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INTRODUCTION


IT TURNS OUT THAT SENDING YOUR CORPSE TO A COMPOSTING facility may not be for everyone. After death, we still routinely bury or burn our dearly departed. But from a biological standpoint, we’re a fairly complete plant food once we fully decompose into rich soil: cadavers offer all of the minerals and nutrients generally deemed essential for flora, except for nickel. As author Caitlin Doughty described in From Here to Eternity, the “recomposition” movement—literally returning our remains to the earth and embracing the freedom of a “body rendered messy, chaotic, and wild”—is, well, gaining ground.


I vividly remember my visit to the Body Farm in Knoxville, Tennessee, where people had donated their corpses to science so forensic experts could learn how we decompose under a variety of natural and sinister circumstances: in the ground, on the ground, in a car trunk, in a trailer. I found the place utterly fascinating, and oddly touching. In death, donors were helping scientists learn more about the inevitable conclusion to life and helping forensic sleuths solve murders and bring killers to justice. When I wrote about it, though, a photo editor was so disgusted by the mere idea of the place that my pictures taken inside the two-and-a-half-acre compound, sans any visible bodies, were rejected as inappropriate.


Donating your newborn’s umbilical cord may not be for everyone either. After a birth, we still routinely dismiss the roughly two-foot-long tether as medical waste and throw it in the trash. But from a biological standpoint, the cord is packed with stem cells and progenitor cells that give rise to oxygen-carrying red blood cells, infection-fighting white blood cells, and clot-forming platelets that can help treat or cure more than seventy conditions ranging from leukemia to sickle cell disease. With more than 40,000 cord blood transplants performed around the world, that movement is making headway as well. For another story, I described how a leukemia patient was saved by a double cord-blood transplant. The procedure used umbilical cords from two anonymous babies (nicknamed Amelia and Olivia after their respective A and O blood types) to effectively reseed his bone marrow after his own had been obliterated by chemotherapy and radiation. Despite the lifesaving potential, many hospitals don’t even give new parents the option of donating the cord after its removal.


When I began writing this book, a question kept popping into my head: What has value? Very few people would question the value of donating blood, an organ, sperm, or eggs. Saving a life or helping to bring a new one into the world is a celebrated act of altruism. But once we’ve branded something as useless or worthless—or let’s face it, icky—it’s often hard to see it in a new light. Which brings me to donating your poop. Sure, we’re often eager to be rid of it as soon as possible. But from a biological standpoint, the normal by-product of digestion can be utterly transformative for both plant and human life. I’d like to think it’s something we can all get behind. Before you make a face or go searching for the perfect gift bag, though, there’s a good reason why we should care about this diamond in the rough that we work so hard to make from birth until death.


Poop is there at the beginning, usually as a greenish-black and tar-like but nearly odorless output that babies normally produce within a day or two of birth (though sometimes while still in utero). Meconium, its technical name, contains mucus, bile, water, shed intestinal cells, amniotic fluid, downy fetal hair, and other bits that the fetus swallowed during gestation. Its expulsion from the body christens the intestinal tract and clears the way for a newborn’s digestive system to begin disposing of the leftovers from breast milk or baby formula. Poop is often there at the end as well, when the dregs of our lower digestive system sigh out of our bodies, the inner and outer anal sphincters relaxing one last time. Between those two seminal events, an adult at the midpoint of a fairly large distribution curve defecates eight or nine times every week. One compilation of studies put the weekly yield at about two pounds, or roughly the weight of a store-bought pineapple, though a newer global model more than doubled that estimate. Given the planet’s current population of eight billion people, some back-of-the-envelope math suggests that our annual production equals, well, a crapload of pineapples.


As a former microbiologist maybe I’m biased, but it seems a bit strange that we consistently shun a natural substance that we make so much of (OK, maybe not John Waters—or Germans). As a homeowner, I was both mortified and amused when a neighbor compared the brown primer a crew had just sprayed onto our house to “an unmentionable bodily function.” Shit brown. She had meant it as an insult, and yet her sense of propriety prevented her from saying the words. As a writer working on this book, I was disturbed to discover that the transcription service I used for some interviews had trained its artificial intelligence algorithm to censor objectionable slang like “shit” and “piss” and “butthole” in the recording. In an effort to be rid of them, we have even erased the words.


In History of Shit, French psychoanalyst Dominique Laporte’s irreverent smackdown of the Western world’s delusions of grandeur, he observes, “We dare not speak about shit. But, since the beginning of time, no other subject—not even sex—has caused us to speak so much.” Consider for a minute how often parents (and pet owners) obsess over poop and what it might mean. We share vivid recollections of the colors, sounds, smells, or freakishly large volumes from a diaper-changing episode. We revel in the satisfied or even joyful exclamations of a properly pooping tot (not to mention the relieved parents). These moments are often remembered as celebrated steps in a child’s development: The first poop! The first poop that isn’t weirdly black or green! The first mostly solid poop! The first poop in a toilet!


Later in life, we often obsess over its absence and what it might mean, especially after an accident, illness, or surgery. Its reappearance can elicit joyful exclamations from the properly pooping patient and loved ones alike: the body’s systems are recovering and life is getting back up to speed. My first normal bowel movement after a surgeon removed my gallbladder and a gallstone the size of a grape definitely sparked joy.


The loss of my gallbladder was a timely reminder that there’s still much to learn about what body parts like the squishy pear-shaped organ actually do. Many doctors call it “expendable,” by which they generally mean that you can live a normal life without it despite its role in concentrating, storing, and distributing fat-dissolving bile made by the liver. I reluctantly agreed to have mine removed after six years of dithering over sporadic episodes of punch-to-the-chest pain that initially felt like a heart attack. I wasn’t particularly sad to see the organ whisked away in pieces like green wet wipes through a hole in my belly button. (OK, I didn’t really see that happening, but it’s a fun mental image along with the tan, multifaceted stone that had exceeded an inch in diameter by then and had to be popped out through the same portal and would have been a rather nice addition to the Ball jar of antique marbles that I keep on a bookcase in my office except that surgical centers are apparently unaccustomed to such requests for souvenirs.)


The surgeon, anesthesiologist, and nurses, unfortunately, all neglected to explain just how much the routine outpatient procedure and multiple accompanying drugs can wreak havoc on a person’s indoor plumbing. (To be clear, there are many, many ways to muck up your intestinal tract.) In the post-surgery recovery room, a discharge nurse warned me against straining too hard while on the pot, lest the effort cause some serious collateral damage; in rare cases, severe constipation even kills. Death by bowel movement can happen through a defecation-associated pulmonary embolism when a blood clot in a deep leg or pelvic vein suddenly breaks free and blocks blood flow in an artery within the lungs. Alternatively, excessive strain can send a patient’s blood pressure soaring. That pressure buildup can cause blood vessels in the brain or abdomen to bulge and rupture, leading to a life-threatening stroke, aneurysm, or heart attack. Elvis Presley, in fact, likely died on the toilet (poor Elvis). Due to a long-standing addiction to opiates, he had become severely and chronically constipated and developed a dramatically enlarged colon. The medical condition is called megacolon, and yes, it’s pretty much what you’d imagine. One plausible hypothesis suggests that Elvis strained too hard and keeled over from a massive heart attack. So severe constipation may have dethroned the King.


In the end, my own Great Poop Vigil only lasted fifty-two hours after the surgery—far earlier than many other poor souls have reported. As a middle-aged man, I still felt a bit odd celebrating and telling my parents about my toilet triumph. But that first splashdown was a moment of pure relief that suggested things were on the mend. My surgery and recovery forced me to pay far more attention to how my body works and what goes in and comes out of it. The episode also brought home how much we still have to learn about the push and pull of the teeming masses that call the intestinal tract home. We’re still accustomed to thinking that we live apart from the rest of nature, but an entire world in miniature is literally inside of us: we can’t escape the fact that its fate is closely intertwined with ours. Understanding what it is and what it does may help us appreciate our own inner power and learn how to live in better sync with a remarkable ecosystem that has coevolved with us. By extension, that mental shift may help us understand how working with nature instead of trying to overwhelm or dominate it can help us avoid a lot of pain.


The truth is that we’re out of step with the rest of the planet at an “Oh, shit!” moment in history. Climate scientists are telling us that we must act now to avert the worst outcomes of rising sea levels and air temperatures linked to our reliance on fossil fuels. A wholesale shift to other energy sources will require some creative reimagining of postindustrial society, of what is most important and meaningful in life. There’s no single cure-all for what ails us, but one of the best places to start creating solutions is with our own humble number two.


If we understand that we are intrinsic members of the natural world, that we are literal conduits between the inner ecosystems within our guts and the larger ones all around us, it may help us embrace our essential roles as caretakers of both. Becoming better stewards may require new ways of thinking about conventional regulations and infrastructure that no longer fit the changing landscape. It also may require re-thinking how we measure and talk about value and progress.


Multiple cultures have long told creation stories and folktales that emphasize the essential nature of regenerative cycles in which one creature’s body or by-products give rise to others. One tale from the Chukchi people of Siberia and recorded in the Chukchi Bible by Yuri Rytkheu describes how the world was created from the stomach and bladder of a raven, the First Bird. “A raven, flying over an expanse. From time to time he slowed his flight and scattered his droppings. Wherever solid matter fell, a land mass appeared; wherever liquid fell became rivers and lakes, puddles and rivulets. Sometimes First Bird’s excrements mingled together, and this created the tundra marshes. The hardest of the Raven’s droppings served as the building blocks for scree slopes, mountains, and craggy cliffs.”


These traditional narratives act as counterweights to our contemporary tales, which are more likely to feature polluted waterways, preventable diseases, and shit going where it shouldn’t. In our words, in our images, in the very architecture of our spaces, “we’re not taught to attach any meaning to what’s thrown away,” Shawn Shafner, a Washington, DC–based artist, educator, and activist, told me. To help break the taboo of what we’ve deemed unmentionable or insignificant, Shafner founded The POOP Project—short for People’s Own Organic Power. Through art, theater, and humor (one of his songs includes the words, “I’m a pooper. Yes, I doo”), he disarms audiences into having more serious discussions about how to have healthier relationships with their bodies and the planet.


Despite our protestations that it’s someone else’s problem, we could all use a reality check. Towns and cities from Norway to Canada still pump their wastewater directly into the sea. New York City’s famously dysfunctional combined sewer system regularly dumps raw sewage into canals and waterways after heavy rains. Cities in Florida, Texas, and other states have likewise been inundated with raw sewage after hurricanes. Even in my own city, Seattle, the enviable wastewater treatment infrastructure still occasionally fails, like when a January 2021 power outage at a pump station not far from my house dumped 2.2 million gallons of storm water and sewage—likely including some of my own—into Lake Washington.


