uncharted
territory and making decisions with potentially profound implications for the health of those they were charged with protecting.

The doctors working in the medical section performed routine pre-employment exams and regularly collected blood samples from
employees. Generally speaking, low white-cell counts suggested that a worker had been overexposed to radiation, but Stone and his medical
team soon suspected blood counts were not a reliable indicator because they varied so widely. He nevertheless ordered the Met Lab doctors
to continue collecting blood samples because there was no other way to detect a possible overexposure. At the same time, he directed his
sta* to start looking for other biochemical changes in the blood, urine, or liver that might be indicators.6 This inquiry, begun legitimately
enough, was the start of a long and ultimately fruitless search for a so-called biological dosimeter. The e*ort would cost millions of dollars
and occupy scores of civilian and military researchers for the next thirty years.

The health physics section had the job not only of monitoring the labs for radiation but also translating what those results meant to
exposed workers. This was not an easy task, given the fact that little or nothing was known about some of the di*erent kinds of radiation
they would encounter. To further complicate matters, the various forms of radiation di*er greatly in the damage they can cause in human
tissue.

As radioactive materials decay, energy is liberated in the form of X rays, gamma rays, alpha particles, or beta particles. When these rays
and particles strike human cells, a tremendous transfer of energy occurs. The incoming energy can disrupt the delicate latticework of
chemical bonds that hold atoms and molecules together and start a chain of events with several possible and quite distinct outcomes: a
harmless dead cell, an impaired cell, or an altered cell that triggers the runaway growth known as cancer.

Alpha particles are ejected from radium, plutonium, uranium, and many ,ssion products as they decay into another form. One milligram
of plutonium, which was a tenth of the amount in Don Mastick’s vial, emits 140 million alpha particles per minute. Each alpha particle
consists of two protons with two positive charges and two neutrons with two neutral charges. Although an alpha particle can travel only
about three or four cell lengths, or about half the width of a strand of human hair, because of its large mass and charge, it can create
extensive damage in a very small amount of human tissue through a process called ionization.



extensive damage in a very small amount of human tissue through a process called ionization.
Beta particles are high-speed electrons that are 7,000 times smaller than alpha particles. They can penetrate human skin and cause burns,

which are called beta burns, or cause damage within the body if they are inhaled or ingested.
Although their origins di*er, X rays and gamma rays are essentially identical forms of energy. They are photons, or bundles of energy,

moving at the speed of light. Traveling great distances, they can cause damage when they strike the body from the outside or from the inside,
when radioactive materials are inhaled or ingested.

When Robert Stone’s team began their research at the Met Lab in the late summer of 1942, the basic unit of radiation was known as the
roentgen. Named after Wilhelm Roentgen, the discover of X rays, the roentgen measures the ability of X rays to ionize air. Eventually the
roentgen was supplanted by the “rem,” a term coined by Herbert Parker, one of Stone’s employees.7 The rem takes into account not only the
amount of radiation but also its biological impact. (The roentgen, the rem, and the rad, another unit, were considered roughly identical and
the terms were used interchangeably through the 1940s, 1950s, and even into the 1960s.)

For Stone and his team, the most challenging part of the job was the biological research into the hazards of radiation. While some
knowledge had been gleaned from Berkeley’s medical experiments, Stone knew there was still little knowledge about the so-called tolerance
dose for neutrons, alpha particles, and beta particles. “It must be remembered,” he wrote in a 1943 formerly secret report, “that the whole
clinical study of the personnel is one vast experiment.8 Never before has so large a collection of individuals been exposed to so much
irradiation.”

That serious hazards existed had long been known. Soon after Wilhelm Roentgen discovered X rays in 1895, the workers who handled the
equipment began to exhibit injuries. The operators began noticing peculiar skin conditions, soreness around the eyes, strange muscle spasms,
and loss of hair. Within a few years, there were reports of anemia, tumors, and even several deaths. One of the most dramatic examples was
the case of H. D. Hawks, an 1896 graduate of Columbia University. Mr. Hawks had been giving public demonstrations of his X-ray apparatus
in the New York area until forced to stop work because of the physical effects of the X rays:

The hair at the temples has entirely disappeared, owing to the fact of Mr. Hawks having placed his head in close proximity to the tube to enable spectators to see the bones of
the jaw.9 The eyes were quite bloodshot and the vision was considerably impaired. The eyelashes began to fall out and the lids to swell. The chest was also burned through the
clothing, the burn resembling sunburn. Mr. Hawk’s disabilities were such that he was compelled to suspend work for two weeks. He consulted physicians, who treated the case
as one of parboiling.

Within a year of Roentgen’s discovery, nearly every city in the United States had an X-ray center.10 The use of X rays increased dramatically
in World War I. While the new equipment helped physicians locate bullets and bone fractures, the casualties were mounting among the men
who operated the machines. By 1922 one researcher estimated that no less than a hundred radiation pioneers had succumbed to cancer
caused by their occupation.11

In the mid-1920s, German physicist Arthur M. Mutscheller found injuries from X rays so appalling that he decided it was time to create
scienti,cally valid protection standards. Mutscheller, like many scientists both before and after him, sco*ed at the idea of absolute safety.
Rather, the idea was to strike a balance between the amount of shielding needed to protect workers and a “tolerance dose” that, while not
zero, would not harm X-ray operators.

Mutscheller then surveyed a few facilities and a couple of operators who seemed healthy. From this cursory examination, he concluded that
workers could receive with impunity a dose that was translated by other scientists to be roughly the equivalent of six roentgens a month or
0.2 roentgens daily.

In 1934 the United States Advisory Committee on X-Ray and Radium Protection recommended the daily tolerance dose be limited to 0.1
roentgen. Physicist Gioacchino Failla de,ned a tolerance dose as “that dose of radiation which experience has shown to produce no
permanent physiological changes in the average individual.”1213

Stone and others used the concept of “tolerance dose” during the Manhattan Project. The concept evolved into what was called the
“maximum permissible exposure” for external radiation or the “maximum permissible body burden” for internally absorbed materials. These
concepts imply that there is some safe level of radiation, and they have since been discarded. Most scientists today generally agree that any
amount of radiation, no matter how small, has the potential of causing harm.

Robert Stone knew the standard for external radiation was based upon “very sketchy” scienti,c data.14 In the 1943 report, he wrote, “It is
our hope that the tolerance dose based on very scanty previous knowledge will be found correct—when we have the actual dose carefully
followed by the physicists and the clinical conditions followed by the physicians.”15 Knowing that the standard for external radiation was
built on such a shaky foundation must only have increased Stone’s worries. Added to this burden was the other half of the horrifying
equation: The protection standards for radioactive materials absorbed internally were built on equally skimpy scientific data.

Much of what was known about internal exposure was based on the strange case of the radium dial painters. At about the same time the
public began learning that X-ray workers were succumbing to fatal anemias and leukemias, reports began surfacing in New Jersey about
young, seemingly healthy women who were dying from a strange aLiction that ,rst manifested itself with unhealed infections in the mouth.
A New York oral surgeon named Theodore Blum was the ,rst to recognize that something was amiss. In 1924 a young woman who painted
luminous ,gures on watch dials had come to him because her jaw had failed to heal following some dental work. Blum took one look at her
mouth and realized he was seeing something he had never seen before. “Clinically, I couldn’t diagnose a thing, but she told me where she
worked, and I surmised that her jaw had been invaded—yes, and pervaded—by radioactivity.”16

Blum wrote up his ,ndings in a medical journal, ascribing the young woman’s aLictions to “radium jaw.” His report caught the attention
of Harrison Martland, a scrappy medical examiner in Orange, New Jersey, whose suspicions had been aroused by the unexplained deaths of
several young women living in the area.17 Family doctors had attributed the deaths to syphilis, Vincent’s angina, anemia, and other diseases.
But Martland wasn’t satisfied with those explanations and began examining stricken dial painters himself.

The nation’s largest dial-painting company, the United States Radium Corporation, was located in Orange, New Jersey, where Martland
worked. Other dial-painting companies were in Connecticut, Illinois, and New York City. The dial-painting industry began around 1915 and
probably employed some 4,000 women, 800 of whom worked at the Orange plant.1819

The dial painters applied a luminous paint mixture containing a phopshorescent zinc sul,de and minute amounts of radium to watch
dials, buttons, military instruments, even religious artifacts. When the alpha particles emitted by the radium struck the zinc sul,de mixture,



dials, buttons, military instruments, even religious artifacts. When the alpha particles emitted by the radium struck the zinc sul,de mixture,
they caused tiny scintillations, or Nashes.20 When there were large enough numbers of the Nashes, the eye would see them as a uniform
illumination.

The dial painters at the Orange plant, almost all of whom were working-class women, worked in a large, airy room on the second Noor of
the factory called the “Studio.” Wearing shirtwaists and skirts, they sat at heavy wooden benches, dipping their camel’s-hair brushes into pots
of yellowish paint. Since they were paid piecemeal, they worked very rapidly, sometimes painting as many as 250 to 300 watch dials a
day.21

The women often licked their paintbrushes into a point many times during the course of a work shift. This procedure, which was called
tipping, allowed them to better follow the shaded script numbers on a ,nely made watch. Over the weeks and months, they would swallow
many micrograms of radioactive material.

“Depending on their skill, the workers tipped the brush from 1 to 15 times per dial, and painted 250 to 300 dials per day.22 A worker
who licked one milligram of paint from her brush 4 times per dial, 300 dials per day, 5 days per week, would therefore ingest about 4,000
micrograms of radium in 6 months,” a young scientist named Robley Evans would later calculate in a paper published in 1933.

Their dresses spattered with the radium paint, the young women would go home and amuse their families by showing them how they
glowed in the dark. A few applied the paint to their lips, eyelids, and teeth when they went out on dates.

One of the ,rst dial painters examined by Martland was a thirty-,ve-year-old woman who was su*ering from rapidly progressing
anemia.23 She had worked as a dial painter for six years and was in good health until June of 1925, when bruises began appearing on her
body. Soon her gums began to bleed and the tissue on the roof of her mouth and throat began to slough o*. Knowing that she had been
exposed to radium, Martland performed some tests on her before she died. When a radioactive counter was placed near her body, the
instrument began clicking. Although she was exhausted and near death, the woman was asked to blow into a rubber tube that fed into a large
glass container. Her captured breath contained significant amounts of radiation in the form of radon gas.

When Martland conducted the autopsy, he found hemorrhages on the woman’s abdomen and legs and on her internal organs. Her bones
were so radioactive that when he wrapped a bone sliver in a piece of dental ,lm, the material fogged the ,lm. Martland was convinced that
the woman’s death had been caused by radium and mesothorium, a shorter-lived and hotter isotope of radium also used in the luminous
paint mixture.

Radium, which had been discovered in 1898 by Pierre and Marie Curie, behaves like calcium in the body. While most of it is excreted
rapidly, some is absorbed in the bloodstream and deposited mainly on the skeleton. As radium decays, it produces radon, an alpha-emitting
gas that di*uses through the bloodstream, enters the lungs, and is expelled. Radium also emits gamma rays, which can be detected outside
the body.

When Martland examined other young dial painters, he found their bodies and breath were also highly radioactive. The physical e*ects of
the high doses were devastating: Although many of the women were not yet thirty years old, they were so crippled from bone fractures they
couldn’t stand without the aid of canes. Their bone marrow, the life-giving factory that produces the red and white blood cells and platelets,
failed. Their jaws were so damaged from the constant bombardment of the alpha particles that the bones were in danger of snapping when
the women yawned or rolled over in their sleep.

Soon after the ,rst grisly deaths were reported, several families ,led lawsuits. The cases were widely publicized and the dial painters
deluged with nostrums promising a cure. In France, Madame Curie advised the girls to eat raw calf’s liver to counteract the anemia. “I would
be only too happy to give any aid that I could,” she said.24 Eventually the lawsuits were settled out of court, but the paint companies refused
to accept legal responsibility.25

Even though Harrison Martland had issued a stern warning about the dangers of radium, the radioactive material continued to be mixed
into vaginal jellies, face creams, elixirs, and candy sold throughout the United States. Doctors prescribed radium for every imaginable ailment
ranging from arthritis and gout to “debutante fatigue.” In 1932, the horrifying death of Eben Byers, a Pittsburgh millionaire, ,nally brought
the dangers of radium to the attention of the American people.26

A bon vivant and ladies’ man, Byers began consuming a tonic called Radithor for an old football injury. Each bottle contained a microcurie
of radium and a microcurie of mesothorium. The radiation initially irritated Byers’s blood-forming organs, producing a temporary increase in
red and white blood cell production and a momentary sense of well-being. The concoction made Byers feel so good that between 1927 and
1931 he consumed perhaps 1,000 to 1,500 bottles of Radithor and began giving it away to his girlfriends.27

Soon the devastation set in. Byers’s athletic frame withered to ninety pounds and he turned a ghastly shade of yellow as his bone marrow
and kidneys failed. His jaw and part of his skull were surgically removed in an e*ort to stop the advancing disease, but the operations were
useless, and he died.

O?cials at the Los Angeles County Health Department, fearing they might soon be swamped with similar cases, sought help from Robert
Millikan, a famous Nobel scientist from Cal Tech. Millikan referred the o?cials to one of his promising graduate students, Robley Evans, who
had developed some of the most sensitive radiation detection equipment in the world. As a result, Evans developed a lifelong interest in the
dial painters and became one of the world’s experts in radiation biology.

After completing his Ph.D. under Millikan at Cal Tech in 1932, Evans moved to Berkeley, where he spent the next two years doing
postgraduate work. Ernest Lawrence and J. Robert Oppenheimer were just beginning their remarkable careers, but Evans did not succumb to
the charms of either man. He was hard-headed, cold to the point of rudeness, but not without a sly sense of humor. In 1934 Evans, his wife,
and two young children piled into his four-cylinder Plymouth and drove east to MIT, where he became a professor of physics and founded
the Radioactivity Center. There Evans continued his research on the radium poisoning victims. In his 1933 paper on the dial painters, he
reported that as little as two micrograms of radium in the body, or two millionths of a gram, had proved “fatal” in some women.

By the spring of 1941, with the armed forces preparing for a war that had not yet been o?cially declared, Evans’s work on radiation was
deemed so important that a Navy medical o?cer approached him and threatened to draft him if he didn’t provide the Navy with maximum
permissible levels for radium and radon.2829 The Navy was interested because it used many kinds of luminous instruments on its ships. Evans
rapidly assembled a committee, which included Harrison Martland as well as representatives of the radium industry. By then Evans had data
on twenty-seven dial painters who had radium burdens in their body. Seven had less than 0.5 microcuries; the other twenty had amounts
greater than 1.2 microcuries. (A microcurie is a millionth of a curie. Named after Madame Curie, the curie measures the activity, or rate of
decay, of a radioisotope. By contrast, a microgram measures the actual weight.) Evans reviewed the data on the dial painters and then turned
to the committee and said:



Well, my feeling would be that we should set a number which if it was the amount of radium in the body of our wife or daughter, we would feel perfectly comfortable about
it.30 And for me, this is a tenth of a microcurie. “What about you, [Harrison] Martland?” He thought for a moment and said, “Okay.” And I said, “What about you [Gioacchino]
Failla?” He said, “Okay.” We went around the table one at a time like this, and they all agreed one hundred percent. So the secretary of the committee wrote down on that line
0.1 microcurie. So … that’s how it was done.

Although twenty-seven cases were certainly too small a sample upon which any scienti,c conclusions could be drawn, over the next four
decades Evans and his colleagues examined some 2,000 people with radium in their bodies.31 He reported in 1981 that he had never seen
any symptoms in people with less than 0.1 microcuries in their bodies. Therefore, he concluded, the standard was still good.

But Robert Stone, the worried leader of the Met Lab’s Health Division, did not have the bene,t of four decades’ worth of information. All
he knew was that the so-called tolerance dose for radium had been based on only twenty-seven cases. And that was the only data the Met Lab
had upon which to base its own protection standards for a wide range of internally absorbed radioisotopes—including plutonium.

Given the scanty data, Robert Stone turned to human experimentation to get the information he needed. His ,rst experiments were aimed at
better understanding the e*ects of small doses of external radiation on humans. By 1943, a year after he took over the Met Lab, he was
supervising three experiments at hospitals in San Francisco, New York City, and Chicago. Most subjects used in these experiments were
cancer patients who were undergoing radiation treatment for their diseases but had relatively normal blood counts. Stone explained the
problem this way in the introduction to the California study:

The Health Division of the Metallurgical Project was faced with the problem of what changes would occur in individuals exposed to more than the tolerance dose of 0.1
roentgen on one or more days.32 It was thought that the blood picture of such individuals would show a rapid and radical change. The literature, however, contained very little
information on the e*ect of X-ray exposure on persons with relatively normal hematological pictures, and such investigations as were reported were rather confusing because
of the objectives of the studies. Hence it was considered necessary to study the e*ects of total-body irradiation with X-rays of varying energy on hematologically normal
individuals.

In each of the three Met Lab—sponsored experiments, the patients were subjected to radiation administered over their entire bodies in a
procedure called total body irradiation, or TBI. Stone maintained that total body irradiation was a bona ,de procedure aimed at bene,ting
the patients. The Manhattan Project, he asserted, was merely taking advantage of the treatments to do blood studies. But statements made by
researchers at the time suggest exactly the reverse was true: The blood studies seemed to be the primary focus of the exposures and little, if
any benefit accrued to the patients.

Not surprisingly, the ,rst experiment was conducted at the University of California Hospital in San Francisco. The study began in October
of 1942, shortly after Stone joined the Met Lab, and continued through June of 1946. Bertram Vojtech Adelbert Low-Beer, a mild-looking
scientist with a round face and a dark fringe of neatly trimmed hair, ran the experiment while Stone was in Chicago.

Low-Beer had Ned Czechoslovakia in 1939. At the urging of Mark Oliphant, an Australian physicist who had strongly encouraged the
Americans to pursue the atomic bomb, Low-Beer had joined the University of Birmingham. He had just begun his radioisotope research
when war broke out in England. John Lawrence invited him to the Rad Lab in Berkeley in 1941, and with a recommendation from Robert
Stone, he was appointed to the medical faculty at UCSF two years later. He was a pleasant man, even jovial at times, but was known to get
“extremely worked up” over sloppy or careless work, according to Stone.33 Like Robert Stone and Joseph Hamilton, Low-Beer had close ties
to both the San Francisco hospital and the Rad Lab. He was an expert in the physics, chemistry, and biology of how radioactive substances
behaved in human tissue.

Over the four-year period, twenty-nine patients, ranging in age from twenty to seventy-,ve, were irradiated at UCSF. The exposures per
sitting varied from 5 to 20 roentgens and the total dosages ranged from 27 to 394 roentgens. (To put this in perspective, scientists believe
350 roentgens, delivered at one time and without counteractive measures, such as antibiotics, Nuids, and bone marrow transplants, will kill
50 percent of those exposed.)

The physical e*ects of the irradiation on the patients are unknown because the scienti,c paper written by Stone and Low-Beer addresses
only the blood changes. Many blood samples were drawn before the radiation was administered, during the treatment itself, and for a
number of weeks afterward. The two experimenters found that radiation exposure did reduce the number of blood cells, particularly white
cells, circulating in the body.34

A second TBI experiment was conducted from December of 1942 until August of 1944 at Memorial Hospital in New York—the hospital
where Hymer Friedell and Louis Hempelmann had worked before the war. The lead experimenter was Lloyd F. Craver, a doctor who had
just co-authored a paper stating that TBI was a “discouraging” treatment for patients su*ering from generalized cancer. Despite his negative
results, Craver conducted an experiment in which eight patients were to be irradiated with a total of 300 roentgens. The planned doses
ranged from 10 to 15 roentgens per sitting. The selection of patients was the “most di?cult part of the project,” Craver wrote, because the
subjects had to be in good enough condition to survive “the combined e*ects of their disease and the irradiation for at least six months in
order that some conclusions might be drawn as to later effects of the irradiation.”35

The experiment didn’t work out the way Craver had hoped. Three patients died within two months of the treatment. The others continued
to live for a while but did poorly. Craver blamed the deaths and deterioration to the patients’ diseases and not the radiation, concluding that
“such doses of radiation should be well tolerated by healthy persons.”36

A third TBI experiment was conducted at the Chicago Tumor Clinic beginning in March of 1943 and continuing through November of
1944. The lead investigator was J. J. Nickson, a young doctor who was only three years out of medical school.37 The fourteen subjects used
in the experiment were divided into three groups. The ,rst consisted of eight cancer patients who had “neoplasms that could not be cured
but still were not extensive enough to inNuence general health.” The second group consisted of three patients who had illnesses that were
“generalized and chronic” (one of the three was a twenty-,ve-year-old woman who had a history of “pain and sti*ness of the joints”). The
third group was composed of three healthy young white men who volunteered to be irradiated with seven roentgens a day over a three-day
period. That group was of “particular interest,” Nickson wrote, because the men most closely resembled the Met Lab workers themselves.38
Nickson found no changes in the blood counts of the three men.

Except for these three men, the TBI experiments involved sick people. Although they provided the Met Lab doctors with needed
information, many questions about radiation remained:



What are the ,rst changes produced by exposures just above the tolerance level? Is the peripheral blood picture as reliable an indicator of over-exposure as radiologists have
considered it to be? Are there any other changes produced that can be detected by known or newly developed clinical tests? Can a person ever recover completely and entirely
from any dose of radiation big enough to produce detectable e*ects? Are there any methods of treatment that will aid in recovery? How much radiation is necessary to kill a
man?

That was Stone, writing in 1947, when answers to those questions were still not known.39



5

THE MANHATTAN PROJECT IS LAUNCHED

At about the same time that the Met Lab’s Health Division was formed, government o'cials and scientists involved in the bomb-building
e*ort decided it was time to bring in someone aggressive to oversee the entire project. The Army’s Corps of Engineers had been chosen to
build the production facilities. But Colonel James C. Marshall, who was supervising the bomb project, was inclined to move cautiously. With
the growing wartime demand for recruits and raw materials, the whole effort was in danger of foundering.

On September 17, 1942, Leslie Groves, a tall, pear-shaped Army general who had overseen the construction of the new Pentagon building
in Washington, was appointed to head the project. Groves, a West Point graduate, had been desperately hoping for an overseas assignment
and was bitterly disappointed by the appointment. But the general, like Arthur Compton, was a minister’s son who had been schooled in the
importance of duty. He swallowed his disappointment and got to work the next day.

Groves was a brilliant administrator who was accustomed to working long hours and handling huge budgets. He had the ability to quickly
grasp situations and was willing to make decisions based on incomplete information. Unfortunately, he also had an enormous ego, an
abrasive and tactless personality, and a predilection for humiliating people. Although he developed a fairly good working relationship with
the company engineers and scientists who were brought into the project from Du Pont, Union Carbide, and Eastman Kodak, his relationship
with the Met Lab scientists deteriorated quickly. He considered them “prima donnas” and “crackpots.” To Groves, Leo Szilard—a man who
wouldn’t flush his own toilet because he considered it maid’s work—was one of the worst offenders.1

Groves often used one of his aides, Colonel Kenneth Nichols, as a go-between with Arthur Compton and the Chicago scientists. He told an
interviewer in 1967, “I suspected that Compton liked Colonel Nichols more than he did me.2 Primarily because Colonel Nichols had a Ph.D.
and looked very scholarly and still does, everything done with Compton was generally done through Colonel Nichols; that is, anything that
was di'cult. That didn’t mean that I didn’t see a lot of Compton. But if there was anything that was particularly touchy, I always had Nichols
do it.”

Groves said in his memoirs that soon after he was assigned to the project he realized that he would need a scientist to coordinate the actual
design, construction, and testing of the weapon. Because the other scientists who might be suitable candidates for the job were already
engaged in other facets of the bomb project, he selected J. Robert Oppenheimer. “It must have been a bitter blow to Compton to have his
project pulled away from him, especially after the major success of the chain reaction at Chicago,” Leona Marshall Libby, the young scientist
at the Met Lab, speculated.3 “One should remember, in dealing with the Department of Defense, that they are trained to be killers. Especially
in wartime, it is almost their duty to leave a trail of bodies behind. In a sense, Compton was a body along Groves’ trail.”

Groves also decided to establish a new laboratory to design and construct the bomb in New Mexico. An isolated state, it was nevertheless
accessible by train, plane, and automobile. The choice could not have pleased Oppenheimer more. He had spent summers as a youth in the
Sangre de Cristos, one of the southernmost ranges of the Rocky Mountains, and had grown to love the blues and grays of the desert. Although
the two labs would physically look very di*erent, their functions were actually quite similar: The Met Lab’s job was to achieve a controlled
chain reaction; Los Alamos’s mission would be to produce an uncontrolled chain reaction.

In November of 1942, General Groves, Major John Dudley, a Manhattan District o'cer, Oppenheimer, and Edwin McMillan, who was
helping to organize the new lab, arrived in Albuquerque and began driving in a northwesterly direction toward Jemez Springs, one of the
proposed sites. Although Jemez Springs was lovely and had plenty of water, it was hemmed in by tall canyon walls. Oppenheimer felt it
might have a “depressing e*ect” on laboratory workers; Groves gave it a thumbs-down because there was no room to expand.4 Oppenheimer
then suggested that they drive over the mountains and take a look at the Los Alamos Ranch School, a private school for boys. When they
arrived, it was snowing lightly and the surrounding mountains were vague as clouds. The general immediately endorsed the site for
numerous reasons, including its remoteness. “The geographically enforced isolation of the people working there lessened the ever-present
danger of their inadvertently diffusing secret information among social or professional friends outside.”5 Oppenheimer was also satisfied. “My
two great loves are physics and desert country,” he once confided to a friend.6

As soon as the owners agreed to sell the boys’ school, the Manhattan Project began making plans for the new lab. It would be located on a
high plateau near the lip of the Jemez caldera, a huge, collapsed volcano. To the west were the Jemez Mountains; to the east, the blue,
slumping line of the Sangre de Cristos; below, the muddy curl of the Rio Grande. Dominating everything was a 360-degree sky and the desert
light, harsh as a camera flash at noontime, luminous in the gathering dusk.

Oppenheimer quickly began assembling his team. As in Chicago, the physicists and chemists were recruited Drst. Then came the medical
doctors. Oppenheimer wanted John Lawrence, Ernest Lawrence’s brother, to oversee the health and safety aspects of Los Alamos, but
Lawrence was already working on high-altitude studies for the Air Force.7 He suggested that Oppy look up Louis Hempelmann in St. Louis.
Oppenheimer went to St. Louis and talked with Hempelmann. Impressed by the young physician’s quiet intelligence, he offered him a job.

Ever the pragmatist, Hempelmann decided to do some sleuthing around before he committed himself. He went to Chicago and talked to
Robert Stone and his colleagues. They assured Hempelmann his duties would be rather simple; his main task would probably consist of
taking blood counts from fifty to sixty people who might be at risk.8

Hempelmann then took a westbound train to New Mexico to have a closer look. Oppenheimer, who had arrived in Los Alamos with a few
sta* members on March 15, 1943, picked Hempelmann up in Santa Fe. Up the canyon they went, following a primitive road that the Corps
of Engineers was trying to make passable for the heavy trucks that would soon be arriving with cyclotrons, accelerators, tons of steel, and
miles of piping. Until enough housing could be built, the scientists lived at nearby ranches and dined on box lunches brought in from Santa
Fe.9 Often they were forced to go hungry because the automobiles carrying the food broke down or had flats on the rough roads.

The lab was little more than a military post. The crude living conditions and barbed-wire fences may have given Hempelmann some
pause, but he nevertheless agreed to take the job. He returned to St. Louis and packed up his belongings. He and his wife, Elinor, arrived in
Los Alamos in April of 1943.

While Hempelmann was setting up his small o'ce, Allied forces were winning key victories in the PaciDc and in Eastern Europe.10 During



While Hempelmann was setting up his small o'ce, Allied forces were winning key victories in the PaciDc and in Eastern Europe.  During
the Drst week of April, more than one hundred bombers had swarmed over an outlying area of Paris, France, raining destruction on a Nazi-
controlled Renault factory. General Douglas MacArthur reported another devastating assault on the Japanese Geet near New Guinea. And a
furious air battle had raged in Tunisia between Nazi dive-bombers and American Spitfires as General George Patton’s troops hurried toward a
rendezvous with the British Army.

Louis Hempelmann’s Drst year at Los Alamos was uneventful and unhurried. He split the work with another doctor named James Nolan, a
gynecologist who was an old friend and classmate. Nolan oversaw the small post hospital. Hempelmann was in charge of protecting the
workers from the radiation hazards. As in Chicago, that meant establishing “safe tolerance levels” for exposure to radiation, monitoring
workers, and carrying out blood tests.

Hempelmann had a small sta*—himself, four to Dve blood technicians, and a part-time secretary. One of his employees was Laura Fermi,
the beautiful wife of Enrico Fermi. The Fermis, like other scientists, moved to Los Alamos as work at the Met Lab slowed down and the pace
in New Mexico increased. Laura Fermi was struck by Hempelmann’s shyness. In a memoir, she remembered, “He was my Drst paying
boss … and we both acted shy.11 His embarrassment showed in his easy blushing, which made him look little older than a schoolboy.”

Behind Hempelmann’s boyish demeanor, however, was the mind of a shrewd administrator who quickly recognized that radioactive
contamination drifting o* site might provoke possible lawsuits and create public relations problems down the road for Los Alamos. He
fumed when his advice wasn’t taken and chafed under the yoke of the plodding bureaucracy.

