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Jay Owens is a writer, researcher, and digital strategist. Her graduate thesis in geography at University College London explored dust as a medium of the domestic uncanny, and, after a journey to the parched desert hinterland of Los Angeles, she developed this idea into the e-mail newsletter Disturbances, followed by a program for BBC Radio 4—and then this book, her first. She works at the London Review of Books and lives in London.
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To my friends










Introduction


We were driving into a mushroom cloud. It was a little after 3 p.m. on 25 July 2015, and a plume of smoke was rising over Sierra National Forest. The smoke was rising fast, the plume growing. As it reached above the top of the mountainside, it was being caught by the wind and blown sideways, spreading out. Yet the centre billowed on upwards, catching the sunlight and dazzling a radiant white. We drove on towards it.


Brad flicked through local radio stations to find out what this was – an explosion? A forest fire? There was no mention, and this silence was strangely eerie. Well, we’d ask at the town ahead, assuming the town wasn’t on fire.


The cashier at the Shell gas station just outside North Forks wasn’t worried. Forest fire, she said. Fifty acres. One valley over from North Forks, towards Bass Lake. Yes, we’d be able to get through to Mammoth Pool, our campground destination for the night.


We stood on the forecourt and watched planes fly into the smoke to dump fire retardant. They were tiny, their cargo a momentary flare of red powder, enveloped by the cloud faster than it could fall.


The road into Mammoth Pool was fractal, a non-linear straight line. It’s twelve miles as the crow flies from North Forks and 38 miles by road. Twisting and turning along the contours of the San Jacinto rivershed through heavy pine forest, my sense of direction gone, the only way was forward. Smoke hung heavy in the sky, the fire behind the hills one ridge away. We kept on.


Then all the trees were dead. We drove through fifteen miles  of burnt-out pine forest, remnants of a conflagration two years old: the Aspen Fire of 2013. Tree trunks still stood tall, blackened charcoal totems stretching away as far as the eye could see – 22,992 acres burnt, the Fire Department reported. A disaster bigger than I could picture in my mind’s eye – the whole valley aflame. Two years on, little had regrown.


Meanwhile the North Fork blaze stained the sky yellow, the sun red. Fear licked gently across my collarbones: one road in meant one road out. But oh, the smell: sun-warmed pine sap; the hot dry earth, tar, woodsmoke and burning. Each breath drew it deeper into my lungs.


At the Mammoth Pool campground, ash rained down gently on our heads. Brad said it was going to be alright: the forest rangers would come and tell us if we had to evacuate. We’d hear the helicopters up and down the valley. I let my anxieties recede, and we stayed the night – I climbed river-sculpted boulders barefoot in a bikini; we drank Jameson Gold Reserve as the sun set scarlet as if through blood. We slept out on a smooth stone platform next to the river, under the stars.


A day later in Yosemite, the smoke filled the valleys. Two days later, out past Reno, it soured the sunset. The next week, in Death Valley, it still saturated the landscape with haze. The fire was still burning. Took two months to put out.


***


I’d come to California looking for something, but I couldn’t have said quite what. Seven years before, I’d graduated into the nadir of recession, and so had played my twenties safe – and by most accounts succeeded. I had a good job in media research and a just-about structurally sound flat in north London. But I was bored.


Fortunately, I had some interesting friends.


‘Hey everyone,’ Brad had greeted the mailing list of the Institute of Atemporal Studies six weeks earlier. ‘After three years of being bound up in the British legal system over place hacking London, they have finally returned my passport – I’m coming back to LA for the summer! Anyone want to go adventuring around LA/Mojave/Las Vegas/Palm Springs?’


I’d last seen Brad – an American geographer, urban explorer, and author of a book titled Explore Everything: Place-Hacking the City – at a party on top of an abandoned grain silo in Oxford the summer before. I didn’t know him well, but one thing I understood: if Brad invited you on an adventure, you said yes. So I bought a plane ticket to Los Angeles.


We were joined by another friend from the mailing list, Wayne Chambliss – a corporate strategist and speculative geophysicist who lived and worked down in the Inland Empire, the industrial and logistical sprawl east of LA. The three of us shared a fascination with places as layered, their history continuously overwritten but never quite rubbed out. If you looked at somewhere slantwise, tired and liminal, in the pale light of a new morning, there might be a way of seeing otherwise, of catching a glimpse of a place’s past and its future, just there, imminent, lying in waiting.


‘If we take the new experience, we stop time – and that’s all I really care about,’ Brad said.


