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			This is a story about poison. Not the kind that kills you quickly, like cyanide or arsenic. But the kind that kills you slowly, that embeds itself in your blood, lungs, and brain and quietly erodes your ability to function until eventually, after a series of odd pains, strange coughs, and mysterious side effects, your body gives up.

			Poison of this sort isn’t usually called poison—at least, not at first. It’s called a new miraculous substance or a wonder cure. Something that can make food taste better, or houses stay warmer, or pipes resist corrosion. The things that seem like a good idea at the time, even divine, but when they’re examined more closely, over decades, they prove not only faulty but obvious disasters from the start.

			Luckily, it’s not all bad news. This is also a story about Alice Hamilton. Don’t despair if you’ve never heard of her. Most of our storytelling around early environmentalism centers around a few well-worn names like Alexander von Humboldt, Teddy Roosevelt, and Rachel Carson. One day, while preparing a lecture for my environmental science students at Johns Hopkins University, I saw a footnote—a literal footnote—about a woman in the 1920s who defined a new era of environmentalism, then called public health and safety. Functionally, it was the same idea as today’s global battles: Humans were doing dangerous things, often at the expense of other humans, and in the process making neighborhoods, cities, and the world dirtier and sicker.

			Hamilton’s introduction to environmentalism did not come from a holy experience in nature, like John Muir’s in Yosemite or Thoreau’s at Walden. Instead, she spent her formative years in Chicago, where she began noticing curious things happening in nearby factories and warehouses. Men were coming home from work sick. They were working with materials like lead, rayon, and tungsten. Most seemed to lack basic protections like gloves or uniforms. And almost all of them were immigrants with families to support.

			The American excitement of this era, embodied in breakthrough inventions like the Wright brothers’ flying biplane and the mass-produced automobile, didn’t spread to the millions of Americans who shoveled coal into the boilers that kept America running. The handymen, the factory workers, and the uncountable laborers. As long as the economy kept growing, there was little to be gained by asking questions about things as dull as safety and health that might slow things down.

			Alice Hamilton noticed this imbalance. And, notably, she might have taken the more common path and simply looked away. She was a white female doctor raised in a wealthy family that owned an entire city block in Fort Wayne, Indiana. But the marginalization she faced as a woman in her field made her sympathetic to those who were marginalized even more. She decided to work at Hull House, a Chicago settlement house created by Jane Addams that offered basic services to immigrants and the poor.

			Other people, however, had no such sympathy for the workers making American progress happen. If health mattered, scale and profit mattered more. A growing number of capitalists and industrialists simply wanted to innovate solutions and get rich in the process. This was the spirit driving progress in oil, steelmaking, railroads, and food production. But nowhere was it more present than in the making of cars, which promised to change everything about American life.

			Thomas Midgley embodied this American spirit, a sense of possibility and a willingness to pursue a goal at any cost. I won’t spoil your introduction to Midge except to say that he was a driven and brilliant inventor who decided early in life that he wanted to change the world. Undoubtedly, he succeeded. Sometimes the cost of innovation is small, and sometimes, as you’ll see in this story, it’s big.

			The cost is also personal. I’m sheepish to admit that, even though I teach environmental science, it took becoming a dad before I considered how personal pollution can be. Part of that is privilege: I never had to grow up next to railroad tracks or on a busy street. Working on this book made me sensitive to the micro-poisons all around us: in our carpeting, our water, the plastic toys our kids put in their mouths. Even though governments make sweeping guarantees for things like clean water and safe medicines, the reality can be flimsier. Scratch below the surface, and it becomes clear that the mechanisms to protect us from things that will make us sick have blind spots, especially when driven by the incentives of capitalism.

			This is not a sad story. It’s a shocking one, I’ll grant, but ultimately it’s a story of two incredible Americans and their fight to build conflicting worlds. It’s also a story about how change starts and progress happens—how a transformative invention came into the world, and how a pioneering woman started a movement to fight it for a century to follow. Where that leaves us now—well, let’s catch up at the end and we can all take a guess.

			Daniel Stone

			Santa Barbara, California

		

	
		
			
				[image: ]
			

			
				Part One

				The Side Door

			

			
				[image: ]
			

		

	
		
			1

			
				[image: ]
			

			
				
					[image: ]
				

				
					Alice Hamilton in 1915

				
			
			Cambridge, Massachusetts — 1919

			For as long as America had existed, one of the country’s top centers of knowledge and science circled a large patch of grass two miles west of Boston. America’s first university had begun here in 1636 as a school named for a Puritan clergyman who donated half of his life savings and four hundred books to start a college in the new colony in the Massachusetts Bay.

			In the three centuries since its founding, Harvard University had expanded in size and space and grown John Harvard’s initial endowment to almost $10 million. But the patch of grass remained, now with walking paths and black iron benches, all surrounded by large buildings where the finest professors gave the finest lectures to the finest students, all of them men.

			Alice Hamilton sat on a bench on the morning of March 15, 1919, amid snow flurries, looking at the burned crater of Dane Hall, a building in the center of campus that had been destroyed in a spectacular fire the year prior. She had just come from a meeting with the dean of Harvard’s medical school, David Edsall, who, outside of his dean capacity, happened to be an expert in the effects of extreme heat in enclosed spaces.