That Drst year was so leisurely that Hempelmann undoubtedly had time to explore the remote country that lay outside the laboratory’s
fences. Many of the Manhattan Project scientists, particularly those raised and educated in Europe, were stunned when they got o* the train
at the little station near Santa Fe, New Mexico. The intoxicating light, the buoyant air, and the high elevation combined to produce a
momentary vertigo. The vast distances glittered like the bottom of an ancient sea and blue mountains Goated on the edges of the horizon.
Here the skin of the world felt so thin it seemed that a bigger reality was about to break through. As they looked out upon the vastness, the
thoughtful among them no doubt contemplated their own mortality and the fearsome weapon they had come to build.

In the winter the scientists and their wives organized ski trips across snow so light and powdery it seemed artiDcial. During those cold
winter months, when the earth lay barren and the planet was tilted farthest from the sun, the New Mexico skies grew soft, Dlled with
feathery clouds the color of mangos and tangerines. As the sun dipped below the horizon, the mountains east of the lab turned a luminous
rose color. It was that extraordinary color which had prompted the Spanish settlers to name them the Sangre de Cristos, or blood of Christ.

In the summer the scientists hiked into the mountains or picked their way on horseback through forests and canyons Dlled with fantastic
stone shapes. This was wild country, intimidating and lonely, country one had to acquire a taste for. “Nobody could think straight in a place
like that,” the urbane Leo Szilard predicted.12 “Everybody who goes there will go crazy.” But once the brilliant landscape had permanently
imprinted itself on their minds, some scientists yearned ever after to stand on ground that seemed to o*er a vision of the four corners of the
earth. Many never left. Others, such as Louis Hempelmann, bought second homes in New Mexico.

Hymer Friedell, a reserve o'cer for several years, was still working for Robert Stone in California when Pearl Harbor was bombed. Day after
day he waited to be called up for active duty, but the orders never materialized. Friedell soon learned he had been put on an “essential list”
by the dean of the medical school. Just thirty-one and feeling obligated to enlist in the military, Friedell told UCSF o'cials he must be
removed from the list or he would resign. Sometime in the late summer of 1942, he got what he later described as “rather odd orders.” He
was inducted into the Army at the Presideo in San Francisco and then instructed to don civilian clothes and report to a Captain Craftan at
5125 University Avenue in Chicago.13 The address was the Met Lab, where his boss, Robert Stone, had begun to visit periodically. Friedell
was immediately told to continue on to the Manhattan Engineer District o'ces in New York City. When he arrived, he learned that the Army
had plans to create its own medical program.

Friedell was the Drst Army doctor assigned to the Manhattan Project. After his trip to New York, he returned to the Met Lab, where he
served as a liaison between the Army and the laboratory and helped out with medical tasks. One of his patients was Edward Teller. “He
thinks I’m the world’s greatest doctor—because I can recognize a hernia the size of my fist,” he once said.

Friedell was eventually transferred to Oak Ridge, which in mid-1943 became the new headquarters of the Manhattan Engineer District, or
MED, as it was often referred to in documents. Soon after that, Colonel Nichols named him the executive o'cer of the Manhattan Project’s
newly established Medical Section.14 General Groves liked Friedell but felt he was too inexperienced to head the section. “You’re too young
for this racket,” Friedell quoted the general as saying.15

Groves had Drst wanted Robert Stone for the job. During a train trip to Chicago in early 1943, the general spent several hours trying to
convince Stone to enlist in the Army so that he could supervise all of the Manhattan Project’s medical programs. But Stone wasn’t interested.
In a letter to Arthur Compton, he explained, “General Groves was not entirely satisDed but agreed with me that he would not push the Army
appointment, especially since this would mean a very great financial sacrifice on my part with no greater ability to serve the country.”16

General Groves’s next choice to head up the Medical Section was Sta*ord Warren, who was then a professor of radiology at the University
of Rochester medical school. Warren was a man’s man, garrulous and full of bravado, just the kind of doctor Groves was looking for. He had
a handsome, square face that was just beginning to loosen, a small brushy mustache, and a large, well-shaped nose. He was an extraordinary
blend of contradictions: flamboyant and cautious, amiable and shrewd, a storyteller who kept secrets.

After some negotiation, Warren agreed to serve as a consultant to the project, but said he would not join o'cially unless he was given the
rank of colonel. With Hymer Friedell as his guide, over the spring and summer of 1943 he gradually learned more about the bomb-building
e*ort. At that time, Los Alamos still resembled a crude military encampment; Oak Ridge was little more than a muddy construction site Dlled
with lumber and bulldozers; and Hanford, struggling with labor shortages and sandstorms, had yet to drive a stake for its first nuclear reactor.

On November 3, 1943, Warren received his commission as a colonel in the Army, at which time he moved his family to Oak Ridge and
became a full-time member of the project. According to one written account, he showed up for work on his Drst day wearing combat boots
and a .45 revolver strapped to his waist.17 Like the crackpots and prima donnas at Los Alamos, Warren was also a scientist, but he clearly
saw himself as a military officer whose loyalty belonged to General Groves.

Although Sta*ord Warren was living in Rochester when Groves recruited him, he was actually another member of the ever-increasing tribe
of Berkeley-trained scientists working on the bomb project. His California roots were deep, dating back to his adventurous grandfather, for
whom he was named, who had lit out with his brother from Wellsville, New York, to join the California gold rush. The two brothers made
about sixty-Dve dollars panning for gold before they turned their attention to more practical ways to earn a living: burning charcoal and



about sixty-Dve dollars panning for gold before they turned their attention to more practical ways to earn a living: burning charcoal and
tanning hides. Eventually they purchased a small ranch in Hayward, a little town near Oakland, California, and planted cherry, apricot, and
pear trees. Warren grew up on that ranch, digging stumps, milking the family cow, and listening to his grandfather’s stories—tall and
uncomplicated tales of the frontier. Later he breezed through the University of California at Berkeley and just as e*ortlessly sailed through
four years of medical school at the University of California at San Francisco. After obtaining his medical degree in 1922, he spent three years
doing postgraduate work at Johns Hopkins and Harvard. Then he was o*ered an assistant professorship in radiology at the new medical
school being built at the University of Rochester. Before settling into Rochester, where he remained from 1925 to 1943, he toured the famous
radiation laboratories in Europe with his wife, Viola.

In Paris, he met Madame Marie Curie, the recipient of two Nobel Prizes. The Drst, awarded in 1903, was a joint prize given to Curie, her
husband, Pierre, and Henri Becquerel, for the discovery of radioactivity. The second, awarded in 1911, was for the isolation of pure radium.
Marie Curie died of radiation-induced leukemia in 1934. By the time Warren met her, “She was very anemic and yellowish looking,” he
recalled.18 “She had some burns on her hands and her skin was very rough.” The memory of her appearance would haunt him during his
Manhattan Project days.

At the Rochester medical school, Sta*ord Warren had pursued several lines of experimentation, including “fever therapy” to treat
gonorrhea. In a 1937 paper, he reported that fever therapy had shown some promise but warned that it should be undertaken only in a
hospital setting and under close medical supervision.19 When the gonorrhea sufferers checked into the hospital for treatment, they were given
lots of water, salt, and a sedative. Then they were taken to a “radiant energy cabinet,” where they were put into restraints and a thermometer
was inserted in their rectums. The subjects were periodically examined by nurses and given additional water and salt when it was needed.
When the sedatives wore off, they were given whiskey.

By increasing the patients’ body heat, the doctors hoped they could kill the infection. But some patients died Drst. Warren reported that a
twenty-two-year-old boxer (“normal except for the presence on the right temple of an unhealed wound produced by a blow received during
a recent boxing match”) was comatose after spending twenty-four hours in the radiant heat closet.20 Twenty-two hours later he died.

When the Army surgeon general learned that Warren was to be in charge of the MED’s health and safety programs, he asked Colonel
Nichols, “Why do you want that clap doctor?” Nichols, unwilling to explain why they wanted a radiologist, responded stiNy that they had
chosen Warren “for good and sufficient reasons.”21

Sta*ord Warren and Hymer Friedell were in charge of all matters relating to health and safety for the Manhattan Project. In Oak Ridge
itself, a town of some 70,000 people that sprang up overnight, that meant overseeing everything from Gy control to toxicology studies.
Warren was particularly dismayed by the diet of the “colored people” who worked in Oak Ridge. Many drank Coca-Cola and ate potato
chips and chocolate bars for breakfast, a menu so intolerable to Warren that he sent some of his men out to lecture on the advantages of
drinking milk. On the subject of their diet, he recalled:

Of course, the colored people wanted chitlins.22 It took us about a month to Dgure out what “chitlins” were. Finally the cafeteria manager ordered a barrel of entrails of
chicken from the Chicago chicken cleaning place. It just stunk like the devil when it was opened; but by this time they had a colored person there, too, to supervise it. This was
just deep-fried. The stench going downwind was fantastic, but they thought it was wonderful. And after that we had peace.

General Groves enforced a policy of strict compartmentalization in order to protect the secrecy of the project: “My rule was simple and not
capable of misinterpretation—each man should know everything he needed to know to do his job and nothing else.23 Adherence to this rule
not only provided an adequate measure of security, but it greatly improved overall efficiency by making our people stick to their knitting.”

But Warren and Friedell were not required to adhere as rigidly to their “knitting” and actually knew more of what was going on than many
senior scientists. Recalled Friedell, “When the general decided that the Army would keep its Dnger on everything, we really didn’t have
operational authority, but we had, if you will, informational authority.24 That is, we found out everything that was going on, and we became
aware of it, and every once in a while he would ask us what was going on.” Groves seemed to have a soft spot for the doctors, Friedell
added. “He thought we had some special secret, the laying on of hands or whatever.”25

But the doctors often fell to squabbling among themselves. Louis Hempelmann didn’t get along with Joseph Hamilton. And Sta*ord
Warren and Hymer Friedell were forced to handle Robert Stone with kid gloves. Aware of Stone’s prickly and stubborn nature, they
attempted to guide his research program by gentle suggestions rather than outright orders. “We wouldn’t go and say, ‘Hey, don’t do work on
these rats—do this.’26 We wouldn’t do it that way. We would really have to go and say, ‘We think there is more need to do this, or our basic
problems are as follows …” ’ Friedell once told a colleague.

Sta*ord Warren and Hymer Friedell traveled freely to the Met Lab, to Berkeley, and to Hanford. But they had to get permission to go to
Los Alamos. “The rest of the places really were at our discretion,” Friedell recalled, “but if you wanted to go to Los Alamos that was not
easily done.”27

In Los Alamos, Sta*ord Warren occasionally stopped in to say hello or drink a cup of co*ee with Oppenheimer. But most of the time he
simply checked in with Oppenheimer’s secretary and then went o* with Louis Hempelmann or James Nolan. Oppenheimer, who could be
as cruel and condescending as General Groves, didn’t share the general’s soft spot for doctors; in fact, he didn’t like having a hospital on the
laboratory grounds and didn’t even like to acknowledge that disease existed. His distrust extended to the most basic medical precautions.
Oppenheimer refused to have his dog vaccinated for rabies, even though it was o'cial policy and all the other dogs had been inoculated.
Recalled Warren: “We didn’t know what to do; so Dnally I made a special trip out there.28 Oppie told Hempelmann he just wouldn’t do it.
He didn’t believe in it. He didn’t want to risk his dog, and it wasn’t necessary. So we decided the best thing to do under the circumstances
was to ignore this one dog. We didn’t want to have Oppie upset by this emotional hassle, since it was only this one dog …”

Sta*ord Warren and Hymer Friedell also went frequently to Rochester, New York, to confer with scientists at a top-secret biomedical
research facility called the “Manhattan Department” or “Manhattan Annex.” Located at the University of Rochester medical school and
formally established in April of 1943 by the Manhattan Project, this laboratory had a large experimental animal colony. Many of the
scientists who worked there were Warren’s former students or colleagues. Scientists at the Manhattan Annex in Rochester focused some of
their Drst experiments on the toxicological e*ects of uranium. This e*ort was no doubt spurred by the vast uranium plants in Oak Ridge that
were about to begin operating. Other radioactive isotopes, including plutonium, were also investigated. Unlike the other sites, the Rochester
facility was not involved in the design or production of the bomb. Its concerns were strictly health-related.
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PLUTONIUM RISING

All the medical doctors knew that plutonium would be extremely hazardous, but it really didn’t pose much of a problem throughout most of
1943 because there was so little of it. In the beginning, most of the cyclotron-produced material was going to Chicago. Los Alamos scientists
were forced to use “stand-in” isotopes, such as uranium, for their chemical studies while they waited for the graphite reactor in Oak Ridge to
come on line.1

Tired of waiting, Oppenheimer 1nally took a trip to Berkeley in the fall of 1943 and demanded that the chemists make him half a
milligram of plutonium on the cyclotron. John Gofman, then a young Berkeley scientist, asked Oppenheimer why he needed it. “You’re
going to have grams of it in a half-year to a year from Oak Ridge,” he argued.2 “Yes, I know,” he quoted Oppenheimer as saying. “But right
now we need half a milligram and there’s only a twentieth of a milligram in existence.”

During September and October of 1943, scientists at Berkeley bombarded a ton of a uranium compound in the cyclotron. When they were
1nished, they had produced about 1.2 milligrams of plutonium—little more than one-tenth of the amount Don Mastick had in his vial a year
later. Remembered Gofman, “After about three weeks of around-the-clock work, we had it down to about a quarter of a teaspoon of liquid.”3
Oppenheimer took one milligram back to Los Alamos and left the Berkeley group with the remaining two-tenths to use in their chemistry
experiments.

At about the same time the Berkeley group was bombarding the uranium compound, Robley Evans published a follow-up study on the
radium dial painters in the September 1943 issue of the Journal of Industrial Hygiene and Toxicology.4 The paper sent a ripple of fear
through the bomb complex. Evans had included in his article a horrifying photograph of a female radium dial painter who had developed a
grapefruit-size tumor in her chin from only 1.5 micrograms and died soon thereafter. He compared the alpha particles emitted by radium to
the “1rst bullet of a repeating gun,” warning that so-called bullets could strike the human body not only through ingestion but also through
inhalation.5

Evans assured his readers that not all radium dial painters were condemned to such a fate. With proper precautions, such as spotlessly
clean rooms and elaborate ventilation systems, radium could be handled safely.6 The Manhattan Project doctors, who had yet to conduct their
1rst animal experiment with plutonium, knew from its chemical makeup that it might pose the same dangers as radium. Like radium,
plutonium was a heavy metal with a long half-life and was expected to deposit in human bone. Most important, it emitted alpha particles—
the same kind of atomic bullets that radium emitted. Once an alpha emitter such as plutonium lodges in human tissue or bone, three or four
cells in the immediate area get an enormous blast of energy for a very long time. Whether an alpha particle produces cancer is a chance
event. It may be the 1rst or the millionth particle that produces the crucial mutation that leads to cancer; or such a mutation may never
occur.

Glenn Seaborg became aware of Robley Evans’s paper soon after it was published. He said it was “quite likely” that Joseph Hamilton
brought it to his attention.7 “I’m pretty sure that even without that article I would have realized the danger of working with alpha particles of
plutonium. I had been working with radioactivity ever since 1934 and wasn’t a neophyte.”

There were probably no more than two milligrams of plutonium in existence by the end of 1943. But Seaborg knew that that situation was
about to change.8 As he looked around the Chicago laboratory, he recognized the grave hazards his discovery would soon pose to workers. “It
was only when the plutonium appeared, and I could see it, or see solutions, you know, where people are stirring the solution and beginning
to work with it, that it shook me like a thunderclap,” Seaborg recalled many years later.9

As 1943 gave way to 1944, a year that would lay the groundwork for the 1nal Allied victories in Europe and in the Paci1c, Glenn Seaborg
wrote a brief note to Robert Stone. “It has occurred to me,” he began in the January 5, 1944, memo:

that the physiological hazards of working with plutonium and its compounds may be very great.10 Due to its alpha radiation and long life it may be that the permanent location
in the body of even very small amounts, say one milligram or less, may be very harmful. The ingestion of such extraordinary small amounts as some few tens of micrograms
might be unpleasant, if it locates itself in a permanent position. In the handling of the relatively large amounts soon to begin here and at Site Y, there are many conceivable
methods by which amounts of this order might be taken in unless the greatest care is exercised. In addition to helping to set up safety measures in handling so as to prevent the
occurrence of such accidents, I would like to suggest that a program to trace the course of plutonium in the body be initiated as soon as possible. In my opinion, such a
program should have the very highest priority.

When Seaborg was asked decades later whether he had meant human experiments, he exclaimed, “Oh, God, no.” The memo, he said,
referred to experiments with animals.11 Seaborg added in a subsequent interview that he knew nothing about the human experiments. “We
were working in a compartmentalized atmosphere.12 We weren’t told anything other than those things that related directly to what we were
doing.”

Robert Stone, by then known by his Manhattan Project moniker of Dr. Rock, responded to Seaborg’s memo a few days later, saying that the
Health Division had been planning to do experiments with plutonium. “The question of tracer studies to find its distribution in the body have
long been planned as part of Dr. Hamilton’s program, although it has never been mentioned in oDcial descriptions of the program.”13
Hamilton, he added, didn’t see any point in doing tracer studies until several milligrams of plutonium could be made available to him.

As Seaborg and Stone were exchanging memos, the 1rst milligram amounts of plutonium were being produced in the X-10 reactor in Oak
Ridge.14 At a high-level meeting in Oak Ridge on January 19, Robert Stone emphasized the “poisonous nature of product.” He noted that one
to two micrograms of radium had proved fatal in the dial painters.15 Fortunately, Stone believed, plutonium was less hazardous by a factor
of 1fty. On the negative side, he pointed out, radium could be measured through the breath or with Geiger counters placed outside the body.
But plutonium, which did not decay to radon or emit gamma rays, would be difficult to detect.

Arthur Compton advised during that same meeting that the project leaders should consider plutonium “potentially extremely poisonous.”
Using Stone’s rough estimate as a guideline, they then established the so-called tolerance dose for plutonium at 1ve micrograms—an amount



Using Stone’s rough estimate as a guideline, they then established the so-called tolerance dose for plutonium at 1ve micrograms—an amount
that was exactly fifty times higher than the tolerance dose for radium established by Robley Evans’s committee three years earlier.16

On February 10 Joseph Hamilton received eleven milligrams of plutonium for animal experiments from the Manhattan Engineer District.17
The allocation, approved by J. Robert Oppenheimer and Arthur Compton, represented a signi1cant portion of the plutonium in existence at
the time and reGected not only the bomb makers’ concern about plutonium’s toxicity but Hamilton’s high ranking within the inner circle.18
He was the first scientist to receive plutonium for studies unrelated to the actual task of constructing the bomb.

Over the next few weeks, Hamilton and his colleagues in Berkeley diluted the plutonium, divided it into batches, and used it in dozens of
animal experiments. The material was injected into the jugular veins, tails, and hind legs of rats. Fine aerosols containing plutonium were
concocted, and the animals were forced to breathe in the deadly mist. The rodents were killed at intervals and their organs analyzed to 1nd
out where the plutonium went. Most of the injected material gravitated to the skeleton. The plutonium from the aerosols settled in the
alveoli, the tiny blood-rich sacs in the lungs, where oxygen and carbon dioxide are exchanged.

The same month Hamilton received his 1rst allocation of plutonium, Hempelmann and several scientists from the Met Lab and Oak Ridge
visited the Luminous Paint Company in Boston.19 Their escort was none other than Robley Evans. Evans had a good hunch why the
Manhattan Project oDcials were there, but the word “plutonium” was never mentioned. “We were always very careful in talking with each
other,” Evans once told an interviewer.20 “We gave the other fellow enough information so that intelligent responses could be given, and that
was it. Really, the less we knew the better.”

Evans no doubt pointed out the Luminous Paint Company’s fastidious housekeeping procedures. The Goors and walls of the plant were
scrubbed regularly; the young women wore kerchiefs and caps to keep their hair from touching the paint; eating and smoking in the work
area was forbidden; and special ventilation hoods were installed above each desk to suck out dust particles and gases.21

Although Evans understood the hazards of radium better than any other scientist in the world, he nevertheless sent a proposal later that
year to Joseph Howland, a young Manhattan Project physician who worked with StaHord Warren and Hymer Friedell in Oak Ridge. Evans
wanted to administer one microgram of radium to “conscientious objectors or other volunteer human subjects” in order to better understand
the eHects of a small dose.22 The amount would be perfectly harmless, he wrote in a letter declassi1ed in 1994, “because we can be
absolutely sure that the subject will excrete more than 90 percent of this material, and will be left with a perfectly harmless amount of
radium in his system.” There is no evidence that the Manhattan Project took Evans up on his oHer. But Evans was an ardent believer in the
poet Alexander Pope’s maxim that the “proper study of mankind is man,” and he would have ample opportunity to gratify his penchant for
human experiments in the postwar years.

The month after Hempelmann and his colleagues returned from Boston, the 1rst whole gram of plutonium, a small ampoule of green-
colored liquid, arrived at Los Alamos from Oak Ridge. Before the vial was shipped, Arthur Compton, General Groves, Colonel Nichols, and a
few others went down to the plant to have a look at it.23 Compton removed the vial from under its ventilation hood and placed it in the
colonel’s hands. Then, wrote Colonel Nichols, Martin Whitaker, one of the project leaders, “hurriedly picked up a stainless steel pan and held
it under my hand, saying, ‘For God’s sake, don’t drop it on the Goor.’ As Groves reached for it [the vial], Whitaker grabbed it and replaced it
safely under the hood.”

Although the other Manhattan Project sites would also be confronted with plutonium contamination, the problem would prove particularly
serious in Los Alamos, which was responsible not only for designing and putting the bomb together but for the 1nal puri1cation and shaping
of plutonium metal. Acutely aware of the tragedy that befell the radium dial painters, Louis Hempelmann and his Los Alamos colleagues did
what they could to prepare for the plutonium. They held lectures and passed out safety pamphlets, instructed employees to don coveralls,
booties, and surgical caps, ordered plate-glass covers for the desks of people working with plutonium, installed swinging doors to eliminate
contamination from “hot” doorknobs, and imported monitoring devices, air dust samplers, and respirators from other sites. Although these
and other safety regulations were put into place, they were hard to enforce—especially among the scientists. Hempelmann said years later
that many of the scientists were “individualists”24 who didn’t like to follow rules. “Unfortunately, the more scholarly and inquisitive the
person, the greater the tendency to ignore the recommended procedures.25 The janitors, I am sure, always did what we told them to do.”

Sometimes the plutonium that spilled onto Goors was so hard to retrieve that maintenance crews simply enameled over the contaminated
area. Some of the material was carried oHsite by employees who were leaving the tech area with “very high counts on their street
clothing.”26 (A “count” reflects the detection of an energy particle or a photon emitted from an unstable radioactive atom.)

Spotty and crude though it was, oiled paper, in the form of swipes, was one of the only ways to detect the presence of plutonium. The
paper was swept over contaminated surfaces and placed under counters for measurements. Similarly, the nostrils of employees were
swabbed twice a day with paper glued around the ends of sticks. The paper was then spread out and placed under detection devices.
Decades later Thomas Shipman, the head of Los Alamos’s health division, could still recall in vivid detail the woman who performed the
nose swipes: “She was well endowed with the more important female sex characteristics and she saw to it that they were properly
exhibited.27 When she would appear in a laboratory and shout out ‘Nose Swipes,’ strong men could be trampled in the rush.”

The counts registered on the paper were sometimes shockingly high: 1,578 in a worker’s nose, 1,000 on a laboratory Goor; 40,000 on a
desk; “in1nite” in some rooms.2829 Evidence of contamination was even found inside workers’ respirators. The readings taken from the nose
weren’t considered significant, Hempelmann said, unless they were more than fifty counts per minute.30

The monitoring, decontamination, and record keeping were not just humanitarian measures implemented to protect the workers.31
Hempelmann and his colleagues also wanted to protect themselves and the Manhattan Project from possible lawsuits. In a seventeen-page
account of the history of the Los Alamos health group from March 1943 to November 1945, Hempelmann observed three times that
inaccurate, incomplete records could entangle the lab in lawsuits. “The lack of records of non-exposure of persons not working with
radiation or radioactive materials means that we do not have important legal evidence in case of future claims against this project,” he
wrote.32

StaHord Warren also worried about lawsuits, as did J. Robert Oppenheimer. The lab director kept a tight rein on information that might
reveal health problems or suggest that Los Alamos was contaminating his beloved desert. After Oppenheimer left Los Alamos, employee J. F.
Mullaney asked Norris Bradbury, Oppenheimer’s successor, for guidance on the handling of health reports. “Mr. Oppenheimer, I believe,
directed that all reports on health problems be separately classi1ed and issued only at his request.33 I do not know the reason for this special
treatment, but I believe it is to give added security protection to safeguard the project against people claiming to have been damaged.”

The Manhattan Project oDcials had reason to worry. The results of Joseph Hamilton’s initial rat studies contained some disconcerting
news. As the medical doctors expected, plutonium, like radium, did lodge in the skeleton. But it was excreted much more slowly, which



news. As the medical doctors expected, plutonium, like radium, did lodge in the skeleton. But it was excreted much more slowly, which
meant that plutonium would stay in the body longer and cause more radiation damage. Hamilton advised in May of 1944 that wounds
contaminated with plutonium be treated like snake bites. “I realize that analogies are frequently dangerous for the purposes of comparison,
but the super1cial similarities of the parenteral introduction of product [a code word for plutonium] into the body to snake bite come to
mind.”34

By the end of August 1944, the month that Don Mastick’s accident occurred, Los Alamos had received 1fty-one grams of plutonium from
the Oak Ridge reactor.35 In metal form, that amount would not have 1lled a spoon, but it had been divided up and used in 2,500 separate
experiments.

Mastick’s accident was the most alarming the medical personnel at Los Alamos had faced, but there had been other terrifying moments.
One of the 1rst occurred on May 26, 1944, when a metallurgist and his technician began trying to reduce a plutonium solution into metal.
The experiment succeeded but the metallurgist was exposed to large amounts of plutonium dust.36 Two other minor accidents occurred the
same month as the Mastick explosion. On the afternoon of August 19, a small amount of plutonium in powder form spilled on the Goor of
Room D-101. An open beaker containing ten milligrams of plutonium cracked the night of August 28 in Room D-117, just two doors down
from Mastick’s laboratory.3738

In a monthly health report for August, Hempelmann noted the rising levels of contamination in D and H buildings. D Building was the
elaborately ventilated plant where Mastick worked.39 It had 1ve miles of piping and a complex ventilation system designed to remove dust
particles from the air. Despite the eHorts to maintain a clean environment, the building grew hopelessly contaminated and had to be torn
down after the war. H building contained other laboratories and oDces. “As has been anticipated the amount of contamination throughout
both of these buildings is much greater now that larger amounts of material are being used,” Hempelmann wrote.40

After Mastick’s accident, Louis Hempelmann had a near mutiny on his hands. In an August 16, 1944, memo, he advised Oppenheimer that
Mastick’s colleagues were deeply alarmed:

A great deal of concern has been expressed during the past two weeks by members of the Chemistry Division about the inability of the Medical Group to detect dangerous
amounts of plutonium in the body.41 This concern was occasioned by the accidental explosion of 10 milligrams of plutonium in Don Mastick’s face with the subsequent
ingestion of an unknown amount of this material. The questions which have been raised by the chemists are: 1) how much plutonium was absorbed by the gastro-intestinal
tract in this case, 2) what fraction of a serious dose does the absorbed plutonium represent and 3) is it safe for Mastick to go back to work in Building D at his old job?

Hempelmann had several discussions with Mastick and other chemists, including Joseph Kennedy and Arthur Wahl. Then he recommended
to Oppenheimer that the biological research program be expanded. The program initially called for more animal experiments and the
development of a chemical method to detect plutonium in urine, stools, and lungs. “It would not seem out of place to raise this question now
as accidents similar to [Mastick’s] are bound to happen again despite the most elaborate precautions.”42

Oppenheimer, who had little use for medical doctors, immediately agreed. He made it clear, though, that he didn’t want the work done at
Los Alamos. “As for the biological sides of the work, which may involve animal or even human experimentation, I feel that it is desirable if
these can in any way be handled elsewhere not to undertake them here,” he wrote Hempelmann.43

Practical considerations, rather than moral or ethical questions, undoubtedly dictated Oppenheimer’s decision. In a telegram written several
months earlier to the Met Lab’s Arthur Compton, Oppenheimer noted that the Los Alamos lab was “not equipped for biological
experiments.” With its clutter of houses, barracks, trailers, and huts, Los Alamos was bursting at the seams.44 In January 1943 the population
was 1,500. By the end of 1944 it had nearly quadrupled to 5,675. (By 1945 it would be 8,200.)45

Louis Hempelmann, StaHord Warren, Joseph Kennedy, and J. Robert Oppenheimer met on August 25, 1944, to further discuss the medical
research program on plutonium. At Warren’s suggestion, Hempelmann summarized the program in an August 29 memo to Oppenheimer.
The project was to have three parts: the development of chemical methods to determine the amount of plutonium in urine, feces, tissues, and
lungs; animal experiments to cross-check the chemical methods; and “tracer experiments on humans to determine the percentage of
plutonium excreted daily.”46 After Los Alamos had developed “satisfactory analytical methods,” Hempelmann added, further metabolic
studies would be turned over to another medical group, presumably the Manhattan Annex at Rochester.

Los Alamos scientists plunged into the project and, by January of 1945, had completed the 1rst step—the development of a chemical
process that could detect one ten-thousandth of a microgram of plutonium in urine and stool samples. The detection method was a long,
tedious process that involved drying the sample and converting it to ash before dissolving it in acid. Although several people were involved
in the eHort, Wright Langham, a young chemist from Oklahoma, received the credit for developing the process. Scientists in Chicago and
Berkeley also developed their own detection methods.