And so the boys sketched out a line on the map which became a narrative: tracing the footsteps of Jack Parsons, notorious occultist and father of the NASA Jet Propulsion Lab via the strange geological uncanny of California and Nevada. The Devils Postpile to Death Valley and the Devil’s Golf Course, to the ghost grid of California City and then the Devil’s Gate. That was the story I pitched to the travel journal Roads & Kingdoms, anyhow: a road trip in search of Space Age dreams and failed utopias.


Dust had other opinions.


I had first started thinking about dust in spring 2008, lying on the sofa in my flat while procrastinating on putting together a dissertation proposal. I was studying for a Masters degree in geography, on a course named ‘Modernity, Space and Place’ at University College London. As my eyes cast around for anything to do other than study, I noticed that an enormous amount of dust had gathered under the table. Where trapped by chair legs, it was forming dust bunnies, tangles of an oddly purplish fuzz and hair which were a prodigious size, seeing as I had swept only a couple of days previously. It didn’t seem fair. I had to be the one to blame: my previous flat had been excessively dusty too, but then I was sharing it with two engineering students. Now, living alone, this dust had to be my responsibility – yet I was neither balding nor scrofulous, and my flat’s soft furnishings weren’t becoming threadbare. Where was this material coming from? I was disturbed.


The problem of dust was clearly a more interesting question than any possible dissertation. How frequently did I need to clean in order to prevent dust? Daily? But that would be silly. The dust was quite a pleasing colour and safely out of the way, so perhaps I should just leave it? After all, dust wasn’t really yucky – it just sat there quietly – and cleaning to avoid my dissertation was clearly avoidant behaviour. I had thought I lived in every inch of my tiny flat, yet on reflection dust marked all the spaces in which my presence was absent, the out of the way places my feet didn’t tread and my body didn’t occupy. Dust sat in corners, under the bed and on top of the cooker hood, while the rest of the flat acquired discarded clothes and coffee stains, traces instead of use. And paradoxically this dust marking all the places I wasn’t was nonetheless partly made of me: made of my skin and hair no more dead than that attached to my head. It suggested a sort of hidden embodiment apart from the body, dispersed over space and time. The accumulation of dust was like the accumulation of the past, which must at some point become suffocating to the present – housework the only thing preventing the transformation of the home into a nightmarish haunted house. What if dust could be sentient, like the animated soot particles in the film I’d watched recently, Spirited Away? This stuff was weird, intriguingly so.


I decided I wanted to do some serious thinking about dust.


The topic was simultaneously unorthodox and oddly fashionable, fitting into my department’s interests in waste, dirt and marginal ‘subnatures’. Yet I decided against a PhD. Dust, for fuck’s sake! It was too small, too trivial, too utterly pointless to devote three or four years of my life to writing some pretty evocative nonsense about haunting and ruination. The intellectual zeitgeist would move on, and then where would I be? I couldn’t do it: I tried, half-heartedly, to come up with another proposal topic, but never finished the applications. Academia was a pyramid scheme anyway. So I walked out of the UCL quad and (eventually) got a job.


We drove 2,300 miles on that road trip and dust was always and everywhere. The smoke in the air, the ash drifting through the sunroof and settling over the interior of the car. The patina of history at Bodie ghost town in the Eastern Sierra, carefully preserved on tabletops and glass as a sign of its historic ‘authenticity’. The lack of dust at some goldmine cabins farther out in the Great Basin, letting slip a tale of presences long after the occupants had moved out. It even rose from the earth: dust devils dancing alongside the road, animate and uncanny, as we drove through the bunker landscape of Hawthorne Army Depot, Nevada.


Out surveying the geology of Rainbow Basin near Barstow in the Mojave, our phones simultaneously vibrated with a government weather alert – ‘Warning: dust storms’.


I got the message.


Dust was the story of this landscape and the throughline of this journey, the thin grey thread linking together people and place, past and present, histories and futures. The failed utopia I was tracing wasn’t just one man’s dream of space flight but modernity itself, and the disaster of its dream of domination over nature.


I saw what I hadn’t seen before: dust was fundamentally political. The Sierra forest was on fire because the climate was changing: California was getting hotter and drier, and the biosphere couldn’t adapt. Fire season used to be a few months in the early autumn but now in parts of the state it’s damn near all year round. The dust in the mining cabins, meanwhile, revealed the politics of memory: the way these places were safely rendered ‘heritage’ by their official keepers, their histories of settlement and colonialism, extractivism and collapse obscured by a comforting haze of national nostalgia. I saw the ghost of stories I might come to tell – of nuclear fallout, volcanic ash and air pollution, of climate modelling, space science and geoengineering. Over the years of writing that followed, dust offered a route into facing up to the catastrophe of our time: the climate crisis and all its kindred ruptures in the biogeochemical systems of our planet. It offered a path to connect people to the very geology under our feet and the deep-time histories of how we came to be living atop this fragile crust.