We will always be vulnerable to natural disasters. But our inattention to the fate of a “useless” product is disproportionately harming the most vulnerable and increasing the risk to all. “Our shit is pointing to a place where we’ve rejected that regenerative cycle for a myth of waste, and we’ve rejected our own body’s capacity to be a regenerative agent in that cycling,” Shafner told me. Our very existence depends upon reclaiming that responsibility, writes author Jenny Odell in How to Do Nothing. “Even if you cared only about human survival, you’d still have to acknowledge that this survival is beholden not to efficient exploitation but to the maintenance of a delicate web of relationships. Beyond the life of individual beings, there is the life of a place, and it depends on more than what we can see, more than just the charismatic animals or the iconic trees. While we may have fooled ourselves into thinking we can live cut off from that life, to do so is physically unsustainable, not to mention impoverished in still other ways.”


Like it or not, we are linked to this web and bound to our own less-than-charismatic crap. It’s true that our complicated antihero can raise a stink and reveal only glimpses of potential amid the peril, kernels of Jekyll amid the Hyde. But if we take more than a passing look, we spy a veritable cornucopia of possibilities for human protection, innovation, and transformation. We see lifesaving medicine and sustainable power. We see compost and fertilizer we can use to restore eroded, depleted, or otherwise degraded land. We see a time capsule of evidence for understanding past lives and murderous ends. We see ways of measuring human health from the cradle to the grave, early warnings of community outbreaks like COVID-19, and urgent indicators of environmental harm.


Clever prospectors have created extraordinary opportunities to plumb its depths for water, fuel, and minerals. It can grant mobility and independence. Poop is the ultimate multitasker and could even help sustain and protect astronauts while fueling their way to Mars. Human feces, in short, is the shit, and it’s high time we break the taboo and talk about its many merits. Our vastly underrated output contains a crystal ball of narratives about the past and future, about our pitfalls and possibilities. What we see within it reflects our own prejudices and mistakes, as well as the power to learn and change our fate.


Let’s revel for a moment in the great leveler, the democratic reminder that, as Japanese author Tarō Gomi famously illustrated, everyone poops. There is humor and delight and optimism in that childlike wonder, a welcome reminder of our link to whales and elephants and the rest of the animal kingdom. There are also far bigger stories to tell. Not only warnings of damage to our bodies and the world around us, but also hopeful tales of our untapped potential to rebuild and restore. We’ve heard far too little about the intricate factories in our guts, the ingenious applications for their products, and the innovators who are connecting the dots. This book aims to change that: consider it your reintroduction to a universal if unloved companion and an invitation to discuss something that’s both unmentionable and a common fixation.


Elevating the status of our number two may help us reconnect with the world. It may also create a new dilemma that will require us to reexamine our values and morals: How do we prevent it from becoming a commodity that perpetuates decades of forcible extraction from exploited communities and further concentrates the wealth in others? How do we ensure that the benefits are distributed responsibly and equitably and that the risks aren’t disproportionately shouldered by those who are most vulnerable to the potential harm?


As one of our most underrated and complicated resources, it’s clear that poop has given us plenty to talk about. So think of this deep dive into the world’s most squandered and misplaced natural asset as a cri de coeur (or cri de colon?) for the vast, hidden potential in the “waste” and the common, obvious, and ugly things that we overlook every day. Beyond our umbilical cords after birth and our bodies after death, we have vast scientific and economic potential rumbling under our belly buttons throughout life, just waiting to toot out into the open air (sorry, gallbladder, not you). But the why and how of taking poop seriously are just as important to the future of our species as the what of its considerable contents.


Unlocking poop’s enormous potential will require us to overcome our shame, disgust, and indifference, embracing our role as both the physical producers and the moral architects of a more just and habitable planet. More than that, to become the standard-bearers our feces deserve, we will need to change our collective Western mind-set about what has worth, what moves us forward, and what it means to live in balance. A world that values and elevates the importance of our everyday output is one that no longer prioritizes the new and shiny as default options to solve climate change and other daunting challenges. It’s one that resists the siren song of disruptive, exploitative, and proprietary innovation and embraces a future of progress through imaginative retrofitting and reinvention. It is a world where we no longer require simple or pretty answers, but ones that offer more lasting solutions. Our poop is substance, not style. Form, not flash. But there is undeniable strength in its numbers, and the whole of our ample product is greater than the sum of its many parts.


First a splash. Then ripples. Then waves. This book is a series of interconnected stories highlighting the momentum that can grow from unexpected sources and help us transition to a more circular economy in which we discard nothing and abandon the fantasy that we exist outside of ancient cycles of life and death, growth and decay. It is a book about how to stop wasting and stop pretending that there’s anything left to waste. To maximize poop’s power, we’ll need to come to better grips with an agent of change that can elicit strong reactions. It is nurturing and noxious, funny and temperamental, benevolent and explosive—and it’s only beginning to reveal its many mysteries. As one researcher aptly told me, We don’t know shit.


It’s high time we did. Come, let’s get more acquainted with our inner champion. Locked within us is a medicine cabinet, a mound of fuel briquettes, a bag of fertilizer, and a biogas pipeline. Because of us—and what comes out of us—a dying mother recovers. The lights come on. The crops grow. A bus accelerates. Sometimes hope arrives in surprising packages.
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IMAGINE THAT YOU’RE A GIANT short-faced bear living in North America about 20,000 years ago. You would be massive, reaching roughly ten feet in height when standing on your hind legs—no small feat considering that you’d weigh more than a ton. Although paleontologists haven’t fully reconstructed your regular diet, you would likely be an omnivore and devour leafy greens and the carcasses of large animals. And when you shit in the woods? Well, that’s where things get interesting.


Giant short-faced bears, like the continent’s more carnivorous American lions, dire wolves, and saber-toothed cats, were the apex predators in a complex food web during the Pleistocene Epoch. An exotic menagerie of lumbering plant-eaters provided a diverse source of prey. Western camels and large-headed llamas. Long-horned bison and stag-moose with their massive antlers. Harlan’s ground sloths that rivaled the bears in size. Vulnerable young of the Columbian mammoths that towered above them all and swung their curving tusks across most of the continent.


These colossal beasts had diets to match, and their digestive systems transformed the masses of vegetation they consumed into vast piles of manure. When they were eaten themselves, their fats and proteins and other nutrients sustained the lions and wolves and cats. Giant short-faced bears likely sniffed out half-eaten carcasses and helped themselves to the rest, leaving their own scat littered across the landscape.


Plants and trees grew in the fertilized patches, new grazers appeared, and the cycle repeated.


Some 20,000 years later, the process looks rather different for the planet’s second most prolific poopers (after cattle). Many of us send our own output hurtling through a miles-long odyssey from the toilet into a complicated sewer network that connects to a wastewater treatment plant. We screen, filter, and aerate the incoming sewage; digest it with microbes; treat it with chlorine or other disinfectants; and pump the effluent through more pipes until it discharges into a nearby lake or river or sea. We extract the solids and haul much of them off by trucks or trains to be burned in incinerators or buried in landfills.


Modern sanitation is a luxury for much of the world: with a simple flush, our poop disappears. But have you ever wondered what exactly is swirling down the drain? Unlike bears or whales or birds, we expend an inordinate amount of effort to sequester our by-products from the rest of the natural world. And in so doing, we’re effectively wasting one of the planet’s most versatile natural resources.


I know what you’re thinking. Seriously, poop? Yes, the object of disgust, the butt of jokes, the rump of puns—and a dangerous substance to boot—is far more than meets the eye (or nose). To understand what we’re missing out on, though, we need to know why we should care about it, how we make it, and what it contains. One particularly instructive example of why we should give a crap dates back to the heydays of the Pleistocene.


As rocks slowly weather and erode, they release phosphorus into soils, where plant roots can absorb it. Plants use the element—one of the fourteen soil-derived nutrients they require (fifteen if you include cobalt)—to produce and store energy from the sun, and to construct DNA, RNA, and cell membranes. Animals get phosphorus from eating plants and use it to store energy and to make DNA, RNA, membranes, teeth, bones, and shells.


Phosphorus, in other words, is essential for life. To increase its availability, we’ve learned how to mine it and add it to fertilizers. But phosphorus leaches from soils, washes into streams and rivers, and eventually sweeps into the ocean, where it sinks to the bottom and gradually accumulates in sediments. And that presents a big problem: we’ve already tapped most of the accessible deposits and don’t have thousands of years to wait for geological uplifting from the ocean floor to expose more phosphorus-rich rocks. So how else can the element be redistributed to help replenish soils?


Chris Doughty is an earth system scientist who views our planet as one integrated system. In particular, he studies how large-scale ecological patterns such as nutrient cycles are influenced not only by wind, water, and plants, but also by animals. That means he spends a lot of time modeling and calculating how animals help complete the cycling of elements like phosphorus. After taking in nutrients over a lifetime, a bear or whale or elephant can return them to other living things when it dies and its body decomposes. But to Doughty’s surprise, his research has suggested that a much more important contributor—by several orders of magnitude—is the periodic release of nutrient-rich bundles in the form of animal dung. That makes sense when you consider how long and far the producers can roam. For broad distribution by both aquatic and terrestrial fauna, Doughty determined, the bigger the better. “Big animals move more than small animals; they’re key,” he told me. That’s because bigger animals are more likely to move into an area with limited nutrients.


Focusing on Pleistocene megafauna weighing at least ninety-seven pounds, Doughty and colleagues developed a model that suggested they were key players in a complex phosphorus transport chain that moved the element from the deep ocean back up to the vast interior of continents. Whales carried phosphorus from the depths and, upon surfacing to catch their breath, dispersed it in the shallows and across the surface through plumes of floating fecal slurry. Vast flocks of seabirds and schools of migratory fish such as salmon ferried the nutrient to the shore and up rivers and streams. And a succession of carnivores and herbivores completed the relay to forests and plains, mountains, and meadows.


The complex predator-prey interactions created what Doughty and other scientists call “landscapes of fear,” where carnivores relentlessly stalking herbivores kept them both on the move. “That has a huge impact on where they poop and how the elements are incorporated into the ecosystem,” he explained. Over time, the animals re-dispersed phosphorus fairly evenly across the landscape. Those regular deposits, in turn, left behind extensive trails of food for others. Poop, in other words, helped make the living world go ’round.


It still does. Filter-feeding whales in Antarctic waters can convert iron-rich krill into bright orange feces that fertilize the surface for iron-dependent phytoplankton, the microscopic algae that feed a vast array of sea creatures. On the sunbaked African savanna, elephants can disperse seeds up to forty miles from a parent plant and nearly double the amount of soil carbon through their dung, thereby enriching a common grass that feeds other herbivores like gazelles. In North America, research by Canadian ecologist Wes Olson suggests that microbes taken in by a bison’s snuffling nose or mouth help break down the cellulose in grass, while each resulting pile of dung can support more than a hundred insect species. In Beloved Beasts, science journalist Michelle Nijhuis describes the profound impact of this “bison patty ecosystem” and “bison snot ecosystem” on prairies. When bison abounded, the clouds of insects in turn fed a community of birds and small mammals. “Without bison—without bison snot, bison crap, and everything in between—the prairie is a smaller and quieter place,” she writes. It’s no wonder that some researchers call these kinds of habitat-creating animals “ecosystem engineers.”