			Hamilton’s meeting with Edsall was the final step in a long-running conversation that took place by typewritten letters that shuttled between Cambridge and Chicago, where Hamilton lived. The discussion in these letters was timid and noncommittal, at least at first, because it was about something no dean at Harvard had ever thought about, much less acted upon. Edsall wanted to recruit Hamilton to join the faculty of Harvard. If Edsall was successful, Hamilton would be the first woman ever considered for the faculty ranks.

			Hamilton sat quietly watching male students walk in and out of the buildings. She was short, five foot four, with light brown hair parted down the middle. She wore a beige turtleneck with a brown blazer, an outfit she confided to a friend that she favored in professional settings because it looked sharp but bland, and not overly feminine. The snow was melting and signs of life had returned to the university quad. In front of her, two students tossed a ball, their breaths forming clouds of vapor. Other students sat on the steps of Sever Hall with their heads buried in books.

			Hamilton’s path to that bench had been uneven, even rocky at times. She was born in 1869 into a wealthy family, one of the richest in Fort Wayne, Indiana, and had grown up on an estate covering three city blocks that was owned by her grandfather, who had made a fortune in land speculation and railroad promotion on Indian lands. By the time Hamilton was four, her father, Montgomery Hamilton, pushed Alice and her three sisters to direct their own education by reading books. Montgomery believed that all education should be rooted in learning languages—Latin, French, and German—which would open a wider array of books for his girls to learn everything else themselves.

			When Hamilton turned seventeen, she went away to boarding school at Miss Porter’s School in Farmington, Connecticut. Miss Porter’s fed her hunger for more formal learning that Hamilton needed. The curriculum was created by Sarah Porter in 1843 to teach young girls to be good Christians first and, second, to be good wives and mothers “whose influence would shine like a saving light in a domestic world.” Porter was morally opposed to excess, corruption, and selfishness and worked to make her school an epicenter of reform to move girls forward on the educational and social track. She had no interest in frivolous activities or distractions. “There may be dancing in the backroom of the wing,” the school’s handbook read in the 1850s. “But Miss Porter wishes that there should be no waltzing.”

			For Hamilton, the straitlaced education worked. She graduated with a well-formed goal of becoming a doctor who could help people, which launched her almost immediately into medical school in Michigan. A year later, at twenty-four, she had a medical degree and, not long after, a job studying pathology at Northwestern University in Chicago. To be young and unattached was a great pleasure for Hamilton. Her days were full of research and correspondence, and her evenings were entirely hers to roam Chicago and attend lectures, plays, and musical performances—a cosmopolitan life in the Gilded Age for a woman who had no interest in bothersome distractions like men, children, or making money. As the decades passed, she developed an expertise and, with it, a reputation.

			The original spark that brought Hamilton to Harvard was a conversation between the owners of Boston’s three biggest department stores: Filene’s, Gilchrist’s, and Jordan Marsh. Two years earlier, in 1917, one of the store owners began to notice that the turnover of his workers for health-related reasons was so high that it was beginning to be a drag on his business. He mentioned this to the other owners, who admitted to having the same problem. The cause of so much sudden illness was a costly mystery.

			Together, they agreed a survey should be done about the general health of department store workers and the reasons for their illnesses—not necessarily for the sake of the workers but for the owners to have more reliable employees and thus keep up their receipts. They proposed the idea to the Massachusetts Retail Trade Board, and a year later the board came up with $50,000 for a five-year study of retail workers.

			Harvard was the obvious venue for such a study. Its medical school was the most authoritative in the country, and it happened to be an hour from downtown Boston by foot and twenty minutes by automobile. Edsall was delighted when a member of the Retail Trade Board offered him the money to do the study. All he needed was somebody to design and run the investigation. A search was done of professors at other universities who could be brought to Harvard. But the field of industrial medicine, as it was clumsily called, was less than a decade old, with few seasoned experts.

			Edsall remembered an article he had read years earlier in the Boston Globe about how Dr. Alice Hamilton, a Chicago physician, conducted a similar occupational investigation in 1911 commissioned by the governor of Illinois that looked at the conditions of workers in lead factories in Chicago and found detailed and actionable ways to improve worker health. In Edsall’s mind, this made Hamilton the leading candidate for the job, and also the only one.

			When he tried to get in touch with her, Edsall was surprised to learn that Hamilton had a richer résumé than just the Illinois survey. In her thirties, Alice Hamilton had single-handedly created and become the de facto head of an entirely new field of medicine rooted in exactly this kind of research. The dangerous trades, she called them—the factories and smelters that manufactured materials, fuels, and consumer products, and the workers who operated these facilities.

			In a time of booming production and thousands of buzzing factories across America, Hamilton was one of the first people to wonder about the health of the workers. And when she did, she found countless instances of men who toiled with scarcely any protections at all. No uniforms, no gloves, and—for those who worked with especially gruesome chemicals like mercury and lead—no respirator masks. “Dangerous” was a gentle word for these jobs. Often they were deadly.

			Hamilton was sympathetic toward the men who held these jobs. They were usually European immigrants, almost all of them living on pennies. Most spoke broken English at best, which left them marginalized. Holding no political or economic power, they had little choice but to accept any work they could find, no matter how paltry or perilous.