The world in its wounding can seem too much to take in. But perhaps, by following something very tiny, a fragment of insight might be gained.


***


Before we go any further, I should define my terms. What do I mean by dust?


I want to say ‘everything’: almost everything can become dust, given time. I write of the orange haze in the sky over Europe in the spring, and the pale fur that grows on my writing desk and the black grime I wipe from my face in the evening after a day traversing the city. Dust gains its identity not from a singular material origin but instead through its form (tiny solid particles), its mode of transport (airborne) and, perhaps, a certain loss of context, an inherent formlessness: if we knew precisely what it was made of, we might not call it dust but instead dander or cement or pollen.


Dust is a boundary-crosser, a transgressor: the philosopher Michael Marder calls it ‘a breath of matter on the brink of spirit’, both solid and yet insubstantial, an element as much of air as it is earth. 1 Dust is matter at the very limit-point of formlessness, the closest ‘stuff’ gets to nothing. This paradoxical nature of dust is, of course, a main reason I am interested in it: how rich to think with a material that isn’t one thing or another and doesn’t stay where it’s put – a substance that blurs boundaries and refuses black and white certainties for the subtleties of the grey areas.


The word stems from the proto-Indo-European root ‘dheu–’: dust, vapour, smoke, which gives us fumes and typhoons, and also typhus. Dust is a matter of smoke and storms and poisons, as we shall see.


‘Tiny flying particles’, though: this might suffice as a practical starting definition. What kinds of particles might we be talking about?


Dust devils and dust storms are creatures of soil and sand lifted from the earth and raised into the air by strong winds. Sand grains are mostly quartz, silica dioxide – the dust tinted various colours by the other minerals it contains. The dust-laden winds that move north over Europe in the spring are rust-red from iron-rich sands in the Sahara, while China suffers from sandstorms of ‘yellow dust sweeping down from the Gobi Desert. Between 8 and 36 million tonnes of mineral dust are aloft in the atmosphere at any one time, making it the most prevalent type of dust on Earth by mass – and it is consequently the type of dust we shall encounter most in this book.2 Most mineral dust originates from the ‘dust belt’ extending from the Sahara in North Africa, through the Middle East and Central Asia, to India and the Gobi Desert in northern China. As we’ll see in the chapters that follow, prime dust sources are often former lakebeds or flat, low-lying areas of land that have repeatedly flooded over tens of thousands of years. Sediments carried by the water form deep deposits of fine clays and silt soils which provide the tiny, weakly bonded particles that, once dried out and exposed to the wind, are most ready and eager to become dust.


The planet also generates dust in the form of volcanic ash, the fragments of rock, volcanic glass and crystallised minerals ejected by volcanoes. The eruption of Krakatau (Krakatoa) in Indonesia in 1883 ejected so much ash and sulphates into the atmosphere that it produced a ‘volcanic winter’: temperatures in the northern hemisphere dropped 0.4C that summer. For many months the sunsets around the world were strange and spectacular as these particles diffracted the dusk light to dazzling and uncanny effect. In Oslo, a young man wrote in his diary:


‘I was walking along the road with two friends – then the Sun set – all at once the sky became blood red – and I felt overcome with melancholy. I stood still and leaned against the railing, dead tired – clouds like blood and tongues of fire hung above the blue-black fjord and the city.’


The sight disturbed him deeply: ‘I felt a great, unending scream piercing through nature,’ he wrote, and this image stayed with him forever more. His name was Edvard Munch, and a decade later he painted this scene as The Scream.3


The particles in the smoke cloud that moved me to write, however, were instead the soot and wood ash from a burning pine forest – the air scented like incense by aldehydes and aromatic hydrocarbons. Today, 8.5 million tonnes of this burnt ‘black carbon’ are emitted around the world each year, most not of natural origin but instead humanmade combustion: diesel engines, wood-fuelled cooking stoves, and burning to clear land for agriculture.4 In everyday life in London, I breathe in soot emitted by my neighbours’ woodfired stoves, which have become one of the top sources of small particle air pollution in the UK, substantially worse than road traffic.5


Despite there being far less of it in the atmosphere than mineral dust, black carbon is important because it’s an intensely powerful ‘climate forcer’, absorbing warmth from the sun and contributing substantially to global heating. It’s also a major component of fine particle air pollution, known as PM2.5s (particles under 2.5 micrometres in size) – alongside organic carbon compounds, and sulphates, nitrates and ammonium condensing on to it for the ride.