But Doughty and his collaborators believe a massive die-off of land giants during the Late Pleistocene and early Holocene Epochs—peaking in what other researchers have called “a geologic instant” between 14,000 and 11,000 years ago—decimated the global recycling system. In North America, the collective loss is strikingly apparent at the La Brea Tar Pits in Los Angeles, where I marveled at the jumbles of fossils still being pulled from the bubbling asphalt and reassembled into a ghostly zoo of exquisitely preserved predators and prey. Researchers strongly suspect that human hunters, climate change, or maybe both contributed to these mass extinctions. For the survivors, more recent human roadblocks have sharply limited their ability to travel across ecosystems, whether due to freeways that carve up the habitat of panthers and bison or dams that impede the upstream migration of salmon. As a consequence, Doughty’s group calculated that land mammals in Eurasia, Australia, and the Americas have retained less than 5 percent of their former capacity to distribute nutrients. The nutrient-dispersing ability of whales and migratory fish has plunged as well. “Basically, animals used to be very key conduits of elements across landscapes, and right now they’re not,” Doughty said.


Humans and domestic animals are Earth’s dominant megafauna now. In theory, we’ve taken over many of the ecological roles of the extinct or diminished giants: humans as the carnivores and our livestock as the herbivores. But instead of dispersers, we act as concentrators; animals that no longer live in landscapes of fear tend to poop in the same place. Consequently, the output piles up in some areas and drains from others. Or as Doughty observed, “The rich get richer and the poor get poorer.” Danish businessman and philanthropist Djaffar Shalchi put it even more memorably: “Wealth is like manure: spread it, and it makes everything grow; pile it up, and it stinks.”


Albeit on a smaller scale, we’re not much help in redistributing phosphorus when we die either (it makes up about 1 percent of body mass). Our dead are most often cremated or embalmed and entombed in clusters of wooden or metal boxes. While the nutrients in our poop have mainly ended up in landfills or ocean sediments, those in our remains mainly feed cemetery microfauna or the garden flora that receive a commemorative sprinkling of ashes (the recomposition movement, though, is working to expand the list of beneficiaries).


In her book, Braiding Sweetgrass, Robin Wall Kimmerer writes about how wiingaashk, the sacred sweetgrass of the Anishinaabe Indigenous peoples of North America, can teach us about the necessity and beauty of a balance between taking and giving.




In the Western tradition there is a recognized hierarchy of beings, with, of course, the human being on top—the pinnacle of evolution, the darling of Creation—and the plants at the bottom. But in Native ways of knowing, human people are often referred to as “the younger brothers of Creation.” We say that humans have the least experience with how to live and thus the most to learn—we must look to our teachers among the other species for guidance. Their wisdom is apparent in the way that they live. They teach us by example. They’ve been on the earth far longer than we have been, and have had time to figure things out.





In disrupting ancient cycles, we’re unwittingly dumping vital nutrients where they’re least useful. Whether in life or death, our equilibrium between consumption and production is seriously out of whack. And as the inexperienced arbiters of life in the Anthropocene Epoch, we can create imbalances that have a way of coming back to haunt us. Disorder in our inner ecosystem can harm our health through disease and antibiotic resistance. It shouldn’t be a surprise that on a larger scale the same kind of asymmetries can threaten the health of the entire planet.
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Phosphorus, if undeniably vital to Earth’s well-being, is just one of many things that pass through us over a lifetime and retain their utility at the other end. For the giant short-faced bear, the incoming nutrients may have regularly taken the form of a rotting stag-moose or tender greens. I’m far more partial to a medium-rare burger on a sesame seed bun with cheddar cheese, tomato, avocado, and dill pickles from a local burger joint. It may not be the healthiest option, but a burger can provide a useful glimpse into how we as modern omnivores acquire and process a range of carbohydrates, proteins, fats, fibers, vitamins, and minerals from the plants and animals we consume. And just as extinct megafauna have helped us understand how we can disperse useful raw materials over vast distances, more contemporary species are helping us understand how we disassemble complex foods into building blocks that can nourish and harm us, alter the balance of our inner ecosystem, and reshape the flora and fauna all around us.


Digestion really begins when we start grinding up food by chewing it and softening it with enzymes in our saliva. Even here, at the front end of a tube that runs from the mouth to the anus, we still don’t fully understand our inner workings. In 2020, stunned researchers in the Netherlands documented their discovery of a “previously overlooked” set of salivary glands set deep in the back of the throat behind the nose. Their report, in turn, set off a fierce debate about whether nineteenth-century anatomists may have actually discovered the glands and whether they really aid digestion or play a more obscure physiological role. This much we do know: from multiple locations, we can produce up to two wine bottles’ worth of saliva every day. That spit helps us mash up each bite of, say, a sesame seed bun, into a manageable ball, or bolus. Swallowing that compact bolus, in turn, is one of the most complicated actions in the human body. Some experts suggest that about thirty muscle pairs and a half-dozen cranial nerves might be involved, while others say the true number of muscles may be closer to fifty.


Once the bolus moves from the throat into the esophagus, a top-to-bottom contraction of muscles acts like a conveyor belt to carry the mash through a sphincter into the churning vat of acids we know as the stomach. In 1824, a British physician and chemist named William Prout created a stir by isolating hydrochloric acid (also called muriatic acid) from the stomach of a rabbit—the first proof that the gastric juices described by researchers experimenting on animals as varied as kites and bullfrogs contained the potent acid. Prout wrote that he had found the acid “in no small quantity” in the stomach of a hare, horse, calf, and dog.


Nine years later, a US Army surgeon named William Beaumont confirmed Prout’s findings and opened a new window onto the digestive process—literally—when he chanced upon French-Canadian fur trapper Alexis St. Martin. The young man had miraculously survived a grisly musket wound that left him with a hole in his left side that extended into his stomach. Beaumont nursed his patient back to health but then took full advantage of the opening and besieged St. Martin, who became both his live-in servant and his guinea pig, with hundreds of invasive experiments. In one, Beaumont tied multiple pieces of beef, pork, bread, and raw cabbage to a silk string and then coaxed them into the hole in St. Martin’s stomach before fishing them out at regular intervals to time how long it took to digest each morsel. Beaumont’s Experiments and Observations on the Gastric Juice, and the Physiology of Digestion, if a landmark in new gastrointestinal insights, was a low point in medical ethics.


From these and other observations, we know that salivary and pancreatic enzymes, not gastric ones, are responsible for breaking down a bun’s high starch content into sugars like maltose and then glucose, delivering the first burst of energy from a hamburger. White bread lacks many of the nutrients and fiber of wheat’s bran and germ layers, though, which is one reason why it’s often considered a poster child of “empty calories” among dieticians.


Cheddar cheese and ground beef contain abundant calories, too, though almost all in the form of cow-derived proteins and fats. In the stomach, the hydrochloric acid–containing gastric juices begin to denature the proteins like the unfolding of an origami crane. The complicated three-dimensional shapes smooth into simpler forms that can be more easily torn apart. The stomach’s chemicals, in essence, can partially “cook” beef; it’s the same principle behind adding weaker citric acid to milk to form cheese or making ceviche by curing raw fish or shrimp in acidic lime juice.


Cooking our food ahead of time can ease digestion even more. Grilling or frying beef, for instance, can break down proteins like the collagen in connective tissue, making the meat more tender and easier to chew. To understand more about the general physiological process of digestion, a 2007 study used Burmese pythons as human stand-ins (or rather, slither-ins). In the wild, Burmese pythons are solidly in the megafauna category and famous for swallowing things like goats and pigs and even alligators. In a lab at the University of Alabama, sixteen youngsters dined instead on lean eye of round beef from South’s Finest Meats in Tuscaloosa.


For the experiments, the researchers compared the more typical python meal of an adult rat to equivalently sized raw steak, microwaved steak, raw ground beef, and microwaved ground beef. The pythons needed the most energy to digest the raw steak—just as much as they needed to digest the rat. Grinding the meat decreased the digestive energy requirement by about the same amount as cooking it. And the pythons used the least amount of energy to digest beef that was both ground and cooked. We grind meat when we chew it. And for our human ancestors, learning how to outsource more of the digestive effort by cooking meat might have given them an evolutionary leg up on the competition by freeing up more energy for other activities.


Even so, breaking down the fats in beef and cheese requires the additional dissolving power of enzymes made in the pancreas and bile produced by the liver (the latter normally doled out by the gallbladder). Not far from where the stomach empties into the small intestine, the common bile duct and major pancreatic duct converge at a small sphincter that controls the delivery of what German physician and writer Giulia Enders has likened to detergent. “Laundry detergent is effective in removing stains because it ‘digests out’ any fatty, protein-rich, or sugary substances from your laundry, with a little help from the movement of the washing-machine drum, leaving these substances free to be rinsed down the drain with the dirty water,” Enders writes. In the gut, the enzymatic action breaks fats into glycerol and fatty acid building blocks, carbohydrates into simple sugars, and proteins into amino acids to enable their mass absorption into the bloodstream.


Further details of our gastrointestinal tract have come from comparisons with a multitude of lab animals. Pigs, in particular, share similar organ structures and arrangements within the gastrointestinal system, and have become a favored model for intestinal injuries and diseases. In both pigs and humans, the lining of the small intestine is studded with a vast fractal network of villi and microvilli projections that resemble the threads of a shag carpet and collectively act like a huge sponge. Intricate capillaries connected to the villi soak up amino acids, sugars, glycerol, smaller fatty acids, and water-soluble vitamins and minerals, while a mirror web of lymphatic vessels collects larger fatty acids and fat-soluble vitamins. This is how we pluck the nutrients, energy, and building materials we need to fashion our own fats, proteins, and other molecules from liquified food as it flows through the tract.


The regular appearance of undigested food in a stool may suggest that the normally ultra-efficient small intestine is struggling to properly absorb these nutrients. Patients with short bowel syndrome, for example, can lose much of the energy in food through malabsorption, while a foul-smelling and greasy or oily stool may suggest poor fat absorption due to a deficiency in bile or pancreatic enzyme production. Bile can also provide color indicators: after doing its duty to help digest fats, bile’s pigments slowly degrade into a chemical called stercobilin that turns the greenish-yellow intestinal remnants brown on their way toward the exit doors. A rushed departure, though, can prevent the bile from fully breaking down, leaving the output more yellow or green.


In people with lactose intolerance, the small intestine can’t make enough lactase, the enzyme that helps it digest the main sugar in dairy products. Like roughly two-thirds of adults around the world, I’ve become partially lactose intolerant and can get abdominal cramps, gas, and diarrhea after drinking too much milk. People with celiac disease instead mount an abnormal immune response against the gluten protein in wheat, like in that hamburger bun, which can damage the lining of the small intestine and cause either constipation or diarrhea, among other symptoms.