			What was more, Hamilton lived in Chicago, a city newly infamous for exactly this kind of worker peril. Most worker drudgery was kept hidden from view to protect rich people from confronting such ghastly tales. But that changed in 1906 when Chicago’s slaughter yards and packinghouses made international news. A socialist writer named Upton Sinclair had embedded himself for two months in Chicago’s Packingtown, as it was called, where he observed unspeakable squalor, including workers living twelve to a room in fetid boardinghouses and packing floors so dirty that even a scrape of one’s knuckles could cause an infection that could kill a man in days. Sinclair’s work was eventually published as a novel he titled The Jungle that, despite containing composite characters and some fictional details, included stomach-churning scenes that shocked the Victorian sensibilities of the upper class. In one of the worst, Sinclair wrote of men who accidentally fell into hog vats and were boiled alive, then were fished out, ground up, and sent out to the world as Durham’s Pure Leaf Lard.

			In the early 1900s, the law protected people making money, not the workers with hand sores, broken bones, and breathing difficulties. Even children were swept into the gears of American industry far more than in European countries that had long-standing child labor laws. In 1900, 2 million U.S. children still worked in mills, mines, fields, and factories. Two attempts by Congress to protect children from exploitation were overturned by the Supreme Court until, in 1938, a law called the Fair Labor Standards Act finally stuck. Immigrants, however, had no such heartstring appeal. The lines of desperate workers that formed outside factories were all but proof to business owners that nothing needed to change.

			The worst workplace dangers were usually the hardest ones to see. Any man knew he could accidentally cut his finger off while using a sharp knife to debone a cow. Or he could eventually end up with a burn if he shoveled bricks into a furnace. But it was harder to link the effects of breathing mercury vapors to future lung disease, or the lack of coverall uniforms to crippling body pains that would land a man in bed and eventually the grave.

			Hamilton’s talent was finding the connections. Her usual process was to interview sick men in their homes and at their bedsides—or, worse, to interview their widows about their husbands’ last days—and then compare the details of their afflictions to the symptoms of other men. With enough data, she could find patterns. “Shoe-leather epidemiology,” someone called it.

			She loved this work. According to one biographer, she enjoyed the one-to-one relationship between cause and effect so rare in medicine. Her work was both scientific and personal, and it fit squarely with her childhood goal that she could somehow, in some way, “make the world better.”

			The work also suited her. The one factor that made her especially good was knowing how to use her gender to her benefit. A man showing up for a surprise inspection at a factory would get turned away for fear that he was an agent for the government or a competing company. But a woman posed no threat at all, especially a five-foot-four soft-spoken one who was not angry or rude but relentlessly polite and curious. What harm could she bring? Being underestimated had its benefits.
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			In the weeks before their meeting at Harvard, Edsall appealed to Hamilton’s sympathy for the toiling American worker. “I am writing…to ask you whether you would consider taking charge of this work,” Edsall wrote to Hamilton two days after Christmas in 1918. “It is apparent, I think, that there is a very large opportunity for public service in a field that has been very inadequately studied.”

			He also toyed with Hamilton’s sense of prestige, making an opportunity no woman had ever been given. “It is the first time that the proposition has ever come up to have a woman appointed to any position professorial or other in the University.” He said he thought it would be a “large step forward in the proper attitude toward women,” particularly at a time when most colleges didn’t admit women even as students, let alone faculty. Schools that did subjected them to such crippling discrimination that, less than fifty years prior, several philanthropists endowed a series of women-only colleges in the Northeast where they could study without harassment.

			Flattery could boost her ego, but Hamilton was not in need of a job. In fact, what she needed was less work. For the past five years Hamilton had lived in feverish motion between Chicago, Baltimore, and Philadelphia. Several months before, she had agreed to oversee a survey for the Department of Labor on stonecutters who were coming down with high rates of tuberculosis due to a new mechanical cutting device that cut stone ten times faster but also produced ten times as much dust. A woman who had even basic competence in medical matters surprised many men, and when they learned she was untethered to a husband or children, professional opportunities often followed—sometimes too many of them.

			Plus she already had money, enough to suit her, and all of it hers. She bought a winter home with her sisters beside the Connecticut River near New Haven and would travel to Michigan in the summer. She accepted an invitation in 1915 to the International Congress of Women in The Hague in the Netherlands and was often asked to do work for the National Research Council and the Public Health Service. The rest of the time, she simply went wherever anyone invited her to research, study, or speak.

			When the letters started appearing from Harvard, Hamilton at first ignored them. She thought it was a hoax or a condescending appeal for a woman to make the men feel virtuous. When they kept coming, she wrote to her sister Edith, to ask how she should respond. Many other women might have jumped at the chance to join America’s most exclusive boys’ club. But Hamilton and her sister were not ordinary women.

			Besides, Hamilton didn’t want to do the department store study, which sounded boring. She had plenty of work and her schedule was full. And she didn’t want to move to Boston. It was too far, it was too cold, and she had no friends there.

			Finally, in January 1919, she responded to Edsall, saying no thanks. She could not commit to a full-time study, and she was not the right person to conduct hundreds of interviews with department store workers, who were mostly women inclined to small talk and chitchat. She was accustomed to interviewing men, ones who worked in factories, mines, and smelters. And besides, a survey of department store workers—not exactly the most marginalized of people—would be funded by the industry, which all but guaranteed corporate handholding. She had been through this before. An industry only wants to uncover problems it can easily solve, not ones that make it look bad.

			How about half-time? Edsall responded. And forget the department store work. Hamilton could come to Harvard simply to teach. She could instruct a class in industrial poisonings, he said, or, frankly, whatever she wanted to do. September to February. Free housing. And $2,000 a year, a sum $200 more than the average Harvard salary.

			Hamilton could not believe how successful her efforts at negotiation had been. And that Edsall had folded so completely.