The Los Alamos group could not try out their approach until a contamination-free laboratory was ready in February.47 The test was 1rst
used on Los Alamos employees in March of 1945, and the initial results shocked Hempelmann. “They were just frightfully high. My God, we
were just terri1ed because they suggested—I mean, if they were true—if that much plutonium was being excreted, the workers would have
God knows how much plutonium.…”48

The lab began sending employees home for two days. Then the workers reported back to the hospital, where they showered and washed
their hair, changed into hospital garments, and provided urine specimens for the next twenty-four hours. With those procedures in place, the
plutonium detected in the urine dropped dramatically, suggesting the contamination was coming from the workers’ hands and clothes.

Still, the Langham test was inconclusive. With the process, the Manhattan Project doctors could measure the level of plutonium in urine or
stools. But what fraction of the total body burden did the excreted amount represent? To answer that question, they needed a human being in
whom they could inject a known amount of plutonium and measure the rate at which the material was excreted. If scientists knew the
excretion rate, they would then be able to extrapolate from urine and stool samples how much plutonium remained in the body of a worker
who had suffered an accidental exposure.

The time had come to take the inevitable next step—a step that would cast its shadow over the Manhattan District and its successor
agencies for the next 1ve decades. Only a human experiment would con1rm the usefulness of Langham’s test. “It was not until the 1rst
human tracer experiment had been performed in April 1945 (with the help of the medical section of the Manhattan District) that the above
tests could be evaluated with any degree of certainty,” Hempelmann later wrote.49
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PLANNING THE EXPERIMENT

In late March of 1945, Louis Hempelmann checked out a sedan from the motor pool and drove down to Santa Fe to pick up Hymer Friedell.
The trip down the canyon was harrowing even for those scientists who didn’t have Hempelmann’s delicate constitution: thirty-/ve miles of
dust and curves and one swooping bridge, ten feet wide and two hundred fifty feet long, to cross.

Friedell, clad in a brown Army uniform, had come from Oak Ridge, Tennessee. Warren had come to rely heavily on Friedell: “I used him
for my ‘crying wall,’ you might say,” Warren remembered years later.1 “I tried my ideas out on him and if he thought they were good, /ne; if
he didn’t then I’d look for the problem.”

Hempelmann and Friedell rumbled past the Indians hawking their wares on the Santa Fe Plaza and then headed in a northwesterly
direction back toward Los Alamos. Despite the Corps of Engineers’ e:orts to smooth the road, it was so narrow and bumpy from rainstorms
and heavy tra;c that the sedans often had to be sent to the motor pool for repairs following the punishing trips. The two doctors stopped
once to /x a =at tire somewhere between the bosque, the lush cottonwood forest that outlines the Rio Grande, and the bone-colored cli:s
that mark the last dusty miles into Los Alamos.2 Above them, hawks rode the spring thermals, their eyes probing the powdery red vistas for
prey. The air was dry enough to cause nosebleeds.

As the dark sedan inched up the switchbacks, climbing higher and higher into the sky, now a vast blue, the two doctors may have talked of
the upcoming meeting. Or they may have judged the matter too sensitive and stuck to chitchat about the war. The nation’s attention had been
riveted on Iwo Jima, a small island in the Paci/c, where one of the bloodiest battles of the war was winding down. The Fourth and Fifth
Marine divisions had gone from hole to hole and from cave to cave trying to wrest the small island from the Japanese. They had succeeded,
but at a heavy price: 5,885 Marines had been killed and 17,272 wounded. Using Iwo Jima as a forward air base, Major General Curtis
LeMay’s B-29s began their devastating, nightly /rebomb raids on Tokyo and other major Japanese cities. Although Japan soon realized it
was doomed to be defeated militarily, its troops fought on ferociously, determined to take as many Americans to the grave with them as they
could.

In Europe, the war was drawing to a close. The Allies were massing at the Rhine River, Germany’s traditional western frontier. Staring
defeat in the face, Hitler vowed to continue the war and ordered that anything which might be of use to the enemies of Germany be
destroyed. Fortunately, Albert Speer, his minister of armaments and war, and a handful of Army o;cers were able to convince industrialists
and politicians to ignore Hitler’s scorched-earth instructions.

In Los Alamos, the atomic bomb project was moving forward at a relentless pace. Beginning on February 2, 1945, the /rst kilogram
amounts of plutonium had begun arriving from Hanford.3 The bomb material, which was in the form of a thick, jellylike mixture, was
placed into shielded, wooden boxes and transported by Army ambulances. Ambulances were chosen because they were seen all over the
country and raised no suspicions.4 As an added precaution, the drivers, who did not know what they were transporting, were instructed to
take di:erent routes and avoid stopping at the same places to eat. Occasionally Colonel Franklin Matthias, the military o;cer in charge of
Hanford, would have counterintelligence o;cers tail the ambulances to make sure the drivers weren’t developing habits that might endanger
their precious cargoes. At Fort Douglas, Utah, the ambulance drivers would deposit their boxes with a military o;cer and drive back to
Hanford. Los Alamos drivers then would pick up the boxes and take them on to the lab. There were usually two trips per week.

The deliveries, Hempelmann admitted in a sworn deposition taken in 1979 on behalf of a former worker who was suing the lab, were
about ten times what the laboratory could handle safely. The contamination grew so severe, he added, that “if it had not been that we had to
get the bomb made as soon as possible, all work would have stopped.”5

The plutonium quickly spread beyond the con/nes of the technical area. The wind, always an unpredictable companion in the desert,
undoubtedly picked up a few stray atoms and scattered them beyond the fences. But most of the plutonium that slipped beyond the site
came from the lab’s waste water, which initially was dumped into the streams and canyons that angled down from the mesa. Los Alamos and
Pueblo creeks were crackling with radioactivity.6 It was highest where the water from the contaminated laundry drained into Los Alamos
Creek. Along the laundry ditch, plutonium measured 144,000 disintegrations per minute per liter, about 325 times the allowable amount of
plutonium that can be released into sewers today.7 Hempelmann warned that the contaminated canyons, while not a health hazard,
presented the lab with serious legal problems:

It’s quite possible that future illnesses or diseases contracted by a person who has blundered into a contaminated area may be connected by this person with his contact with
radioactive materials.8 Unless we can state categorically that all contaminated areas have been completely enclosed by child-proof and dog-proof fences, it will be extremely
di;cult to convince a jury that the project was not at fault. The cost of good fencing, although considerable, would undoubtedly be less than that of one or two successful
lawsuits against the project. In addition to the monetary aspects of such court proceedings, the bad public relations which would result would cause the project inestimable
harm.

At a laboratory meeting more than two decades later, Thomas Ship-man said, “Everybody had his own contaminated dump.9 Today we
think we know where all of these were, but I wouldn’t want to guarantee it.” The contamination drifted down the canyons, swept along in
the raging waters that materialized suddenly when storms lashed the mesa. Scientists detected plutonium in the Rio Grande, one of the great
rivers of the West, only four years after the material had been discovered by Glenn Seaborg and his colleagues in Berkeley.10

Friedell had made the long, arduous trip to Los Alamos to discuss the human plutonium experiment the laboratory had been moving
toward even before the vial had exploded in Don Mastick’s face. Friedell, like the Los Alamos scientists, knew that human guinea pigs would
be needed to learn more about how plutonium was metabolized and excreted in the body. In a memorandum written two months before the
meeting, which was not declassi/ed until 1994, Friedell stated: “In conjunction with the experiments conducted on animals, it is expected
that on selected human subjects tracer studies with product [plutonium] would be made.”11

On Friday, March 23, 1945, Friedell sat down with Louis Hempelmann and other Los Alamos doctors and scientists to hash out details of the



On Friday, March 23, 1945, Friedell sat down with Louis Hempelmann and other Los Alamos doctors and scientists to hash out details of the
proposed experiment.12 Oppenheimer, who had grown so anxious over the bomb project that he sometimes was forced to take sleeping
pills, “occasionally” dropped in, recalled Friedell, who was one of the only people still alive in the 1990s who attended the meeting and had
/rsthand knowledge of the experiment.13 The animosity between Los Alamos and Manhattan Project headquarters in Oak Ridge had been
increasing steadily, and the meeting undoubtedly was tense. Both Hempelmann and Oppenheimer felt the Manhattan Project had not come
through with the help they had been promised. Originally Los Alamos had planned to leave the biological studies to other sites, but the lab
was not getting the answers it needed quickly enough and had begun its own research program.14

Friedell told DOE interviewers in 1995 that he wasn’t “terribly enthusiastic” about the experiment but felt it needed to be done.15 “Now
my own recollection is that Dr. Hempelmann was in favor of the program, but he wasn’t wildly enthusiastic.16 I would say that the one that
was more enthusiastic, was pushing this more, was Wright Langham.”

Until the war intervened, Langham’s future had looked like an unbroken stream of quiet days on the plains, studying the swirling patterns
of sun-parched soil and conferring with ranchers on improving the yield of their cattle herds. Born in Winsburro, Texas, in 1911, Langham
graduated in 1934 from Oklahoma Panhandle A&M College in Goodwell and received a master’s in chemistry from Oklahoma A&M College
in Still-water a year later.17 His “ingenious studies of patterns of soil drifting in the dust bowl,” wrote Louis Hempelmann, so impressed the
head of the University of Colorado’s biochemistry department that Langham was invited to enroll as a Ph.D. candidate.18 After obtaining his
doctoral degree in organic chemistry, Langham worked for a year as a research chemist at the Met Lab in Chicago and then transferred to Los
Alamos in March of 1944 where he helped to develop the detection technique for plutonium. Over the next decades, he became one of the
world’s leading experts in the toxicology of plutonium, earning him the nickname Mr. Plutonium from his colleagues.

Langham was extremely bright but unsuited for the delicate tasks of the laboratory. His hands trembled so much that once he accidentally
pricked himself with a needle /lled with plutonium while trying to inject a rat, Louis Hempelmann recalled. “He came over to see me, and
he was the most embarrassed person I think I have seen in my life.”19 Langham was hard driving, immensely ambitious, and often impatient.
But beneath the exterior, Hempelmann observed, was an “underlying gentleness and good will.”20 By the time Langham reached Los Alamos,
the Oklahoma Panhandle, with its stench of feed lots and sound of bawling cattle, was a distant memory. Langham was a pipe-smoking
scientist, all tweeds and bowties, with a thin mustache stenciled across his upper lip.

Now here he was taking part in a discussion about a human experiment. In the preceding months, at laboratories in Rochester, Chicago,
Berkeley, and Los Alamos, dogs, rats, mice, and even rabbits had been injected with plutonium or forced to breathe in large amounts of
plutonium-contaminated air. Then their bodies or organs were reduced to ashes in ovens and dissolved in acid, and the plutonium was
extracted and measured. As expected, the animals who received the largest amounts su:ered severe damage and death. Hemorrhages
appeared on internal organs. Spleens, thymus glands, and adrenals shrunk dramatically. Livers turned yellow and necrotic. Lymphomas and
bone sarcomas were induced. Precancerous conditions appeared at injection sites, and rats that breathed in the vapors developed acute
pneumonia.

Although the scientists initially believed that plutonium was /fty times less hazardous than radium, by the spring of 1945 they had begun
to realize that plutonium in larger amounts could actually be thirty times more hazardous than radium.21 From their animal studies, they had
discovered that plutonium gravitated to more vulnerable parts of the body than radium. Radium deposited itself in mineralized bone, which
is generally considered resistant to radiation. But plutonium in a soluble chemical form settled in the liver and the parts of bone associated
with the production of blood cells. That phenomenon was particularly serious, Joseph Hamilton later wrote, because it meant that the alpha
particles would be bombarding the “radio-sensitive bone marrow.”

The Los Alamos scientists asked Friedell to take back a request to Manhattan Project headquarters.22 They wanted help in arranging an
experiment: “It is suggested that a hospital patient at either Rochester or Chicago be chosen for injection of from one to ten micrograms of
material and that the excreta be sent to this laboratory for analysis.”23 Oppenheimer gave his approval to the human experiment in a memo
forwarded to Stafford Warren:

I should like to add my personal indorsement [sic] to the requests outlined in the accompanying memorandum.24 We all have the feeling that at the present time the hazards of
workers at Site Y [the code name for Los Alamos] are probably very much more serious than those at any other branch of the Project, and that it would be appropriate that the
medical program of the Manhattan District consider some of our problems rather more intensively than they have in the past. I think that you yourself know the reason for
some of these hazards, and we tried to give Colonel Friedell [sic] a picture of them.… Although we would have some ideas of how to pursue all of the topics mentioned, we
have, as you know, neither the personnel nor the facilities which would be involved in this. It was our impression that if other workers on the medical program were better
informed about what was important from our point of view they would probably be glad to help us out. Certainly we will appreciate any help that you can give us.

Usually Sta:ord Warren was the medical o;cer who made the jarring trip up the canyon to Los Alamos. But according to Hymer Friedell,
Warren was having prostate surgery on the day the scientists decided to go ahead with the plutonium injection experiment.25 His role in the
decision is hard to pin down. In a 1950 Los Alamos report, Warren is credited as the o;cial who was “primarily responsible” for the
initiation of the program.26 Yet few records have surfaced that were written by Warren, or to him, about the experiment. One document that
has been found is a December 2, 1944, memo to his /les entitled “Medical Experimental Program on Radium and Product.” Writing about
/ve months after the Mastick accident, Warren summarized e:orts by scientists in Rochester, Chicago, Los Alamos, and Berkeley to obtain
data that would clarify the relative toxicity of radium and plutonium and help establish “tolerance” standards for workers. Task “a” involved
using intravenous injections to determine the lethal dose for radium and “product” in rats. Task “b” was to establish the ratios of blood level
to urine and fecal excretion following injections of radium and “product” into rats. And the /nal task was “Tracer experiments on humans
like b. above so that the comparison (factor) can be made between the rat data and human data.”27

The role of Warren’s boss, General Leslie Groves, is even more obscure. Groves kept tabs on all aspects of the atomic bomb project and
probably knew about the experiment being planned. But so far his name has not surfaced on any documents related to the injections. John
Lans-dale, a lawyer who had been in charge of Groves’s intelligence operations and once interrogated Oppenheimer about his Communist
connections, said in 1995 that the experiment was “not the kind of thing that should have been initiated without the approval of Gen.
Groves, yet I find it hard to believe he did—moreover it is the kind of thing he would have discussed with me but I knew nothing of it.”28

Hymer Friedell told DOE interviewers that he believed Groves was aware of the plan. “I think he was. I think he would be.29 But I don’t
know [it] from the record. If I recall correctly, I never communicated with him. But Stafford Warren almost certainly did.”
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EBB CADE

In Oak Ridge, Tennessee, the day after the Los Alamos meeting, Ebb Cade and his two brothers got ready for work. It was a Saturday and
they were tired and sti# from a long week of hard labor. But soon the three men slipped out of the house and piled into a car driven by
Jesse Smith, a friend who lived and worked with the Cade brothers.

Ebb was a soft-spoken man with powerful shoulders and callused hands who worked as a cement mixer for the J. A. Jones Construction
Co., a contractor based in Charlotte, North Carolina, which had built the Oak Ridge Gaseous Di#usion Plant, a gigantic U-shape building
where uranium was enriched.1 Ebb was only /fty-/ve, but his left eye was completely blind, a daub of cloudy blue.2 A cataract was starting
to creep over the right eye too.

On the way to the job site, they picked up another man and woman. About 6:30 A.M. they pulled up to the guard shack leading to the
classi/ed project.3 The occupants showed their badges to the guard and were waved on through. At 6:40 A.M., one to two miles from the
plant, Smith spotted a stalled government truck blocking his lane. One of its rear wheels was jacked up, and Smith started to edge around the
vehicle. That’s when he saw the dump truck barreling straight toward him. It was too late to turn, too late to brake.

Ebb may have been napping in the backseat, squeezed between the warm bodies of his two brothers, dreaming of Sunday, when the head-
on accident occurred. The injuries suggested it was a violent collision, full of the shriek of brakes and squealing metal. Then a shuddering
stillness filled the blue Tennessee dawn.

Everyone in Ebb Cade’s vehicle was taken to the Oak Ridge Army Hospital, a bustling facility built two years earlier and sta#ed with 20
civilian dentists, 141 nurses, 54 nurses’ attendants, 8 dietitians, and 41 medical o=cers.4 Ebb’s nose and lip were cut.5 His right kneecap,
forearm, and his left femur, the long, heavy bone that extends from the hip to knee, were fractured. The injuries su#ered by the other
occupants are unknown. But one record indicates the driver, Jesse Smith, was hospitalized for nine months.6

Ebb was coherent enough to give the doctors some of his family history. He told them he had always been in good health except for a
chronic urethral discharge. Upon examination, physicians noted that the lens of his left eye had been “completely obliterated” by a cataract.7
He had marked tooth decay, gum disease, and a touch of arthritis in his left knee. Ebb said he didn’t have any problems with his kidneys or
liver, but a urine test indicated that he had a “somewhat diminished” kidney function. A doctor wrote: “He was a well developed, well
nourished colored male.”8

A couple of days after the accident, Los Alamos chemist Wright Langham sent Hymer Friedell a detailed set of instructions on the “49”
[plutonium] experiment. On April 6, twelve days after the sit-down meeting in Los Alamos, he sent a second set of instructions, according to
a memo declassi/ed in 1994. Langham was particularly concerned that the plutonium injected into the human subject be accurately
measured.9 The syringe containing the plutonium, he advised Hymer Friedell, should be allowed to sit for /ve to ten minutes so that the
plutonium would saturate its inner walls. “My experience has been that a syringe always delivers 5–10% less than indicated by the
graduations,” he wrote.10 “There is also the problem of 49 [plutonium] absorption by ground glass surfaces.”

The subject’s urine and stool samples should be bottled separately for the /rst thirty-six hours after injection. Mason fruit jars would make
good containers, but “you may have a better idea on this,” Langham wrote.11 “The samples should be packed about twice as securely as
normally necessary because the packages coming into this place are hardly recognizable after the truckers get through with them.”

Four days later, on April 10, a small amount of plutonium was removed from an ampoule that Langham had sent to Oak Ridge and mixed
into a solution containing distilled water. Approximately 0.25 cc of the plutonium mixture was drawn up into a syringe, then the solution
was injected into Ebb’s left arm. During the injection, a document later noted, “care was taken to avoid leakage.”

Denser than lead and with a 24,000-year half-life, the plutonium immediately began circulating through Ebb’s bloodstream.12 Eventually
the radioactive molecules would settle in his liver and bones. Ebb Cade, later assigned the code name HP-12, had been injected with 4.7
micro-grams of plutonium—nearly /ve times the amount scientists at the time felt could be retained without harm in the human body and a
dose equal to eighty times what the average person receives in a year from natural and man-made radiation sources.1314

The day after Ebb’s injection, Hymer Friedell sent Louis Hempelmann a copy of the protocol and a brief note: “Everything went smoothly,
and I think that we will have some very valuable information for you,” he wrote.15 “I think that we will have access to considerable clinical
material here, and we hope to do a number of subjects.”

No one is sure now who actually administered the injection. Joseph Howland, the young doctor who was in charge of the Manhattan
Project’s “special problems,” told AEC o=cials many years later that he did it under protest, and only after he received written orders from
Hymer Friedell.16 No consent was obtained from Cade, Howland said.

Friedell has denied Howland’s allegation for more than two decades. He contends a physician named Dwight Clark from the University of
Chicago performed the injection. In August of 1994 Friedell was asked again about the injection by sta#ers from President Clinton’s Advisory
Committee on Human Radiation Experiments:

Interviewer: Were you there at Oak Ridge at the time of that injection?
Dr. Friedell: I was there.17

Interviewer: Did you actually witness it?
Dr. Friedell: No, no. For some reason I didn’t know about it until afterwards.
Interviewer: One of the other stories was that you actually were the one to give that [plutonium injection].
Dr. Friedell: Never did.
Interviewer: Okay.



Dr. Friedell: The one who actually gave it was Dwight Clark.
Interviewer: Dwight Clark gave an injection under …?
Dr. Friedell: He gave the injection simply under the … on the direction of [Stafford] Warren.
After the war, Howland returned to the University of Rochester where he had worked before and took over the medical division of

Rochester’s Atomic Energy Project. Some years later he su#ered a nervous breakdown. He eventually returned to the laboratory, but on the
advice of his physician did not resume his practice.18

In an undated autobiographical sketch, Howland described the injection of Ebb Cade as “a command performance”: “I injected a /ve-
microcurie dose of plutonium into a human and studied his clinical experience.19 (I objected, but in the Army, an order is an order.)”

Howland also stated that Dwight Clark carried out parallel experiments on animals at the University of Chicago. Both Howland and Clark
are dead now, but a declassified transcript of a telephone conversation appears to support Howland’s version of the injection.

Three years after Ebb Cade’s injection, Albert Holland, a medical doctor in Oak Ridge, contacted Joseph Howland at the University of
Rochester and asked him about the case.20 Although the conversation appears casual, the telephone call was transcribed and may have been
part of a surreptitious investigation into the experiment by Shields Warren, the Harvard pathologist who assumed control of the Atomic
Energy Commission’s biological and medical programs after the war. (Shields Warren was not related to Sta#ord Warren.) The following is
an excerpt of the January 9, 1948, telephone call:
Holland: One other thing which comes up. What do you know about this Cabe [sic] case? Wasn’t that one of the cases that …
Howland: That was one of the cases that Friedell had me put “49” [plutonium] in. What are they doing about it?
Holland: Nothing. I think it is about time we dig it up. I was talking with Dwight Clark when I was up in Chicago and he said the last he

heard this boy [Ebb Cade] was practically completely blind.
Howland: I hadn’t heard anything. The last I saw Dwight was when we were discharged from the Army and he hadn’t heard anything from

Cabe.
Holland: I saw Dwight on Dec. 22 when I was up in Chicago; and we were just casually chatting and he wanted to know what was new on

him. I thought when I heard that of course that it was something I would look up.
Howland: I think the fellow had senile cataract in both eyes, as I remember.
Holland: I don’t know; we are in the process of getting the /le out now and I just wondered if you had any additional background

information.
Howland: All I know is how much he got.
Holland: What was that—90?
Howland: He got 4.7 [micrograms] once a day, which was 49 [plutonium]…
Holland: Well, we will get it out and find out where he is and what he is doing and I’ll let you know.
Howland: Louie Hempelmann … has medical results on him. They’ve got the most complete work-up results, because they did all the

chemical analysis out there.… Dwight should have the rest of the information.
Holland: The fellow’s name was what?
Howland: Eb [sic] Cade.

A month after Cade’s injection, Langham gave a classi/ed talk in Chicago to other Manhattan Project doctors about the experiment: “The
subject was an elderly male whose age and general health was such that there is little or no possibility that the injection can have any e#ect
on the normal course of his life,” he began.21 Langham said the plutonium solution that he prepared was designed to produce the
“maximum deposition” in human bone. “This presumably would produce an excretion rate comparable to that of a worker having absorbed
the material at a slow rate thereby depositing a maximum amount in the bone where it is probably the most damaging.”22 In charts
accompanying the talk, Langham noted that 332 counts per minute were detected in Ebb’s urine in the /rst twenty-four-hour period after
injection, declining to 119 counts three months later.23 By contrast, exposed laboratory workers—individuals with nose counts in excess of 50
counts per minute—showed only an average of 2.2 counts per minute in their urine samples.24 The excretion rate of human beings was
surprisingly low, Langham said, and the leveling off was much slower “than with rats.”

Despite the elaborate planning, the experiment was Nawed.26 Samples of Ebb’s urine from before and after the injection were accidentally
pooled together, providing no control sample.25 Scientists also worried that Ebb’s kidney damage could have affected the excretion rate.

Five days after the injection—and nearly three weeks after the accident —Ebb’s bones were set. The timing of the surgery enabled the
scientists to complete one critical component of the experiment: obtain bone samples from Ebb after the plutonium had circulated in his
body. The samples showed the plutonium had indeed gone to the bone. In one fragment, scientists detected 82 counts per minute. Fifteen of
Ebb’s teeth also were pulled, purportedly because Ebb was su#ering from gum inNammation and tooth decay.27 The teeth, as well as
portions of his gum tissue and jawbone, were analyzed for plutonium content. Plutonium also goes to the jawbone where the teeth are
embedded.

Lawrence Suchow, a young enlisted man, spent about a week in June emptying Ebb’s bedpan. He had been cautioned to be very careful
taking the urine away and never saw any family members or doctors stopping in to see Ebb. Two months or so had elapsed since the
accident and Ebb still appeared to be in great pain. “He was just moaning,” Suchow remembered.28 “He seemed in terrible shape. He looked
to me like he was not going to make it for a few days.”

One of the still-unexplained aspects of the case is what happened to Jesse Smith, the driver. He was hospitalized for approximately nine
months with a fractured hip. In a letter written two years after the accident, a Major William Clarkson in Oak Ridge asked Hymer Friedell
about Smith’s case. X rays taken in January 1946 and March 1947 showed that Smith’s bones still had failed to heal. And a colleague, he
added, “is at a loss to explain the failure of the bone to unite and because of the large amount of laboratory work done while he was
hospitalized, was wondering if, perhaps he had received ‘some stu#’ given by a member of this o=ce.”29 In a response to Clarkson written



hospitalized, was wondering if, perhaps he had received ‘some stu#’ given by a member of this o=ce.”  In a response to Clarkson written
three days later, Friedell said he couldn’t remember the man’s name who had received the material and suggested that Clarkson contact Joe
Howland or Wright Langham. “Joe Howland actually gave the material and he might remember the man’s name,” Friedell added.30 “As I
remember it, the individual who received the material was an older Negro and had multiple fractures.”

Although Clarkson had asked for information on Jesse Smith, the driver, Friedell’s response seems to refer to Ebb Cade. Friedell does not
mention the patient’s name or the word “plutonium,” so it is not absolutely certain to which of the men he was referring. No written
evidence whatsoever has been found suggesting that Smith received plutonium. And if Friedell was referring to Cade, it would be further
confirmation of Howland’s version of the story.
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NEXT IN LINE: ARTHUR AND ALBERT

It’s not clear why the Manhattan Project doctors abandoned their plan to use a hospital patient in Rochester or Chicago and chose Ebb Cade
instead. But sixteen days after Cade was injected, Arthur Hubbard, a bespectacled and distinguished-looking white businessman from Austin,
Texas, was injected with plutonium in Chicago by Robert Stone’s group.

As a young man, Arthur had been recruited to play baseball for St. Edward’s University, a small college in Austin.1 During one game, he
glanced up and saw a determined-looking girl named Selma watching him from the stands. The couple fell in love and got married.
Eventually they had seven children, one of whom died as a toddler after eating mistletoe at Christmas.

When Arthur’s baseball days were over, he purchased land in the hill country outside Austin where he cut down cedar trees, split them into
posts, and sold them for fences and 2rewood. When gas heaters replaced woodstoves, he moved to town and opened Hubbard’s Baseball Inn,
which sold beer and barbecue sandwiches and became a watering hole for the police chief and the county commissioners.

Arthur had enjoyed excellent health until the latter part of June 1944, when he noticed a swelling under the front part of his chin. The
swelling increased to the size of a “hen’s egg” and was excised four months later.2 Doctors diagnosed Arthur with squamous cell carcinoma
and subsequently exposed the a:ected area to two thousand roentgens of localized radiation. Within two weeks the cancer was back, and
Arthur underwent another surgical procedure and another round of radiation.

A friend who was a surgeon urged Arthur to get treatment at University of Chicago’s Billings Hospital. The hospital was just a few minutes’
walk from the Met Lab, and many of the doctors who worked at the lab also had privileges at the hospital. “We knew they were
experimenting with some new treatment,” Arthur’s daughter, Ripple Guess, said.3 But neither Ripple nor any of Arthur’s other children
suspected the so-called treatment consisted of an injection of top-secret material that would be used in a weapon soon to be dropped on
Japan.

In his late sixties when he contracted cancer, Arthur underwent “seven di:erent plastic operative procedures,” including the removal of his
lower jaw.4 Eventually he was fed by tube because his throat and mouth had become so painful that he could no longer swallow. At 9:17 A.M.
on April 26, 1945, several weeks after he entered the hospital, he was injected with 6.5 micrograms of plutonium in a citrate solution, a dose
equal to 120 times the radiation an average person receives in a year. Afterward, his urine was collected in gallon bottles 2lled with
hydrochloric acid and samples of his stool were placed in “seal-fast” cardboard containers.5 He was assigned the code name CHI-1, a number
that signi2ed that he was the 2rst Chicago patient injected with plutonium. A year later Met Lab scientists explained the logic behind the
injection in a secret report:

Since people were of necessity exposed to some degree to plutonium and since plutonium is known to be very radiotoxic it was obviously desirable to have some method of
determining whether or not a given person had any plutonium in him.6 It was equally desirable to be able to estimate as accurately as possible how much was deposited in any
person. Animal experiments were used to procure as much data as possible. Some human studies were needed to see how to apply the animal data to the human problems.

Soon after Arthur Hubbard was injected, Joseph Hamilton and his colleagues in Berkeley began scouting the corridors of the University of
California Hospital in San Francisco for a suitable human candidate for their own plutonium experiment. For more than a year, Hamilton
and his associates had been injecting plutonium into rats. Now Hamilton, a compulsive and impatient experimenter, was eager to ratchet the
studies up to the next level. In January of 1945, the very month that Los Alamos’s Wright Langham perfected the chemical technique for
detecting plutonium in human urine and feces, Hamilton noti2ed the Met Lab’s Arthur Compton that he was ready “to undertake, on a
limited scale, a series of metabolic studies with product [plutonium] using human subjects.”7 Although Compton was a religious man, his
moral scruples apparently were overridden by his fear of plutonium and his conviction that the human experiments were necessary.