Within the broad range of a typical transit time, about 10 percent of a burger might pass through my stomach within an hour of eating it, while emptying half of it into my small intestine might take upward of two to three hours, on average, and somewhat longer for women. The arrivals to the small intestine might spend another six hours or so wending their way through up to sixteen feet of twists and turns until they reach the large intestine, or colon. And then, through the final five feet of the digestive pathway (shaped like a corkscrew in pigs but a question mark in humans), the pace drops down to a leisurely crawl. That’s a good thing, because the colon has plenty of work to do, such as absorbing some of the remaining minerals like calcium and zinc from the cheddar cheese, breaking down some last bits of food, and regulating the gut’s balance between electrolytes and water.


The colon’s workload, in turn, is made far easier by a dense population of tiny helpers. Based on recent estimates, the trillions of bacterial colonists inhabiting our gastrointestinal tract, mostly in the colon, roughly equal the sum of our own cells. In the human gut, a thriving ecosystem that can support up to several hundred bacterial species—rivaling the complexity of a rain forest—has coevolved with us. This microscopic jungle constantly shifts and adapts in response to what we eat, where we live, whether we’re sick or have taken antibiotics, and other environmental influences. All told, research suggests that several thousand bacterial species have colonized the guts of people around the world.


Scientists have compared the entire community of microbial inhabitants—our inner microbiome—to a “hidden metabolic organ.” So far, they have found that this “organ” aids in tasks like digesting food through breaking down plant fibers and other carbohydrates (like in that avocado and tomato), synthesizing nutrients like vitamin K and all eight B vitamins, and balancing the immune system to recognize genuine external threats without overzealously attacking our own cells. Researchers have linked an out-of-balance microbiome, known as dysbiosis, to everything from inflammatory bowel disease and high blood pressure to diabetes and obesity.


We’re only beginning to understand what the bonanza of bacteria and their products can do, but a few microbial groups have become particularly well-known. The most common genus in both the human gut and human feces in many parts of the world, Bacteroides, feeds its microbial neighbors by breaking down complex carbohydrates and protects us against pathogens; studies have suggested that it’s a major regulator of the human immune system. In the relatively rare instance that it gains access to a vulnerable spot, though, Bacteroides can become an opportunistic pathogen and invade our cells. Escherichia coli is another opportunist. In one form, it’s a relatively benign gut resident that can aid digestion and vitamin production and is a favorite experimental organism of labs like the one where I received my doctoral degree; in more toxic versions, or strains, it can be a deadly assailant that invades through contaminated food or water.


Another widely known genus, Bifidobacterium, includes dozens of species that specialize in fermenting plant fibers and carbohydrates in the gut while those in the genus Lactobacillus release lactic acid as a product of fermenting carbohydrates in foods such as breast milk. By releasing the acid as well as antibacterial peptides and hydrogen peroxide, lactic acid bacteria can aggressively protect their home turf in the gut (and the vagina, where they dominate) by making the surrounding environment inhospitable for pathogenic microbes.


Bifidobacterium and Lactobacillus abound in the infant gut, where they play a critical role in development and infection control. Thousands of years ago, our ancestors learned how to exploit the fermentation strategy used by these bacteria and by yeast cells to convert goat, sheep, camel, cow, horse, and buffalo milk into early versions of kefir and yogurt. Lowering the milk’s pH through fermentation gave the foods a sour but not unpleasant taste while preserving them from spoilage by other microbes. We’ve since branched out to ferment thousands of foods and beverages like kimchi, kombucha, miso, sauerkraut, sourdough, salami, beer, wine, cheese, and some pickles (pickling in acidic brine is a separate process). More natural preservatives are added when the yeast or bacteria produce ethanol and antimicrobial proteins. Many of the fermented foods we love today, in other words, are made with the descendants or variants of microbial specialists that originally thrived in our ancestors’ guts and were expelled in their poop.


When eaten regularly, fermentation expert Robert Hutkins said, the live microbes in fermented yogurts (the focus of most research) can out-compete gut pathogens and shift the balance toward a more favorable intestinal mix by unleashing products that kill off other microbes. They can digest complex fibers and alleviate the gas and bloating from lactose intolerance. Yogurt, Hutkins said, still contains plenty of lactose; the fermenting microbes only consume a fraction of the sugar within each cup. So how does it aid lactose intolerance in those of us who have it? When we eat yogurt, he said, the accompanying microbes effectively supply our small intestine with the missing lactase enzyme and help break the more complex sugar into the more readily absorbed simple sugars glucose and galactose. Little or no intact lactose remains to cause trouble in the large intestine by overfeeding other gas-producing bacteria. Yogurt-derived bacteria contained within a capsule can achieve the same thing if swallowed with a glass of milk.


Perhaps even more impressively, the microbes may help pacify the immune system by continually training it. The immune system regularly conducts friend-or-foe inspections to distinguish between safe and unsafe substances. Incoming fermenters normally pass the test, but by triggering the immune system’s screening process, Hutkins said, they keep it from looking for trouble on its own and inadvertently attacking things it shouldn’t—like the gut.


One of the many other reasons to keep our gut microbes happy is that they help intestinal cells produce a remarkable 95 percent of the body’s serotonin molecules. These neurochemicals can influence both our mood and the muscle contractions needed to move undigested leftovers toward the rectum. These regular peristaltic movements can be stimulated by more moisture, more bulk, or both, and tend to be a bit faster in men than in women. That difference, in turn, may help explain why men seem to have faster gut transit times than women.


If you’re curious about the timing in your own gut, the sesame seeds on a bun can provide a rough marker. That’s because certain seeds pass through the human digestive tract more or less intact. Plants like raspberries, blackberries, tomatoes, and peppers make particularly good use of this adaptation: they can disperse their next of kin directly within the rich growing medium left behind by bears, birds, and other animals. Drinking a tablespoon of sesame seeds mixed in a glass of water and noting when they begin reappearing in a stool can provide a rough estimate of the normal journey time. Incidentally, I can report that my own sesame seed vanguard reappeared after twenty-five hours, though laggards kept arriving over the next thirty-five hours. Sweet corn also works since the indigestible cellulose coat around each kernel often remains intact. Because I’m partial to corn, I tried that timing method as well, and found that the kernels’ journey averaged a bit less than sixteen hours over four trials.


No conversation about poop and regularity would be complete without fiber, and it’s true that the fiber in foods like avocados and tomatoes helps to keep things moving. The small intestine doesn’t digest dietary fibers well, making them available to help sweep out the large intestine, and it’s here in the depths of our guts that roughage really shines. Brooklyn-based registered dietician Maya Feller told me that in addition to speeding the transit time, insoluble fiber can slow sugar absorption and improve blood sugar levels. It can help remove cholesterol and other lipids from the bloodstream—as well as bind up carcinogens and toxins formed during digestion—and flush them out with the rest of our waste. That means poop can team up with fiber to literally clear away potentially harmful by-products.


By feeding fermenters like Bacteroides, soluble fiber can help diversify the gut microbiome. Thriving colonies of fiber eaters may at least partially offset the potential for excess fatty acids from foods like hamburger meat to decrease the gut’s diversity and abundance of beneficial microbes. Feller also noted fiber’s role in helping to tamp down inflammation in the gut, the body’s biggest immune mediator, meaning that it may reduce inflammation throughout the body. Like a reverse Las Vegas, what happens in the gut doesn’t stay in the gut. “So if we see people are having GI distress, or they’re constipated, or they have diarrhea on the other side, or inflammation in the gut, then we’re thinking, ‘Okay, well, what’s happening in the rest of the system?’” Feller said.


At the end of our winding intestinal corridor, the rectal exit is actually a series of two portals, the inner and outer anal sphincters. Our unconscious nervous system relaxes and contracts the inner portal in response to inputs like rising pressure and volume, while we have more direct control over the outer one, which fortunately cuts down on accidents. When the rising volume and pressure from the remains of a burger send an unmistakable message that it’s time to open the double doors, some researchers say the act of letting go can be literally pleasurable.


Gastroenterologist Anish Sheth, coauthor of What’s Your Poo Telling You? refers to this sensation as “poo-phoria.” Pooping, especially the evacuation of a sizable stool, can clearly relieve the buildup in pressure. But it also may distend the rectum enough to fire up the vagus nerve (which extends from the brain to the colon) and release a flood of endorphins, the same chemicals released during an orgasm. The sweet release can drop the heart rate and blood pressure, triggering a feeling of happy light-headedness. The momentary pooper’s high, Sheth suggests, could even become addictive. Other doctors have suggested that the pleasurable sensation could involve a nerve in the anus and anal canal called the pudendal nerve. And in men, some experts have speculated that the movement may massage the prostate gland, a well-known G spot more associated with anal sex.
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Whew! So after getting a little high on the pot, what do we really deliver? Here again, we can look to other species for guidance. Instead of megafauna or lab animals, many of the most intriguing answers have come from the tiny microbes we shed in our feces and from the by-products of their own metabolism and decay. Their world in miniature is likewise one of predators and prey, competition and complexity, and varied niches that shift with the changing conditions in each one of us.


Human poop is slightly acidic, and in healthy adults, about three-fourths of it is water. To determine the constituents of the remaining fourth, researchers around the world have documented volunteers’ intake or put them on diets and closely inspected their output. One 1980 experiment in the United Kingdom, for instance, examined the poop of nine men in their twenties and thirties who ate a “standard British-type diet” for three weeks (at the time, that meant Weetabix whole grain cereal, milk, sugar, orange juice, biscuits and jam, meat, vegetables, fruit, white bread with butter, and tea and coffee). The complicated process of sorting through their feces started with freeze-drying to remove the water, crushing the solids with a rolling pin, mixing them with detergents in a plastic pouch called a stomacher, and then filtering what remained.


One discovery from this experiment was just how widely the fecal mass and transit time can vary from person to person despite an identical diet. One volunteer passed his food in about two days, on average, while another took nearly five days to complete the gastrointestinal circuit. A 1996 Gut study by Mayo Clinic researchers confirmed not only highly variable gut transit times between individuals, but also significantly faster journeys in men than in women, especially through the colon. The observation fits with studies suggesting that women are more prone to constipation. It’s also a good reminder of why studies should include diverse populations: unrepresentative participants such as similarly aged men from the same country eating the same things can easily skew what counts as “normal.”


The same is true for socioeconomic diversity. A 2015 review of studies from more than two dozen countries calculated that the daily median stool weight of people from low-income countries—who ate more plant-based, high-fiber diets rich in foods like yucca, lentils, and black beans—was double the weight of poop from their counterparts in high-income countries. The minimum and maximum stool weights also varied far more in richer countries, perhaps due to the wider variety of diets available to their residents.


Surprisingly, the 1980 British study has remained one of the few to sketch out the main constituents of human fecal solids. For the nine men, at least, the report found that insoluble plant fiber accounted for about 17 percent of the solids, by weight. Soluble plant fiber and other material such as undigested proteins, fats, and carbohydrates contributed another 24 percent. And the big winner? Bacteria, making up more than half. Other studies have put the bacterial fraction somewhat lower, though diet can play a significant role.