These tiny particles are easily inhaled deep into the lungs. Their even-smaller cousins, ultrafine PM0.1s, can pass through the air sacs in the lungs into the bloodstream, where they can be transported to every organ and can harm potentially every cell in the human body. Tissue damage can occur both directly from pollutant toxicity, as elements such as lead and arsenic hitchhike on soot particles formed by combustion – or indirectly, as the body tries to fight off this foreign material, triggering systematic inflammation.6 Particulate air pollution causes not just respiratory illnesses but heart disease, cancers, infertility – even neurodegenerative diseases such as Alzheimer’s. Altogether, it’s the fifth biggest cause of death in the world, the Global Burden of Disease Report finds, accounting for 4.2 million lives lost each year, alongside a profound and limiting burden of sickness and disability among the living. If London’s air was compliant with World Health Organization standards for PM2.5s, we’d all gain on average an extra 2.5 months of life.7


Some would gain far more.


In Lewisham, south-east London, a young girl named Ella Adoo Kissi-Debrah lived with her mother, Rosamund, just 25 metres from the city’s busy, often gridlocked South Circular road. She was a bright child, a singer, dancer and performer with model aircraft hanging from her bedroom ceiling: when she grew up she wanted to be a pilot. But in 2010, aged seven, Ella started to develop a strange and persistent cough. All too rapidly, she got sicker and sicker. Sometimes she would just stop breathing and have to be rushed to intensive care. She must have been terrified: each time it would have felt as if she were drowning as her lungs struggled for air – yet her mother describes her as stubborn in the face of her trials. But it wasn’t enough. In February 2013, nine-year-old Ella died of respiratory failure. Rosamund recalled later: ‘Someone from the neighbourhood who was looking at pollution measurements in the area told me that in the evening when she had her last asthma attack, Lewisham had one of the worst air pollution episodes ever.’8 Yet no one at the time ever told them this was a risk.


For years, Rosamund Kissi-Debrah fought to expose the real cause of her daughter’s death through judicial inquiries and legal appeals, back and forth between lawyers and the courts. Finally, in December 2020, she won a second inquest – where expert doctors testified that Ella’s final, fatal asthma attack was the cumulative effect of the toxic air she’d breathed all her too short life. And so Ella made legal history as the first person in the UK to have air pollution listed as a cause of death. In his remarks, coroner Phillip Barlow said there is ‘no safe level of particulate matter’ in the air and called for national pollution limits to be reduced.9 As I write this introduction, ‘Ella’s Law’  has passed the House of Lords and now heads back to the Commons to be scrutinised by MPs. Seventy-one years after the Great Smog that killed perhaps twelve thousand Londoners, Britain might finally declare that clean air is a human right.10


Urban dust is much more than simply carbon soot from combustion, though: there’s friction between people and the environment at every turn. On cars, buses and trains, brakes rub against tyres and tyres press against roads and rails many millions of times a day, each time generating shear forces, stressing materials, and abrading tiny little pieces of metal and rubber and asphalt as they go. This is dust I’m all too intimately familiar with: as a cyclist, I know it as ‘road grime’. After a day in central London I cleanse my face and the cotton wool’s visibly grey with dirt.


In 2019, a Financial Times investigation dubbed the London Underground ‘the dirtiest place in the city’, with parts of the Central Line between Bond Street and Notting Hill Gate having over eight times the WHO limit for PM2.5 particles. Tube dust is particularly high in iron oxide from the metal brakes and rails, but it’s not only mechanical. ‘A lot of the dust in this environment is coming from the passengers themselves,’ Alno Lesch, operational manager for track cleaning, told the Financial Times, pulling out a black tangle from under the train platform. Human hair.


Over a thousand people work night shifts in the tunnels underground while the trains rest, brushing and hoovering the surfaces to remove dust, and spraying a fixative to keep what’s left in place. But it doesn’t always entirely work: dusting is, after all, a process of stirring up particles that have previously been minding their own business. When Transport for London cleaned the Bakerloo line, they removed 6.4 tonnes of filth and fluff – yet, once they were done, PM2.5 levels at nine of the fifteen stations tested higher rather than lower.11


Cleaning up the mess we make is rarely a matter of neat little technofixes, as we shall see throughout this book. When it comes to road dust, electric cars prove to be no cleaner than the petrol polluters they replace. By using regenerative braking, electric vehicles do produce about 75 per cent less brake dust than petrol cars – but they generate more tyre dust, road wear and resuspension of other road debris, because their batteries make them on average heavier.12 Road dust is a major global source of microplastics, the tiny plastic particles under 5 millimetres in size that have become an increasingly recognised environmental pollution problem in the last decade. About 6.1 million tonnes of tyre wear particles are generated each year, representing a not insignificant 1.8 per cent of global plastic production – plus there’s a further 0.5 million tonnes of brake wear particles, too.13 This makes road dust the source of fully a third of the microplastics in our oceans: it’s as big a problem as synthetic textile fibres, the moulting fleeces and fake furs that tend to get more press.14