			“Isn’t this wonderful?” she wrote in a laughing letter to Edith. “He did away with every single objection and made it as easy as possible to accept.” The idea had started to grow on her. As long as she wasn’t tied solely to Harvard, her affiliation with the school would validate her other work and the general acceptance of women in science. It would also let her perform more profound and probing work investigating grittier places like factories and mines.

			Her feelings about moving, however, were unchanged. “What am I going to do for six months each year in Boston?” she wrote Edith. “It appalls me to think of it.”
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			Hamilton had a hunch that a woman’s reception at Harvard would not be as warm as Edsall vowed it would be. Edsall was enthusiastic about her arrival, as was the university’s president, A. Lawrence Lowell, after Edsall explained to him the competitive advantage Hamilton would bring to the medical school as the leader of a nascent field. Lowell and Edsall were also growing self-conscious that Harvard’s refusal to admit women as students or faculty was beginning to make the school stand out for the wrong reasons, at least compared to Cornell, which had been accepting women since the 1870s.

			But the group of men who made up the Harvard Corporation, the effective board of the university, were squarely opposed to diluting the bastion of free thought with a woman who might distract from their serious work. During the closed-door meeting of the council that discussed Hamilton’s appointment, one professor swore loudly that he believed Hamilton joining their ranks would be the end of Harvard.

			After the council begrudgingly voted her through, her new colleagues demonstrated their disdain with gritted smiles. On her first day, a professor congratulated her and then asked her to confirm that she would not take advantage of her right to enter the male-only Harvard Club. She obliged. He also asked if she would request football tickets. She assured him she would not. Almost weekly she had to sidestep similar indignities to protect her male colleagues’ fragile egos. In the spring of 1920, after she had taught her first semester, she received an invitation to the commencement ceremonies with the awkward disclaimer printed at the bottom that “under no circumstances may a woman sit on the faculty platform.” The snub didn’t bother her. It “seemed a bit tactless,” she later wrote, “but I was sure it was not intentional.”

			Her reward for walking softly was feeling that she had vaulted to a new height and proved that other women could too. “I’m not the first woman who ought to have been called to Harvard,” she told a reporter for the Boston Globe. Other papers declared, “The Last Citadel Has Fallen,” and that Hamilton had finally arrived to “break down the sex barrier.”

			Hamilton was indeed a symbol, but she wasn’t alone as a woman breaking barriers. Everywhere one looked, there were signs that women were finally making headway in their push to be taken seriously as more than just wives and mothers. It hadn’t been long since activists pushed breakthroughs in birth control, women’s education, and fair pay. The path to more social change was through government policy, and the only way to dismantle sexist policies was to replace stubborn male lawmakers with more progressive ones, especially if a few of them were women.

			Finally, in 1918, the year Harvard thought it might be time to hire a woman, the relentless energy of the political organizers broke through. An election ushered in a new Congress sympathetic to women’s right to vote. In the spring of the following year, the Nineteenth Amendment passed and was quickly ratified by thirty-six states, giving 26 million American women a reason to celebrate a right that many couldn’t believe they had to fight so hard for.

			And here, at Harvard, was a woman who managed to break a barrier not by demand but by invitation. She was good at her work and, without portraying a large sense of pride, she knew it.

			Despite the pageantry and the newspaper interviews, the sexism and the polite hostilities, Hamilton was no longer tired. She felt the energy and purpose of a person at the top of her field who had been granted the opportunity to rise even higher. If it ever occurred to her that almost any woman alive would envy her opportunities, she didn’t dwell on it for long. She had work to do, and she was excited to do it.

			This was convenient, because her work would soon become national news, and eventually her name would circle the world.

			The story, however, would not be about her. People didn’t want to read about a scientist who researched poisons. They wanted to read about the poison.
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					Thomas Midgley around 1917

				
			
			Dayton, Ohio — 1916

			It was snowing the morning Thomas Midgley Jr. walked into work for his first day as a junior scientist in Dayton, Ohio. The snow had been coming in truckloads, dumping more than two inches an hour, a quantity common for Ohio in the winter, but at such speed that the Dayton Daily News called it “a greeting from the Eskimos.”

			Midgley had wanted to be an inventor since he was a boy, mostly because his father was also an inventor. Tom Sr. was an avid cyclist who worked for a series of rubber companies making tires; at one of them he invented the first demountable tire rims for automobiles, which won him the kind of small-town acclaim that got him stopped at the general store. Tom Sr. was the kind of father who gave his son riddles and brain puzzles, urging him to think of questions sideways to find an answer no one else had thought of.

			It helped that young Midgley devoured almost every news article and book about the famous inventors of prior decades. The turn of the twentieth century was an exciting time for children in America, but especially boys, who could see men who looked like them accomplishing great things. Thomas Edison in New Jersey, Alexander Graham Bell in Nova Scotia, and the Wrights in North Carolina. And for every major breakthrough like flying machines, telephones, and electric lights, there were hundreds of smaller ones like mousetraps, ice-cream scoops, curtain rods, and flyswatters. The papers carried tales of all of them, along with backstories of the brilliant minds locked in thrilling races of discovery, leading any reader, especially an impressionable young man, to believe that even the smallest effort would result in new discoveries.