As with fiber, people who eat more resistant starches such as the less digestible carbohydrates in beans, brown rice, green bananas, and lentils tend to have bulkier stools with more microbes. That’s due to the frenzy of gut bacteria fermenting the plant material that remains in the colon after our own cells have taken a crack at it. Think of these bacteria like herbivorous long-horned bison grazing a Pleistocene grassland. One study suggested that nearly 50 percent of the bacterial cells in human feces are still viable if they find a suitable home beyond the gut. Some are aerobes, like us, and need oxygen to grow. Others are anaerobes, and don’t require it or even die in its presence. Until a few decades ago, though, we knew little about how to keep most of our gut bacteria alive in a laboratory version of their native habitat, leading to vast undercounts before DNA sequencing began revealing their identities.


Some members of a vastly different domain of gut microbes, the archaea, also dine on carbohydrates but are more akin to stag-moose or reindeer that can withstand extreme conditions. Some archaea produce methane gas through the breakdown of carbon-containing molecules in the absence of oxygen. Anaerobic bacteria first ferment carbohydrates into their building blocks, and then the methanogens take over, using substrates like hydrogen plus carbon dioxide to create methane. This multi-step process, anaerobic fermentation, can be quite useful in producing human-derived biogas. Not everyone is a methane producer but a 1972 study in The New England Journal of Medicine, titled “Floating Stools—Flatus versus Fat,” helpfully suggested that one way to tell is whether your stools float instead of instantly sinking to the bottom of the toilet bowl. Mine usually float, I can confidently state.


Like a biomedical version of “You sunk my battleship!” the researchers even degassed volunteers’ previously floating stools and watched them plunge to the watery depths. Of course, this simple demonstration has a larger point: excess fat in the stool can be an indicator that it’s not being properly absorbed in the gut, which is a clinical feature of several intestinal conditions. But the study’s results suggested that gas and methane in particular—not fat—is behind the buoyancy and that doctors shouldn’t rely on floating stools as a sign of trouble.


For as many bacteria and archaea that our bodies host, we likely harbor just as many viruses, based on recent estimates, meaning that the combined population of gut microbes probably outnumbers our own cells by a factor of at least two to one. Viruses like Ebola, polio, influenza, and SARS-CoV-2, cause of the devastating COVID-19 pandemic, are unquestionably dangerous. Fortunately, the vast majority of tiny viral particles that normally make up our inner collection—the human virome—are harmless, at least to us. Like dire wolves ganging up on bison, many viruses known as bacteriophages instead stalk and kill gut microbes. Others, like the pepper mild mottle virus, infect plants and are mostly incidental reflections of our diet. The pepper mild mottle virus, in fact, is one of the most abundant viruses in human poop and a useful marker of where we’ve been in the environment.


Just as archaeologists can examine the remains of a fossilized landscape to infer the overall health of a prehistoric ecosystem, physicians inspecting our poop can surmise plenty about our own internal environment. Some of these clues can come from the gut cells that break free from the intestinal lining—a regular exfoliation that provides the source material for noninvasive biopsies. Pathologists can examine the shed cells or extract their genetic information to seek out abnormalities associated with colon cancer and other diseases. Additional DNA, RNA, or whole cells from the legions of expelled bacteria, archaea, viruses, and fungi such as yeast can provide indicators of disease or a census of the gut inhabitants. So can the cells or eggs of parasites like tapeworms, Giardia, and Cryptosporidium.


After we’ve gone (to the bathroom or to the great beyond), the bouquet of odors in our poop can tell other stories about us. Blame the organic compounds released as we and our microbial inhabitants digest our food. Many of these compounds are quite useful: a chemical class called the polyamines, which includes cadaverine, putrescene, spermidine, and spermine, for instance, is believed to aid biological processes such as helping our cells grow, mature, and proliferate.


It’s just that many of these compounds are, well, stinky. Gut microbes use the amino acid arginine to make putrescine, the smell of rotting flesh. A further breakdown process can transform putrescine into spermidine, which is—you guessed it!—also quite plentiful in sperm. Spermidine, in turn, can become spermine. The latter two molecules are behind the distinctive fishy odor that might make you do a double-take during a springtime walk. As science writer Kiki Sanford helpfully notes, some trees also give off the “spunky odour” (which makes sense if you think of pollen as the equivalent of sperm). And cadaverine’s odor is, well, pretty much what you’d expect from its name.


Another malodorous constituent, skatole, was named for scat despite some researchers’ insistence that the pure compound smells more like mothballs. The organic molecule forms when bacteria break down the amino acid tryptophan. It’s naturally present in beets, one of my least favorite foods, and can spoil pork products through an unfortunately named process known as “boar taint.” In small amounts, though, it can smell flowery-sweet and is partially responsible for the lovely smell of the jasmine flowers in our yard. A synthetic version is even used in ice cream and perfumes, which makes me wonder if eau de toilette is a little too on the mark. Skatole’s close relative, indole, is an odor twin that is likewise described as pleasantly flowery in low doses and unpleasantly mothball-ish and musty or putrid in higher doses.


But perhaps beauty is in the nose of the beholder. A group of Norwegian researchers argued in their 2015 paper, titled “Indole—the scent of a healthy ‘inner soil,’” that the compound’s odor is an underappreciated sign that everything is working as it should. “Indole is an example of a microbe-generated signal substance that has positive effects on its host as well as the microbiome, and normal-smelling faeces may be an underestimated health indicator,” they write.


It might surprise you to learn that the true contributors to poop’s natural tang have been hotly debated. In a 1987 study, a trio of researchers from Utah claimed that they had isolated and characterized the chemicals responsible for specific scents that might otherwise “be dominated by the offensive, foul odor of feces and remain undetected by human olfaction.” The scientists, pooh-poohing the reputed contributions of skatole and indole, assembled an “odor panel” of six women and four men to help sniff out the essence of three other chemicals they had isolated. The results led them to conclude that members of the methyl sulfide chemical family are probably the main culprits behind the “foul and disagreeable odor of feces.”


Whether our own output’s true nose is more redolent of rotten cabbage or fetid death, it seems clear that poop, like coffee, is brimming with organic chemicals that may add their own little flair to the aroma. Other researchers at the UK’s University of Bristol identified nearly 300 separate odor-producing compounds from the feces of healthy volunteers and a comparison group of patients with the inflammatory bowel disease ulcerative colitis, or with Campylobacter jejuni or Clostridioides difficile infections.


Since microbes are behind the production of many of these chemicals, an imbalance or collapse or boom of certain populations might alter the resulting odor in telltale ways. One study found that children who can’t absorb nutrients well, likely leading to more fermentation of their partially digested food by gut microbes, tend to produce more putrescine and cadaverine in their feces. A separate study suggested that adult patients with irritable bowel syndrome marked by diarrhea likewise had higher signals from both compounds. Identifying these chemical signatures, whether by laboratory equipment or disease-sniffing dogs, could point out the trouble and prove lifesaving.


As a species, and even as individuals, we can leave behind distinctive calling cards based upon a host of chemical and genetic markers released through metabolism and digestion, to the increasing interest of archaeologists and forensic scientists. If that seems surprising, consider that the presence and description of animal droppings can already tell us plenty about how things are going in the natural world. Florida panther scat in Everglades National Park, identifiable as soft black cords of meat waste mixed with hair and bones, helped pinpoint white-tailed deer as the endangered cats’ favored prey, supplemented by marsh rabbits and raccoons. In Arizona’s Kartchner Caverns, I learned that guano from common cave bats is sometimes called liquid “sunshine” due to its critical role in sustaining a unique ecosystem that includes a tiny fungus-feeding mite, other predatory mites, fly larvae, crickets, and spiders. A grizzly bear shits in Alaska’s woods, and the large brown clump of slightly fruity scat packed with seeds elicits a thrill of recognition in wildlife biologists and citizen scientists tracking the animal’s territory and population density.


And of course, we’re learning how important our output can be as the input for other forms of life. In Amsterdam’s Micropia museum, an interactive ode to microbes called “Tour de Poep” includes a small demonstration of how piles of dung from the Asian elephants at the adjacent ARTIS Amsterdam Royal Zoo are being composted through a process inspired by ancient farming methods in Korea and popularized as bokashi in Japan. The elephants no longer travel huge distances, distributing nutrients as they go. So the zookeepers have lent a hand by fermenting the dung with a select mix of eighty bacterial and fungal species under anaerobic conditions—not unlike the process used to make kimchi—to create a rich “supercompost” for growing herbs, vegetables, and other edible plants. The harvested plants then become food for the elephants and other zoo animals, thus completing the cycle.


You may not find your own poop quite as interesting as a bear’s or elephant’s, but it’s no less useful. And as Earth’s dominant animals, we still have the power to learn from other species and live up to our potential by rejoining natural cycles and recycling limited nutrients and resources. Our collective pump won’t ever run dry as long as we stick around. So why are we continuing to plug it up and waste our waste, instead of reusing it for the common good?


The answer may have a lot to do with our inability to get past long-held misconceptions and ingrained disgust that have conspired against the know-how and technology we’ve already developed for principled innovation. Getting to the bottom of the deep aversion that has driven a wedge between us and our natural output, many scientists believe, may be critical to moving past the mental block, striking a better balance with the worlds inside and around us, and curtailing even more collateral damage to both.
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IT WAS INFAMOUS, THIS PAINTING: deemed so vulgar and blasphemous and offensive by some that a protestor smeared white paint on it and then–New York City mayor Rudolph W. Giuliani singled it out as “sick” when denouncing the provocative 1999 “Sensation” art show it was included in at the Brooklyn Museum. In his fury, Giuliani froze city funds for the venerable institution and threatened to boot it from its longtime home beside the borough’s Prospect Park. The mayor lost an ensuing federal lawsuit filed by the museum, and British artist Chris Ofili’s The Holy Virgin Mary became a cause célèbre of artistic freedom. When I first saw it, I expected to feel at least a twinge of disgust.


Ofili, who is of Nigerian descent, depicted a Black, hip-hop version of the virgin adorned with gold glitter, a collage of female buttocks and vaginas from porn magazines, and elephant dung—one piece forms the virgin’s right breast while two lumps support the base of the large canvas at either end. Tiny yellow pins embedded in the lumps spell out her name. Virgin. Mary.


Although I was living in New York at the time, I didn’t see The Holy Virgin Mary until years later. When I viewed it from a distance for the first time, Ofili’s Black Madonna seemed to undergo a curious transformation. Rather than recognizable and scandalous body parts, the porn cutouts appeared more like indistinct fleshy baubles in a dazzling yellow-orange sky that sparkled from the swirls of paint and glitter and the rays that seemed to emanate from a sun behind the virgin’s head. She looked directly outward at me, serene and confident in a flowing blue dress that ended in large jewel-toned leaves. Her pose mimicked those of more traditional religious icons like the ones Ofili saw in London’s National Gallery, in which white, bare-breasted Madonnas were likewise suffused with sexual energy.