We might even think of microplastics as essentially another type of dust – they are, after all, messily humanmade, plural, toxic and tricky to deal with, just like all the other dusts in this book. Like soot, microplastic particles offer a vehicle to transport other environmental contaminants such as 6PPD-quinone, an antioxidant added to tyre rubber that researchers have found is producing mass die-offs of coho salmon in the Pacific Northwest.15 Microplastics are also often relatively dark in colour, making them absorb warmth from the sun and therefore accelerate ice melt in the polar and glaciated regions of this world.


Most black carbon emissions are also human-generated through wood and fossil fuel combustion, as are the sulphate and nitrate air pollutants that occasionally take particulate form. (Sulphates and nitrates are mercurial, however: they can also be gases, depending on temperature, humidity and other chemicals present in the atmosphere. This makes them unreliably ‘dust’, as far as I’m concerned – and as such, they’re not a focus of this book.) Beyond combustion, a quarter of mineral dust is anthropogenic too.16 Dust blowing in the wind in the desert is a natural phenomenon, but human actions are in many places exacerbating this process. Deforestation wipes out the plant life that holds the earth together via its root systems. Arid areas and deserts may seem sparsely vegetated but their soil is in fact alive with delicate cryptobiotic crusts of algae, fungi and microscopic cyanobacteria – all too easily destroyed by expanding agriculture, ploughing and construction. Water pumping is another major mineral dust generator, as it drains down the water table, destroying the meadows and grasslands that relied on this water for life. In dryland landscapes, one single plant might hold down the soil for many metres around it as it stretches its roots far and wide to find moisture. Once the water table falls, these plants cannot survive (as we shall see in the Owens Valley in California, in Chapter 9) – and then the dust rises.


I haven’t yet even got to the dust in my flat that distracted me into this project so many years ago. To all the above we can add skin flakes, pet dander, hair, textile fibres, disintegrating bits of particleboard furniture and sofa foam and all the chemicals that can contain – such as flame retardants with impenetrable acronyms: PBDEs and TPHPs and chlorinated OPFRs; chemicals designed to keep you safe but which also cause cancer, decrease fertility, impact cognitive ability and cause thyroid disease.17 Road dust and construction dust blow into your home through the windows and walk in on the soles of your shoes – alongside fragments of mineral dust from distant deserts, and perhaps even the odd radioactive particle, the lingering legacy of nuclear testing and nuclear accidents. A doormat is only so much use: the dust under your sofa contains the world.


Meanwhile – absurdly – we keep setting fire to things inside our homes: we cook on gas, burn candles and incense for ‘atmosphere’, or light a cosy log fire on a winter’s evening. Unlike outdoors, where (after centuries of effort) there are established air quality standards, indoor air goes unmeasured, under-researched, and unregulated. But combustion is combustion: though gas may be cleaner than wood or coal, when hydrocarbons burn, soot and PM2.5s are the inevitable consequence. Scientists have found that during some cooking activities, PM2.5 concentrations in the home can exceed 250 micrograms per cubic metre (measured in μg/m3: μ or ‘mu’ is the Greek symbol for ‘micro’, millionth), which is over seven times the US Environmental Protection Agency’s safe 24-hour level exposure. Cooking is admittedly a short-term activity, but still: 250 μg/m3 is not good air. Roast dinners are a particular hazard; so is burnt toast. During a simulated Thanksgiving Day, a holidaymaker may inhale 149 μg of tiny particles.18 We spend 90 per cent of our time indoors, but the home is sadly not always a place of safety. I write these words during an energy crisis in which millions of people in the UK and across Europe can’t afford to heat their homes despite snow on the ground and freezing nights. In the cold and the damp, mould blooms, infiltrating through damp windows and spreading its way up walls. Its spores are airborne: it travels as dust – causing and exacerbating asthma, particularly in children.19


‘Our most basic common link is that we all inhabit this small planet,’ John F. Kennedy once said, and yet we do not all breathe the same air. Indoors as well as out, dust is a medium of deep environmental injustice.


***


So this is a book about all that. The particles may be tiny, but the problems they usher in their wake are planetary.