			This combination of influence and timing all but predetermined that young Midgley would become an inventor himself. And sure enough, his first big chance came when he was fourteen, while playing baseball in high school. Midgley and a teammate noticed that if a pitcher spit on a baseball, he could make it spin faster, and if it spun faster, it would curve sharply as it approached the batter. This was the well-known principle of a curveball. But Midgley wondered if an even stickier substance would create an even sharper curve. He went home and made a list of the stickiest things he could think of, like maple syrup and honey. After some trial and error, he landed on the sap of the slippery elm tree. Eventually, smearing sticky tree goo on baseballs was adopted by players at other high schools who grew up to play professional ball.

			Fresh off a success, Midgley’s next goal was to work as an inventor, the kind who got paid to solve high-stakes puzzles and make appliances, knickknacks, and time-savers of the future.

			Midgley believed that the top advances of the future would be in automobiles. It hadn’t been long since even seeing an automobile was an occurrence rare enough to be brought up at the dinner table. The world’s first automobile, known as the Benz Patent-Motorwagen, was built in Germany in 1886, and after several iterations the first motorized wagons found their way to the United States. More than simply providing personal transportation, which was formerly a luxury for the elite, automobiles symbolized progress and the dawn of something new.

			This was a welcome change, to say the least. Horse-drawn carriages—the dominant mode of transportation—were onerous and dirty. At the end of the nineteenth century, there were more than 100,000 horses living in New York City, and millions more across America, each depositing up to thirty-five pounds of manure each day. Enormous piles of urine-soaked dung on sidewalks were not the only things left behind; the rotting corpses of abandoned horses also littered the streets.

			Horseless carriages, as early automobiles were called, provided the quickest way to replace animal power. They promised freedom and adventure, plus the exciting prospect of reshaping society and what it meant to travel. Advertisements urged Americans to “See America First,” meaning before anyone else. Within a few years, automobiles clogged the roadways leading into Yosemite Valley and the Great Smoky Mountains, each one followed by a thick cloud of exhaust.

			This didn’t bother Midgley. Automobiles everywhere, seemingly all of a sudden, was what made them so exciting. He enrolled in Cornell University in 1908 to study mechanical engineering. He spent his days learning about mechanics, thermodynamics, and materials science. Most of the students hated the required chemistry courses, but Midgley loved the concept of atoms and how they bonded together to make every substance imaginable, like baseballs, wood bats, and tree sap. In the evenings and on weekends, he sketched molecules in a small notebook like a diary. One day he decided to start carrying a copy of the periodic table with him everywhere he went, a habit he would continue for decades.

			This made Midgley smart but not yet qualified for greatness. He landed a few odd jobs as a junior assistant or paper pusher. But his father was impatient to ignite his son’s enthusiasm for automobiles, and he secured Tom Jr. a job at the tire company where he himself was a senior officer. Suddenly, Midgley, at twenty-five, had the title of “chief engineer.”

			Midgley’s inflated title and his father’s backing gave him leeway to work on whatever he wanted. He decided to use his time at the tire company to do something entirely unrelated to tires. Instead, he wanted to make a hydrometer that would indicate whether an automobile’s cooling system contained enough alcohol to prevent it from freezing in the winter. Midgley knew enough about Edison, Bell, and the Wrights to know that the best solution was usually the simplest idea with the fewest parts. And so he didn’t invent an elaborate hydrometer with hinges and gears but merely two balls of different densities. When they were put into a radiator with the right amount of alcohol, one of the balls would float and the other would sink. Such simplicity impressed his father and the company bosses, evidence of his privilege to work off script and be celebrated at the top levels for it. Midgley’s success with the hydrometer might have led him to more quirky ideas had the company not run out of money and lost market share to a fast-growing rubber company founded in Akron in 1915 called General Tire.

			Luckily, America was awash in other companies making advances in automobiles. And nowhere were there more of these companies than Ohio, the center of the automotive industry until Henry Ford yanked it up to Michigan. Ohio had access to raw materials like coal, iron, and ore and easy proximity to transportation networks by railroad and waterway, with more factories and foundries than anywhere else, plus a workforce skilled in steel and heavy machinery. Ohio was also central, giving the state’s companies access to markets in the East and Midwest and as far as California. A boy wanting to work with automobiles was as lucky to be from Ohio as an aspiring banker would be to grow up on Wall Street.

			Had he tried, Midgley could have gotten an interview at any company he wanted. He was young, smart, and enthusiastic. It didn’t hurt that he had a successful father who could vouch for him. But Midgley wanted to work for one company, and particularly the man who ran it. And if he could, it would be the kind of job that would determine the destiny of his life.
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			Charles F. Kettering had never heard of Thomas Midgley. But he decided he’d give the young man an interview anyway.

			Kettering was a celebrated start-up founder of his day, a man who had early success and rode the wave as far as it would take him. At thirty-three, Kettering founded the Dayton Engineering Laboratories Company (Delco), which became successful almost overnight thanks to Kettering’s groundbreaking invention of an electric starter motor. The traditional starter crank was noisy and dirty, the most onerous part of operating an automobile. It was dangerous, too: Sometimes the crank failed to disengage from the shaft and would start turning so hard it would knock the cranking person off their feet—or, worse, break their thumb or shoulder. Kettering’s electric starter opened driving to those who lacked the strength—or the Victorian sensibility—to crank a pipe covered in soot. For making this discovery at the precise moment that Americans were falling in love with the automobile, Kettering was celebrated in newspapers and on magazine covers as the century’s newest innovator. He also got rich, thanks in large part to Delco’s first big customer, another newly formed firm known as the General Motors Company, which in 1911 placed an order for self-starters worth ten million dollars.