Joseph Hamilton held dual academic appointments: He was a professor of medical physics at UC-Berkeley and a professor of experimental
medicine and radiology at UCSF. This arrangement, he said, allowed him access to “clinical material.” The “clinical material” that caught his
eye in May of 1945 was house painter Albert Stevens, a shrunken, pale man on Ward B of the University of California Hospital in San
Francisco.8

Albert had long been a familiar 2gure in the small town of Healdsburg, California, his bladelike body rattling up and down ladders with
cans of paint or slouching in a block of shade with an un2ltered cigarette between his 2ngers. In the 1920s Albert had set o: for California in
a skinny-wheeled Model T with a bird’s nest of furniture piled on top after a doctor told him his asthmatic wife would not survive another
year in Ohio. The West was still an uncharted wilderness then, and the rutted roads often bloomed into lakes or vanished in the prairie
grasses. The journey took a year and it was one of the happiest times of his life. In the old photographs, he is tall and slim and always
grinning.

The years had taken their toll on Albert, and by the spring of 1945 he bore little resemblance to the smiling young man in the
photographs. For several months he had been experiencing extremely sharp pains in his stomach.9 The pain was so 2erce, so consuming, it
was as if the 2nches and canaries he kept were free and he, Albert Stevens, were in the cage. He talked to the birds often, coaxing them to
sing for his young grandson. Now the musical notes spilled over his shoulders, sweet and clear. But Albert was listening to the drab
complaint within him. The pain weakened him, draining the color from his face and hair, until finally he was a prematurely old man.

One doctor said he had lost fifteen pounds; another put it at forty. A local physician suspected Albert had a malignant ulcer that had spread
to the liver and advised him to consult specialists at the University of California Hospital.1011 Albert reluctantly agreed. It meant he would
miss part of the spring. In his backyard, lumps of hard fruit hung from the orange tree and in the tangled blackberry bushes along the wall.
The seventy-2ve-mile trip south to San Francisco was beautiful. The hills were still a vivid green, and splotches of yellow mustard spilled
across the slopes.

Albert arrived at the hospital in San Francisco the 2rst week of May 1945, the week Germany announced its surrender. Just three weeks
earlier, President Franklin D. Roosevelt, who had guided the nation during the war and had approved the atomic bomb project, died.



earlier, President Franklin D. Roosevelt, who had guided the nation during the war and had approved the atomic bomb project, died.
President Harry Truman was briefed on the new weapon on April 25 by Secretary of War Henry Stimson and Army General Leslie Groves.

Albert was slated to undergo a battery of tests in the hospital. The cost was $5.25 a day plus a $30 deposit.12 The medical expenses were
reasonable, but Albert was unemployed and it was a lot of money to scrape together. The hospital also insisted that Albert’s family replace
any blood used for transfusions, so his son and daughter-in-law Hew down from Michigan to donate. Afterward they paced the corridors and
waited for the results of the diagnostic tests.

In the 2rst few days of his hospital stay, Albert underwent a routine workup. A urinalysis and chest X ray were normal. His abdomen was
concave and tender to the touch. Small curds of milk and co:ee grounds were found in his stomach. He was placed on a standard hospital
diet and after a few days felt “substantially improved.” An upper gastrointestinal series was conducted. Both a radiologist and a surgical
consultant concluded that Albert probably had cancer but suggested a gastroscopy be done to con2rm the diagnosis.13 For some reason,
however, the procedure, which involves inserting a scope through the mouth to visually inspect the stomach, was not done. When the other
diagnostic tests were completed, the doctors relayed the bad news to the family: Albert had stomach cancer and would probably not live
more than another six months. He was fifty-eight years old.

Through some invisible network, perhaps nothing more than a hallway conversation, scientists working on top-secret research for the
Manhattan Project learned of Albert. While doctors in San Francisco were doing their diagnostic tests, Joseph Hamilton’s group in Berkeley
began preparations for their 2rst human plutonium experiment. Hamilton’s team prepared a solution that consisted of mostly plutonium-238
and a small amount of plutonium-239. Plutonium-238 is 276 times more radioactive than plutonium-239 and therefore has the potential to
cause much more biological damage. Plutonium-238 probably was used because it was easier to measure with the crude instruments of the
time.

Kenneth Scott, the chubby scientist who had been working at the Rad Lab since John Lawrence had injected his 2rst human patient with
radiophosphorous, transported the plutonium from Berkeley to the hospital.14 The son of an aspiring beautician and a locomotive engineer,
Scott had worked his way through high school and the University of California at Berkeley and later claimed to have successfully cured
animal tumors with LSD15. Like Hamilton, Scott’s interest in radioisotopes was accidental, having begun after he went to a “beer party with a
bunch of physicists.”16

On May 14 the mixture that Scott had brought to the hospital was injected into one of Albert’s veins. Patricia Durbin, the scientist who as
an undergraduate worked in Hamilton’s lab, said years later the injection was the equivalent of a “carcinogenic dose.” Albert was designated
CAL-1, the first California patient injected with plutonium.17

On the day Albert was injected, 2ve rats were injected with the same solution.18 Two of the rats were killed a day later and the plutonium
in their lungs, liver, kidney, and skeleton was measured. The other three rats were allowed to live for the remainder of the experiment.

In an interview several decades later, Kenneth Scott said that UCSF radiologist Earl Miller injected the plutonium into Albert’s body.19
Miller had been hired at the University of California at San Francisco in 1940 by Robert Stone and was acting chief of the radiology
department while Stone was at the Met Lab.20 For decades Miller denied that he had any involvement in the experiment. “I never, never,
never injected any radioactive material into anybody,” he said in May 1995, about two months before his death.21 “These people,” Miller
told other interviewers, “the people that were chosen usually in these studies, they were doomed.22 They were ready to die.”

Four days after the injection, with the plutonium coursing through his bloodstream and already settling in his bones, Albert was wheeled
into surgery. He was lain on his right side and a pillow placed under his chest. Then a long incision paralleling the ninth rib was made.
Surgeons found a “huge, ulcerating, carcinomatous mass” that had grown into his spleen and liver.23

Initially the doctors were planning to remove his entire stomach, but halfway through the operation, they decided against it. Half of the left
lobe of the liver, the entire spleen, most of the ninth rib, lymph nodes, part of the pancreas, and a portion of the omentum—an apron of fat
covering the internal organs—were taken out.

According to a note written by the surgeon, the specimens were handed to Earl Miller as they were removed from Albert’s unconscious
body.24 Miller was to take a portion of each specimen and then send the remainder to the hospital pathology department, where the cancer
diagnosis was to be con2rmed. The surgeon apparently agreed to the division because he erroneously thought that Albert had been given
radioactive phosphorous by the X-ray department for “special studies.”

The operation was expertly done.25 The incision along the ninth rib was sutured with 2ne cotton thread and a small catheter was inserted
in an opening so that penicillin could be administered for the next forty-eight hours. “The patient withstood the procedure exceedingly
well.26 He was returned to the ward in good condition,” the surgeon wrote.

On May 19, the day after the operation, there is a verbal order from Miller in Albert’s medical records instructing that urine and stool
samples are to be “saved for Mr. Scott who will collect them each day.”27 On May 21 there is another notation in Albert’s medical records
that states: “All specimens going to Dr. Miller.”28

The hospital pathologist, James F. Rinehart, found evidence of a huge, cheeselike ulcer in Albert’s stomach. But after carefully examining
the specimens under a microscope, he came to a startling conclusion: Albert didn’t have cancer. He had a “benign gastric ulcer with chronic
inflammation.”29 The mass removed by surgeons was apparently part of the ulcer.

Disbelief rippled through the medical sta:. The surgeon noted that the operation was a “radical procedure to do for a benign process.”30
Earl Miller became extremely upset by the 2ndings and spent days looking at Albert’s slides, thinking there was a mistake. But “he just didn’t
have it,” Scott recalled of the cancer diagnosis.31

Scott, too, seems to have been troubled by what happened to Albert Stevens. After he retired, he was interviewed for an oral history by
Berkeley medical historian Sally Hughes. The interview was conducted in December 1979 at Scott’s bedside in Novato, California. Scott, who
was then about seventy years old, was diabetic, disabled by a stroke, embittered—and drunk. Lying in a hospital bed with his wife hovering
nearby, Scott told Hughes that he left the Crocker lab in part because Hamilton wanted to do some “incautious experiments”:
Scott: I thought they were morally wrong.32

Hughes: Are you talking now about the human experiments?
Scott: Yes.
Hughes: And he went ahead and did those?



Scott: Yes, he did, and he did the first one with my help.
Hughes: That was the plutonium?
Scott: Plutonium-248 [sic], which we gave to this nice man who was scheduled for stomach surgery. They were sure—Earl Miller, for

example, was sure—that he had cancer of the stomach and his probable survival wasn’t very great. He was 2fty-2ve, maybe, when I 2rst
found him. We injected him with plutonium-238, and the story of it is that he didn’t have a cancer that anyone could demonstrate. Earl
Miller got very upset with that and looked for days at slides of this man’s post-op remains, and he just didn’t have it. I got very interested
in him as a person, and I contracted through the laboratory to buy all of his urine and feces, for which he would get a monthly check. We
would go up once a week and pick it up in acid carbolase in various bottles we left up there with him.

Hughes: Did he know what was going on?
Scott: Never told him.
Hughes: What was the outcome?
Scott: Finally the laboratory wouldn’t pay for his feces any more. He was in excellent health. His sister was a nurse and she was very

suspicious of me. But to my knowledge he never found out, and he slipped through our 2ngers at the age of eighty-eight. He died of
something.

Hughes: Nothing to do with the plutonium?
Scott: He got many times the so-called lethal textbook dose of plutonium. Patricia Durbin knows more about that. She’s kept up with his

data.
Hughes: In those days it was possible to do experiments on human beings with such ease?
Scott: Yes, yes.
Hughes: What did it involve?
Scott: It involved getting a needy patient who had a known disease, or thought it was known. He came out of the clinic for us at UC. I took

the plutonium over there and gave it to Earl Miller, who injected it into this guy.
Albert’s medical records show that he signed consent forms for both the anesthesia and surgery. But there is no mention of informed

consent for any injection of radioactive material. A document declassi2ed in 1994 also strongly suggests that neither Albert nor the second
California patient injected with plutonium were told of the injections.33

Albert was discharged from the hospital a month after his admittance. Hamilton soon grew worried that he might leave the Bay area, and
on July 7, 1945, wrote a letter to Robert Stone asking whether it would be possible to pay him 2fty dollars a month to make sure he stayed
in the Berkeley area:

Kenneth [Scott] and I are very much afraid that the man may sell his house and go to live at some distant point which would, of course, put an end to our most interesting
series of experiments.34 This proposal may be totally irregular and out of keeping with Army policy, but since we have, to date, maintained daily collections of all excretions, it
would seem most unfortunate not to have the assurance of his continued presence within a reasonable distance from Berkeley.

A couple of days later, Hamilton also wrote to Joseph Howland at Oak Ridge about the problem. Howland responded with a memo
suggesting some possible ways to solve Albert’s “financial embarrassment”:

3a. Pay for his care in a hospital or nursing home as a service.35

b. Place this individual on Dr. Hamilton’s payroll in some minor capacity without release of any classified information.
4. It is not recommended that he be paid as an experimental subject only.

If Scott’s memory is accurate, the solution they apparently arrived at was to pay Albert for his urine and stool samples. Albert’s son,
Thomas, said he remembered that his father kept the samples in a shed behind the house. His father believed the collections were part of his
follow-up care. “They sent an intern and a nurse down once a week from the hospital.36 He was led to believe it was all done because of the
operation he had. They kept saying he was doing very well, that it was an unusual operation.”

Thomas and his sister, Evelyn, who were both in their thirties at the time of the experiment, said their father seemed completely unaware
that he was part of a medical experiment. All that they knew for sure was that their father’s medical care was free. “My mother and I 2gured
they were using him for a guinea pig,” Evelyn said.37 “We knew they were using things they weren’t sure of. But he was dying, and we were
praying that something would help. And it did help.” So they believed, because Albert’s children were never told that their father did not
have cancer. For decades, Thomas said he checked “yes” on every medical form asking if there was a history of cancer in the family.

In 1946, almost a year after Albert’s injection, the Berkeley group published a classi2ed report titled “A Comparison of the Metabolism of
Plutonium in Man and the Rat.” The abstract begins: “The fate of plutonium injected intravenously into a human subject and into rats was
followed in parallel studies.”38

A description of the body parts removed from Albert on the operating table—the specimens that were not delivered to the pathology
department—appears in the report. “Four days after the plutonium had been administered, specimens of rib, blood, spleen, tumor,
omentum, and subcutaneous tissue were obtained from the patient.”39

Albert’s rib was scraped with a sharp instrument, split longitudinally, and the marrow removed. The di:erent parts of the bone were ashed
and analyzed for plutonium. Most of the material had gravitated to the marrow and trabecular bone, the lacy spongelike bone threaded with
marrow. The experiment showed that rats excreted plutonium more quickly than human beings, the report noted, thus making “the problem
of chronic plutonium poisoning a matter of serious concern for those who come in contact with this material.”40

The authors of the “Man and Rat” paper included Josephine Crowley, H. Lanz, Kenneth Scott, and Joseph Hamilton. In 1947 C. L.
Marshall, an AEC deputy declassi2cation oMcer in Oak Ridge, Tennessee, refused to declassify the report: “It contains material, which in the
opinion of the management of the United States Atomic Energy Commission, might adversely a:ect the national interest,” he wrote.41 The
refusal is one of the only documents made public so far in which national security is cited as a reason for not declassifying information



refusal is one of the only documents made public so far in which national security is cited as a reason for not declassifying information
related to a human experiment.
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TRINITY SITE

While Ebb Cade, Arthur Hubbard, and Albert Stevens struggled to regain their health, the Manhattan Project’s medical doctors turned their
attention to the desolate area in southern New Mexico where the world’s 'rst atomic bomb would be tested. The war in Europe was over,
but the beaches on the small island of Okinawa, the stepping-stone to the Japanese mainland, were red with blood. The casualties were
horrendous on both sides. While Marines went from cave to cave with /ame-throwers and grenades, suicidal kamikaze pilots were in/icting
heavy casualties and unspeakable terror on American ships.

At the Met Lab, scientists had grown divided over whether the atomic bomb should be used against Japan. A subcommittee headed by
Nobel laureate James Franck was formed to examine the social and political implications of the revolutionary new weapon.1 Its members
included Glenn Seaborg, James J. Nickson, the young medical doctor involved in the TBI experiment at the Chicago Tumor Clinic, and, of
course, Leo Szilard. After much debate, the group concluded the bomb should not be used against Japan for two reasons: First, such a
powerful weapon would necessarily involve the killing of thousands of people and engender an attitude of fear, suspicion, and hate toward
the United States. Second, the United States might wish to outlaw the use of atomic weapons by international agreement after the war, but its
position would be weakened if the bomb had already been used. The Franck committee urged that the United States demonstrate the power
of the new weapon before the eyes of the world on a barren island.

No one lobbied harder for this position than Leo Szilard, the Met Lab’s enfant terrible and the scientist who had done so much to get the
entire bomb project going. Arthur Compton, who was trying to hold his tumultuous sta8 together, disagreed with Szilard but presented his
views fairly in his postwar memoirs:

There were few who sensed as clearly as did Szilard the shock that would be felt throughout the world if the atomic bomb destroyed large numbers of Japanese lives.2 This he
thought of as an international crime and believed that many in all parts of the world would share this view. He had been willing to approve and even to urge the use of the
bomb against the Germans, for in this case it would be an evil less than that of the human destruction he felt sure would result if the Nazis should gain the victory. He could
not persuade himself that the case was the same with regard to the Japanese.

The Met Lab’s debate was mirrored at the national level by members of the innocuously named Interim Committee. The all-civilian group,
which was headed by Secretary of War Henry Stimson, had been created to consider issues relating to the use of the new weapon. Ernest
Lawrence, Enrico Fermi, J. Robert Oppenheimer, and Arthur Compton acted as scienti'c advisors. The committee bandied about the idea of
demonstrating the weapon’s power on a uninhabited island but rejected it for several reasons: First, even if the initial atomic bomb test was
successful, there was no guarantee the second bomb wouldn’t be a dud. Second, the Japanese might attempt to interfere with the delivery of
the weapon or put American prisoners of war at the detonation site. Third, the panel thought it was doubtful that Japan’s fanatic military
leaders would be inclined to surrender after witnessing a bloodless demonstration. And 'nally, the group believed such a test would
eliminate the important element of surprise. Although Ernest Lawrence would become a powerful advocate of bigger nuclear weapons after
the war, his hard-line nature had not yet emerged and he was the last of the scienti'c advisors to give up on the idea of a peaceful
demonstration.

In Los Alamos, the debate over using the bomb was muted, in part a testament to the charismatic leadership of J. Robert Oppenheimer as
well as the crushing workload. Los Alamites were working twelve hours a day, seven days a week. The momentum of the technology itself
was driving the project forward, and many scientists were intensely curious to see if the “gadget” would work.

Sta8ord Warren knew the detonation of an atomic bomb could release radioactivity equivalent to a ton of radium, or a million grams, into
the atmosphere. “Now before the war, hospitals and doctors treating cancer thought they were in marvelous shape if they had a quarter of a
gram or maybe a few milligram needles … and when you thought of a ton and a million grams, my God!”

Trinity site, the place where the 'rst atomic test would be conducted, was about 230 miles south of Los Alamos in the Jornada del Muerto
(Journey of Death) valley.3 The Jornada was a treacherous shortcut on the Camino Real, the King’s Highway that linked old Mexico to Santa
Fe, the capital of New Mexico.

By early May, the engineers were constructing the tower from which the weapon would be dropped. Oppenheimer established a new
organization within the lab called Project TR to oversee test preparations.4 The laboratory’s oEcial history indicates that Project TR did not
include a medical group until a month later, a small oversight that again demonstrates the second-class status of the medical doctors. They
were the last hired, the last to be brought into planning on critical projects. Although the physicians grew accustomed to their lowly status, a
tinge of bitterness often crept into their voices when they discussed their roles with historians after the war. “Everybody was too busy with
getting the bomb fabricated to worry about what happened afterwards.5 In fact, we’d get brushed o8,” Sta8ord Warren recalled years later.
Hymer Friedell, his sidekick, described the men assigned to oversee health and safety operations as “hangers on.”

High-level oEcials at Los Alamos did not give serious attention to fallout hazards until a few months before the detonation, when two of
their physicists, Joseph O. Hirschfelder and John Magee, did a wideranging study and concluded that radioactive debris might pose a more
severe hazard than anyone had predicted.6 “In spite of all this work,” Hirschfelder remembered, “very few people believed us when we
predicted radiation fallout from the atom bomb.7 On the other hand, they did not dare ignore this possibility.”

Leslie Groves assigned Sta8ord Warren the task of making sure none of the test participants or nearby residents was injured by the
radioactive fallout. Hirschfelder said that he and Magee were Sta8ord Warren’s “chief helpers,” but their mission had such low priority that
they had to borrow an automobile from a friend to get to Trinity.8 Warren also received help from Louis Hempelmann and members of his
health group, who included James Nolan, Wright Langham, and Paul Aebersold, the Berkeley scientist who had lent Robert Stone a hand in
his prewar neutron experiment and had recently transferred to Los Alamos.

In the weeks leading up to the test, the men toured the blast area, studied topographical maps, consulted with meteorologists, and read
everything they could about the 1883 eruption of the volcano Krakatoa, the largest explosion ever recorded. Although they were both deathly
afraid of /ying, Warren and Hempelmann /ew over the Trinity site. From their light aircraft, the doctors could see that there were “a lot of



afraid of /ying, Warren and Hempelmann /ew over the Trinity site. From their light aircraft, the doctors could see that there were “a lot of
people” living in the vicinity of the test area. “We suddenly discovered Indian reservations there with lots of people.9 And then there were
dude ranches that somebody hadn’t thought to mention,” Warren remembered.

After Warren developed a reasonably good idea of what the fallout pattern would be, he spent twenty-four hours drafting an evacuation
plan for Leslie Groves.

I asked for a couple of hundred troops, jeeps, and trucks, because General Groves had told me that he would have the power of marshal law—he had talked with the governor—
and that I would operate under that at that time.10 So I said to myself that if I needed to evacuate people, I would have to have armed troops to go in and take them out.
Suppose grandma was cooking dinner and she says, “The heck with you boys.” These were independent people and had been living that way. They frequently had a ri/e behind
the door and wouldn’t take any nonsense.

General Groves initially sco8ed at Warren’s safety plan, but eventually he ordered a couple of military trucks and more than 150 troops to
stand by in case the surrounding towns needed to be evacuated. Leaving nothing to chance, Warren also directed that two planes remain on
standby in Oak Ridge in order to ferry four psychiatrists to New Mexico in the event the bomb failed and the scientists had nervous
breakdowns.11 “One of the big problems that kept nagging my group,” he explained, “was the fact that if the 'rst bomb test was a 'zzle we
would have a tremendous trauma and a psychological disintegration, really, of a great many of the scientists who had been working so hard
on this bomb.”12

By early July, word had come down that the bomb was to be detonated on July 16, 1945, providing weather conditions were permissible.
On that date, President Truman would be in Potsdam, Germany, meeting with British Prime Minister Winston Churchill and the Soviet
Union’s Joseph Stalin. On the negotiating table were postwar concerns in Europe, surrender terms for the Japanese, and Russia’s planned
entry into the Paci'c campaign. If the Trinity test was successful, Truman would have more bargaining power and less reason to bring the
Soviets into the war with Japan.

But mid-July also happened to be one of the worst times in New Mexico to test such a weapon because of the frequent summer
thunderstorms. True to predictions, a 'erce thunderstorm blew in from the Gulf of Mexico in the early morning hours of July 16, bringing
lightning, high winds, and several inches of rain. Oppenheimer was beside himself with worry. Groves was furious. And many scientists
advocated canceling the test. When Jack Hubbard, a meteorologist, 'nally advised Groves that the storm front would pass and that the
weather would be acceptable at dawn, the general snarled that Hubbard had better be right “or I will hang you.”

Fortunately, Hubbard’s prediction was correct.13 The skies cleared and the stars came out. The atomic bomb test was back on schedule.
At 5:15 A.M., Warren placed a call to Hymer Friedell, who was standing by at a hotel in Albuquerque. Friedell had been stationed there in

case the bomb destroyed the southern half of the state and incinerated all the scientists. “Let’s synchronize watches,” Warren suggested.14 “It’s
've-'fteen here, 'fteen minutes to zero.” Warren told Friedell that 'eld monitors were in position for the blast and everything was going
according to schedule. “Keep this line open, no matter what,” he added, reminding Friedell before he hung up that he would be in charge if
Warren was killed in the blast.15

Fifteen minutes later Warren lay in a ditch 'lled with hay and leaves nine miles from Ground Zero. His feet were toward the blast area; his
eyes were protected by dark welder’s glasses. As the seconds ticked away, many of the other scientists sheepishly crept down in the ditch as
well. “They were embarrassed, you know, to lie down; so I lay down, myself, so there would be no question, then Dr. Hempelmann and
Nolan.16 Then it went o8. And, at 'rst, of course, there was a feeling of great heat as if you had just opened a big furnace door, and then it
was shut. There was a funny squeezing sensation to the ears, in the mastoids, that I have noticed several times since and never was able to
identify as anything real. Then the fireball developed.”

The scientists watched the awesome cloud as it rose into the sky and then turned to each other. Knowing their words would be recorded
for posterity, some had thought in advance about what they were going to say and their language is 'lled with self-consciousness.
Oppenheimer remembered a line from the Bhagavad-Gita: “Now I am become Death, the destroyer of worlds.”17 While the scientists stood
about congratulating each other, Leslie Groves bustled o8 to see how Sta8ord Warren and his monitors were doing. Warren, it seemed, was
the one who might soon be in need of a psychiatrist. Remembered Groves:

When I went to Warren’s headquarters in the base camp soon after the explosion, I was not pleased to discover that he had been so busy getting ready that he had gone without
sleep for almost forty-eight hours.18 Although his decisions were sound and his instructions were clear, I was sure from listening to them as he talked over the telephone, that
—quite understandably—his mind was not working so quickly as it normally did, by any means. Fortunately, we had at Alamogordo a Navy doctor who was familiar with our
activities—Captain George Lyons, and I suggested that he spell Warren for a few hours to give him some rest. I was displeased, too, with myself, because I felt that I had fallen
down in not making certain that Warren would be in first-class physical shape to handle the situation.

While Warren napped, his monitors spread out across the countryside. Hirschfelder and Magee, driving the borrowed sedan, stopped at the
Bingham store, which was located about 'fteen miles north of Ground Zero. An old man came out and looked at their white coveralls
curiously. Then he broke out laughing and said, “You boys must have been up to something this morning.19 The sun came up in the west and
went on down again.”

The monitors also stopped at William Wrye’s ranch, which is about nine miles north of the Bingham store. Wrye and his wife had been on
a trip and had just gotten home several hours earlier. When Wrye saw the monitors waving their bulky counters over his property later that
morning, he went out and asked them what they were doing. “They told me they were checking for radioactivity.20 I told him that we didn’t
have the radio on,” Wrye remembered in an interview in 1998. In a rocky gorge that was subsequently dubbed Hot Canyon, the monitors
came across fallout readings of 'fteen to twenty roentgens per hour. Since maps indicated the area was uninhabited, they turned around and
left quickly.

In a few hours, the cloud had disappeared from sight. Feeling elated and yet strangely empty, many of the scientists piled into cars and
headed back to Los Alamos. Wright Langham spotted a sedan with a /at tire on the side of the road just south of Albuquerque.21 It was
Enrico Fermi’s car. Using methane gas from one of his radiation counters, Lang-ham in/ated the tire and Fermi, who had been christened the
“Italian Navigator” after the Chicago pile went critical, was on his way. The automobile that Hirschfelder and Magee had borrowed was so
hot from fallout that it read four roentgens per hour in the driver’s seat.22 Back in Los Alamos four days later, the car was still hot enough to
throw sensitive Geiger counters in nearby laboratories off the scale.

Troubled by the high readings in Hot Canyon, Louis Hempelmann decided to spend the night at the Trinity base camp and do some further



Troubled by the high readings in Hot Canyon, Louis Hempelmann decided to spend the night at the Trinity base camp and do some further
investigation. The following morning he met Hymer Friedell, and the two men drove into the rock-strewn gorge. To their dismay, they
discovered a two-room adobe house, which the Army had somehow overlooked and omitted from the monitors’ maps. An elderly couple
named the Raitli8s and their grandson lived there. The grandson had left for the Bingham store on horseback on the morning of the
explosion, Hempelmann wrote:

By being at Bingham during the day and indoors at night, he missed most of the heaviest exposure of the 'rst day in “hot canyon.”23 During this day, Mr. Raitli8 had spent
most of the day outdoors but Mrs. Raitli8 was indoors a large portion of the time. During the following two weeks there was no change in their usual habits of going indoors
about 7:00–8:00 o’clock to dinner, retiring after hearing the evening news broadcast and arising at about 6:00 AM.

During the next six months, Hempelmann and his fellow Manhattan Project doctors were to make several visits to the Raitli8s’ ranch. Mr.
Raitli8 told Hempelmann that the ground and fence posts had the appearance of “being covered with light snow, or of being ‘frosted’ for
several days after the shot,” particularly at sunrise and sunset.24 Although the family seemed healthy, Mr. Raitli8 complained of “nervousness,
tightness in the chest and poor teeth.”25 Hempelmann did not think Mr. Raitli8’s symptoms were related to his radiation exposure since the
symptoms had been present before the detonation. But in a later memo, Hempelmann was less certain. The color of Mr. Raitli8’s hands and
lips, he wrote, indicated he might be “slightly anemic.”

Hempelmann also examined the family’s animals and realized that they had been injured by radioactive debris from the cloud.26 The paws
of two black house dogs were raw and bleeding from beta burns. “One of the dogs was so badly a8ected that she was unable to walk except
with extreme diEculty.” A milk cow and heifer and one of the dogs also had white hair on their back or patchy areas where the radioactive
particles had sifted through their coats and irradiated their skin.27 Hempelmann estimated that the members of the Raitli8 family each
received about forty-seven roentgens, or nearly 'fty rem, of whole-body radiation in the 'rst two weeks after the Trinity test.28 It’s not
known whether the family was ever informed of the exposure or urged to take precautions, although 'fty rem can cause nausea in some
people and increase the risk of contracting cancer.

William Wrye, who still lives on his ranch, said in 1998 his beard fell out three months after the Trinity explosion. “I was slick-faced
except for the corner of my chin.29 When my beard grew back it came in gray, and a couple of months later, it came back black again.” Wrye
told newspaper reporters the same thing in 1945, but the Manhattan Project doctors dismissed his statement as tomfoolery. Wrote Louis
Hempelmann in a December 1, 1945, memo to the files:

According to neighbors, this man, Bill Wrye, is a relatively young man who is turning gray prematurely.30 When teased about “getting old,” early in the spring of 1945, he
attributed the change in color of his beard to the fact that he had accidentally rubbed “dehorning paste” on his face. When the cattle began to show the e8ects of beta
radiation, he changed his story and attributed the color change to the atomic bomb. According to the neighbors, Mr. Wrye is having fun at the expense of the newspapers. Since
the radiation levels in the region of the Wrye Ranch are quite low, it has been decided not to investigate the story further.

The fallout from the Trinity test spread much farther than even an alarmist like Warren had dared to imagine. Some was discovered 1,100
miles away in the Wabash River in Vincennes, Indiana.31 When infuriated Eastman Kodak oEcials reported that radioactive particles from
the river water had been absorbed into paper used in packaging and made tiny black spots on 'lm, atomic scientists got their 'rst hard data
about how far fallout could travel.
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A “SMALL PIECE OF THE SUN”

Following the Trinity explosion, the action shifted to Tinian in the Mariana Islands, some 1,300 miles southeast of Tokyo. Tinian, along with
Guam and Saipan, had been captured in August of 1944 from the Japanese, and the three were being used as air bases for America’s newest
long-range bomber, the B-29 Superfortress. Six runways, each two miles long and as wide as a ten-lane highway, had been constructed. Next
to the runways were rows of glittering silver planes. For an hour and a half each evening at roughly 6fteen-second intervals, the bombers
would roll down the runway and lift off for Japan with bellies full of incendiary bombs.