Ofili was inspired to incorporate elephant dung into his art after winning a scholarship to travel to Zimbabwe. In an early interview for an exhibition at the Walker Art Center in Minneapolis, he called his medium a “crass way of bringing the landscape into the painting,” and a nod to the found objects that populated modernist art. A more abstract piece incorporating that medium atop golden rectangles and swirls, Painting with Shit on It, is just as unsubtle and just as compelling. In a later interview with the New York Times, Ofili said he also used the dung, a cultural symbol of regeneration, as a reference to his African heritage. “There’s something incredibly simple but incredibly basic about it,” he said at the time. “It attracts a multitude of meanings and interpretations.” Sacred and profane. Earthy and ethereal. Disgusting and inspiring.


At its most basic, poop tends to top the lists of things that repel us. “Probably of all of the elicitors of disgust that we’ve collected from studies around the world, that’s the most universal,” Val Curtis, a self-described disgustologist and the late director of the Environmental Health Group at the London School of Hygiene and Tropical Medicine, told me in an interview before her death in 2020.


There’s a good reason for that “yuck factor,” she said. Researchers have identified abundant disease-causing microorganisms in our poop, from parasitic worms and protozoa to fungi, bacteria, and viruses. For our ancestors, Curtis hypothesized, revulsion to that potent reservoir of disease may have been a matter of self-preservation. Those who didn’t stay away would have fallen ill more often, decreasing their chances of reproducing. “We’ve evolved a healthy sense of fear that keeps us away from big animals that want to eat us from the outside,” she said, “but we’ve also evolved a healthy sense of disgust which keeps us away from tiny little animals that want to eat us from the inside.”


As a focal point of an ancient mechanism dubbed a behavioral immune system that may have evolved to protect us from harm, excrement has helped us understand how the perception of vulnerability to death and disease can shape our aversions. As a window into our modern world, it has also illuminated how the mechanism can be amped up and exploited to sell us unnecessary solutions to be rid of “icky” things or turn us against outsiders and our own best interests by labeling them distasteful as well.


If poop is an imperfect hero, then disgust is its foil: enough revulsion at the right time can avert harm, while too much at the wrong time can backfire. In the pivotal years to come, commonsense hygiene will remain vital for public health, as we’ve learned with COVID-19. But so, too, will open-minded curiosity and practicality in the face of our own mess, our own bodies, and yes, the mess of others’ bodies. Understanding why we’re so repulsed by poop may help us reframe our output as a normal and useful product of nature. We may be able to get past the yuck factor when it does more harm than good and inoculate ourselves against bad-faith politicians, pseudoscientists, and other influencers who prey upon our emotions in order to deceive us.


It’s not just poop. Disgust can target anything that comes out of another human body—blood, sweat, vomit, urine, semen, saliva. The common fear, Curtis said, is that someone else’s secretions and excretions might end up in your own body. “Because other people are the prime sources of the diseases that might make you sick, we really don’t want to have other people’s stuff inside us.” The same is true of our own secretions once they’ve been expelled. “Try spitting in a clean glass, then drinking it!” she said.


In her book, Don’t Look, Don’t Touch, Don’t Eat: The Science Behind Revulsion, she argued that our inner defense mechanism likely extends to other signposts of disease, like the sweaty, unkempt appearance of someone who is unwell; the smell of rotten food; and the sight of rats, flies, and parasitic worms. In all, Curtis identified seven categories of things that humans find icky. All of them, she argued, can be linked to a defense mechanism that protected our ancestors from disease. Some psychologists have collapsed the categories into three main groupings: pathogen disgust, sexual disgust, and moral disgust. The latter two groups, though likewise centered on the idea of avoiding harm, tend to vary more in their strength and specificity. And a taboo in one culture, like premarital sex or blowing your nose in public or eating frog legs, isn’t necessarily verboten in another. Overall, though, the disgust emotion is among the most powerful in our armamentarium.
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What disgusts you? This question has become a bit of an icebreaker for me, and a way to marvel at my own oddly specific aversions and those of my friends. When I asked a bunch of them on Facebook, they listed some fairly common triggers: slugs, drool, snot, rotting fish, vomit, and skunk spray. But also vinegar, unvarnished wood utensils, cold tomato juice, fascism, frogs, fresh papaya, insincere compliments, and canned spinach.


Multiple research groups have put their own spin on disgust sensitivity tests and attached them to scientific studies or released them as printable surveys. The ones I’ve taken—which generally ask participants to choose how gross they find a list of items or behaviors such as chocolate shaped like poop, a bowel movement left in a public toilet, and anal sex—suggest that I have slightly less disgust sensitivity than the average man in the United States. I’ve spent a considerable amount of time in labs and hospitals, so I’m less disgusted by blood or death. And I routinely clean the bathroom of our backyard rental cottage after guests have departed, so I’m fairly inured to other bodily fluids.


But I’m absolutely revulsed by lutefisk, a dish in which dried cod has been soaked in a lye solution until it reaches the consistency of fish Jell-O—and which was a horrifyingly common entrée at Christmas dinners when I lived in Minnesota. I’m also disgusted by cockroaches, which seemed to seek me out by land or by air when I lived in New York; and beets, which to me carry an overwhelming stench of iron and rot and dirt and despair. Disgust, of course, evokes an emotional response. But why?


Psychologist Steven Taylor admitted that when he first had to change his newborn son’s diaper, he gagged and almost threw up. “It was so gross,” he said, laughing at how revolted he felt. As part of the admittedly imperfect behavioral immune system, his knee-jerk disgust may be tied to the body’s reckoning of its own defensive shortcomings. “It’s based on the idea that our biological immune system is not sufficient for us to avoid pathogens because we can’t see them: viruses and bacteria are obviously too small,” Taylor told me. Instead, the behavioral immune system elicits a disgust response against the things we can see or smell or taste or touch or even hear that might be sources of pathogens.


To help test whether disgust is indeed an evolved defense mechanism, biological anthropologist Tara Cepon-Robins and colleagues tested the emotion’s costs and benefits in communities that face a high burden of disease. For their study, they worked with three Indigenous Shuar communities in southeastern Ecuador. From the regional market center of Sucúa, one rural community in the Upano River Valley is about an hour away by bus and has quickly transitioned to a more market-integrated economy. Many residents sell agricultural produce, work as laborers, and live in wood- or cement-floor homes with tin roofs. The other two communities, which lie east of the Cordillera de Cutucú mountains, are roughly seven to twelve hours away by bus and motorized canoe on tributaries of the Amazon River. The villagers there rely more on hunting, fishing, foraging, and horticulture and live in thatched-roof, dirt-floor homes.


Cepon-Robins and her colleagues asked a representative sample of seventy-five villagers from the three communities a list of nineteen questions adapted to their local environment. How disgusted would you be by: Stepping in feces with your bare feet? Finding a cockroach in your food? Picking up a dead animal with your hands? Someone vomiting on your shoes? Drinking chicha (a fermented drink made by chewing the pulp of a manioc root) made by someone who has no teeth?


To examine whether higher disgust sensitivity protected them, the researchers also measured blood-based markers of inflammation caused by bacterial or viral infections, or by helminths—parasitic worms that can be transmitted through feces-contaminated soil. Among villagers with higher disgust sensitivity, Cepon-Robins and her colleagues found less inflammation linked to bacterial or viral infections. Their findings, in fact, suggested that the more easily disgusted individuals were more likely to protect their entire households. “So if the people in your house had high disgust and were avoiding everything around them, then they were less likely to get infected and to pass that on to you as well,” she said.


Shuar villagers living in the communities closer to the market town had a higher disgust sensitivity than their more distant counterparts. That makes sense, Cepon-Robins said, because villagers with greater access to piped-in water, cement floors, and separate kitchen spaces can more easily avoid pathogens, and shunning gross things could be useful. People living in dirt-floor homes with no running water would have a harder time avoiding pathogens, so a higher level of disgust would be of little use to them.


Cepon-Robins was initially surprised that higher disgust didn’t likewise protect villagers from the parasitic worms, which can often be seen with the naked eye. But after being deposited in the soil through feces, the worms’ much smaller eggs take about three weeks to develop into embryos that can then live for months and re-infect humans. By that time, the contaminated site is often indistinguishable from the surrounding soil. Disgust can present trade-offs and in this case, it didn’t seem to offer a clear advantage: the Shuar villagers still rely on growing food, and to be effective, their disgust of worms would need to encompass soil too, putting them at odds with their reliance on it for horticulture.


If evolution has given us a general capacity for revulsion, then, different cultural cues and even facial expressions can help fill in the blanks for what we find revolting. In China, a mother may signal a greater degree of disgust with her eyes to police a wayward child. In Europe, a mother may use more of her whole face in a wrinkled-nose grimace. I remember the fluorescent green Mr. Yuk stickers that made the same grimace when I was a young boy in the 1970s: my mom and dad used them to mark the cleaning supplies under the kitchen and bathroom sinks of our house in Ohio as icky and best avoided.


Without that guidance, young children may have a rather short list of things they find icky. Psychologist Paul Rozin (widely known as Dr. Disgust), led a particularly vivid exploration of the indiscriminate tastes of toddlers in a 1986 experiment. He and his colleagues found that more than half of their study subjects under the age of two-and-a-half readily ate a dish introduced as “doggie doo”—in reality peanut butter with Limburger and blue cheese. Older kids, however, were less likely to gobble it up, suggesting they had since learned what not to eat. My own family has delighted in the story of a cousin happily playing on his parents’ farm in northwestern Minnesota as a toddler. The ingredients for his “mud pies” were in fact cow pies, to everyone’s disgust but his own.


Veterinarian and epidemiologist David Waltner-Toews, author of The Origin of Feces, told me that our specific response to poop may reflect a complicated and contradictory cultural history based more on geography. Whereas feces were traditionally associated with fertilizer in rural agricultural areas, he said, they took on a more sinister role in urban centers as officials emphasized the very real danger of diarrheal diseases. Call it the cow manure versus cholera dichotomy. “The further we get from the farm, the more we see only the threats and less the opportunities,” he said. Some urban centers in Asia and South America established strong links with nearby farms, but for others, excrement became a problem rather than a solution.


The pendulum between problem and solution, revulsion and acceptance has likewise swung over time. In ancient Rome, respectable waste collectors called stercorarii collected human excrement and animal dung and sold it as fertilizer (cleaning the city’s famed Cloaca Maxima sewer, however, was apparently considered more menial labor better suited for enslaved people and prisoners). In the first century CE, the Roman emperor Vespasian even imposed a tax on urine, vectigal urinae, that was paid by early launderers called fullers who bought the contents of public urinals (basically jars placed in front of stores where shoppers could relieve themselves). The fullers then used the urine as an important source of ammonia for washing clothes (tanners also used it for tanning hides). From the revenues that tax accrued, Vespasian is widely credited with coining the phrase, pecunia non olet. Money does not stink.


In the sixteenth century, Paris did, and successive edicts aimed at eliminating the common practice of dumping the contents of chamber pots from windows and doorways created the mirage (if not the odeur) of a city undefiled by filth. In History of Shit, Dominique Laporte writes that the directives essentially privatized waste management by moving it from public streets and alleyways into household privies and cesspools. The relocation failed to resolve the city’s underlying sanitation issues, but it filled the coffers of the state through fines and taxes and birthed a capitalistic ecosystem of perfumers to mask the stench and professional haulers to whisk it away, whether to a river or a field.