			Midgley was enchanted by Kettering’s success. Kettering demonstrated the exact kind of puzzle solving that drove Midgley to want to be an inventor. But Midgley was more fascinated by Kettering’s style of working. In media profiles, Kettering, then thirty-nine, was described as possessing a sense of curiosity and charisma. He had an inventive spirit and a ceaseless determination. Unlike the go-it-alone self-centeredness of someone like Edison, Kettering seemed to value collaboration and teamwork. He wanted good people working for him—people who could think for themselves and tell him when he was wrong.

			“It’s important work,” Kettering said when Midgley came for his interview in early 1916. The automobile industry was more than about just making automobiles, he said. Companies like Delco and General Motors had the ability to change American life from top to bottom, transforming what people were capable of and who would benefit from the advances of the new century. This was an opportunity for acclaim and profit, but it was also a risk: Failure would just as easily lead to ridicule. Kettering didn’t want Midgley, then twenty-five, thinking that Delco was a playground for the idle enthusiast. He wanted hard work and results.

			Kettering liked that Midgley was young. Just thirteen years separated them, but Kettering saw “Midge,” as he called him in that first conversation, more as a son than a peer. Youth helped a man see problems with fresh eyes unencumbered by the mental constraints that came with decades of experience and too much knowledge. And indeed, Midgley later validated this hypothesis with a study of his own. He found a list of history’s most outstanding inventions and, scouring their inventors’ biographies, he discovered that 90 percent of them had been made by people younger than forty.

			Midgley fit right in. He wore a brown suit with slicked brown hair combed to the right. He flashed a warm smile to Kettering that had won him friends since childhood. The moment the two men sat down, they already had a collection of colleagues in common and stories from the inner workings of the nascent industry. They laughed about how Midgley had worked for a short time at the National Cash Register Company in the same department where Kettering many years earlier had also been a young inventor. They chided each other with cajoling and banter the way men of that era did who looked the same, talked the same, and came from similar backgrounds. After an hour, it went without saying that Midgley got the job. Kettering extended a handshake and welcomed Midgley on board.
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			Five days later, in heavy snow, Midgley walked up to the door of Delco’s headquarters at 329 East First Street in Dayton. It was a boxy building, six stories tall, with Kettering’s office on the second floor.

			Midgley pulled at the door, but it was locked. He tried to pull it harder, then gave it a loud knock. Was he at the right place? Wasn’t this where he had come for his interview?

			Just then a man popped his head out the window. “Hey, bud, the architects just stuck that door on to look right to fool people. You get in on the side.” The man was Kettering, which made Midgley smile. It was a literal metaphor of Kettering’s signature style of inventiveness: If the usual way doesn’t work, try a side door.

			Dayton was small, much smaller than Columbus, where Midgley had grown up. Dayton was a stereotypical American small town: quaint, friendly, and filled with poor roads. A few years before, the town had expanded its network of electric railcars powered by burning coal, which had turned Dayton from a feeble dot on the map into a bustling metropolis of 130,000 people. Dayton’s mayor promised the railcar network would help the city grow and increase the number of stores and eateries on Jefferson Street and Monument Avenue. But even he didn’t know how dramatic the growth would be. New neighborhoods sprung up in every direction of the city so fast that nobody had time to think about planning or zoning. Building was so haphazard that streets met at odd angles. This wasn’t a problem when streets were solely for streetcars and pedestrians, but it became an issue when automobile drivers had to share the roads too.

			Midgley’s move to Dayton to start a new job was a big undertaking. His childhood ambition to do exciting work was complicated by the fact that, by 1916, Midgley was a family man with a wife and two small children who would have to move to Dayton as well. His wife, Carrie Reynolds, was from Pleasantville, an even smaller Ohio town than Dayton. Midgley’s father was responsible for that connection, too, particularly after Tom Sr. realized that his son seemed to be more interested in drawing molecules than talking to girls. The marriage “took,” as was said at the time, and within six years Midgley went from being a bachelor to supporting a family of four, living the all-American dream of having one daughter and one son.

			Midgley’s expected salary of $1,050 per year would be enough to support them all. But that meant he needed to keep the job, and keeping it required that he do good work. It wasn’t lost on Midgley that in a booming era of industrial growth and competition, his boss defined good work as work that made money.

			Kettering showed Midgley where he would sit: not in an office but in a laboratory that looked and smelled more like a factory. The floor was a mix of concrete and dirt, and the air was stale and damp. A few years earlier, in 1913, the Miami River had flooded downtown Dayton, and almost every building, including the Delco headquarters, was still rebuilding.

			But these were mere aesthetics to Midgley. For a young man who had always wanted to be a bona fide inventor for a leading American company, that first day at Delco had the feeling of a dream.

			Walking around the shop floor, he met engineers who were working on every conceivable part of an automobile. One man was testing new spark plugs and ignition coils to increase, as he called it, “fuel efficiency.” Another man was connecting electric lights to the starter system to power headlights and taillights and, in a true flourish of innovation, to illuminate inside the passenger cabin. Others were formulating bigger batteries that could meet the growing electrical needs of automobiles.

			Within a few days, Kettering gave Midgley his first assignment. After hearing Midgley’s tale of the hydrometer at the rubber company, he asked Midgley to build a different sort of hydrometer, one that measured the degree of charge in a storage battery.

			Midgley didn’t know the first thing about batteries, but he knew he needed to learn fast. He went to the lab and started to tinker.