Leslie Groves had sent a thirty-seven-member team of civilians and military o7cials to Tinian to help assemble and load the atomic bombs
onto specially modi6ed B-29s. One of the people at Tinian was Don Mastick, who had been assigned the job of analyzing urine samples after
his accident. The task was so revolting that one day he stormed into J. Robert Oppenheimer’s o7ce and said, “I can’t stand what I’m doing.1
It stinks.” Oppenheimer was sympathetic; it seems the smell of the boiling urine was going up Mastick’s ventilating hood and then blowing
back down into Oppenheimer’s o7ce. He agreed to transfer Mastick to the crew in charge of dropping the bombs. Another Manhattan
Project scientist at Tinian was Philip Morrison, one of Oppenheimer’s former students. In the evenings, Morrison would sit on a coral ridge
overlooking Tinian and watch the planes take o=.2 Every so often he would see one of the bombers go careening into the sea or onto the
beach where it burned like a torch. The implications of such a disaster happening to an airplane loaded with atomic bombs were almost too
horrible to contemplate.

The components for two types of atomic weapons, a uranium and a plutonium bomb, were being shipped to Tinian at about the same
time the Potsdam Declaration was issued. That document called upon Japan to surrender unconditionally or face “prompt and utter
destruction.” When the Japanese vowed to continue fighting, the United States moved ahead with preparations to drop the two bombs.3

On the morning of August 6, the Enola Gay, one of the specially modi6ed B-29s, lumbered down the runway with its payload. At 8:15, it
dropped the payload—a uranium bomb—on Hiroshima. The city was immediately engulfed in roiling clouds of smoke and Dames. “The
mushroom itself was a spectacular sight, a bubbling mass of purple-gray smoke and you could see it had a red core in it and everything was
burning inside,” recalled Robert Caron, a tail gunner on the Enola Gay.4

Below the veil of clouds and smoke was an inferno of unimaginable proportions. At the hypocenter, the place on the ground directly
below where the bomb was detonated, thousands of Japanese citizens were instantly incinerated. Those who were not killed on the spot
su=ered grotesque injuries. Their skin, burned by the Dash and torn loose by the blast, hung like rags from their bodies. In an e=ort to ease
the agony of burned Desh touching burned Desh, they walked through the city like sleepwalkers with their arms and hands held out in front
of them, their skin hanging from their 6ngertips and chins. Many were killed by material from collapsing buildings or were impaled by
flying debris. Injured residents who were pinned beneath roofs and walls were soon burned alive by firestorms that engulfed the city.

P. Siemes, a German Jesuit priest who lived in a novitiate about a mile from Hiroshima, later organized a nightmarish trip into the city to
rescue two injured priests. When the sun came up the morning after the bombing, he saw a wasteland of ashes and rubble that extended as
far as the eye could see: “The banks of the river are covered with dead and wounded, and the rising waters have here and there covered some
of the corpses.5 On the broad street in the Hakushima district, naked burned cadavers are particularly numerous. Among them are the
wounded who still live. A few have crawled under the burnt-out autos and trains. Frightfully injured forms beckon to us and then collapse.”

Although the Japanese did not yet know what kind of a weapon had caused such destruction, Manhattan Project scientists had a pretty
good idea of what they had unleashed. It was as if “a small piece of the sun” had descended upon the city, Philip Morrison told members of
the Special Senate Committee on Atomic Energy, which began meeting in the fall of 1945:

There is formed what we have called the ball of 6re, which is a hot, glowing mass something about one-third of a mile across, with a temperature of about a hundred million
degrees Fahrenheit in the center of it.6 The e=ects from this small sun are as you would expect. In the 6rst place, there is a sudden creation and expansion which pushes away
with terrible violence the air that once occupied this region. This air, shocked into motion, as we say, moves just like a blast wave from a great explosion of TNT.… This
pushing air creates enormous pressure, even a great distance away. Behind the wave of pressure, which travels rapidly through the air, there comes great winds, 500 to 1,000
miles per hour, winds which damage and destroy all structures.… If you are near the sun, you must expect to get burned.… There are two more e=ects. At the instant of the
explosion there is emitted from this small sun not only the great push through the air, the violent blast, which is the violent explosion—there is not only the concentrated heat
which you would expect from being close to the sun, there is also a great amount of radiation, like the radiation used by doctors, like the X-ray radiation used for the treatment
of cancer. This radiation is very penetrating. There is no protection behind a foot of concrete, for example.

Although communication with Hiroshima was severed and it would take the Japanese government several days to 6gure out what had
happened, the U.S. military decided that a “one-two” punch was the only way to defeat Japan. On August 9, three days later, another B-29
named Bock’s Car rolled down the runway at Tinian carrying a plutonium implosion bomb. It exploded over Nagasaki at 11:02 A.M.

Once again the roiling clouds quickly obliterated a city. The destruction was so unbelievable that the bombing victims could 6nd no words
to describe it. Many compared the devastation to the agonies of hell depicted in Buddhist paintings. The survivors made their way to air raid
shelters where in the stiDing gloom amid the groans and screams, they died. Thousands of others plunged into rivers. “A human dam!7 A
human dam!” survivor Chie Setoguchi remembers thinking when she saw thousands of corpses bobbing in a river. “Who masterminded the
atrocity of blocking a river with the corpses of human beings?”

A sixteen-year-old postal worker named Sumiteru Taniguchi was blown o= his bicycle and knocked unconscious. When he came to, he
realized the skin from his shoulder to his 6ngertips had been peeled o= and was hanging down “like a tattered old rag.” He managed to
survive the 6rst chaotic days and eventually was taken to a hospital, where he spent the next twenty-one months lying facedown on his
stomach.8 He developed bedsores that penetrated to his bones and was in and out of the hospital for decades with mysterious skin lesions
that would not heal.

Hisae Aoki, just eighteen years old, was pinned beneath the rubble of her house. As she felt the heat of the approaching 6res, she struggled
frantically to free herself.9 When her hair began burning, she managed to wrench herself free and ran from the house. She had been spared,



frantically to free herself.  When her hair began burning, she managed to wrench herself free and ran from the house. She had been spared,
only to watch as one after another of her family members died from radiation overexposure.

Within hours of the bombings of the two cities, surviving relatives began streaming back into the burning rubble looking for the remains of
their loved ones. Japan is a predominantly Buddhist country, and dead family members are usually cremated and their ashes interred in a
family grave. In the ensuing years the survivors o=er prayers for the repose of their souls. One of the most anguishing experience for relatives
of the bombing victims was the inability to 6nd the remains of their loved ones.10 If a person’s body is not found, the relatives feel the
deceased person’s soul can never rest peacefully in the world of the dead.

On August 15—August 14 in the United States—the Japanese people heard the voice of Emperor Hirohito, the venerated symbol of
supreme authority in Japan, broadcast over the radio. He told them that the country had surrendered. The enemy, he said, had begun to
“employ a new and most cruel bomb, the power of which to do damage is indeed incalculable, taking the toll of many innocent lives.…”11

Even before the people of Japan heard the lugubrious voice of their emperor, the United Press was reporting that Japan was preparing to
surrender. On August 12 Sta=ord Warren and Louis Hempelmann were about to embark upon another round of interviews with ranchers
near the Trinity site when Warren received an emergency call from Leslie Groves.12 The general wanted Warren to go to Japan after the
surrender to survey the radioactivity and damage from the weapons. Warren left Hempelmann at Trinity and hurried back to Los Alamos.
Eventually a team of about forty Manhattan Project o7cials, including Hymer Friedell and Joseph Howland, was assembled. They stripped
nearly all the Manhattan Project sites of detection equipment and then boarded a plane in San Francisco for Tinian. Once on the island, the
doctors joined up with the Manhattan Project scientists who had helped prepare the bombs for delivery. Then they split into two parties.
Hymer Friedell was with one group; Sta=ord Warren with another. From Tinian, both teams went to Hiroshima, and then Warren’s group
continued to Nagasaki.

Meanwhile, back at home, Louis Hempelmann, ever the diligent doctor, proceeded to interview the Raitli= family and then returned to Los
Alamos to write up his 6ndings. No doubt he felt disgruntled about being left behind, but soon he would have an opportunity to see at home
the same dreadful stages of radiation sickness that Warren and Friedell were about to encounter on a grand scale in Japan.

At about 9:00 P.M. on August 21, a young Los Alamos physicist named Harry K. Daghlian left the regular Tuesday evening colloquium and
returned to the “49 Room” at Omega site, a building in a remote canyon where experiments with the cores of atomic bombs were
conducted.13 At one end of the twenty-6ve-foot by twenty-6ve-foot room was the critical assembly where Daghlian worked. At the other was
a guard, Robert Hemmerly, sitting at a desk with his back turned to the apparatus.

Daghlian began to lower a brick onto the assembly with his left hand when his instruments began chattering. The clicking sound told him a
chain reaction was about to begin, and he started to withdraw his hand. Suddenly the brick slipped from his grasp and fell into the center of
the assembly.14 Daghlian brushed the brick o= with his right hand, but it was too late. A brief chain reaction was ignited, bathing the
assembly in an unearthly blue glow.

It was the second time the blue glow had been seen at Omega site. On June 4, eight people were exposed to neutrons and gamma rays
during an experiment to measure the critical mass of enriched uranium.15 Although the doses were large, especially to the two experimenters
standing closest to the assembly, they were much smaller than what Daghlian received.

After brushing the brick away, the young scientist felt a deep “tingling sensation” in his right hand but no immediate pain.16 He was taken
to the hospital by a companion, where he was examined by Louis Hempelmann and Paul Aebersold. Robert Stone is named as an “assistant”
in one report, indicating that he may have flown in to Los Alamos to help.

There wasn’t much the doctors could do to counteract the radiation damage, and Daghlian’s condition deteriorated quickly. Ice pads and
“grease gauze dressings” were applied to his hands, but they didn’t stop his arms from swelling to painful proportions.17 His hair fell out, he
suffered intense abdominal pains, and eventually he slipped into a coma.

Even as Harry Daghlian’s physical condition was deteriorating, General Groves began receiving disquieting news reports based on
broadcasts by Radio Tokyo: Mysterious “rays” were coming from the rubble; residents uninjured by the bomb were suddenly collapsing and
dying; rescue workers were developing dangerously low blood counts. Fearful he would be yanked before Congress to explain why he had
used such an inhumane weapon, Groves placed two phone calls on August 25 to Army Major Charles Rea, a surgeon in charge of the Oak
Ridge hospital. He read line by line from one of the articles, trying to get the physician to explain to him the strange medical symptoms
being reported by Radio Tokyo. The following is an excerpt from one of those phone calls:

G: [Reading from article] “The death toll at Hiroshima and at Nagasaki, the other Japanese city blasted atomically, is still rising, the
broadcast said.18 Radio Tokyo described Hiroshima as a city of death. 90% of its houses, in which 250,000 had lived, were instantly
crushed.” I don’t understand the 250,000 because it had a much bigger population a number of years ago before the war started, and it
was a military city. “Now it is peopled by ghost parade, the living doomed to die of radioactivity burns.”

R: Let me interrupt you here a minute. I would say this: I think it’s good propaganda. The thing is these people got good and burned—
good thermal burns.

G: That’s the feeling I have. Let me go on and give you the rest of the picture. “So painful are these injuries that su=erers plead: ‘Please kill
me,’ the broadcast said. No one can ever completely recover.”

R: This has been in our paper, too, last night.
G: Then it goes on: “Radioactivity caused by the 6ssion of the uranium used in atomic bombs is taking a toll of mounting deaths and

causing reconstruction workers in Hiroshima to suffer various sicknesses and ill health.”
R: I would say this: You yourself, as far as radioactivity is concerned, it isn’t anything immediate, it’s a prolonged thing. I think what these

people have, they just got a good thermal burn, that’s what it is. A lot of these people, 6rst of all, they don’t notice it much. You may get
burned and you may have a little redness, but in a couple of days you may have a big blister or a sloughing of the skin, and I think that
is what these people have had.

G: You see what we are faced with. Matthias [the young engineer in charge of the Hanford Engineer Works] is having trouble holding his
people out there.

R: Do you want me to get you some real straight dope on this, just how it affects them, and call you back in just a bit?



G: That’s true—that’s what I want.… Then they talk about the burned portions of the bodies are infected from the inside.
R: Well, of course, any burn is potentially an infected wound. We treat any burn as an infected wound. I think you had better get the anti-

propagandists out.
G: This is the kind of thing that hurts us—“The Japanese, who were reported today by Tokyo radio, to have died mysteriously a few days

after the atomic bomb blast, probably were the victims of a phenomenon which is well known in the great radiation laboratories of
America.” That, of course, is what does us the damage.

R: I would say this: You will have to get some big-wig to put a counter-statement in the paper.
Groves planned to do just that, but 6rst he needed more reliable information on what was happening in Japan. On September 2 two

Japanese representatives signed surrender documents on the deck of the USS Missouri in Tokyo Bay. Six days later, on September 8, Sta=ord
Warren’s team landed in Hiroshima. Always eager to please his volatile boss, Warren cabled Washington on September 10 and reported:
“Number dead or injured by radiation unknown, but preliminary survey indicates that there are only a small percent of injured survivors.”19

On the same day the cable arrived, Groves led a caravan of thirty-seven reporters and photographers to the Trinity site. Accompanying him
were J. Robert Oppenheimer, Louis Hempelmann, and many other scientists and military o7cers. The scientists and newsmen donned white
booties and shuQed “like kittens with paper shoes tied to their feet” across the fused green sand of the Trinity crater.20 The green glass,
which covered an area eight hundred yards in diameter, was strewn with globs of glazed soil. For three weeks the area had reeked of the
stench of death from the small desert animals killed in the blast. The site was still so radioactive, an Associated Press science writer reported,
that it made “spending a day and night right in the crater a possibly risky business.” The writer continued:

The tour’s purpose was dual.21 One, to tell the almost incredible story. Two, to show 6rst hand that the facts do not bear out the Japanese propaganda that apparently tried to
lay the foundation for claims that Americans won the war by unfair means. This New Mexico bomb was big, its e=ects comparable to those bombs dropped on Japan. What
happened here was studied purposely to avoid the chances the actual bombings would inflict bizarre and non-military suffering.

His brown Army uniform rumpled and stained with sweat, Groves allowed the photographers to take a few pictures of the crater, warning
them to be quick or their 6lm would fog. He explained that the lingering radioactivity at Trinity was due to the fact the bomb was detonated
from a tower at a much lower height than the two bombs dropped on Hiroshima and Nagasaki. The Japanese bombs were exploded high
above the two cities, he said, thus allowing the heat of the blast to carry the radioactive debris upward and away. “There were evidences of
some Japanese deaths due to radioactive rays, but the information now available indicates that this number was relatively small,” he told the
newsmen.22

Wearing his famous pork-pie hat to ward o= the sun, Oppenheimer added that the heights of the Japanese detonations were selected
speci6cally to ensure “there would be no indirect chemical warfare due to poisoning the earth with radioactive elements and no horrors
other than the familiar ones due to any great explosion.”23 Oppenheimer said that one hour after the blast it was probably safe for rescue
workers to enter the area. Satis6ed with the pronouncements by the two prominent leaders, Life magazine opined: “It seemed certain that
the Japanese in Hiroshima and Nagasaki had died within the grotesque legality of wartime killing.”24

In reality, Oppenheimer and Groves were engaged in a wholesale distortion of the facts. While it is true that air bursts, such as the
Hiroshima and Nagasaki explosions, produce less residual radiation than weapons detonated from towers, some radioactivity nevertheless
occurs when neutrons are captured by atoms in the air and soil. Radioactive fallout from the two bombs also delivered signi6cant doses of
radiation to Japanese who lived downwind of the two cities. Furthermore, Groves told members of the Special Senate Committee on Atomic
Energy that the weapons were detonated above the Japanese cities not to protect the inhabitants from radiation e=ects but to “give us the
maximum possible explosive force.”25 And 6nally, Groves’s statement that only a few Japanese were dying of radiation injuries was patently
untrue. Even as Groves and Oppenheimer were walking like kittens across the green sand, a second wave of bombing victims was dying from
internal complications caused by severe radiation damage. But it would be years, even decades, before the rest of the world learned the full
extent of the injuries because on September 19, General MacArthur prohibited any further press reports on the bombings.26

On September 15, shortly after the publicity show staged by Groves and Oppenheimer, Harry Daghlian died. When General Groves learned
of his death, he instructed Los Alamos o7cials to cut a $10,000 check for Daghlian’s mother and sister and to prepare a legal document that
family members were to sign releasing the University of California, the War Department, and the federal government from liability. The
transaction was completed on the same day as Daghlian’s death.

Notwithstanding the optimistic cable he had sent General Groves on September 10, Sta=ord Warren had found thousands of Japanese dying
from radiation exposure when his team arrived in Hiroshima. Many had already been cremated. Thousands more were lying on mats,
anywhere there was a roof over their heads. Those who could eat and drink were given rice and tea. The Doors of the 6rst-aid stations were
slick with vomit and bloody diarrhea. Outside the relief stations were piles of wooden sandals from cremated patients. “When we got there it
stunk terribly, and there were Dies everywhere,” Warren remembered.27 “The Dies were so bad that we had to close up the windows of the
car to keep them out. You would see a man or a woman with what looked like a polka-dot shirt on, but when you got up close, there was
just a mass of flies crawling over a formerly white shirt.”

The Japanese who were close to the hypocenter and received the largest doses of radiation often began vomiting within half an hour of the
bombing. They su=ered from severe and bloody diarrhea and intense thirst. The downward spiral closely paralleled the symptoms su=ered
by Harry Daghlian: coma, delirium, and death.

By the time of Sta=ord Warren’s arrival, the second wave of death had begun taking its toll, due to the lethal e=ects of the radiation on
victims’ bone marrow and gastrointestinal (GI) tract. The bone marrow is the blood-making factory where new cells, called stem cells, are
produced. These cells mature and di=erentiate, becoming red cells, white cells, and platelets. When the whole body is irradiated, the number
of cells in the bone marrow drops immediately, sometimes disappearing altogether. The bone marrow can regenerate itself if the damage is
not too great. But if the exposure is large and nothing is done to counteract the damage, eventually fewer cells will be circulating in the
bloodstream. The loss of red cells will cause anemia and fatigue; the reduction in white cells will reduce the body’s ability to 6ght infection;
and the lack of platelets can lead to hemorrhages. The e=ects of radiation on the bone marrow are most noticeable between twenty and sixty
days after exposure.

The GI tract, which contains many cells being created and undergoing cell division, also can su=er dramatic damage if the radiation dose is



The GI tract, which contains many cells being created and undergoing cell division, also can su=er dramatic damage if the radiation dose is
high enough. After 100 rem have been delivered, changes can be seen in the cells lining the mucosa of the small intestine, but the production
of new cells will compensate for any cells that are killed or damaged. At doses ranging from 500 to 1,000 rem—the radiation exposures
received by many Japanese near the hypocenter—the cells that make up the epithelial layer of the small and large intestine are killed or
unable to replenish themselves fast enough. Diarrhea and dehydration begin. Bacteria from the intestine can Dood into the bloodstream,
greatly increasing the risk of infection, called bacteremia, or toxic shock syndrome. With the depletion of white cells, the body is even less
able to fend off the infection.

Some of the e=ects of the bombing would not become visible for weeks, months, years, or even decades. Unlike the bone marrow and GI
tract, many organs and tissues are composed of mature cells which are relatively resistant to radiation. These organ systems may not show
damage until they require new cells, at which time the stem cells of these organs may be unable to divide. Then the organ may not have all
the cells it needs to function e7ciently, and its overall performance will be diminished. The result: a shortened life—one of the major
biological consequences of radiation.

The Japanese doctors who were treating the injured with penicillin and transfusions did not yet understand the mysterious sickness that the
survivors were su=ering from. To their dismay, they discovered that treatment seemed only to increase the su=ering. Needle punctures caused
“oozing that continued to death,” Warren observed.28 “Even pricks to obtain blood for blood counts caused oozing that could not be
checked.”

Warren’s job was not to minister to the sick but to 6nd out whether the two bombs had left any residual radiation, and if so, whether the
radiation was causing deaths. Donald Collins, a member of the survey team, said many years later that the group had been instructed by
General Thomas F. Farrell, one of Groves’s top aides, that their mission was to “prove there was no radioactivity from the bomb.”29
Apparently they didn’t even have to go to the bombing sites to o=er that proof because while the team was still waiting to enter Japan,
Collins said, “we read in the Stars and Stripes the results of our findings.”

Sta=ord Warren told members of the Special Senate Committee on Atomic Energy that it was impossible to develop meaningful statistics
on the death rate because all the records and all the record-keeping organizations had been destroyed. What made the mortality survey even
more di7cult, he said, were the unreliable memories of the Japanese. “It often took an hour of careful questioning of a patient, even an
intelligent one, like a doctor or a nurse, to 6nd out precisely what happened on that day.…30 Our conclusion was that we could trust very
little of the factual information that came to us through interpreters, from these Japanese, these patients.” He estimated that only 5 to 7
percent of the fatalities were caused by radiation. “I think the radiation has been exaggerated,” he testi6ed.31 (The number of people killed
in Hiroshima and Nagasaki is still a matter of dispute; the U.S. Strategic Bombing Survey, which had assessed the damage of the air attacks
on Germany and was ordered by President Truman to survey the destruction in Japan, estimated that 140,000 to 160,000 people in
Hiroshima were killed or injured and 70,000 killed or injured in Nagasaki.)32

Two weeks after the Manhattan Project doctors began combing the bombed-out cities, a contingent of Navy o7cers and scientists arrived in
Japan to do their own independent survey. That group, which included Shields Warren, the Harvard doctor who would take over the AEC’s
new Division of Biology and Medicine after the war, reached a quite di=erent conclusion: Most of the deaths in Japan were caused by
radiation.

Shields Warren was deeply shaken when he saw Nagasaki. To reach the ruined city, his team 6rst drove through miles of terraced hillsides
and farming country. Then they passed through a tunnel that had been converted to a war workshop. “When we came out the other side of
the tunnel we shifted from a view of a peaceful countryside to utter devastation,” he recalled.33 “It was almost like stepping from the
eighteenth century say, into the twentieth century—the countryside on the one side, and on the other, modern power.”

Shields Warren moved from hospital to hospital, examining survivors and studying slides and autopsy notes made by Japanese doctors. As
he toured the devastated city, he recorded his impressions in a small diary. At the front of the diary are Japanese words that he apparently
learned while waiting o= the coast of Japan for armistice to be declared: ketsueki, blood; fushosha, wounded person; babsudan, bomb;
ikutsu, how many.34 Warren sent transmittal letters and specimens from the bombing victims to the Naval Medical Research Institute in
Bethesda, Maryland. According to Warren’s diary, copies of the letters were also sent to the director of naval intelligence.

Radiating outward for two miles from the hypocenter was a scene of total destruction, he wrote. “Rats, Dies, mosquitoes killed.35 No larvae
on bodies.” “Weeds + a little grass starting back.” “Horses & dogs died just like people, only protected ones lived. Even moles etc. were
supposed to have died.” “No crawling bugs. No vermin.”

With scant medical supplies and no knowledge of the illness, little could be done for the victims. “Few transfusions given, no plasma.36
Used saline freely and injectable vitamin ABC,” Warren wrote. “Skin ripped o= & viscera out from blast e=ect.” “Most had amnesia 1–2
days.” “Blast broke tympanun.” “Hemorrhages came back.” “Much GI irritation.” “Some complained of heat—enough to ignite clothes, others
felt only mild warmth.” “Brightest light they had ever seen.” “Some ocular hemorrhages, 3 blind, others see dimly at about one meter.” He
also jotted down the conDicting death tolls that were being reported at the time: “175,000 killed at Nagasaki.” “40,000 killed instantly.”
“Estimates dead at 30,000 +.”

Sometimes huge, mottled patches of purple appeared on the bombing victims’ skin. Observers reported that blood often poured from nasal
passages, eardrums, uteruses, and urethra. Ulcers soon developed in gums, throats, and tonsils. Before some patients died, their tonsils and
tissues in the throat area became gangrenous. Those who survived the critical period often succumbed to pneumonia or some other infection,
which their weakened immune system could not fight off.

Warren saw the same astounding damage on the internal organs removed during autopsies: lungs filled with fluid; kidneys, liver, and hearts
covered with bright red hemorrhages; depleted bone marrow; congestion in the brains; bizarre-looking cells and massive nuclei spawned by
the huge radiation doses. “The injuries were diverse and confusing,” he recalled in an article published in September 1946:

A greater number of injuries was probably caused by ionizing radiation-blast e=ects, gamma rays, and neutrons than by any other type of injury resulting from the explosion of
the bombs.37 However, since the e=ects of this ionizing radiation take hours, days, or even weeks to appear, their importance was largely masked by the great numbers killed by
flash burn, fire or wreckage of buildings well before the time that symptoms due to irradiation could develop.

Soon after the Manhattan Project team and the Navy group completed their preliminary surveys, the War Department dispatched 195,000
soldiers to Japan to aid in the demilitarization e=ort and help supervise the cleanup. The 6rst troops arrived in Hiroshima about sixty days
after the bomb had been dropped.38 GIs landed in Nagasaki forty-five days after that city had been bombed.

Bill Griffin, a Marine who survived the fierce fighting on Iwo Jima, arrived in Nagasaki on November 1, 1945. Occasionally he was ordered



Bill Griffin, a Marine who survived the fierce fighting on Iwo Jima, arrived in Nagasaki on November 1, 1945. Occasionally he was ordered
to patrol the bombed-out area. “I don’t know what the purpose of it was.39 There were no people. All the people had perished,” he said.
“There were no birds, no wildlife, no crickets, no nothing. It’s hard to explain what complete silence is like. You have to experience it.”
Gri7n said he saw civilians wearing white coveralls and divers’ helmets (“They were all covered up”) taking radiation measurements of soil
and water. Japanese who came down from the mountains often wore menstrual pads over their faces to avoid breathing the dust. He said the
bombing victims, particularly those who were horribly dis6gured by thermal burns, had been whisked out of sight so the American soldiers
could not tell people back home what they had seen.

As Bill Gri7n and other American GIs patrolled the desolate streets of Nagasaki and Hiroshima, top o7cials of the Manhattan Project went
to Capitol Hill to testify before the Special Senate Committee on Atomic Energy that was investigating the problems related to the
development and control of the atomic bomb. Brien McMahon, a freshman Democrat from Connecticut, chaired the hearing. General Groves
took a seat at the witness table in Room 312 of the Senate Office Building at 10:00 A.M. on November 28, 1945.

By then Groves knew a great deal more about the e=ects of radiation on the human body than he did when he placed the two panicked
phone calls to Oak Ridge the preceding August. He knew, for example, the details of Harry Daghlian’s death. He knew fallout from the
Trinity bomb had injured livestock and exposed families such as the Raitli=s to a signi6cant amount of radiation. And he was also aware that
thousands of Japanese were dying from medical complications caused by radiation from the bomb. Intent upon calming the public’s fears
and keeping the Manhattan Project’s laboratories and factories open, however, Groves chose to downplay the dangers from radiation.

“The radioactive casualty can be of several classes,” Groves testi6ed.40 “He can have enough so that he will be killed instantly. He can have
a smaller amount which will cause him to die rather soon, and as I understand it from the doctors, without undue su=ering. In fact they say it
is a very pleasant way to die. Then we get down below that to the man who is injured slightly, and he may take some time to be healed, but
he can be healed.”

“Does that come about through treatment or through time?” Eugene D. Millikin, a conservative Republican senator from Colorado, asked.
“Through time,” responded Groves. “Anyone who is working with such materials, who accidentally becomes overexposed, just takes a

vacation away from the material and in due course of time he is perfectly all right again.”
Later in the hearing, when Senator Harry F. Byrd, a Virginia Democrat, asked the general if there had been any “operating accidents”

during the Manhattan Project, Groves gave a response that was a study in obfuscation: “We had no operating accidents throughout this project
that were directly attributable to the unusual nature of the material that was a fatal accident.41 We had one after the bomb was exploded. We
then had one we should not have had; there was no reason for having it. It was like all accidents, industrial or home accidents.”

The committee was especially interested in the question of whether the two bombs had left any residual radiation in Japan. In fact, a
transcript of the hearing shows that was the 6rst question Groves was asked when he took a seat at the witness table. The general stuck to the
line that he and Oppenheimer fed to reporters during the Trinity tour. “There is none. That is a very positive ‘none,” he snapped.42

When Richard Russell, a Democratic senator from Georgia, pressed Groves about the injuries, he responded, “There was no radioactivity
damage done to any human being excepting at the time that the bomb actually went off, and that is an instantaneous damage.”43

“Let me ask you,” said Senator Millikin, “would the effect be different had the bomb exploded in the ground?”
Groves replied, “If the bomb had exploded on or near the ground, that is, within a hundred feet or so, the e=ect would have been the same

as at New Mexico, I believe; there you would have had lasting e=ects for a considerable period of months.44 You would have had a
considerable number of radioactive casualties, and I think that you would have had an area which should have been banned from tra7c. The
6rst mission given to our organization that went over there was to determine that the cities of Hiroshima and Nagasaki were 100 per cent
safe for American troops, and to know absolutely that that was a fact so that the men themselves would know everything was all right.”