Through agricultural alchemy, Laporte writes, the fruits grown with some of that urban waste reappeared in city markets. The “recollection of ancient customs buried under centuries of oblivion” may have sparked a revival of the concept that waste has value, particularly as a fertilizer. But it also prompted a curious distancing from contemporary customs:




The investment of waste—in particular, human waste—with value is consistently marked by a feigned oblivion of recent practices. It is offered as a discovery, or better yet a rediscovery, of ancient models. When the discourse of triumphant hygiene introduced the idea of profitable waste in the nineteenth century, not a single enthusiast argued for its agricultural benefits by pointing to the fresh example of its current use in the French countryside.


Rather, they found justification for the nec plus ultra of agricultural technology in the diaries of travelers who had journeyed to China. This pattern of repetition and revival helps us better understand the oscillation of civilization’s anal imaginary: that which occupies the site of disgust at one moment in history is not necessarily disgusting at the preceding moment or the subsequent one. There are even instances of microvariations, whereby the attitude toward waste reverses, reinstituting previous practices within the space of a few short years.





As with our own bodily fluids, our emotional response to death has likewise fluctuated over time. Before the rise of the modern funeral home industry in the mid-nineteenth century, author Caitlin Doughty contends, we were far more inured to the sight of death and less frightened of the potential “danger” of dead bodies, which, with the exception of a few communicable diseases, are not all that hazardous.


Context, of course, matters a lot. Seeing death or blood or poop in a hospital or on a nature documentary may be less unsettling than seeing it on a street corner. Gross-out scenes and disgusting people behaving badly have captivated television and social media audiences for years: revulsion from a safe distance can be entertaining. From an evolutionary perspective, though, we may be better off with an over-sensitive alarm than an under-sensitive one, Taylor said. Being easily disgusted may help someone avert more things that are truly dangerous (and truly avoidable), though it can trigger plenty of false alarms. A pandemic or other perceived threat, in turn, can turn up the disgust sensitivity. “We’re more likely to be squeamish. We’re more likely to avoid possible sources of contagion. We’re more likely wary around other people,” he said.


The intense emotion may have even played a role in successive waves of toilet paper panic-buying during the COVID-19 pandemic, or the #ToiletPaperApocalypse, as amused and horrified Australians called it on Twitter in March 2020. True, stores may have been initially wiped clean due in part to major shifts in where people began spending their weekdays, meaning that utilitarian single-ply rolls in shuttered offices and factories were sitting idle while socially isolating residents suddenly realized they needed more of the plush stuff at home. People were soon sharing hot tips on where to score some Charmin. A Mexican restaurant in California’s Orange County began throwing in a free roll for food orders of $20 or more.


The excessive hoarding and occasional fisticuffs over a four-pack, though, prompted some deeper reflections on why we had become so emotionally attached to something with so little purpose in an emergency other than to keep our butts clean. Taylor, also the author of The Psychology of Pandemics, told me he viewed the panic buying as a way for people who were already highly anxious about the virus to avoid additional disgust. The emotion had been amped up by the threat of being infected, he suggested, so toilet paper became a way to tamp it down. Amid official recommendations to gather up two weeks’ worth of necessities during lockdowns, a ready supply of bathroom tissue ensured that no poop would be left behind to gross us out in our time of need, while the thought of running out and the distress it would cause created an incentive to over-buy.


A separate personality trait called intolerance of uncertainty also likely played a starring role in the absurdity. No one likes uncertainty, Taylor said, but some people have a tougher time dealing with it. “And pandemics, by definition, are associated with a host of uncertainties,” he pointed out. Viral videos of the ensuing chaos in store aisles only added to the frenzy and the general fear of missing out.


Disgust sensitivity, Cepon-Robins said, seems to calibrate to our environment and to what we can control. When we can control more of our surrounding environment—obsessively scrubbing our hands, hoarding stacks of toilet paper, or avoiding contact with other people, say—a mismatch between high disgust and low threat may become pathological. Disgust can delay when people go to the bathroom, particularly during work or travel and sometimes to their own detriment. It has been implicated in obsessive-compulsive disorder and a range of phobias like arachnophobia and an irrational fear of blood or injections. And multiple studies have suggested that people with a high disgust sensitivity are more prone to xenophobia, racial prejudice, and bias against people with even superficial signs of poor health.


Taylor explained that disgust sensitivity toward foreigners is tied to the perception of disease vulnerability: that avoiding contact with them may help people avoid new pathogens to which they have no previous immunity. When former US president Donald Trump disparaged Haiti, El Salvador, and African nations as “shithole” countries in 2018 and repeatedly referred to SARS-CoV-2 as the “China virus,” in turn, he may have acted as a dis-inhibitory influence on others with racist or xenophobic tendencies. Disgust, in other words, can be transmissible and weaponized.
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Psychological warfare may have factored into at least some fecal weapons throughout the ages, as historian and folklorist Adrienne Mayor recounts in Greek Fire, Poison Arrows, and Scorpion Bombs: Biological and Chemical Warfare in the Ancient World. The Scythians, a tribe of nomadic warriors who hailed from the steppes of Eastern Europe and Central Asia, were legendary for their deadly archers and gruesomely barbed arrows. They were also one of the first known cultures to use poop as a weapon. In the fourth century BCE, Scythians dipped their arrowheads in a concoction called scythicon that included a putrefied mix of human blood serum and animal feces, viper venom, and rotting viper carcasses. These Scythians, they didn’t mess around. Nonfatal puncture wounds still provided fertile ground for gangrene and tetanus infections that subsequently killed or incapacitated their victims. As Greek historian and geographer Strabo observed, “Even people who are not wounded by the poison projectiles suffer from their terrible odor.”


In twelfth-century CE China, a tricked-out catapult launched what historian Stephen Turnbull has dubbed an “excrement trebuchet bomb” of gunpowder, dried human feces, and poison in a ceramic container. The contraption, believed to have released toxic smoke upon impact, was literally a dirty bomb. And in the Middle Ages, European invaders initiated biological attacks by catapulting the corpses of bubonic plague victims, their feces, or both over the castle walls of their adversaries. The contaminated corpses were successful in spreading the Black Death in some cases, but medieval medical theory supposed that the potency in causing disease came from the foul stench of rotting organic matter rather than the bodies themselves.


The miasma theory that “bad air” caused disease through miasmata (a poisonous vapor released by decaying or infected matter), persisted for centuries. It no doubt contributed to the Parisian edicts of the sixteenth century and was still a popular rationale for cholera through the mid-nineteenth century. England’s sanitary movement in the 1830s and 1840s, in fact, gained strength from miasmists who fervently believed that diseases could spread through “infectious mists or noxious vapors emanating from filth in the towns,” according to one account by public health researchers. Preventing disease thus required new sanitary measures “to clean the streets of garbage, sewage, animal carcasses, and wastes that were features of urban living.”


One of the great ironies of the nineteenth century was how a profound revulsion of urban smells—the smell of human excrement in particular—bolstered the miasma theory and actively contributed to multiple cholera epidemics wherein leading miasmists mistook the smells that warned of danger for the danger itself. In The Ghost Map, author Steven Johnson’s account of the ferocious 1854 cholera outbreak that swept through London’s Soho neighborhood, he describes how “the perseverance of miasma theory into the nineteenth century was as much a matter of instinct as it was intellectual tradition. Again and again in the literature of miasma, the argument is inextricably linked to the author’s visceral disgust at the smells of the city.”


What people commonly believed caused disease, however wrong, strongly influenced what disgusted them. That’s important, because it suggests that new information that leads to a better recognition of true threats (water contaminated by Vibrio cholerae bacteria, in this case) can help shift the focus of disgust or dissipate its force against innocent victims. In densely populated Victorian-era London and New York, for example, some miasmists ascribed a constitutional failing or moral deficiency to the urban poor that made them more susceptible to poisoned air. Physician John Snow helped pinpoint a contaminated water pump as the outbreak’s source, and French chemist Louis Pasteur’s germ theory of disease, developed less than a decade later, bolstered the growing case against bad bacteria instead of “bad air.” But the enduring grip of miasma theory also suggests how influencers can exploit public fear and confusion to redirect revulsion toward scapegoats or opponents.


In 2017, Michael Richardson, a media and cultural studies researcher in Australia, detailed how Trump, a widely acknowledged germophobe, exceled in using his and others’ squeamishness to his own advantage. Richardson’s article, “The Disgust of Donald Trump,” describes how the visceral and often dramatically conveyed revulsion toward political targets became a shared and mutually reinforcing aversion that bound Trump and his supporters together. “I know where she went, it’s disgusting, I don’t want to talk about it. No, it’s too disgusting,” he said at a rally after presidential candidate Hillary Clinton took a bathroom break during a 2015 debate of Democratic candidates. Richardson argued that in doing so, Trump capitalized on an observation backed by several studies that people with conservative ideologies tend to be more swayed by disgust.


Revulsion as political theater, you might say. Trump’s audiences may not have come into physical contact with a disgusting object, but Richardson said Trump was able to attach a shape and name to their anxiety or uncertainty or fear or rage and evoke the visceral sense that they were being contaminated. Women talking about their bodies. Immigrants walking over the border. Minorities threatening a way of life. Even with the collective recoil, Trump positioned himself as the one person who could ritually wash away the disgust that still clung to his supporters: his revulsion became theirs, just as his need to eradicate the offending object became theirs. The chanted soundbites like Lock her up and Build that wall were ready-made for the stenography of cable news. Even at a distance, social media became a kind of affect-amplifying machine, delivering short bursts of outrage or revulsion or fear in viral memes and slogans boosted by algorithms that prioritized rapid engagement over thoughtful reflection.


Multiple minority groups have been the targets of similar disgust-driven campaigns. After the SARS-CoV-2 virus spread beyond China’s borders in January 2020, science journalist Jane C. Hu noted in Slate that multiple articles emphasized the “unusual” or “weird” foods sold in the country’s markets. The wording insinuated that revolting food choices were to blame for the virus and reinforced stereotypes of Chinese people as carriers of disease; Asians across the world soon found themselves targeted with what Hu called “casual acts of racism.” In 2020, while reported hate crimes dropped overall, a survey of sixteen major US cities found that crimes targeting Asians soared by 150 percent, an upsurge that continued into 2021.


For years, political campaigns against gay men have instead emphasized anal sex, feces, and a mythology branding them as pedophiles—major triggers in the categories of sexual, pathogen, and moral disgust. The overarching goal, argues one study, “is to trigger revulsion—to brand a group of humans as nothing more than ‘disgusting’ vectors of moral transgression and physical contamination.” Recent political campaigns targeting LGBTQ+ people, for example, have used words like “grooming” to pair perceptions of immoral and deviant behavior with insinuations that they could harm innocent children. The emergence of HIV and AIDS compounded the effect, with escalating attacks on gay men as vectors of disease. Shame, often described as disgust turned inward, has further reinforced and amplified some of those aversions in the form of internalized homophobia.