			Three days later, he appeared in Kettering’s office and set down a contraption on the desk. It was the hydrometer Kettering had asked for. But, like his last hydrometer, rather than build an appliance entirely from scratch that would sit beside the battery, he had surmised that all he needed was a membrane of celluloid that would sit inside the battery liquid with a dial to point to a number signifying the battery’s charge. And to prevent it from corroding or combusting, he thought to coat it in powdered pumice stone and sodium cyanide, a chemical that could withstand the cold temperatures of an Ohio winter and was also cheap to buy. Midgley demonstrated how it worked. On battery after battery, it measured the charge perfectly.

			The following year, Delco filed a patent for Midgley’s scrappy invention, which Midgley officially described as a “new and useful improvement.” A year later, a refined version of his hydrometer began to appear in all new automobiles.

			Midgley made his first test look easy. But he knew there would be harder ones to come. Future challenges would require deep corners of his brain and the far reaches of the periodic table.

			For now, he couldn’t help but show a flare of excitement that he had completed his first task for Kettering—and that while he was pushing the boundaries of what was possible, he was also improving American life in ways large and small. After he and Kettering inspected every detail of the hydrometer, Midgley looked up at Kettering and said he was ready for more.

			“What do you want me to do next, boss?”
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					Hull House when Alice Hamilton arrived in 1897

				
			
			Chicago, Illinois — 1899

			
			Every morning began at exactly six thirty with the paper carrier, who stuffed copies of the Chicago Times-Herald and the Chicago Record under the front doormat. Sometimes he’d meet a tired mother bringing her baby to the nursery or a milk deliveryman replenishing empty bottles.

			By seven o’clock the bakery would begin to fill the hallways with the smell of white bread and morning rolls, which would alert the volunteers sleeping upstairs that it was time to head down to the coffeehouse before breakfast disappeared.

			In the breakfast hall, hands grabbed the rolls and fruit as fast as they were set out. People flooded down the stairs and in the front door. First came the factory workers whose shifts started early, then the librarian, the doctors, and the schoolchildren. Last would come the tired homebodies who had stayed up late the night before in language class or sewing club.

			This was how Hull House came alive every morning: first slowly, and then with the boisterousness of a train station where people with little likelihood of running into each other would find themselves in line for coffee or to use the bathroom, all while they shouted past each other in German, Italian, Russian, and Polish.

			A decade earlier, in 1889, a restless young woman had this vision of a loud and messy place where all were welcome. The woman, Jane Addams, had read about a settlement house in London called Toynbee Hall, whose purpose had been to expand the bounds of culture, class, and education by inviting people together whom society tended to separate. After Addams graduated from the new Smith women’s college in Massachusetts, she imagined all the ways the world could be improved with more compassion and empathy. Seeing no one else working to change it, she decided to do it herself.

			It helped that when Addams was twenty-one, her father, a former railroad executive and Illinois state senator, died and left her $50,000. Fifty thousand dollars was sufficient seed money for Addams’s goal. She rented a dilapidated old mansion on Halsted Street that was formerly owned by a real estate developer named Charles J. Hull. The rent was cheap because it was in the heart of a sprawling slum amid factories, run-down saloons, dirty grocery stores, and butcher shops. The wooden shanty huts that housed extended families had no water or sewage pipes. The odors from the garbage overlapped with the smells of cooking grease, human waste, and chickens and pigs in pens.

			Addams loved the energy of the neighborhood, the way children would dart through muddy alleys playing chase or hide-and-seek. But she also saw the way constant stress was limiting the people’s ability to improve their lots, or at the very least find steady sources of money and food.

			The house needed work. Addams spent a year restoring the mansion’s carved walnut moldings and marble fireplaces. She wanted it to be beautiful, and a place that would make people feel important—and invited.

			In September 1889, she started to fill the house with privileged and educated young people—all women at first—who she believed would support and build relationships with locals and, in so doing, strengthen and integrate the city’s fabric. “A bridge between the classes,” she called it. It wasn’t just that the people needed help improving their wretched conditions or fighting government corruption. The women volunteers could help with that. But even more, Addams believed they needed compassion to find work, skills, and purpose that made them feel valued. Before it had a name, what Addams envisioned was social welfare.

			She filled the calendar with classes and clubs to help people foster new skills and interests. Six classes a day, thirty each week, from singing and needlework, to the Odyssey and Shakespeare, to Lincoln and the Young Citizens Club, to physics and geometry, and even to additional languages like French, Latin, and German.

			The experiment was often messy. Over the next ten years, it became clear that the stress of being poor and powerless could inflame already fraught cultural relations. Almost daily, tiny misunderstandings could land a Czech and a Ukrainian at each other’s throats without being able to communicate what they were even fighting about. Racial divides could be even worse. Despite Addams’s purported vow that everybody was welcome, the few Black families in the neighborhood who came to Hull House for a class or a club meeting were usually treated coldly. Addams might have welcomed them in, but the white immigrants tended to premise their participation on the exclusion of the Blacks, and if people stopped coming, Addams feared the whole experiment would unravel.

			But Addams kept at it. And when she did, she noticed that money poured in from donors and do-gooders who wanted to help without dirtying their hands. People all over Chicago were concerned about filthy and overcrowded tenements. Donating to Hull House offered a way to calm their consciences from the comfort of their homes. Addams received invitations to speak all over town and eventually across the country about her successful work putting young do-gooders to work in service of the poor and marginalized.