But many of the men who were sent to Hiroshima and Nagasaki do not believe that “everything was all right.” Not long after Bill Gri7n
was discharged, his skin Daked o= and his hair and teeth fell out. One of his grandsons was born with a club foot; another appears to have an
impaired immune system. Gri7n is certain that he received a signi6cant dose of radiation while in Nagasaki and that the exposure damaged
his reproductive cells. “We were the first issue of guinea pigs.”

Other soldiers stationed in the bombed-out cities said they developed rare cancers and blood disorders, or su=ered from premature heart
attacks, chronic fatigue, lung diseases, and inexplicable skin aQictions. Many believe their diseases and illnesses are due to the radiation they
received in Japan. For decades the Defense Department has vigorously denied that occupation troops were exposed to dangerous levels of
radiation, maintaining the doses ranged from a “few tens of millirem” to a “worst case” dose of up to one rem.45 The Pentagon’s desire to
prove the two Japanese bombs left no residual radiation became one of the prime motivating factors in the atomic maneuvers that began at
the Nevada Test Site in 1951. Thousands of troops were marched through the swirling radioactive dust at Ground Zero over a decade or so.
Instead of quelling fears, however, the military’s strategic plan back6red and thousands of soldiers came to believe that they, too, had been
used as unwitting guinea pigs by their government.
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THE QUEST CONTINUES

When the news of the Hiroshima bombing reached Los Alamos, the scientists rejoiced. Some raced to the telephone and booked tables at La
Fonda Hotel in Santa Fe. Others stayed at Los Alamos and celebrated. They substituted dynamite for *reworks and snaked through the streets
banging garbage-can lids. “Everybody had parties, we all ran around.1 I sat on the end of a jeep and beat drums and so on,” recalled Richard
Feynman, a math wizard and future Nobel laureate.

As the devastation from the bombings became better understood, some of the scientists’ elation began turning to guilt about the past and
fear about the future. No one better demonstrated these con2icting emotions than J. Robert Oppenheimer. Deeply fatigued and more
emaciated than ever, he departed Los Alamos in mid-October of 1945. In a ceremony before he left, he warned his colleagues: “If atomic
bombs are to be added as new weapons to the arsenals of a warring world, or to the arsenals of nations preparing for war, then the time will
come when mankind will curse the names of Los Alamos and Hiroshima.”2

General Groves selected Norris Bradbury, a Berkeley-trained physicist who had worked on the explosives aspects of the plutonium bomb,
as the interim laboratory director. Bradbury agreed to take the job for six months, but those six months eventually turned into twenty-*ve
years.3 While politicians, military leaders, and even the scientists themselves debated the future of the atomic bomb at public forums and
congressional hearings that would continue for the next year, the physicists, chemists, metallurgists, and explosives experts who had built the
bombs drifted from day to day, uncertain of their future.

But the project’s second string of scientists—the medical researchers who had been shunted to the sidelines while the great bomb-building
drama unfolded—seemed moved to redouble their e>orts at this stage. If anything, the Trinity fallout, the deaths in Japan, the demise of
Harry Daghlian, had made it even more imperative to obtain accurate information on the e>ects of radiation. In addition, nose counts and
urine counts taken from Los Alamos workers that summer had shown that some employees had been seriously overexposed to plutonium.
Were those workers going to come down with the same grisly cancers the radium dial painters had developed? The thought terri*ed Louis
Hempelmann. The contamination was so severe, he warned Joseph Kennedy, “that the situation seems to be getting completely out of
hand.”4

Ebb Cade, Arthur Hubbard, and Albert Stevens were more or less on their own as the cataclysmic events of the summer of 1945 unfolded.
Toward the end of his hospital stay, Ebb Cade developed infectious jaundice. But by the time he was discharged, “the patient was ambulatory
and in good condition,” an Oak Ridge physician observed.5 Ebb moved back to Greensboro, North Carolina, with his wife after he was
released from the hospital. On Sundays, he brought sacks of oranges to his nieces and nephews. He encouraged them to stay in school and
warned them to be careful when they got behind the wheel of a car. “We just loved to talk to him,” recalled his niece, Mary Frances Cade
Derr.6 “He would throw his head back and laugh with us.”

On April 13, 1953, almost exactly eight years to the day of the injection, Ebb Cade died of heart failure. He was sixty-three years old. His
brothers and sisters outlived him by decades. One sister, Nanreen Cade Walton, lived to be more than one hundred years old and went to
Washington in 1979 to speak with the House Select Committee on Aging. On the eve of her 107th birthday, she told a reporter, “I believe the
old days was pretty hard but these days are more wicked.”7

Arthur Hubbard remained in fair condition until August of 1945, when he began complaining of chest pains. Despite the radical surgical
procedures he had undergone, the cancer continued to spread rapidly. Confused and in considerable pain, he died on October 3, *ve months
after the injection. Twelve hours after he died, his body was autopsied and his organs harvested and examined for plutonium deposition. The
hottest parts were his bone marrow and liver, but scientists were convinced the injection had not a>ected the disease or hastened his death.
They did note that the plutonium did not seem to concentrate in the tumor area, an observation that seemed to rule out the possibility that
the radioactive substance could be used for therapeutic purposes.8

Albert Stevens began painting houses again but was soon forced to give it up. “It got to the point where he wasn’t strong enough anymore,”
his daughter said.9 Periodically he returned to UCSF for follow-up visits. Robert Stone ordered that a GI series be done without charge
whenever Albert returned to the clinic. He had no speci*c complaints except for his inability to gain weight. Ten years after he was injected,
a radiologist noted “rather marked” degeneration in the lumbar region of his spine and several degenerating discs.

Albert was to live nearly twenty-one years after he was diagnosed as terminal and injected with a so-called lethal dose of plutonium. His
long survival rate is astonishing considering the amount of radiation he received. In 1995 two Los Alamos scientists calculated that Albert
received a dose equal to 6,400 rem during his lifetime.10 That translates to 309 rem per year, or 858 times what the average person receives
during the same period.

Just how the plutonium a>ected Albert’s day-to-day health is unknown. The radiation probably caused his bones to thin and become
brittle. But it was his heart that gave out *rst. On January 9, 1966, he died of cardiorespiratory failure in Santa Rosa, California, twelve miles
from the town of Healdsburg where he had brought his ailing wife and children so many decades before. He was seventy-nine years old. His
body was cremated, and his ashes were placed in a bronze urn and stored in a niche in Santa Rosa’s Chapel of the Chimes.

The Manhattan Project medical doctors were not satis*ed with the data they had acquired from the three injections. Ebb Cade’s impaired
kidney function may have skewed his excretion results, and for some unknown reason, Albert Stevens was excreting plutonium much more
slowly than the other two patients. The physicians and scientists soon developed a list of things they needed to *nd out: What was the
minimum amount of plutonium necessary to produce damage in the body? How could it be quanti*ed and detected in wounds or lungs? Did
diet a>ect plutonium’s distribution? How was the liver damaged after intravenous injection? Did existing kidney damage diminish the
elimination rate? And as a corollary, should people with kidney damage be excluded from working with plutonium?

The human experiments and ongoing animal studies had only con*rmed fears that plutonium was indeed more carcinogenic than
radium.11 On May 21, 1945, less than two weeks after Albert had been injected, Wright Langham wrote a letter to Hymer Friedell



radium.  On May 21, 1945, less than two weeks after Albert had been injected, Wright Langham wrote a letter to Hymer Friedell
recommending that the so-called tolerance dose for plutonium be lowered to one microgram. Although Langham agreed with Friedell that
the limit was probably much too conservative, he nevertheless supported it because “the medico-legal aspect will have been taken care of,
and of still greater importance, we will have taken a relatively small chance of poisoning someone in case the material proves to be more
toxic than one would normally expect.”12

Toward the end of June 1945, after the Manhattan Project’s Medical Section had received data on Albert, it oHcially lowered the tolerance
dose to one microgram.13 (In 1949 a group of researchers recommended that the tolerance dose be lowered again, to one-tenth that amount,
or 0.1 microgram, after former Met Lab scientist Austin Brues presented results of a rat study suggesting plutonium was *fteen times more
damaging than radium. Wright Langham and other scientists vigorously opposed the adoption of such a conservative standard, arguing,
among other things, that it would produce “serious delays” in the lab’s plutonium operations. The AEC’s Shields Warren struck a compromise
and lowered the maximum permissible dose to 0.5 micrograms.)

Sometime in the summer of 1945, the Manhattan Project Medical Section decided to inject more humans with plutonium. In making the
decision, the doctors probably were thinking about overexposures that had already occurred as well as exposures that might occur in the
future. Sta>ord Warren knew as early as April of 1945, even before the successful detonation of the Trinity bomb, that the Manhattan District
would continue in some shape or form. “It has been indicated by properly quali*ed individuals that the operations of the Manhattan
Engineer District should and will continue on for peacetime purposes,” he wrote in a letter declassi*ed in 1995. In short, plutonium and its
hazards were not going to go away.14

Over the next two years, an additional *fteen patients would be injected with plutonium: two in Chicago by Robert Stone’s group; another
two in San Francisco by Joseph Hamilton’s group; and eleven patients in Rochester. Before the program ended in the summer of 1947, a
total of eighteen people would be injected with plutonium without their informed consent.
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THE ROCHESTER PRODUCTION LINE

On September 5, 1945, just three days after Japan formally surrendered, Los Alamos chemist Wright Langham sat down with scientists
working at the Manhattan Annex, the secret research facility at the University of Rochester to plan the most comprehensive set of plutonium
injections yet undertaken. This new round of injections would be a collaborative e2ort. Langham would supply the plutonium; the Rochester
doctors, the patients. According to documents made public in 1994–1995, the Rochester segment of the plutonium experiment was part of a
larger, planned study in which fifty patients were to be injected with radioisotopes of plutonium, polonium, uranium, lead, and radium.1

Rochester’s Manhattan Annex was originally located across the street from the medical school and connected by a tunnel. There, as at all
Manhattan Project sites, secrecy was closely guarded. Constructed in 6ve months, the Annex employed 350 people by the end of the war. Its
activities were shielded from intruders by Army guards, and the occupants’ backgrounds were thoroughly investigated to make sure “they
were loyal American citizens, that they were discreet, and that they could be depended upon to keep secret work which contributed toward
the development and production of the atomic [bomb].”

Rochester was far from the noisy industrial plants and hectic laboratories of the Manhattan Project.2 Oddly enough, though, the cold,
industrial city had numerous links to the bomb project. Rochester was the home of George Eastman, the founder of Eastman Kodak Co. A
subsidiary of his company, the Tennessee Eastman Corp., was the 6rst operating contractor of the gigantic Y-12 plant in Oak Ridge where
enriched uranium was produced.

Sta2ord Warren, who had gotten to know Eastman when he was in Rochester, said Eastman had been a man so painstakingly meticulous
he painted the shapes of tools on the walls of his workshop so he could tell immediately whether things were in their proper position. At
home, diagrams of cutlery were outlined on the kitchen walls. In his hunting lodge, the shadows of his guns were painted behind the gun
rack. On March 14, 1932, Eastman asked his personal physician to draw the image of his own heart on his skin. Then, at the age of seventy-
eight, according to Warren, he shot himself in the middle of that drawing. “He, of course, was very meticulous about his own hygiene and
was always dressed very nicely and properly, shaved and barbered, and so on,” recalled Warren.3 “But then he began to get feeble and
developed some incontinence and had to hire a nurse to take care of him. After a while, he began to wear the equivalent of diapers so that
he wouldn’t have a mess on his hands. He decided he wasn’t going to tolerate this.” William McCann, the physician who drew the heart on
Eastman’s chest, was one of the men present at the September 5 planning meeting.

At the time of the meeting, less than six months had elapsed since Wright Langham had sent that 6rst ampoule of plutonium to Oak Ridge
to be injected into Ebb Cade. But the world had changed radically in those months, and Langham, the young chemist who once seemed
destined for a mundane career on the Oklahoma Panhandle, now found himself in the vanguard of that change. He had bucked across the
desert at the Trinity site in an Army jeep, bulky radiation detector in hand, as the purples and golds of the 6rst atomic bomb ascended into
the New Mexico sky. He had worked alongside the scientists responsible for Little Boy, the bomb dropped on Hiroshima, and Fat Man, the
bomb that exploded three days later over Nagasaki.

The meeting that Langham attended in Rochester had been ordered by Sta2ord Warren (who was to land in Hiroshima in three days). Most
of the men present were Warren’s colleagues or students from his prewar days. Among them were Robert Fink, William Bale, Andrew
Dowdy, and Harold Hodge. At the request of the Manhattan Engineer District, Bale had “activated” a metabolic ward at Rochester’s Strong
Memorial Hospital to carry out “certain tracer studies” with long-lived radioisotopes.4 The ward, at least in the early years, appears to have
been used exclusively for the radioisotope studies.

The protocol for the plutonium injections, which was written by Wright Langham and not made public until 1995, disclosed that the
experiment was a result of the Rochester meeting as well as “numerous conversations with Col. Warren, Col. Friedell, and Dr. L.H.
Hempelmann.”5 According to that protocol, only two subjects were to be admitted to the metabolic ward during the 6rst six weeks of the
program.6 Once the technicalities were worked out, however, scientists hoped to handle four patients simultaneously.

The patients were generally transferred to the ward from other parts of the hospital. The small ward where the injections were
administered and the excretion samples collected was supervised by Samuel Bassett, a pleasant-looking doctor educated at Cornell University
who had also attended the September 5 planning meeting.

Each patient was assigned the initials “HP” followed by a number. According to one document, the “HP” stood for “human product.” The
doctors were on the lookout for patients who had relatively normal metabolisms.7 Langham wrote:

At the meeting it seemed to be more or less agreed that the subjects might be chronic arthritics or carcinoma patients without primary involvement of bone, liver, blood or
kidneys.8 It is of primary importance that the subjects have relatively normal kidney and liver function, as it is desirable to obtain a metabolic picture comparable to that of an
active worker. Undoubtedly the selection of subjects will be greatly influenced by what is available.

Under the tentative plan, the group decided that each patient was to be injected with an average of 6ve micrograms, or 6ve millionths of a
gram of plutonium. That was five times the amount of plutonium the Manhattan Project scientists had just declared could be retained
without harm in the human body and was also more than what Wright Langham and other scientists were willing to risk putting into their
own bodies. “We considered doing such experiments at one time,” Langham wrote in 1952, “but plutonium is considered to be suKciently
potentially dangerous to discourage our doing absorption experiments on ourselves.”9

Though 6ve micrograms was the planned dosage, the actual amount of plutonium injected into the patients varied from 4.6 to 6.5 micro-
grams. The cumulative radiation dose received by each patient was dependent on two factors: the amount of radioactive material injected
into the body and how long the subjects lived. The longer the patients lived, the larger their cumulative dose.

Six weeks following the Rochester meeting, the program became operational when the 6rst patient was injected with plutonium. In all,
eleven patients would be injected there between October 16, 1945, and July 16, 1946. But before that 6rst injection could take place, many
housekeeping details had to be worked out.



housekeeping details had to be worked out.
The patients’ initial two weeks on the metabolic ward were slated as a control period in which they were to be trained to collect their own

urine and stool specimens. “The period of indoctrination,” Bassett later wrote, “usually required about ten days.”10 After collection, the urine
samples were heated in a steam bath for two hours and then cooled. An adhesive mortar was then placed around the top of the jars so that
“any leakage which might have occurred would be revealed to the person receiving the urine for analysis.”11 A preservative was added to the
stool samples, and the mixture was boiled for ten minutes before it was transferred to half-gallon fruit jars. The excretion samples, as well as
periodic blood samples, were to be collected on a strict schedule and shipped in wooden crates to Los Alamos.

According to the protocol prepared by Langham, Sta2ord Warren had suggested a Lieutenant Valentine perform the injections.12 But
Hannah Silberstein, a woman who apparently worked on the metabolic ward, wrote that Bassett made the 6rst injection.13 It’s not clear from
the documents, however, whether Bassett injected all the patients. When Louis Hempelmann was asked about the experiment by AEC
investigators in 1974, he said Bassett prepared the syringes and handed them to a physician who injected the patients. Hempelmann said he
was “quite positive” that the physician making the injections did not know the contents of the syringe.14

There is no evidence that any of the Rochester patients gave their consent for the experiment or knew what was being injected into them.
In fact, Hempelmann told investigators that a “deliberate decision was made not to inform the patient of the nature of the product that was
injected.”15

Amedio Lovecchio, a sixty-seven-year-old Sicilian immigrant whom Bassett described as “well preserved for his years,” became the 6rst of
the Rochester plutonium injectees.16 A proud-looking patriarch, Lovecchio had two 6g trees in his backyard. Each fall he bent the trees to the
ground and buried them deep in the soil to protect them from the harsh winter. Each spring he gave the 6rst 6g to a pregnant daughter-in-
law. Lovecchio was admitted to the hospital after an ulcer hemorrhaged so severely that he required a transfusion. Code-named HP-1,
Lovecchio was injected at 3:30 P.M. October 16 by Dr. Bassett “with no ill e2ects,” Hannah Silberstein reported.17 Lovecchio lived for another
fourteen years after the plutonium was administered. He was working as a maintenance man when he contracted pneumonia and died on
January 12, 1960.

William Purcell, a forty-eight-year-old hemophiliac who was assigned the number HP-2, was injected 6ve days after Lovecchio. Purcell was
a cheerful, red-haired Irishman who had been admitted to the hospital thirty-eight times.18 He was well known and well liked by the sta2
and was listed as the proprietor of a cigar store on his death certi6cate. Bassett confessed in a letter to Wright Langham and Louis
Hempelmann that he had been unable to get the three control samples of blood from Purcell prior to the injection. “The reason being that he
is a hemophiliac who has been in the hospital for studies of blood clotting.19 This had led to a thrombosis of one of his veins which we felt
should be given time to heal, and hence, we kept our venous punctures down to a minimum. I will be able to furnish the requisite number
of post injection blood [samples].” Purcell’s condition eventually improved, and he was injected with plutonium on October 23. He died on
August 4, 1948, two and a half years later, from what doctors described as “brain disease.”

Eda Schultz Charlton, HP-3, and Jean Daigneault, HP-4, were both injected on November 27. Charlton, a housewife, was to live for another
four decades. Daigneault, who was only eighteen years old, died on April 19, 1947, a year and a half after the plutonium was administered.
Daigneault su2ered from Cushing’s syndrome, a metabolic disorder characterized by a moon-shaped face and excessive weight in the trunk.
She was studied intensively by doctors interested in that disease. On one occasion, when she was put on a rice and raisin diet, she told her
sister that she craved a hot dog. As a teenager, she had won the western New York women’s breast stroke swimming championship.20

Paul Galinger, HP-5, a tall, thin man with trembling hands and slow speech, was 6fth in line. He was a machine shop foreman whose
handicapped son had died the previous year. Doctors diagnosed Galinger, then 6fty-six, as su2ering from depression and an incurable nerve
disorder now called Lou Gehrig’s disease. “So far he has cooperated quite well but has a difficult personality,” Bassett confided to Langham.21
“The prognosis is poor and fatal termination can be expected within a year.” Galinger was injected on November 30, 1945, and died on
April 29, 1946. Even before he was dead, Bassett had begun making plans to retrieve his organs. “This may be counting our chickens before
they are hatched but I thought it might be well to settle on some of these details before we are confronted with the necessity of obtaining
specimens.22 I presume you would like a sample of blood from the heart or lungs?” Bassett inquired in a letter to Langham.

His carefully laid plans notwithstanding, Bassett learned only by chance that the much-anticipated autopsy was under way, and he had to
rush to the hospital to lay claim to the specimens he wanted from Galinger’s body. “We arrived after all the dissection had been completed
and only had about thirty minutes in which to get the material together,” he told Langham.23 In another letter he added, “The specimens
from both the large and small bowel so nearly 6lled the jars that there was an insuKcient space for the alcohol and hence a good deal of
decomposition has occurred.24 This probably holds true for the liver samples also. I have added a little formalin to each of the intestinal
samples to try to reduce formation of gas.”

By the end of 1945, 6ve of the eleven injections had been completed and the Rochester program was beginning to have the eKcient feel of
an assembly line. But there were still a lot of messy details to work out, even acts of God to cope with. As the holiday season approached,
Bassett worried the experiment would grind to a halt. “It begins to look now as if we might be without patients at Christmas.25 No one
seems to want to be in the hospital on that particular day. I will do what I can, however, to keep the production line going.”

Bassett’s e2orts were unsuccessful and there were no new injections in Rochester during the month of December and January. They
resumed February 1, 1946, with John Mousso, HP-6, a gentle-tempered handyman from East Rochester, a village seven miles east of the city.
Mousso, forty-four at the time, was admitted to the hospital for multiple infections on his eyelids and toes, but the underlying illness that
plagued him was Addison’s disease, an adrenal gland disorder that made him nauseated, lethargic, and achy. Mousso was a familiar 6gure in
East Rochester: sweeping out the 6re hall, shoveling snow from the church steps, emptying the penny meters along leafy streets named Elm,
Oak, and Hickory. Bassett described Mousso as a “well developed, but thin male with deeply pigmented skin.”26 Supported by his deep love
for his wife, Rose, Mousso was to live for many decades after the injection was administered. But he returned to the hospital often, and on
several occasions, doctors surreptitiously gathered excretion samples from him.

Edna Bartholf, HP-7, was injected February 8. Edna was 6fty-nine years old and su2ered from rheumatic heart disease. Except for the
“marked” swelling that extended from her hips to her feet, she looked healthy. But when Bassett placed his stethoscope to her chest, he heard
the irregular heartbeat. Bartholf had spent her life in Morganville, a tiny hamlet near Rochester that today has a population of 150. She was
active in the Congregational Christian Church, the Women’s Christian Temperance Union, the Ladies’ Aid Society, and other groups. “Her
church was the thing she was most interested in,” her niece, Winifred Thater, recalled.27 Bartholf lived another nine months after the
plutonium was administered, dying on October 27, 1946, of pulmonary failure.

Next was Harry Slack, a sixty-nine-year-old janitor at a local YWCA and an alcoholic su2ering from malnutrition and cirrhosis of the liver.



Next was Harry Slack, a sixty-nine-year-old janitor at a local YWCA and an alcoholic su2ering from malnutrition and cirrhosis of the liver.
Little is known about Slack’s life. He enlisted in the Army at the age of twenty-one to 6ght in the Spanish-American War, but his company
made it only as far as Virginia. Slack had been admitted to the hospital on December 12, 1945, because he had been having trouble
breathing and his abdomen was enlarged. Bassett described him as a “poorly nourished, weak, thin male who is slightly confused.”28

Slack’s health continued to decline while he was in the hospital, and he was “moribund” when the plutonium injection was administered
on February 20, 1946. Six days later he died of pneumonia. Apparently surprised by Slack’s sudden death, Bassett dashed o2 a letter to
Wright Langham: “I hope this next part of the letter will not prove too much of a shock to you since we have run through an acute
experiment.29 No collections of urine or feces were made in this instance.”

The experiment hadn’t been a total loss, however. An autopsy had been performed less than six hours after Slack’s death, and researchers
would have his organs to analyze. “We were somewhat pressed for time and perhaps did not obtain as much in the way of bone samples as
we might have,” Bassett added.30 He was certain, though, that the plutonium had mixed suKciently in Slack’s body and would be detectable
in the harvested organs.

Langham was a little startled by the news. But he in turn had something even more startling to suggest, which apparently was inspired by
rumors he had heard about the experiments taking place in Chicago: Inject the next terminal patient with 6fty micrograms of plutonium, he
instructed. Such a dose would be equal to 6fty times the amount that several researchers, including Langham himself, had estimated could be
tolerated without harm in the human body: “This would permit the analysis of much smaller samples and would make my work
considerably easier.31 I have just received word that Chicago is performing two terminal experiments using 95 micrograms each. I feel
reasonably certain there would be no harm in using larger amounts of material if you are sure the case is a terminal one.”

Bassett, in a reply dated March 27, appeared to have been troubled by the idea that the plutonium may have hastened Slack’s death but
nevertheless agreed to try to implement Langham’s plan:

This case did turn out to be terminal, but at the time I started the experimental period, there was suKcient uncertainty regarding the outcome to make me feel that the dose
should be within the range of tolerance.…32 The larger doses that you mention, particularly 50 micrograms, might be given if a suitable opportunity occurred and if you are
very anxious that I should carry it through, I will see what can be done.

Slack was actually the eighth person injected but was given the code number HP-11. The reason for the inconsistency is unknown. Perhaps
the experimenters originally planned not to include Slack in their study because of the failure to obtain any urine or stool samples but then
changed their minds as they were compiling their data for their final report.

About two weeks after Slack’s demise, Janet Stadt, HP-8, a forty-one-year-old woman su2ering from scleroderma, a chronic skin disease
that hardens and 6xes the skin to underlying tissues and eventually disrupts the functioning of the internal organs, was injected. Bassett
described Janet Stadt as a “thin and pale female” and carefully chronicled the symptoms of her disease: Her eyelids were tight and the skin
was drawn around her mouth.33 The flesh on her hands was so thick and taut her fingers could not uncurl completely.

Stadt’s son, Milton, said at a public hearing in 1995 that his mother’s disease was so painful that she eventually became addicted to
painkillers. “I had to get up in the middle of the night, sterilize needles, 6ll them with Demerol, and she would inject herself with Demerol
for the pain,” he said.34 To add to her misery, Janet Stadt received 1,000 rem of radiation during her lifetime, the highest dose of any of the
Rochester patients, according to calculations performed in 1995 by the Los Alamos scientists.35 She died on November 22, 1975, nearly three
decades after the injection was administered. Her death certi6cate states that the cause of death was malnutrition caused by cancer of the
larynx.

Milton Stadt did not learn that his mother had been injected with plutonium until he received a call from Energy Secretary Hazel O’Leary
in 1994. “My mother,” he said, “went in for scleroderma, which is a skin disorder, and a duodenal ulcer, and somehow she got pushed over
into this lab where these monsters were.”36

Fred Sours, HP-9, was injected April 3. In the town of Gates, a suburb of Rochester, Sours held the position of supervisor, a job roughly
equivalent to mayor. He was sixty-four years old and suffering from dermatomyositis, a rare disorder in which the skin becomes inflamed and
the muscles grow weak. His face was red; his eyelids and ears also were red and swollen. “Man appears chronically ill, skin is dry and loose,”
wrote Bassett.37 Sours died on July 2, 1947, of pneumonia, a year and three months after the injection. When the townspeople of Gates
heard the news, they lowered the town Oag to half mast for four days and the town board issued a proclamation stating: “His honesty was
known to all, and the well-being and interests of the town, of which he was the chief executive oKcer, were his early aim during his oKcial
life.”38 While the people of Gates were mourning Sours’s demise, Manhattan Project doctors were harvesting his organs. The plutonium was
everywhere—in his liver, spleen, kidneys, and bones—everywhere except for his heart.

Bassett received a steady stream of polite but critical letters from Langham while the injections were under way. The Mason jars containing
the urine and stool samples often arrived at the New Mexico laboratory broken or leaking. The samples were sometimes mislabeled, and in
some cases, the labels were missing altogether. Too much human material had been stu2ed into some of the containers and not enough
preservative had been poured into others. Only a month after the injections started, Langham found himself overwhelmed by the volume of
urine and stool samples. “I would like to suggest,” he said in a letter to Bassett, “that the next patients selected be individuals whose
conditions will not require high fluid intake and extremely high diet levels of mineral or nitrogen.”39

On another occasion, Langham complained that the iron content in the patients’ diets was interfering with the radiochemical analyses.
Bassett then began sending Langham an inventory of the patients’ diets. Among other things, Jean Daigneault was getting pineapple juice,
potatoes, squash, ground round steak, and macaroni. William Purcell, the hemophiliac, was getting lots of vegetables, a slice or two of
American cheese, and an occasional cup of co2ee. Amedio Lovecchio, the Sicilian immigrant who su2ered from a bleeding ulcer, was on a
“very peculiar” diet prior to the injection, Bassett conceded.40 “We took him on short notice with the understanding that we would carry out
the medical treatment as already planned.”

Before the human injections began, three rats were injected in their tail veins with the same plutonium solution that Langham and Bassett
planned to administer to the patients. Only a small percentage of the plutonium went to the rodents’ livers, which made the two scientists
more con6dent that the plutonium injected into the human subjects “would not be taken up in high concentration by a single organ such as
the livers,” Bassett wrote.41 Belatedly, after ten of the eleven injections had been completed, Langham recognized that they had been overly
con6dent. Dangerous amounts of plutonium were, in fact, accumulating in the patients’ livers: “The amazing feature regarding the tissues [of
Paul Galinger] was that 48 percent of the material was found in the liver.42 This result is extremely alarming to me. Results obtained at
Chicago more or less con6rm the 6nding. The results indicate that complexing the Plutonium with citrate does not prevent the deposition in



Chicago more or less con6rm the 6nding. The results indicate that complexing the Plutonium with citrate does not prevent the deposition in
the human liver as it does in the case of the rat.”

Wright Langham and Samuel Bassett kept their fears about possible liver damage and other long-term consequences to themselves, and
eventually the patients were discharged from the hospital without ever having been told what had been done to them. For the rest of their
lives, the injectees carried within their bodies the plutonium they had received on Samuel Bassett’s metabolic ward. “With regard to ultimate
effects [of plutonium], it is too early to predict what may occur,” Bassett wrote in a secret, unpublished report.43

For the 6ve decades that followed, it was widely assumed, and reported in the scienti6c literature, that the patients were very ill and not
expected to live much longer. Incredibly, documents released in 1994 and 1995 reveal that that false impression was perpetuated largely by
a 1950 Los Alamos report written by Wright Langham, Samuel Bassett, and two other scientists. The Los Alamos report, entitled “Distribution
and Excretion of Plutonium Administered Intravenously To Man,” was classified secret and not declassified until 1971.