In a 2014 paper, “Of Filthy Pigs and Subhuman Mongrels: Dehumanization, Disgust, and Intergroup Prejudice,” psychologist Gordon Hodson and colleagues argue that dehumanizing others by comparing them to animals, bodily functions and all, may make us more apt to view them with disgust. The strategy has been honed throughout history. European colonists and then the US government routinely referred to Indigenous people as “savages.” Nazi propagandists dehumanized Jewish people as cockroaches and rats carrying disease. Racists have likened Black people to apes. Trump called some Latino immigrants “animals” while attacking the establishment of sanctuary cities.


But Hodson said strategies that shift public attitudes toward animals—emphasizing our similarities with them instead of our superiority over them, for example—can help re-humanize racial, ethnic, and other groups and reduce prejudice directed at them. Once animals are no longer seen as inferior, Hodson said, the social gain or value in dehumanizing other people seems to dissipate as well. In that light, Tarō Gomi’s Everyone Poops becomes a reaffirmation of our common link to pigs, dogs, and elephants and a subtle countermeasure against dehumanization, disgust, and prejudice.
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For some of his public talks, J. Glenn Morris Jr., an expert on emerging pathogens, uses two lasting images to illustrate the devastating impact of a well-established disease. The first is the opening stanza of Rudyard Kipling’s 1896 poem, “Cholera Camp,” which describes an adversary that easily overpowered the British infantry in India.




We’ve got the cholerer in camp—it’s worse than forty fights;


We’re dyin’ in the wilderness the same as Isrulites;


It’s before us, an’ be’ind us, an’ we cannot get away,


An’ the doctor’s just reported we’ve ten more to-day!





The second is a photo taken a century later at the cholera ward in the International Centre for Diarrhoeal Disease Research, Bangladesh, in Dhaka. Just as powerfully, it depicts how the disease might be outlasted: Women lie on their backs on cholera cots, each of which is covered by a rubber sheet and outfitted with a strategically placed hole. A plastic bucket beneath each hole catches the watery diarrhea, nicknamed “rice-water stool,” that the patients effortlessly expel. At its peak, the bacterial killer can drain a quart of fluid from its victims every hour.


Nurses use rulers to periodically measure each bucket’s contents, Morris told the audience at a talk I attended. For every quart lost, according to the rule of thumb, one and a half must be replaced through an oral rehydration solution or an intravenous catheter. The disease can kill quickly, if no one intervenes: a fully grown adult can die in as little as ten to twelve hours from circulatory collapse if not adequately rehydrated. But if started in time, the relatively simple rehydration therapy can keep a patient alive until the infection burns itself out.


For centuries, cholera has been endemic in Bengal, the densely populated region of South Asia that includes Bangladesh and India’s state of West Bengal. The dreaded disease is so closely tied to Bengali culture that villagers make offerings to Oladevi, the goddess of cholera, to appease her and spare themselves from her wrath. Aided by wars, expanding trade routes, and poor sanitation, though, cholera epidemics struck London, Paris, New York, and other cities around the world in the nineteenth century.


What could limit the spread of such a catastrophic illness? Well-aimed revulsion, perhaps. In her book, Curtis writes, “Disgust is a voice in our heads, the voice of our ancestors telling us to stay away from what might be bad for us.” A culturally reinforced aversion to poop or contaminated food might help ward off the dire consequences of a gastrointestinal disease readily dispersed by Vibrio cholerae–tainted diarrhea. But what happens when the person expelling so much of it is a loved one—your child, parent, or partner? I asked Morris. It’s an intriguing question, he said. Disease transmission can sweep through a house when a caregiver tends to a family member suffering from diarrhea full of the pathogenic bacteria. “They’re passing huge numbers of microorganisms that are hyper-infectious, and then it becomes fairly easy to get enough on your hands, your fingers, in the food, in the water sources, then you then proceed to infect everybody else in the household.”


Other members of the community may steer clear, but close relatives are less likely to abandon family members in need. “I think you’ve probably got conflicting drives here,” Morris said. “It is such a devastating disease that people recognize somebody’s dying, and they want to be there.” In this case, he said, love may indeed trump disgust.


A small but fascinating 2006 study led by psychologist Trevor Case, titled, “My Baby Doesn’t Smell as Bad as Yours. The Plasticity of Disgust,” backs the idea that close relatives may clear the revulsion hurdle more easily, especially mothers caring for their own infants. In a series of experiments, thirteen mothers compared the stink of their baby’s dirty diaper to another baby’s. They were consistently more likely to rank their own offspring’s as less disgusting, even when the researchers deliberately mislabeled the diapers or didn’t label them at all.


In a separate survey of forty-two moms within the same study, the majority said their reactions to their baby’s dirty diapers had changed over time—specifically, the poop seemed less smelly and disgusting. In other words, they seemed to habituate. That’s probably a good thing because, as Case and his colleagues write, “a mother’s disgust at her baby’s feces has the potential to obstruct her ability to care for her baby and may even affect the strength of the bond she has with her baby.” Case, who prepared all of the diapers for the experiments, didn’t seem to similarly acclimate to the smells. As the paper reported, he “found them similarly intense and overpoweringly unpleasant and depended solely on rigorous labeling procedures to prevent any confusion of the materials.”


Taylor, fortunately, habituated to his own son’s dirty diapers, just as other parents have acclimated over the millennia. From her own research, Cepon-Robins found that just as some forms of disgust may be more easily acquired than others, we can adapt to shifting realities as well, like a mother lacking soap and water to wash her hands or a hunter needing to touch dead animals. “If you can’t avoid something, then you don’t get as disgusted by it,” she said.


Recall that studies have suggested people with high disgust sensitivity overall are more likely to be politically conservative; they may harbor biases that make them more inclined to avoid people in other social groups, historically seen as sources of contamination. Women often score higher on disgust scales than men, but they’ve become less conservative than men in several Western democracies, particularly in the US and UK. Some of the apparent paradox may be due to the type of disgust being measured or the willingness of participants to answer honestly, Cepon-Robins said. Because women bear children, there’s also more at stake if they get sick, suggesting that they should be more sensitive to pathogen disgust when they’re pregnant or most likely to conceive. That explanation could help explain strong aversions to certain foods, particularly during the first trimester of pregnancy. But Cepon-Robins said the hypothesis hasn’t been well-tested beyond college-age students and women in wealthier countries.


Disgust also can be “suspended,” Hodson said, particularly through repeated exposure and more intimate bonding. Gay men struggled to talk openly about poop and semen and the taboo of anal sex until the horrors of HIV and AIDS forced them to have fraught and frank conversations about protecting themselves and their partners. If disgust keeps us safe, perhaps love and resiliency keep us human. Reaching those who are terrified of being infected by others, who believe that they’re especially vulnerable, and who already have strong biases may be considerably harder. Once we code others with symbolic significance, recalibrating our emotions toward them can require a significant cognitive effort. But Hodson’s work suggests that interventions based on compassion, empathy, and trust-building can chip away at prejudicial attitudes as well.


In 2013, his lab developed a more specific measure called “intergroup disgust.” The scale measures someone’s revulsion toward a social out-group: a separate group with which that person doesn’t identify due to differences in race, ethnicity, religion, sexual orientation, or other characteristics. Intergroup disgust is most relevant to prejudice, Hodson said, and women and men score the same on it. A separate analysis of fifty years’ worth of psychological studies found that men were actually slightly more likely to display prejudice than women. The analysis also found “no instance where women demonstrated more prejudice than men.”


For the swayable majority, Taylor said, awareness and public education can help point out the links between disgust and discrimination, whether in creating a new self-awareness of unconscious bias or in exposing the tactics wielded by others to shape public perception. Amid the confluence of health, social, and political upheaval in 2020, the Black Lives Matter movement drew new attention to the long-term harms of systemic racism and discrimination, while the COVID-19 pandemic laid bare the disproportionate impact of health crises and insufficient resources on communities of color.


As for politics driven by fear and revulsion, the ever-escalating rhetoric can collapse under its own weight if given a good push, Australian researcher Michael Richardson told me. Scales that measure our moral disgust of behaviors like lying, cheating, and stealing have found little difference between women and men, though an upsurge in the emotion among US women in particular may have helped sway a few recent political elections.


Trump had presented himself as the relief valve for the revulsion he shared with his supporters, even as he cranked up the dial ahead of the 2018 midterms by accusing his opponents of supporting a migrant caravan contaminating the southern US border. “The paradox is that you are promising to rid the disgust, but your power resides in people continuing to feel the disgust or the shame or the fear or the mix of all of those things,” Richardson said. It’s a difficult balance to sustain, it’s exhausting, and it often fails to materially benefit the people kept in a perpetual state of repulsion, he said. Several political analysts suggested that Democrats won back the House of Representatives in the elections (though they lost ground in the Senate) in part by refocusing some of the public fear toward a potential loss of affordable health care and by redirecting some of the disgust back at Trump.


Immigration policies decried as cruel and dehumanizing and the administration’s disastrous response to the COVID-19 pandemic may have added to the backlash, and political reporters pointed to the disgust of suburban women as a key contributor to Trump’s reelection loss in 2020. The pitfalls of his aggressive and polarizing strategy were perhaps best distilled by the widespread horror and condemnation of the events of January 6, 2021. After fiery speeches by Trump and supporters like Giuliani (then his personal lawyer, who called for “a trial by combat” to decide the already settled election), a violent mob stormed the Capitol. In the aftermath of the failed insurrection, multiple news accounts reported that the Capitol’s cleanup effort required washing away human feces that had been smeared through the halls of Congress.


And so a former mayor disgusted by elephant feces befouling a sacred icon became an object of disgust himself for helping to incite a mob that used human feces to befoul another sacred icon. One form of revulsion overtook another. “Bipartisan Disgust Could Save the Republic,” one headline hopefully proclaimed. That remains to be seen. But understanding how an evolutionary adaptation can be exploited may at least make us less susceptible to manipulation by those who wield it as a weapon. Poop, in other words, may be a useful teacher.


And what of the painting that once scandalized a city? The Holy Virgin Mary traveled to Tasmania and back before winning a permanent home at New York’s Museum of Modern Art in 2018, to the rapturous delight of the museum’s curators. Ofili, for his part, didn’t forget about his other benefactors. For a decade, three female Asian elephants at the London Zoo—Mya, Layang-Layang, and Dilberta—had supplied him with dung for his artwork, including The Holy Virgin Mary. To thank them, he donated the US$105,000 auction price of another painting to help pay for an outdoor play area at the elephants’ new home in what is now the ZSL Whipsnade Zoo north of London. Mya, now in her early forties, has since moved to Italy. Layang-Layang and Dilberta have passed on. But before her death, Layang-Layang bore four sons, two of which have survived and live in other European zoos.


The benefactors became the beneficiaries and Ofili’s act of altruism helped to further the cycle of regeneration—of transformation—he so memorably symbolized in a once-reviled painting of a holy virgin. Profane becomes sacred. Earthy becomes ethereal. Disgust becomes inspiration. And the lowliest matter becomes an unlikely source of life.
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