			It was a compelling argument, especially to one young woman with light brown hair sitting in the audience at one of Addams’s speeches in Fort Wayne, Indiana. In the spring of 1897, Alice Hamilton sat in a church pew listening intently. It was as though Hamilton was seeing an older version of herself—a woman who turned her drive to be helpful into a sustaining and satisfying project that was improving people’s lives.

			“We have in America a fast-growing number of cultivated young people who have no recognized outlet for their active faculties,” Addams often repeated in her speeches. “They hear constantly of the great social maladjustment, but no way is provided for them to change it, and their uselessness hangs about them heavily.”

			At twenty-seven, Hamilton was squarely in adulthood. She was enthusiastic and passionate, but just like the people Addams referenced in her speeches, she didn’t yet know where to direct her energy.

			Addams continued speaking with a forcefulness that would lead her to bang the podium and round out her sentences with a rhetorical staccato.

			“Hull House is an experimental effort to aid in the solution of the social and industrial problems which are engendered by the modern conditions of life in a great city,” Addams said from the stage.

			Hamilton was hypnotized. A settlement house was a perfect receptacle for the idle drive of a young doctor eager to help other people, and one that ensured she’d be constantly busy.

			When the speech was over, Hamilton made her way to the stage and waited in line to meet Jane Addams. When they finally spoke, Hamilton said that she wanted to live at Hull House.
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			Landing a room in Hull House was not as easy as Hamilton hoped. It took Addams several months to have an opening, during which time Hamilton looked for other settlement houses. There weren’t many, and others were poor imitations of Hull House. At one, Chicago Commons on Union Street, a resident told her that she would be of little use if she could only be available in the evenings.

			But she was undeterred. “I was resolved that in some way, somehow, I would make my way into a settlement,” she later wrote. “I had a conviction that professional work, teaching pathology, and carrying on research would never satisfy me. I must make myself a life full of human interest.”

			When Addams wrote to offer her a room at Hull House in September 1897, Hamilton dropped by the house that day to accept. She moved in within a week.

			When she wrote to her sisters and friends with her exciting news, she had a clear-eyed explanation for what she intended to do. “It was not in a spirit of youthful rebellion against things as they were that I went to Jane Addams’ Hull House,” Hamilton wrote later. “I had begun to realize how narrow had been my education, how sheltered my life. I wanted to go into that underworld and see for myself.”

			Settlement life operated on a loose philosophy of being joyfully available and morally helpful. But the house itself operated on a strict set of rules. All twenty-five residents of Hull House had to pay their own way—an inflexible three dollars per week. They needed reliable incomes, and if they had none, they were required to commit to service in the house on evenings and weekends. Visitors had to be approved in advance, and time away was to be kept to a minimum. The hope was that strict rules would attract disciplined people, and mostly they did. A frequent visitor to Hull House later remarked, “These people seldom sing, almost never dance, and their attitude toward each other carries no sign of their sex life.”

			Meanwhile, grandiose visions of settlement work crashed hard into the reality of the bleak surroundings. The area around Hull House was a dense part of Chicago’s Nineteenth Ward, where entire families lived in small rear tenements and wooden shanties. Disease spread easily. Tuberculosis rates were high, as was child mortality. Working with immigrants sounded nice to wide-eyed volunteers, but communication was difficult with people who primarily spoke Italian, Greek, Polish, Yiddish, or German. The garbage went uncollected for weeks and piled up on the sidewalks. People and rats had grown accustomed to each other. Many families lived on less than five dollars a week, a sum that barely kept them warm, let alone clothed and housed. A man’s child or his wife getting a meager job in a sweatshop was often the difference between the family’s subsistence and starvation.

			It usually took several weeks for the privileged people who lived at Hull House to adapt to life in the Nineteenth Ward. Within the walls, Hull House sought to be a utopia of multiculturalism. But outside was not so easily fixable with empathy and enthusiasm. Hamilton and her fellow residents regularly witnessed drunkenness, child abuse, disease, and murder.

			The shell shock would disappear when a new resident was called to help, often in an emergency. Jane Addams herself, a woman with deep compassion but hardly any medical experience, had several times been called in the middle of the night to help deliver a baby. Other times, self-reward would come from helping an immigrant learn to read or fill out forms. Many immigrants wanted to earn money, but they also seemed to crave acceptance as American with all its rights and privileges.

			Hamilton could see this every day without even stepping outside. At night, while she sat in the downstairs parlor, she could observe the desperation of her neighbors.

			“How old are you?” she overheard a woman ask an old Irishman who had come for help filling out a job application.

			“Sixty,” the man said.

			“No he isn’t,” his wife interrupted. “He’s forty-five.”

			“I’m sixty,” he insisted, wanting to appear more virtuous. “They should think I fought at Balaclava,” he said, referring to the Crimean battle of 1854.

			“Very well, and when’s your birthday?”

			“Say July fourth,” the wife said.

			“July fourth,” he said.

			“Do you have your naturalization papers?”

			“No, I lost them in the snow in Utah when Brigham Young was dedicating the temple.” The man, like many other residents, seemed to cling to historic moments to foster a role, however contrived, in the story of America.

			Life at Hull House was communal from sunrise to long past bedtime. The drawing room and white marble fireplaces reminded Hamilton of her grandfather’s mansion in Fort Wayne. Living in a house with constant activity outside one’s bedroom was also reminiscent of her childhood under the same roof with more than two dozen relatives.

			But in other ways, her comfortable upper-class life in Indiana
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