Three of the eleven Rochester patients did die within one year; but three others lived for thirty years or more. After the experiment was
completed, Bassett wrote up a rough draft of what had taken place. In that draft, he noted that the patients selected for injection were “a
miscellaneous group of male and female hospital patients for the most part with well established diagnoses”:

Preference was given to those who might reasonably gain from continued residence in the hospital for a month or more.44 Special treatments and other therapy thought to be
of bene6t to the patients were carried out in the normal manner. The necessity of studying urinary and fecal rates of excretion of Pu [plutonium] automatically excluded cases
of advanced renal disease or disturbance in the function of the gastrointestinal tract. Patients with malignant diseases were also omitted from the group on the grounds that
their metabolism might be affected in an unknown manner.

Bassett also confessed in his draft report that one of the patients had been misdiagnosed. But his draft was never published. Thus the only
published account was the one that came out of Los Alamos under the names of Langham and Bassett and the two other scientists. It omitted
Bassett’s description of the patient selection process and his mention of the misdiagnosis. The Los Alamos version, considered for decades the
authoritative source on the experiment, states that the patients were “su2ering from chronic disorders such that survival for ten years was
highly improbable.”45 Other statements later made by Langham himself furthered the impression that the patients’ conditions were terminal.
At a chemical conference in 1956, Langham described the patients as “hopelessly sick.”46 And in a 1962 paper, he described them as
“terminal.”47

The plutonium experiment was temporarily interrupted in the early summer of 1946 when Langham and Bassett were pressed into service
by Sta2ord Warren for Operation Crossroads, a joint military exercise in which the 6rst two atomic bombs of the peacetime era were
detonated on an remote atoll in the Paci6c Ocean. Warren had found it so diKcult to recruit radiation monitors that he had been reduced to
asking anyone who could read or write to join the operation. Langham was hopeful that he and Bassett might be able to talk with Warren
about the experiment. It’s likely the three men did spend a little time together, although there are no documents describing such a meeting.

In their absence, a Rochester physician named Helen E. Van Alstine continued to look for “suitable” subjects. In a July 10 letter to Wright
Langham, she said, “We were 6nally successful and had admitted to the special metabolic division on July 8th, a 52-year-old negro male
with a diagnosis of severe heart disease.…”48

The subject was Daniel Nelson, who was recuperating from a heart attack when he was shipped to the metabolic ward for “special
studies.” The transfer to that ward was the last of a string of misfortunes su2ered by Nelson.49 A cook for most of his life, he had lost all his
money in the stock market shortly before the heart attack. He was injected with plutonium on July 16 and given the number HP-10. When
he was discharged from the hospital, he had no place to convalesce and 6nally sought help from a now-defunct rest home for veterans in
Mount McGregor, New York. Nelson lived for ten years and eleven months after he was injected, dying of heart disease on June 2, 1957.

Bassett returned to the United States soon after the 6rst atomic bomb was detonated during Operation Crossroads, and was in Rochester by
the time Nelson was injected. But Langham remained to see the second shot, an underwater explosion that pushed a dome of radioactive
water high into the sky. “The second test at Bikini was really a great show.50 I am sorry that you did not stay to see it,” Langham told Bassett
when he returned to Los Alamos. Reinvigorated by their Pacific adventure, the two men were ready to increase the dosage level.

“Shall we try for a terminal case or two?” Bassett queried.51

“I think we should get some terminal cases if possible,” Langham responded.52

But for unknown reasons, Nelson turned out to be the last patient injected with plutonium. The following month Bassett began an
experiment in which enriched isotopes of uranium were injected into six people with good kidney function. The uranium injections were
apparently part of the larger study that had been planned by the Manhattan Project after the war and their function was to 6nd the minimum
dose that would produce detectable kidney damage. Thousands of people were working with uranium in Oak Ridge, and the bomb doctors
were eager to find out more about both its radioactive and chemical toxicity.

While the uranium injections were under way, Langham kept nagging Samuel Bassett to collect more urine and stool samples from
plutonium-injected patients whenever they were readmitted to the hospital. Additional samples were obtained from hemophiliac William
Purcell when he returned to the hospital in early January of 1946 for bleeding of the intestinal tract. Samples were also collected from John
Mousso, the East Rochester resident, whenever he was readmitted. Eda Schultz Charlton, a lonely, depressed widow, turned out to be one of
their most fruitful subjects.
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A MISDIAGNOSED HOUSEWIFE

Eda Schultz Charlton sat on a high stool all day, legs tucked beneath her, inspecting camera shutters at the Kodak plant.1 As she hurried home
at night, she may have sensed the winter gathering over the black waters of Lake Ontario. She was a middle-age woman, slightly overweight
and .lled with vague fears about the future. The war was .nally over and the whole country was celebrating, but it was an unhappy time for
Eda. Her husband had died of a heart attack a year earlier and her son had not yet been discharged from the Navy. Sometimes she sat up
alone in her living room eating handfuls of peanuts and candy. Other nights she just crawled into bed early.

Eda had a touch of hypochondria and a tendency to go on food binges. The hypochondria, almost indiscernible at the time, would 1ower
into a painful obsession during the last two decades of her life. No diagnostic test, no doctor’s words, could staunch the fear of cancer that
eventually grew weedy and strong in her mind. Eda camou1aged her insecurities with clothes. She wore beautifully tailored suits, stylish felt
hats, and carried small pocketbooks with gold latches. Her permanents were always fresh and her nails well-bu3ed ovals. Even when she was
in her eighties, she continued to wear a tortuous corset of lace and elastic that left deep red marks on her body. The youngest of four sisters,
Eda had serious dark eyes and wavy brown hair. She was twenty-three years old when women won the right to vote, and she dutifully
walked the narrow path laid out for women of her generation. Except for the brief stint at the Kodak plant, she was a housewife for most of
her life.

As the autumn turned into the winter of 1945, Eda had developed numerous minor physical complaints and went to doctor after doctor.
One physician had given her a thyroid medication that apparently increased her nervousness. Another had given her three or four injections
of B vitamins for back pain. She had gained ten pounds from the peanuts and candy.

Not long after the vitamin injections, she broke out in a rash. Small pimples spread from her hairline, down the back of her neck and
shoulders, and over her abdomen. Then her legs swelled abruptly. The swelling suggested something serious might be wrong, and she was
admitted to the University of Rochester’s Strong Memorial Hospital on November 2 for diagnostic tests. The doctors were puzzled by her
symptoms but suspected her diet was the culprit. “Her nutrition has been poor because she eats alone, lives alone, has little interest in food,
poor appetite, has subsisted largely on sandwiches and co3ee and an occasional glass of milk—poor protein, poor vitamins,” states the .rst
of many hospital admission notes.2

Her eyes were clear, her lungs and heart normal. With just two days of bed rest and the hospital’s high-protein, low-salt diet, the rash and
swelling in Eda’s ankles subsided. The doctors thought the swelling was caused by hypoproteinemia, a condition in which abnormally small
amounts of protein are found in the circulating blood plasma. That condition, in turn, could have been caused by her poor diet. She might
also have been suffering from a mild case of hepatitis.

On the eleventh day of her hospital stay, she was transferred to E-3—Dr. Samuel Bassett’s metabolic ward—for “protein studies.” Bassett, in
a classi.ed letter written to Wright Langham a day later, con.ded, “We have also taken in another patient, Eda Schultz, #239876, and expect
to begin collection within a few days if she proves to be sufficiently cooperative.”3

At home, Eda was rigid and controlling, setting aside a day for laundry and a day for ironing. She was upset when she found dust under her
bed or saw dandelions on the front lawn. She was so formal that even in the presence of family and friends, she referred to her .rst husband
as “Mr. Schultz” and her second as “Mr. Charlton.” But in the hushed hospital wards or doctors’ waiting rooms, she acquiesced to the most
intimate probing of her body. “I think she had an inferiority complex,” Helen Schultz, her daughter-in-law, speculated.4 “She was kind of shy
and timid around people. She might have done what they told her to do.”

Samuel Bassett was juggling several patients when Eda arrived on E-3. The plutonium-laced urine and stool samples from Amedio
Lovecchio and William Purcell were being packed and sent to Los Alamos. Control samples were being gathered from Jean Daigneault and
Paul Galinger.

Bassett instructed that Eda be placed on the “house diet” until further notice. An ice bag, codeine, and aspirin were ordered for a pain in
her left shoulder. Two days later Bassett told the nurses to begin the collection of urine and stool samples. “Cover with acid at the end of 24
hr period.5 Have pt. void directly into collection jar.” Twice she went on shopping excursions. “She feels that her ankles have not been as
swollen recently in spite of increased activity including two shopping trips,” wrote Helen Van Alstine, the doctor who selected Daniel Nelson
for injection.6

Eda celebrated Thanksgiving on Bassett’s ward. She may have exchanged a few words with Jean Daigneault or Paul Galinger. On
November 27, .ve days after Thanksgiving, a needle .lled with sterile saline was slipped into one of her veins. The saline was injected
slowly to ensure smooth entry into the vein. Then the syringe was detached and another containing plutonium was substituted. “The
plutonium solution was injected rapidly, after which the syringe was rinsed once by drawing it full of the patient’s blood and discharging the
blood back into the vein,” the Los Alamos report written by Wright Langham and Samuel Bassett stated.7 “For obvious reasons,” Langham
had pointed out before the experiment even began, “extreme care should be taken to make sure the vein has been entered before the
material is discharged.”8 The syringe injected into Eda contained 4.9 micrograms of plutonium, an amount that delivered a total lifetime dose
of 880 rem. The radiation exposure that she received each year from the plutonium was equal to sixty-six times what the average person
receives annually.9

Eda’s medical records contain no information about the injection. In fact, nothing in the 314 pages of medical records maintained by Strong
Memorial Hospital from 1945 to 1979 reveals she was in the plutonium experiment. Only a slight change in the urine collection schedule
suggests that anything unusual was afoot on the day of the injection. “Collect urine Spec. in 2–12 hr periods today.10 Collect the second 12 hr
Spec @ 8:00 PM. tonight. Tomorrow resume the 24 hr collection,” Bassett wrote.

The decision to keep references to the experiment out of the patients’ medical .les was apparently made by the Manhattan Project doctors
before the experiment began. In an October 25, 1946, letter to Samuel Bassett, Wright Langham wrote:

I talked to Colonel Warren on the phone yesterday and he recommended that I send copies of all my data to Dr. Dowdy where it would be available to you and Dr. Fink to



observe.11 He thought it best that I not send it to you because he wanted it to remain in Manhattan Project .les, instead of taking a chance on it .nding its way into the
hospital records. I think this is probably a sensible suggestion.

Life on the ward resumed its humdrum pace following Eda’s injection. Seconal was authorized for her if she requested it, as was a water
enema, if necessary. On December 11 a young doctor named Christine Waterhouse performed a routine kidney test. A couple of days later
Bassett said Eda could start using salt on her food again. With the plutonium circulating in her body, Eda was discharged on December 20,
1945, five days before Christmas.

Several years later, when Bassett wrote up his version of the experiment, the misdiagnosis that he mentioned was a reference to Eda. “A
woman aged 49 years may have a greater life expectancy than originally anticipated due to an error in the provisional diagnosis,” he
wrote.12 But it is not clear what Bassett meant by the “provisional diagnosis.” Although the doctors were uncertain about what was wrong
with Eda, nowhere in her medical records is there a suggestion that she was terminally ill. Both Langham and Bassett knew Eda was not
terminally ill at the time they were writing the Los Alamos report, but they omitted the fact from their published paper. The misinformation
was hidden from Eda’s family, the scientific community, and the public until 1995.

Eda was not terminally ill, she was not chronically ill, and she may not even have been seriously ill. The shopping excursions certainly
seem to suggest that her health was not badly impaired. Her daughter-in-law, Helen, never recalls Eda having hepatitis. And her son, Fred,
said his mother seemed .ne when he .nally arrived home from the war. “I don’t remember her being sick at all after my father died.13 I
lived with her for two years when I got home from the Navy,” he recalled.

The error proved to be a stroke of good fortune for the Manhattan Project doctors, however. Since Eda’s metabolism was normal, scientists
would be able to get a more accurate picture of how a healthy worker metabolized and excreted plutonium. She was to become one of the
most intensely studied of the injectees. From 1945 until she died in a nursing home in 1983, she was tracked by doctors and scientists
working for the Manhattan Project or its successor agencies. She was not told about the plutonium injection for nearly thirty years.

On July 25, 1946, eight months after she had been injected with plutonium, Eda fell down her basement stairs. She told doctors she didn’t
recall striking her head or losing consciousness, but afterward she became dizzy and vomited. Blood trickled from her right ear and her spinal
fluid was bloody. X rays revealed no evidence of an old or new fracture.

Eda was hospitalized for two weeks and complained frequently of a severe headache and upset stomach. Doctors settled on a diagnosis of
cerebral concussion. The physical e3ects apparently caused by the injury plagued her the rest of her life. She su3ered from severe attacks of
vertigo, nausea, blurred vision, and unsteady gait. Eventually she learned to control the vertigo by first raising her head from the pillow in the
morning before turning it from side to side. Dr. John Cobb, a medical doctor and radiation expert who reviewed Eda’s medical .les, said it
was unlikely that the plutonium contributed to the fall or the nausea and vertigo.

Bassett’s name does not show up in Eda’s chart during the July 1946 hospital visit because he was at Crossroads. But he was clearly behind
her third admittance in October 1946 for “liver function” studies. “I am still hammering away at the Hp patients and now have Hp3 in again
for about a week,” Bassett con.ded to Langham.14 “You should soon receive some urine specimens and I hope at least one four-day
collection of feces.”

Eda’s red blood cells appeared to be within normal limits, but years later, another test would indicate the cells were of “very rare” shapes
and sizes.15 The red blood cell changes—which can be indicators of numerous diseases, including anemia—could have been caused by the
radiation from the plutonium.

In the spring of 1950, a few months before Bassett and Langham completed their work on the Los Alamos report, Langham asked the
Rochester doctors to secure several additional urine samples from Eda and John Mousso. “Even one sample from one or two of these
individuals after this late date,” Langham wrote, “will be extremely valuable data to have.16 It will a3ord a basis of checking mathematical
expressions that we have derived and will give us some confidence in our extrapolations.”

Bassett, who by then had left Rochester and had gone to work in a Veteran’s Hospital in Los Angeles at Sta3ord Warren’s urging, enlisted
the aid of Christine Waterhouse. A 1938 graduate of Mount Holyoke College, Waterhouse had earned her medical degree from Columbia
University’s College of Physicians and Surgeons in 1942. She joined the sta3 of the University of Rochester School of Medicine and Dentistry
in 1943 and remained in Rochester for the rest of her professional career.

Waterhouse was the young doctor who did the routine kidney test on Eda when she was hospitalized during the injection period. Her
name also appears on the cover of the Los Alamos report as one of the .fteen doctors or scientists who did work related to the study. But
Waterhouse has stated emphatically that she had nothing to do with the original injections. “I never knew the top people in this a3air,” she
said during one of several interviews.17 “This was already a done thing. The people making the decisions, I didn’t have much to do with. I
was told to take care of the patients.”

Waterhouse examined Eda for the .rst time in 1950 at about the time the excretion samples were shipped to Los Alamos. It was the
beginning of a patient-doctor relationship that continued until 1979. Waterhouse saw Eda sometimes as often as twice a month in the later
years, listening to her heart, her lungs, the steady stream of her complaints. Yet, over the course of three decades and throughout the 300-plus
pages of Eda’s medical records, Waterhouse never mentions the word “plutonium.”

Waterhouse said she did not refer to plutonium because the experiment was “classi.ed information” until 1972.18 After that, she said she
still didn’t mention it because she didn’t think any of Eda’s medical problems were related to the injection. “It wouldn’t have occurred to me
to put it in the chart unless I thought it was related to the symptoms,” she said.

Waterhouse said she took a practical view toward the experiment after the injections had been completed. “My feeling was once the initial
act was done, then it was my job to get all the information I could get.19 In other words, there was no way anybody was going to take the
plutonium back. As long as it’s there, you might as well, I felt, get the maximum amount of information that I could to try to help in the
future.”

In October 1950 Langham asked former Manhattan Project doctor Joseph Howland, who by this time had rejoined the University of
Rochester medical school, to help him obtain X rays of Eda and John Mousso. The “most likely symptoms” resulting from the injections, he
said, would be changes in the bones—a generalized in1ammation, thinning in the bones of the feet, the jaw, and the heads of the long bones,
and a coarsening of the trabeculae. “The X rays seem to be the all important thing, but please get them in a completely routine manner.20 Do
not make the examination look unusual in any way.”



not make the examination look unusual in any way.”
In April 1953 X rays again were taken of Eda’s elbows, hands, both feet, and ankles. “There are some interesting changes in the chest,” a

radiologist noted.21 A “distinctly abnormal” mass, he added, had been detected on the left side of her rib cage. The radiologist’s .ndings were
delivered to Waterhouse and to Louis Hempelmann, who had left Los Alamos in October of 1948 to become a professor of experimental
radiology at the University of Rochester’s medical school. Hempelmann, in turn, relayed the information to Charles Dunham, a top AEC
oLcial in Washington, D.C.: “The patient in question was brought in for a skeletal survey, and turned out to have a ‘coin-like’ lesion inside
the chest wall.…22 It is undoubtedly an incidental .nding, but she must be explored by the chest surgeon here at Strong. In the course of the
operation, he will remove a rib which we can analyze. Her .lms show the same type of minimal inde.nite change in the bone the others
have had.”

Eda was admitted to the hospital in June of 1953 for surgery. She was anesthetized and a four-inch incision made along her left side. A
“soft, rubbery mass” on the third rib was removed as well as two inches of the rib itself.23 The mass turned out to be benign. Her medical
records don’t indicate what became of the rib.

At about the time of the operation, Eda moved forty miles away to Canandaigua, a bucolic town on the shores of Canandaigua Lake, the
“gem” of New York’s Finger Lakes. Settled soon after the end of the Revolutionary War, Canandaigua has a history long enough to give an
antique patina to the entire town. Just blocks from the town center, sweeping lawns are anchored by carriage barns that once sheltered
horses from snow. But the stately homes, the fresh wind blowing in o3 the lake, and the town’s lovely shoreline did little to improve her
health. “I’m sick to my stomach all the time,” Eda complained when she was admitted to Strong Memorial Hospital in August 1962. It was
her fourth admittance since the 1945 plutonium injection.

Her second husband, Howard, had died three months earlier and Eda was acutely depressed. She had lost ten pounds and was experiencing
early-morning awakenings and feelings of despair. “Patient is a thin, anxious appearing female who looks somewhat younger than her stated
age of 65,” one doctor observed.24

Month after month she complained of morning nausea, dizziness, tension, and anxiety. She had many other odd symptoms as well. She
frequently complained of a burning sensation on her lips and the tip of her tongue. She had spasms in her throat, severe pain on the side or
top of her head, and a prickly sensation in her face. She went to countless dentists with complaints, but the doctors could find nothing wrong.
It’s not clear whether the plutonium, which can be deposited around the tooth sockets and bone surfaces of the mouth, was causing her
discomfort. But dogs injected with large amounts of the material have experienced loosening of the teeth and other dental problems.

In Canandaigua, Eda also began seeing Dr. Joseph Guattery, an internist who once taught at the University of Rochester medical school.
Now retired, Guattery said that Christine Waterhouse referred Eda to him. “Because Mrs. Charlton lived in Canandaigua, it was much easier
for somebody to give her regular daily care and whatnot here, so she referred her to me.”25

Helen Schultz, Eda’s daughter-in-law, said Eda told her that she .rst learned that she had been injected with plutonium from Guattery.
Helen said she couldn’t remember the year her mother-in-law .rst mentioned it. “She said to me one day, ‘What is plutonium?’ and I told
her.26 Then I said, ‘Where did you hear that?’ and she said, ‘Dr. Guattery said that’s what they gave me at Strong.’ ”

But Guattery said he didn’t inform Eda of the plutonium injection. Rather, Eda told him and then “Dr. Waterhouse gave me a little
information,” Guattery said.27 “I can see her very plainly as you’re talking to me. She was a moderately stout woman, though not very fat.
She was well-built, soft-spoken. She had dark skin, dark hair, wore glasses and didn’t always seem to have very much energy.”

Eda’s son and daughter-in-law also continued to take her to Rochester for her checkups at Dr. Waterhouse’s oLce. In the early years, Eda
usually visited Waterhouse once a year. But as she grew older and sicker, the frequency of the visits increased. Waterhouse chronicled her
complaints and ordered numerous tests—X rays, blood tests, barium enemas, liver and brain scans.

In early January 1967, after Eda’s weight had ballooned to 144 pounds, she con.ded to Waterhouse that she was afraid she had cancer
“…   she feels that this weight increase is all localized in the abdominal area, in other words, she wonders if she has a tumor growing in her
abdomen,” Waterhouse wrote.28

Dr. John Cobb said Eda’s fear of cancer could have been something that she picked up unconsciously from Waterhouse. “The doctor was
being very careful and not leaving any stone unturned.29 The patient could have been worried about cancer because her doctor was worried
about cancer.”

But Waterhouse said she requested a lot of tests because Eda had so many symptoms. “Patients of this character who tend to have a lot of
symptoms, you work them up and you don’t .nd anything to cause their symptoms and you tell them.30 They come back three months later
with a different set of symptoms.”

According to Dr. Waterhouse’s notes, Eda mentioned “experimentation” to her during an October 18, 1975, oLce visit. This is the sole
written proof that Eda had some idea she had been involved in an experiment. “Mrs. Charlton says she feels terribly from the mental point of
view, that she is forgetting things and is confused much of the time.31 She again mentions the problem of experimentation but does not push
this at the present,” Waterhouse wrote.

Eda’s physical and emotional problems seemed to accelerate in the 1970s. She felt plain terrible. She was chronically depressed and
suffered from fatigue and shortness of breath. The morning nausea continued along with the discomfort in her bowels.

Her diet worsened. She lived on milk, crackers, and bread and subsequently developed anemia. “She fails to cook vegetables because it’s
too much trouble and the same goes for meat,” Waterhouse jotted down after one visit.

Eda also began taking up to eight aspirin a day for the ever-increasing pain from her arthritis. New X rays showed bony outgrowths on
each hip and other degenerative changes. The plutonium had delivered twice the amount of radiation to her bone cavities theoretically
needed to induce a tumor. Roland Finston, a retired Stanford University health physicist, said it was quite possible her bones could well have
developed a “moth-eaten” appearance from the radiation. But the arthritis didn’t worry Eda as much as cancer. Despite the negative tests, Dr.
Water-house’s notes show that Eda continued to worry about a possible malignancy:

   • 1976 [Day illegible]: “The patient continues to be obsessed with the idea that she has received [illegible] much radiation and that she has
a cancer in her neck.” (The reference to “radiation” is ambiguous; Eda may have been talking about the experiment or the exposure she had
received from the many diagnostic tests.)32

• June 28, 1976: “Mrs. Charlton complains of excessive fatigue today. She feels worse than she has ever at any time in the past. She states
that she is fairly convinced from Dr. Guattery and myself that she does not have a cancer, but on the other hand, she has never felt worse in



that she is fairly convinced from Dr. Guattery and myself that she does not have a cancer, but on the other hand, she has never felt worse in
her life.”

• November 21, 1978: “…   she has had symptoms of a ‘creepy crawly’ feeling up the side of her face, tremendous anxiety probably
associated with these symptoms. When asked point blank if she were afraid she had cancer, she denied this but repeatedly brings up the
possibility of cancer.”33

   Tormented and obsessed, Eda was to live another four years. She developed serious physical problems that were compounded by the
lifelong depression. She was moved to a health-related facility at a local hospital after she underwent surgery for a bowel obstruction. A
second surgery followed. Then she had a heart attack, fractured her hip, and .nally su3ered a stroke. At 7:30 P.M. on January 24, 1983, just
two months shy of her eighty-sixth birthday, Eda Charlton died of “acute cardiac arrest,” her death certificate states.

After her death, Guattery sent a clinical summary of Eda’s .nal years to scientists at Argonne National Laboratory in Chicago. “At no time
during the years that I was Mrs. [name deleted] physician did I see any evidence of carcinoma,” he wrote.34 “This was speci.cally looked for,
especially with her background history.”

Eda’s funeral was small and poorly attended. Other than Fred and Helen and their immediate family, only one other nephew was present.
The business with plutonium, the name of the radioactive material that Nobel laureate Glenn Seaborg said rolled o3 the tongue better than
“plutium,” had vexed her until the very end. Sometime before she died, she asked her son, “Do you suppose that stu3 they gave me did
anything to me?”
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CHICAGO: UPPING THE DOSE

Less than a week after Eda Schultz Charlton was injected with plutonium, Una Macke, a frightened and desperately ill woman, pushed
through the doors of Chicago’s Billings Hospital. She was hoping to .nd a doctor who would help her. Instead she unwittingly delivered
herself into the hands of Manhattan Project scientists who were on the lookout for “moribund” patients.1 A petite, thoughtful-looking
woman, Una had traveled to Chicago from Ohio several months earlier to consult a hematologist after experiencing pain around her ribs,
sternum, and the small of her back. The hematologist diagnosed her as having infectious mononucleosis, but the diagnosis didn’t .t her
symptoms. She began experiencing fevers at night, a raging thirst, and a loss of appetite.

On December 3, 1945, she was admitted to Billings Hospital for diagnostic tests. Beneath the hospital gown, her body was shockingly frail.
There was a faint bluish tint around her lips and nose and her face was deeply lined, making her look a full decade older than her .fty-six
years.2 Una had no husband, no children. Her father, John H. Macke, was a manager of the John Shillito Company, a department store in
Cincinnati, Ohio, and author of a book on how to measure and cut carpets.3

The antiseptic smells and the polished corridors of the hospital might have seemed familiar to Una. When she was young, she had been
extremely ill with tuberculosis of the spine and lungs. She had licked the disease and, with the exception of occasional sinus problems, had
enjoyed good health since.

Soon after she was settled on the ward, doctors performed a biopsy, removing tissue from her head and left armpit. The results were
ominous: Una had widespread cancer, which had probably originated in the left breast. As she tossed in her hospital bed, soaking her gown
with perspiration, a solution called “U” medication was prepared by scientists at the Met Lab, a ten-minute walk from the hospital.

Christmas came and went. The scant records don’t indicate whether she had any visitors. Two days later, on December 27, the “U”
medication was started. Almost immediately Una began to vomit.4 She was unable to eat, unable to drink, unable to hold anything down in
her stomach. Seventeen days later, on January 13, 1946, she died.

Two hours after her death, her body was whisked to an autopsy room. On the slab, she was hardly bigger than a child: .ve feet one inch
tall and eighty-five pounds. “On the head,” wrote a pathologist, “is a large quantity of graying red hair.”5

Her mouth and teeth were in good repair, the tongue covered by a dark brown coating. In her right armpit and groin, several walnut-size
nodes were palpable to the touch. “The muscles are thin, somewhat pale and poorly developed.”6 “The emptied heart weighs 250 gms.”

The cancer had spread to her liver, small intestine, spinal column, and pelvis. The bone marrow had been almost completely replaced by
tumor. The pathologist examining the tissues also made a surprising but not unheard of .nding: Una was su?ering from a second cancer
called lymphoblastoma. The pathologist compared postmortem tissues taken from Una with biopsy material removed before the “U”
medication had been administered. He found lymphoblastoma in the biopsy tissue, a .nding that ruled out the possibility that the second
cancer “was induced by the medication.”

Una’s organs were scooped from her body and placed into containers .lled with a 95 percent alcohol solution.7 Alcohol was used because
the Rochester studies had revealed that formalin tended to leach plutonium out of the specimens. The body parts later were dried, ashed, and
converted into an acid solution. Then they were measured for radioactivity. The bone marrow was the hottest, emitting 1,399 counts per
gram of tissue.8

The “U” medication administered to Una was not a medication at all; it appears to have been a code word for plutonium. A health
physicist who reviewed Una’s medical records concluded the dose could have delivered enough radiation to Una’s liver to cause nausea. The
nausea and the inability to eat may, in turn, have hastened her death.

The same day Una was injected, a young man su?ering from Hodgkin’s disease was also injected with plutonium. The man, who died
about 170 days after the injection, is the only one of the eighteen plutonium patients whose identity remains unknown. Una was assigned
the code number CHI-2 and the Hodgkin’s patient, CHI-3. They were the last two people injected with plutonium in Chicago.

What distinguishes the injections of Una and CHI-3 from those that occurred at other Manhattan Project sites was the size of the doses—
94.91 micrograms of plutonium.9 That was nearly one hundred times what scientists in 1945 believed that a healthy worker’s body could
tolerate without harm and equal to more than 1,700 times the radiation that the average person receives in a year from natural and man-
made sources.10 It was out of envy of the superior data he thought such doses might yield that Wright Langham had written to Samuel Bassett
asking him to be on the lookout for terminal patients whom they could inject with larger doses.

The records that have been made public so far do not reveal who authorized the doses. The lines of authority between the Met Lab’s
Health Division and the Manhattan Project were fuzzy, and it could have been either Robert Stone or Sta?ord Warren who gave the go-ahead.
As for the doctor who actually performed the injections, the scientists gave conDicting statements to AEC investigators many years later when
they were asked about them. Scientists Edwin Russell and J. J. Nickson are listed as authors of a 1946 scienti.c report describing the
injections and postmortem analyses of Arthur Hubbard and Una Macke. Leon Jacobson, R. Lesko, and W. Monroe are listed as assistants.