My focus is on humanmade dust: an anthropocentric approach, certainly, but how else to understand the Anthropocene? We are world-makers, now, and this is a new geological age. The world’s biogeophysical systems have been altered by human action: not just the carbon cycle, but nitrogen and phosphorous too; the freshwater cycle, the vast erosive flows of sand and soil; the air and water and rock of the entire globe. Gradually and then suddenly – and not at all equally – our species has transformed from passive passengers on this rock in space to modern Prometheans, setting fire to the planet and finding that it does indeed burn.


The scale of this shift – and its consequences, the present and future harm – is incredibly hard to think about. We find it easiest to imagine things at human scale, at the size of our body parts – centimetres, feet, metres – and ideally from around one to a dozen of these things, numbers we can count on our fingers. Most people have an intuitive sense of scale down to a thousand times smaller (millimetres), and a thousand times larger (kilometres). But beyond that, instinct tends to fail us.


So this is one reason to think with dust: to challenge ourselves to try to see the world at scales beyond our easy imaginings.


The dust we’re talking about in this book is almost always sub-millimetre in scale, and very often a hundred or thousand times smaller than that – i.e. 1 to 10 micrometres in size. Invariably dust particles get compared to a human hair in scale – which averages 70–90 micrometres in diameter depending on the origins of the owner.20 But dust is often a hundred times smaller. Dust dances right at the limit of our vision, or more precisely our visual acuity: the ability of an unaided human eye to perceive an object as distinct. Brightly lit, we can discern individual particles – as when the sun shines on a smooth surface and reveals much previously unseen fuzz. Most of the time, though, as with a cloud of smoke, we perceive not the individual particles but the collective dimming effect. Some of the smallest dust in this book is uranium nanodust that blows off the unprotected mining waste piles in Laguna Pueblo, New Mexico – a substance measured not in millionths of a metre, but nanometres, billionths. But we’ll also meet Dr Claire Ryder, an aerosol scientist at the University of Reading, who argues for the importance of ‘giant dust’ as a neglected but crucial factor in climate modelling – though ‘giant’ can be defined as merely over 20 micrometres in size, so it’s all relative.


Yet through the very small, we also gain a lens on the very large, the very long ago – and thus ultimately the future of our planet.* Each of the place histories that make up the first half of the book – from Los Angeles, in the early 1900s, to the 1930s Dust Bowl and the drying up of the Aral Sea – reveal how dust is made not just locally, in the places where it actually develops and causes problems, but very often far away, in the capitals and colonial centres that make the decisions about where water should flow, and who and where should be denied it. In Chapter 6, on nuclear testing, following the trail of radioactive fallout forces us to think ahead, through the thousand-year half-lives of radioactive nuclei, if we are to understand the true consequences of irradiating the desert and Pacific Island peoples of this world in the name of deterring war. Then Chapter 7, examining dust as a medium of dating ice cores, lets us look both backwards into deep time – into the dust and air trapped in million-year-old ice cores – and forwards, to what this data on the Earth’s past climates reveals about the future trajectories of our heating planet.


 


* Space dust is the definitive example of such extreme scale, of course, and I regret that I can only write about it in passing. The beginning of everything in intergalactic clouds of colliding atoms is beautiful and it is extraordinary, yet it is not political in the way that humanmade particulates are – and so it is a matter for other writers and another time.


 


Eco-philosopher Timothy Morton has argued global warming is a ‘hyperobject’, something so massive and so widely distributed across time and space that it becomes too large to understand.21 The coronavirus pandemic was another hyperobject, so is capitalism: impossible to really perceive as wholes, in full totality, yet, nonetheless, we speak of them as things. We might try to get to grips with their effects and their impact through data and statistics or use a lot of big abstract nouns in order to try to gesture at the scale of the concepts we think we’re dealing with. But this doesn’t always succeed and so we are left anxious, struggling to situate ourselves – and, crucially, our capacity for action, for change-making – amid such monstrously vast challenges.


Their scale is a challenge not only for imagination – but also for politics and justice. Environmental humanities scholar Rob Nixon writes of how ‘Climate change, the thawing cryosphere, toxic drift, biomagnification, deforestation, the radioactive aftermaths of wars, acidifying oceans, and a host of other slowly unfolding environmental catastrophes present formidable representational obstacles that can hinder our efforts to mobilize and act decisively’.22 While their consequences are ‘cataclysmic’, they are ‘scientifically convoluted cataclysms in which casualties are postponed, often for generations’. When public policy is shaped around a four- or five-year electoral cycle, and the news media operates within a time-horizon of just a day or two, how can we make anybody interested in what Nixon describes as these ‘disasters that are anonymous and that star nobody’? How can we make visible the harm that is being done – even if it is, as he says, a strange, ‘slow violence’, that is, ‘a violence that occurs gradually and out of sight, a violence of delayed destruction that is dispersed across time and space, an attritional violence that is typically not viewed as violence at all’?


This is why I write about dust. Through this collision of scales – the microscopic and the planetary – I hope to average back out to an approachably human-sized story again. A human-sized story, and an inhabited, embodied one.


I write from experience, both my own travels and interviews, and the diaries, oral histories and stories of many others who have lived lives intimately and sometimes devastatingly entangled with dust. I don’t just want to write about how a dust storm happens: I want to tell you how a dust storm tastes, how the electricity in the air sings on the fence-wires and your shoulder blades stiffen as the dirt rolls in and the sky goes black. I write of how the dust enters into people’s bodies, day after day, year after year – and how the tiniest particles cross from people’s lungs into their bloodstreams and cells, and the slow havoc it wreaks there. I write of communities who see they’re being sickened, and who start to follow the dust back to where it comes from and who caused it, and who start to fight back. These processes – these sicknesses and fights for environmental justice – are slow. They take place over not just years but generations. By starting from specific places – not ‘America’ but the Owens Valley in the eastern Sierra, California, not ‘the former Soviet Union’ but Moynaq, a fishing village on the shores of what was once the Aral Sea – and by following the grey thread of dust through time and place, we might manage to approach matters as vast as ‘modernity’ and ‘environmental crisis’ and see spaces within them for community, agency, resistance and change.


Dust is in this way a method. An emergent academic field called ‘Discard Studies’ seeks to study trash of all kinds – waste, pollution, dirt – in order to understand how social and economic systems really work. As Max Liboiron and Josh Lepawsky put it: ‘What must be discarded for this or that system to be created and to carry on?’23 Rich nations passing the buck with plastic recycling is an obvious example: for all our consumer efforts and regulation and loudly espoused good intentions, there still exists the Great Pacific Garbage Patch – though the approach also applies to recognising the people discarded by capitalism, as much as the things. By studying what’s usually excluded or disavowed, Discard Studies seeks to remind us of who and what mustn’t be forgotten if we seek true environmental justice.


I think of dust in this way as the shadow of modernity, disregarded but always nonetheless present, as though haunting our too-neat dreams of progress and perfection. I believe that if we want to understand what it means to be modern – and for some reason, I really do – we can’t just admire the fruits of modernity – the iPhones, the Teslas, the staggering abundance of consumer entertainment – but should follow that tree down to its roots: the environmental resources and hard human labour that make it so. Mining, construction, manufacturing; industrialised agriculture and global transportation: this is dirty and dusty work.


During the early 2010s, dozens of workers died in dust explosions at iPhone factories in China, as aluminium particles produced by polishing the cases built up in badly ventilated workshops, then detonated.24 Meanwhile, in the ‘Lithium Triangle’ of Bolivia, Chile and Argentina, booming global demand for batteries is leading to enormous volumes of groundwater pumping for mineral lithium extraction from underground brine stores. Every ton of lithium carbonate produced requires over two million litres of water to simply disappear into plain air. The water table is dropping, drying up lakes, rivers and wetlands – so much so that conservationists warn that the lithium boom risks turning the region’s delicate ecosystems into desert. And where there’s desert – and especially where there are dried-up lakebeds – there will be dust.


As I wrote, I came to realise this book is also an absent history of water. Some of the environmental disasters I shall be writing about – most obviously the construction of the Los Angeles Aqueduct in the early 1900s, and how it turned the Owens Valley to dust – are generally told as matters of water politics (or neo-noir intrigue, as in Polanski’s Chinatown). But few hang around afterwards to ask: what happens when the water is gone? What happens to the people who still live there? What happens next?


It’s all too easy to talk of these places as though they are ‘ruined’ or ‘dead’, but these phrases miss the fact that land lives. Nature isn’t passive: it doesn’t just receive all that we throw at it, but it also reacts, responds and adapts. Ecosystems are strange, stretchy things. Adaptation may not be infinite – but to talk of people ‘destroying’ a place is to award ourselves far too much lone agency. We fuck ‘em up, that’s for sure. But in the course of reporting this book, I have been to some of what you might think to be the bleakest places on Earth – and found them strangely vital. In the words of architectural historian Samia Henni, ‘deserts are not empty’.25 Framing arid lands as uninhabited was a colonial plot to render them ownable, exploitable and later nuclear bombable. Those of us raised in the global North might learn to try to see them otherwise, and we need to practise the discipline of hope, to imagine and then fight for what these places could become.


‘I wouldn’t call it ruined,’ says activist and community organiser Teri Red Owl of another desert landscape, namely Payahuunadü (also known as the Owens Valley in California), later in this book. ‘I would call it damaged. But, you know, damages can be repaired.’ Hold that idea in mind.