Edwin Russell told AEC investigators that he prepared the plutonium solutions and that Leon Jacobson injected the material into the
patients.11 But Jacobson, who went on to become chairman of the Department of Medicine at the University of Chicago’s Pritzker School of
Medicine, denied any involvement in the experiment. He said he “knew very little about it, next to nothing.”12

In 1946 six Met Lab employees drank a plutonium solution concocted by Edwin Russell.13 The study was probably done so scientists could
con.rm that plutonium was not readily absorbed by the GI tract. One of the volunteers was Robert Carr Milham, of Augusta, Georgia. Now in
his seventies and in good health, Milham said in 1995 he was clearly informed about the nature of the experiment. The drink tasted like
“lemonade,” he added.14 “Some people who were near terminal death, I believe, preceded us.”
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POSTWAR BERKELEY: THE FINAL INJECTIONS

Joseph Hamilton was in the Sierra Nevada panning for gold with his wife and sister-in-law when a neighbor came running up and
breathlessly informed them that some kind of fantastic weapon had just been dropped on Japan. Hamilton knew perfectly well what kind of
weapon his neighbor was talking about, but like virtually every other scientist on the Manhattan Project, he had been so indoctrinated in the
ways of secrecy that he had not told anyone about the bomb, including his wife, Leah. At last, the secret was out. He turned to his wife and
sister-in-law and said, “That’s been my work.” The women began talking excitedly, but Hamilton soon returned his attention to the trout-
filled creek and the glittering pan of rocks in his hand.1

As he breathed in the brisk mountain air, Hamilton’s mind no doubt raced ahead to the postwar period. Although he knew there would be
changes, Hamilton acted as if the war was not over when he returned home to Berkeley. In the days and weeks to come, he continued to run
the Crocker lab, the heavily guarded facility that he oversaw, with his usual secrecy, locking his papers each evening in a heavy o6ce safe.
Like clockwork, he 7led his dry, technical reports with the Manhattan Engineer District, updating project leaders on ongoing experiments
and informing them of the additional studies he was planning. In September of 1945, the month that Wright Langham went to Rochester and
Stafford Warren and Hymer Friedell were in Japan, he sent the Manhattan Project the following memo on his next study:

The next human subject that is available is to be given, along with plutonium 238, small quantities of radio-yttrium, radio-strontium and radio-cerium.2 This procedure has in
mind two purposes. First, the opportunity will be presented to compare in man the behavior of these three representative long-lived Fission products with their metabolic
properties in the rat, and second, a comparison can be made of the differences in their behavior from that of plutonium.

Hamilton hoped to perform his next injection within two months, but for unknown reasons, the experiment was not carried out until April
of the following year. The patient targeted to receive the multiple injections was Simeon Shaw, a four-year-old boy who arrived in the
United States on April 16, 1946, on a U.S. Army Transport Command plane from Sydney, Australia.

Simeon, or “Simmy” as he was called, was the youngest of three children, a lively little boy with sparkling eyes and dark hair. He was from
Dubbo, Australia, a small farming community in western New South Wales, 260 miles northwest of Sydney. Around January 6 of that year,
Simmy’s six-year-old sister, Helene, was rocking him in a hammock on their front porch when he tumbled out and onto the ground.3 Simmy
began to cry loudly, alarming his father, who came out to the porch and scolded Helene severely for her carelessness. The commotion so
frightened Joshua, the oldest child, that he ran into the garden and stood in front of a green chili bush. Then he plucked oB a chili and ate it.
“There is a whole blank from there,” Joshua recalled.4

Simmy complained of pain in the right leg, but in a few days he was careening around the farm again with his usual, wild happiness. A
week or so later his mother, Freda, noticed a tender, swelling mass on the inside of the boy’s knee. She took him to a local doctor who
diagnosed the injury as a fractured femur. Simmy’s leg was placed in a cast and the X rays forwarded to a radiologist in Sydney.

After carefully studying the 7lm, the radiologist came up with a shocking 7nding. Simmy appeared to have an osteogenic sarcoma, a form
of bone cancer, and probably would not live for more than nine months. Desperate and disbelieving, the Shaws sought other medical
opinions. Eventually they decided to take the child to the University of California Hospital in San Francisco for treatment.

How the family learned of UCSF or who in Australia referred them remains a mystery. An Australian doctor, whose name has been deleted
from medical records released by the Department of Energy, had consulted his counterparts in the United States.5 Perhaps contact was made
through this conversation. A note in Simmy’s medical records states that the child was referred from Australia by a “Major Davis through the
Red Cross.”

Once the decision was made to go to the United States, events moved at lightning speed.6 Freda applied for a nonimmigrant visa, and
within a matter of hours, the two were boarding the U.S. Army plane in Sydney. So grave was the plight of the small boy that American
troops headed home from the Paci7c campaign had been oB-loaded to make room for them.7 Once they were in the air and the roar of the
engines had lulled Simmy to sleep, Freda, a young woman with long dark hair, may have begun playing and replaying in her mind the
blurred events of the last four months, searching for an explanation for the unthinkable prognosis her son had just been handed.

Freda’s husband, Samuel, was a wool buyer from Gorki, Russia, who had immigrated to Australia years earlier. Freda, who was 7fteen
years younger than her husband and a British citizen by birth, was a gifted musician. She had a lovely singing voice and played the piano,
cello, and violin. Although she was only thirty-two years old, the extra Gesh she carried around her shoulders and hips had dragged her into
an early middle age.

The large plane Gew east for eight thousand miles across the blue wrinkled expanse of the Paci7c Ocean, stopping for fuel in Brisbane,
New Caledonia, and Fiji. When they reached Honolulu, Red Cross officials took mother and son sightseeing and then prepared a fresh bed for
the child’s last lap to San Francisco.8 The ragged brown edge of a new continent appeared in their plane window just four days after Freda
had applied for the visa.

The transport plane touched down at a small air7eld north of San Francisco. A Red Cross ambulance was pulled up nearby and a knot of
reporters and photographers were milling about. Freda tottered down the ramp with her child. She was wearing an old-fashioned hat, a print
dress, and a dark coat. Draped around her shoulders was a slender braid of mink.

Simmy looked like a character out of a Charles Dickens novel, skin and eyes glittering with fever, his right leg swaddled in a cast. The
photographers moved in with their boxy cameras. The boy giggled, reaching for the spent bulbs. Someone gathered up a whole bag of bulbs
and shoved them into his hand. Freda, exhausted and disoriented, was brimming with gratitude. She thanked the Army and the Red Cross for
helping to arrange the Gight. The doctors in Australia, she said, had told her it was urgent to get to UCSF within a week. “Inside of one hour,
American Army o6cers and Red Cross workers had arranged priorities for us as paying passengers,” she said.9 “I want everybody to know
how kind they have been.” Freda refused even to acknowledge the possibility that UCSF would not be able to help her son. “I’m hopeful,”
she said, “because I have to be.”



she said, “because I have to be.”
The next day the story of the arrival of mother and son was carried in newspapers around the United States: “Mercy Flight Brings Aussie

Boy Here”; “Sydney Boy Admitted to U.S. Hospital After Flight”; “Specialists Hope to Cure Boy, 4.” Then the reporters moved on to the next
assignment. For Freda and Simmy, though, the story was just beginning.

Once he was in the hospital, the experiment on Simmy had to proceed quickly. Ships and men were already massing in the Paci7c Ocean
for Operation Crossroads. Many of Hamilton’s assistants would be going. Even Hamilton himself, on one occasion toting a bottle of bourbon
for the sweaty troops, would be flying back and forth.

Still carrying the bag of spent Gashbulbs, Simmy was placed in a wheelchair and rolled to his hospital bed. The admittance o6ce waived a
lot of the paperwork. “Their traveling expenses, previous specialists, etc. have been tremendous,” one o6cial hurriedly noted. Freda gave the
physicians the X rays and medical reports she had carried with her from Australia. Curiously, there was no letter of referral or summary of
Simmy’s illness.

The child was given a detailed physical examination. Codeine and aspirin were prescribed for his pain and an elixir of phenobarbital was
ordered to help him sleep. Freda stayed at the Parnassus Guest House across the street from the hospital. Her joy at arriving in the United
States evaporated quickly when doctors allowed her to see Simmy only three times a week. “They say if I go more often they will not be able
to do anything,” Freda told her husband in a telephone conversation.10 Simmy was also distraught by the separation. “He wants to see his
mother continually,” an entry on his medical chart states.

Simmy began to grow more feverish a few days after he was admitted. Additional aspirin was ordered. Ice packs were placed on his
forehead. Alcohol rubs were administered. A severe infection materialized in his middle ear, and ten days after his arrival, his left eardrum
was punctured so pus could drain out.

Incredibly, on April 26, the same day his ear was punctured and his temperature was hovering at 104 degrees, Simmy was injected with
three radioisotopes: plutonium-239, cerium, and a third isotope believed to be yttrium.11 He was the youngest of the eighteen plutonium
patients and the only foreign citizen. CAL-2 was his code name.

The radioisotopes injected into Simmy were slightly diBerent from the ones Hamilton outlined in his memo. Instead of plutonium-238,
plutonium-239 was injected. Radioactive strontium was eliminated, and one of the scientists involved in the experiment suggested the
yttrium injected into Simmy may actually have been rubidium.

Simmy’s fever continued to seesaw after the injections. It dropped to normal a day later, and then rose again to 104 degrees. The infection
spread to the right ear, which was also drained. Although his temperature kept Guctuating, surgeons decided to go ahead and do a bone
biopsy. Australian doctors had speci7cally recommended against a biopsy, but the reason for their objection is not clear. After Freda signed a
consent form for the anesthesia, the child was wheeled into surgery and a rubber tourniquet was wrapped around his upper leg. Surgeons
removed an “oblong section” of bone.12 “Then with curved gouges more material was removed from the center of the tumor for radioactive
studies as well as biopsy.” Small bits of muscle and tissue were also taken out for study. Finally the incision was closed and the child was
returned to the ward.

A note in Simmy’s medical records states that some of the specimens were sent to Earl Miller. Another document states that the data on the
uptake of the radioactive materials could be obtained from Miller by “responsible individuals.” But Miller said in an interview shortly before
his death that he was not involved in Simmy’s case.13 “If I had any contact with this kid it might have been through reading his films.”14

Freda placed two calls to Australia, the 7rst on April 25 and the second on May 9. Samuel’s secretary listened to the conversations and
transcribed them. Simmy’s brother, Joshua, said this was probably done because his Russian-born father didn’t speak English well and the
phone connections were terrible.15 Some of the transcripts contain blank spaces, which Joshua said probably represented words the secretary
couldn’t understand. The transcripts are 7lled with a poignant sense of confusion and urgency. They were kept by Simmy’s father for decades
and were handed down to his surviving children after he died.

The day after the radionuclides were injected, Freda placed the 7rst call to her husband. “They have given him an injection and will be
giving him another one on Saturday,” she reported.16 There is no further information about what Freda was told about the injections; nor has
any evidence made public so far indicated that Freda was informed about the plutonium.

Simmy’s diagnosis, unlike Albert Steven’s and Eda Schultz Charlton’s, was accurate. X rays showed the child had two additional lesions—
one in the upper thigh and one in his left arm. The disease probably had nothing to do with the fall from the hammock.

Freda’s agitation, meanwhile, continued to mount. In the second conversation with her husband, she said, “This afternoon they said they
have not any hope at all.17 The resident specialist has told me there is no hope.”

Simmy’s fever continued to Guctuate during the rest of his hospital stay. He was given large doses of penicillin and more aspirin for the
pain in his leg. There was a debate about whether to administer “deep X-ray therapy” or to amputate the leg. Both options were discarded
because it was felt that the cancer was too far advanced. Freda was advised, however, that if Simmy’s tumor became excessively large or
ulcerated through the skin, amputation might be necessary.

A fresh plaster cast was placed over Simmy’s leg and he was discharged on May 25. The child seemed improved and was trying to put
weight on the injured leg. Ominously, though, an X ray done four days after the discharge suggested the tumor actually was increasing in
size.18 Six weeks had elapsed since Freda’s joyous, hopeful arrival in the United States. “Sailing June 14th Need Money Cable Immediately
Love,” she wrote in a telegram to her family.

Simmy and Freda took a slow boat back to Australia. The journey took a month, and the two may have passed some of the Navy vessels
transporting scientists and sailors to Operation Crossroads. Somewhere in the middle of the Paci7c Ocean, Simmy celebrated his 7fth
birthday. When they reached Australia, Simmy and his mother took up residence in the Riverview Hotel on the outskirts of Sydney. Simmy’s
father joined them there. The eight-room hotel, which is still standing, was owned by Samuel’s sister. Joshua, the eldest son, said the family
probably stayed in Sydney because they were strapped for cash.

Through the summer, fall, and winter, Freda, Simmy, and Samuel were together, sharing a large room in the front of the hotel. There were
cooking facilities, perhaps a hot plate in the room. Simmy slept in the only bed.

Freda, who had had her 7ll of doctors and mercy Gights, used homeopathic remedies in a desperate attempt to ease the child’s pain. Mrs.
O. S. Adams, a Californian who may have befriended Freda while she was in the United States, sent her a packet of clover bloom. “At last I
have the clover bloom for your little boy,” she wrote.19 “Cover with water, boil two or three minutes strain and serve when cool enough.”
The letter and the envelope, with its six cents’ worth of stamps, were also kept by Simmy’s father.



The letter and the envelope, with its six cents’ worth of stamps, were also kept by Simmy’s father.
The clover bloom was fragrant and full of hope, but no match for the bone cancer. The disease did its work, brutally and efficiently. Finally

there was nothing left to do but hold Simmy. “The last time I went into his room, Simmy was screaming with pain.20 I couldn’t stand it,” said
Joshua. “The next thing we were driving back to Dubbo. I was sitting in the backseat and I asked my mother where Simmy was. She said he
was staying in Sydney for a while. I could see she was very upset.”

Simmy died on January 6, 1947, a year after the fall from the hammock. His death deeply aBected the Shaw family. Samuel never
mentioned Simmy’s name again and shut himself oB from his two other children. If Joshua or Helene touched him, he went to the sink and
washed his hands. “From Simeon’s death onward, there was a void.21 I can’t remember one happy moment,” Joshua said.

A couple of years later, a secretary for Bertram V. A. Low-Beer, the UCSF radiologist who conducted the TBI experiment for the Met Lab,
wrote to Freda. Low-Beer was interested in how Simmy was feeling. “We realize you may have been busy and overlooked the letter, but we
are very interested in knowing how your son, [name deleted], is feeling at the present time.”22 Low-Beer’s secretary told Freda she was
welcome to use the bottom of her letter for her reply. A stamped, self-addressed envelope was enclosed. “Hoping to hear from you soon,”
she added. Freda never responded.

Soon after the experiment on Simmy was completed, Joseph Hamilton and his colleagues headed to the beautiful lagoon in the Pacific Ocean
where the world’s 7rst peacetime atomic bombs were detonated during Operation Crossroads. But his human experiments were not over yet.
In November of 1946, some 7ve months later, he was again pleading with the Manhattan Engineer District for small amounts of plutonium-
238 so he could continue his studies.23 The next human guinea pig in Berkeley was injected not with plutonium, but americium, a
radioactive element discovered by Glenn Seaborg in 1944, which is created by bombarding plutonium-239 with neutrons. The subject was
Hanford Jang, a sixteen year-old boy from Canton, China, who spoke no English. Often referred to as CAL-A, Jang was suBering from the
same disease as Simmy: an osteogenic sarcoma. The cancer was located in his left femur and had spread to other parts of his body.

According to the scant records on the case, Jang was injected with americium on June 10, 1947, at the Chinese Hospital in San Francisco’s
Chinatown. On the day of the procedure, a note in his medical records states: “An injection has been given this patient at 10:30 a.m. today,
henceforth all urine and feces shall be collected separately daily in individual containers provided to be collected daily at 9:00 a.m. by
messenger from the radiation laboratories of the University of California at Berkeley.24 Please date all bottles.” Another note in his records
states: “Keep clear of urine. Keep cool. Keep in container and in bucket of ice.”

Scientist Kenneth Scott instructed researcher Josephine Crowley to “make arrangements for daily car trips to S.F. for excreta for 7rst two
weeks.”25 He continued, “We will use the same procedure as with Mr. S. See JGH for particulars.” “Mr. S.” was probably a reference to
Albert Stevens. “JGH” was Joseph Hamilton.

Although doctors had decided not to amputate Simmy’s leg because the cancer was too widespread, they went ahead and amputated
Hanford Jang’s leg despite the fact that his cancer, too, had metastasized. The amputation was performed two days after the injection. The
limb was then sent to Berkeley, where it was dissected and the americium measured in the bone, tumor, connective tissue, and muscle.26 The
teenager died eleven months later, on June 15, 1948, and was buried in the Six Companies Cemetery, a Chinese cemetery in San Francisco.
The Department of Energy admitted years later there was “no evidence of disclosure” about the experiment in Jang’s medical records.27

Although Hamilton certainly supervised the human experiments, it’s not clear whether he actually injected the patients. “I don’t think Dr.
Hamilton, himself personally, ever injected anybody with anything.28 I don’t think he ever wanted to practice medicine after he 7nished his
internship,” Patricia Durbin speculated in an interview with government o6cials in 1994. “He basically turned [away from] medical practice
and became a laboratory bench scientist. He was terri7ed of patients. He was terri7ed of people.” Hamilton was so afraid of human touch,
Durbin added, that he once wanted to fire one of his pregnant secretaries because he was worried he would have to deliver the baby himself.

Within weeks of the Hanford Jang injection, Joseph Hamilton and his associates began looking around for another human subject. They
eventually set their sights on Elmer Allen, an African American railroad porter originally from Texas whose life had been turned upside
down by an accident. Code-named CAL-3, Elmer was the third and last patient injected by the Berkeley group and the 7nal subject used in
the entire experiment. Elmer outlived the other seventeen patients and the doctors who injected him, succumbing to pneumonia in 1991. But
his was one of the most tragic stories of all.

As the fog streamed in over the hills of San Francisco, blanketing the city in a cloud of swirling whiteness, Elmer Allen hobbled from doctor
to doctor, hoping to 7nd somebody who could help him get back on his feet again. He and his young wife, Fredna, had moved to Richmond,
California, in the East Bay area after World War II. The color of their skin didn’t seem to matter as much in California as it did back home in
Texas, where segregation was still rigidly in place. They had met in a bustling train station in El Paso. Fredna had missed her connection and
was crying when Elmer, his eyes serious and thoughtful beneath the porter’s cap, appeared at her side. “I can get you on the next train,” he
said. He followed Fredna back to her hometown of Italy, Texas, where they were married.

Everything went well those 7rst two years in California. Elmer was working as a railroad porter for the Pullman Company and Fredna as
an aide in a health clinic. They had two children, a four-month-old son and a daughter who was not yet two. “We were optimistic about the
future,” Fredna recalled.29 But then an accident occurred on September 3, 1946, a minor accident really, which would set in motion a chain
of events that would forever alter their lives. Elmer was trying to get oB a train in Chicago when the train jolted suddenly and threw him to
the side, injuring his left knee.

He went to the company doctor in Chicago and saw another when he returned to Oakland. The Oakland doctor diagnosed the injury as a
fracture and advised Elmer to wrap his knee in an Ace bandage and apply heat. But the pain and swelling didn’t go away. Finally Elmer was
referred to a private physician named Lloyd Fisher. Puzzled by the knee’s inability to heal, Fisher removed some Guid and sent it oB to a
pathologist for a second opinion. The consulting pathologist diagnosed the wound as a bone cyst and found no evidence of cancer. “The
principal picture is that of newly forming bone, organizing hemorrhage, and chronic inGammation.”30 Fisher then referred Elmer in June of
1947 to UCSF’s outpatient clinic. “Of great teaching value,” one clinician later penned on Elmer’s medical records.

The injury had put a terrible strain on Elmer and his young family. The Pullman Co. had discontinued his checks and stopped paying his
doctor’s bills. Rent was $35 a month; insurance, $4.20; and his union dues, $3.31 His net assets consisted of $25 in cash. He was $60 in debt,
most of which represented doctors’ bills.

One of the 7rst things that the UCSF doctors did was take another set of X rays. By that time, Elmer was taking painkillers and his knee
had swollen to three or four times its original size. The radiologist concluded the changes could have been due to infection superimposed by



had swollen to three or four times its original size. The radiologist concluded the changes could have been due to infection superimposed by
a surgical defect, “but the probability of a bone sarcoma must be seriously considered.”32 The same radiologist reversed his opinion a few
days later when he did a second set of X rays: “This is probably an osteogenic sarcoma … however, the possibility of a chronic infections
process superimposed on a surgical defect must be seriously considered.”33 A biopsy was performed July 14 to settle the question. Following
a microscopic examination of the cellular material, a pathologist concluded that Elmer did indeed have bone cancer.34 Doctors told Elmer
that his left leg would have to be amputated in order to halt the spread of the disease, a procedure that is still considered an acceptable
treatment for patients suBering from cancer of the long bones. Although the disease usually is fatal by the time it is diagnosed, X rays showed
that Elmer’s cancer had not metastasized.

It’s not clear how Joseph Hamilton and his associates learned of Elmer Allen. Probably someone in UCSF’s radiology department became
aware of his case because of the numerous X-ray studies. Several Manhattan Project veterans were working in the radiology department at
that time, including Robert Stone, Earl Miller, and Bertram Low-Beer.

The doctors did not immediately schedule Elmer for surgery after the de7nitive cancer diagnosis was made. Ray Mullen, one of Elmer’s
primary physicians, wrote in his medical chart that the amputation would be “postponed until Monday in order to have radioactive tracer
substances prepared (plutonium) and standardized.35 Pt. will have tumor uptake studies done.” This is the only time in which plutonium is
specifically mentioned in Elmer’s medical records.

At 3:30 P.M. on Monday, July 18, 1947, Bertram Low-Beer and several other doctors gathered around Elmer’s hospital bed. According to a
lengthy note that appears to have been written by Low-Beer, Elmer was told the following: “The experimental nature of the intramuscular
injection of the radioactive tracer sample was explained to the patient, who agreed on the procedure.36 The pat. was in fully oriented and in
sane mind.”

The so-called consent form does not state what the radioactive material was, and relatives said it was unlikely that Elmer, who had a
limited education, would have understood what the doctors were talking about anyway. “If they told my father that he was injected with
plutonium, that would be like telling him he was injected with ice cream,” said his daughter, Elmerine.37

The plaster cast on Elmer’s left leg was split down the side and removed. After Gecks of plaster were sponged away, a bull’s-eye was
drawn in the middle of his calf. Then a syringe loaded with plutonium was plunged into the center of the circle. The needle sunk down two
centimeters, or eight-tenths of an inch, depositing the plutonium deep into the calf. When the needle was withdrawn, a physician wrote, “No
blood appeared on aspiration and no bleeding after removal of needle.”38

Elmer was observed carefully for three days following the injection. On the 7rst evening Dr. Mullen noted that Elmer was experiencing “no
pain or discomfort whatsoever.”39 The next day Mullen scribbled: “A good day with only slight throbbing pain in region of knee.” On the
third day Elmer was taken to surgery.

A tourniquet was wrapped around the upper thigh, then the skin and underlying muscles were peeled back and severed. The nerves and
arteries were isolated and snipped oB. Finally, a saw was used to cut through the thigh bone. Following the amputation, Elmer was wheeled
out of the operating room in “good condition” and given morphine, codeine, and aspirin to relieve the pain. The severed limb was sent “to
pathology and radiological study.”

Elmer was a model patient.40 Mullen, who witnessed the plutonium injection, was delighted with his speedy recovery. On July 28 he
scrawled: “Feeling much better. Anxious to get up on crutches.”41 Two days later he wrote: “Has been up in wheel chair with great joy.
Wound dressed and appears to be healing well [without] any infection … a 7ne patient.” On August 1, Elmer was “in wheel chair most of
day. No pain from stump. Penicillin [discontinued]. Afebrile. Eager to find work after convalescence—not depressed.”

Elmer’s leg was taken to Berkeley, where the plutonium at the injection site was carefully measured. When Patricia Durbin was asked how
the Berkeley scientists managed that, she responded, “It just takes big beakers, that’s all.”42

Elmer was the only patient injected in a muscle rather than a vein. The reason is not clear, but Manhattan Project doctors had been
concerned about plutonium-contaminated wounds and punctures ever since the spring of 1944, when Joseph Hamilton had advised they
should be treated like snake bites. The Met Lab’s J. J. Nickson had warned his colleagues the following year: “For large, grossly contaminated
wounds on the hand, the satisfaction of the dictates of this method of treatment might well necessitate the amputation of the hand.”43 In Los
Alamos, Louis Hempelmann had begun excising wounds that were only potentially contaminated.44 Between 1944 and 1945, seventy-eight
wounds were excised, but only three contained signi7cant amounts of plutonium and the practice was discontinued because it discouraged
employees from reporting minor injuries.

On August 7, Elmer was discharged from the hospital. Soon the Gush of exuberance faded and the impact of the amputation began to sink
in. For Elmer, an African American trying to 7sh up a livelihood in a segregated country, the railroad job had been a godsend. Now there
would be no more graceful leaps onto moving trains, no evening strolls through the sleeping cars. He haunted the wharves in San Francisco,
where he bought and sold 7sh. But that didn’t bring in enough money to support his family. A couple of years later Elmer and his wife
bundled up their two children and went home to Italy, Texas. “He wanted to make a good living for his family,” Fredna said.45 “After he lost
his leg, he just gave up all hope.”

Wearing a new prosthesis from California’s vocational rehabilitation department, Elmer tried to readjust to life in Italy. The intense
humidity, which made the summer heat feel more like gravity than air, was particularly hard on the young couple. They had grown used to
California’s blue skies and tangy breezes. Then there was Italy’s rampant segregation. The little town had two mayors and two city councils in
the 1950s—one for whites and one for African Americans. “He was disgusted. He never wanted to come back here.46 He had so many hopes
and dreams for his family,” Fredna recalled. For his children, those dreams would come true. His son, William, and his granddaughter, April,
became engineers. His daughter, Elmerine, became a school teacher. But for Elmer himself life would hold little promise.

“He could do anything,” recalled his friend Joe Speed.47 “But there was nothing for him to do.” One job after another fell through. Elmer
began having epileptic seizures and could no longer commute to Dallas, where work was more plentiful. When the seizures occurred, Fredna
would put a spoon in his mouth. “He would chew the spoon to pieces—his tongue, too,” Elmerine remembered.48 Elmer made toys for
schoolchildren, kites from brown paper bags, lampshades from Popsicle sticks, and flower baskets from egg cartons.

Soon Elmer began drinking heavily. Eventually he became one of Italy’s town characters, slumping on a bench on Main Street, telling
outlandish stories about the amputation and the doctors who Gew in and out of his room “practicing” to be doctors. He told his friend, Joe
Speed, that he had been used as a guinea pig. But no one, not even his family doctor, believed him.

David Williams, a doctor in Waxahachie, Texas, who treated Elmer for the last twenty years of his life, said Elmer informed him during one



David Williams, a doctor in Waxahachie, Texas, who treated Elmer for the last twenty years of his life, said Elmer informed him during one
of their 7rst visits about the plutonium injection.49 The physician said he put the information “in the back of my bonnet” and watched him
for indications of the long-ago exposure. Williams didn’t know whether to believe Elmer or not. “I wondered. I also wondered if it was a
portion of his paranoia and whether or not it was a crutch for him to not function as he should have functioned. His conscience needed a
salve to where it was O.K. for his wife to be teaching and so forth.”

Williams also didn’t encourage Elmer to talk about the experiment. “I didn’t think there was a lot of gain there. Do you follow? In other
words, I didn’t turn him oB, I’d listen, but I felt like he had other more ongoing problems that were more pressing and that we needed to
deal with day-to-day rather than going back to that.” Williams eventually wound up diagnosing Elmer as a paranoid schizophrenic. “What I
saw was a fellow who had a loss of limb and became an emotional cripple because of it. He took to the bottle and then got oB that. He
probably had paranoid schizophrenia all of his life. As far as doing things, I thought he was using this possible exposure as a crutch, a reason,
rather than doing as well as I would have liked to have seen him do.”

Medical authorities in California attempted to keep in touch with Elmer but eventually communication ceased—possibly due to the fact
that the physicians overseeing his case died. Dr. Bertram Low-Beer, who was at Elmer’s bedside on the day of his injection and wrote the
consent form that was placed in his medical 7le, died of leukemia in 1955. The disease, which is believed to have been caused by an
accidental overexposure to radiation in Czechoslovakia, was discovered during a routine blood test and came as a terrible shock to the
scientist and his wife. Low-Beer was “passionately dedicated” to the idea of safety, his widow said.50 “It’s extremely ironic that he should
have been a victim.”

Joseph Hamilton was diagnosed with leukemia the year that Low-Beer died. After years of watching Hamilton play Russian roulette with
radioactive materials, none of his colleagues was surprised by his illness. Hamilton was melancholy, though. “He became sad when he was
dying,” Earl Miller said.51

Hamilton continued to work up until a month before his death. His secretary, Grace Walpole, carried his papers back and forth to the
hospital. “He was very sad. But he just sort of went along as though nothing was wrong.52 And, of course, he seemed to work a little more
frantically.” Hamilton died February 18, 1957, at the age of forty-nine. The University of California listed his death as an “industrial
accident,” but no one could explain the accident or when it happened. “You know,” he told Patricia Durbin in a conversation before he died,
“the sad part is that all the easy experiments have been done.”53

With the injection of Elmer Allen, the 7rst phase of the plutonium experiment was completed. In 1967, exactly twenty years later, a second
phase would begin when Patricia Durbin, who had washed dishes in Joseph Hamilton’s lab and went on to coauthor twenty papers with him
before he died, began looking into the whereabouts of the patients. To her amazement, she would discover that Elmer Allen, Eda Schultz
Charlton, John Mousso, and Janet Stadt were still alive.





PART TWO

Atomic Utopia
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