 


The anthropologist Anna Tsing writes of disturbed landscapes. In her 2015 ethnography The Mushroom at the End of the World, Tsing traces the world-spanning travels of the matsutake mushroom from the forests of Oregon to the tables of luxury restaurants in Japan, where it is thought to epitomise the essence of autumn.26 It’s an influential book in many ways, but it’s personally important to me for the way Tsing’s writing revealed how you might write a big book about a very little thing. Through exploring both the hyperlocal ecological connections of a fungus in a forest and the globe-spanning commodity trade built up around it, Tsing seeks to ‘illuminate the cracks in the global political economy’, demonstrating how capitalism is not some monolithic totality, as so commonly claimed, but rather something ‘patchy’, partial and contingent. Something in which there might be space for other worlds, for other ways of being and relating between people and planet. Matsutake turn out to flourish on human-disturbed ground, symbolising possibilities for renewal and symbiosis in places we might have written off as lost. Capitalist carelessness may have wrecked so many places, but the possibility of life remains in all of them.


Dust, in its own tiny, world-encompassing way, might come to reveal a similar lesson. It reminds us of the endless geological cycles of destruction and remaking, as wind gradually erodes the earth only for the carried dust to be laid down and over eons be compressed into new sedimentary rock known as loess, which then erodes again in turn. Dust is also a critical component of atmospheric processes, ocean systems, and biological and human processes and systems too. As we’ll see later in this book, world-traversing dust flows melt ice on mountain glaciers, fertilise forests and feed plankton blooms in the ocean – making dust a part of the water, iron and nitrogen cycles. Dust in the atmosphere also both absorbs and reflects the sun’s energy, making it a major driver of temperature, climate and ultimately global warming.


None of this happens at a remove. Dust ties us intimately into that metabolism, as human activities have planet-scale geochemical impacts – and, in turn, tiny particles get inside our bodies and impact us too. And so dust both nourishes life and takes it. A staggering one in every five deaths is as a result of fine-particle air pollution from burning fossil fuels, scientists reported in 2021.27 Eight million deaths a year – that’s pretty much the entire population of London or New York City – could be avoided if we switched to renewable energy sources.


As we grapple with understanding the Anthropocene and unlearning some of the logics that got us here, I hope dust might be a guide to seeing otherwise. To recognising our place within deep geological expanses of time, and Earth systems much vaster than ourselves. To finding new (old) ways of being in relation to land and planet, not as owners or masters but as something more like custodians or caretakers. And also for recognising the wonder of it all. In the course of writing this book I went looking for environmental disaster and instead found a strange and staggering beauty. A fissured, serrated ice sheet collapsing into a fjord at the end of the world. A sky-filling sorbet of a sunrise over the last remaining silver sliver of the Aral Sea. The green chirruping vibrant lushness of a spring-fed Sierra valley in a place once called ‘the land of little rain’.


And I found an array of people – environmentalists and activists, lab scientists, NASA physicists and polar glaciologists, government and tribal employees, radical lawyers – young and old, rural and urban, settler and Indigenous – who knew and believed in this wonder. And were fighting like hell for it to survive.


Following the traces of dust – seemingly the formless, the forgotten, the out of sight – is not, as it might seem, an exercise in eco-grief and mourning.


It is in the end a story about connection.










Chapter 1


The Suburbs of Hell


To say that the modern world began at a specific time and in a specific place is absurd. Historians could hardly disagree more: there’s almost a five-hundred-year difference between the earliest and latest suggested dates for the earliest beginnings of the modern era. Was the now birthed in the continent-spanning catastrophe of the Black Death (1347–53), which overturned the medieval world order, or in other calamities around this time? Perhaps the fall of Constantinople in 1453, or the European conquest of the Americas starting in 1492? Was modernity the consequence of technology – and if so, which one? Was it the printing press, invented by Gutenberg in 1450 or James Watt’s condensing steam engine, launched on to the market in 1776? Or was the modern an idea? Did Machiavelli’s The Prince (1513) shepherd in the modern political order, or was it Martin Luther’s 95 Theses, four years later? Or must we wait for the French Revolution in 1789 to give us the modern subject: a person of liberté and égalité, not hierarchy and descent? Did modernity necessarily begin in the West at all? If we look East, to the Mughal Empire or to China, which other cities, social innovations and technologies might we regard as turning points to today?


Yet, by following the trail of dust, we find ourselves in a particular time and place: 1570, in Tudor London, when the air began to fill with filthy fossil smoke in a way that hasn’t ceased since.


Air pollution existed before this date. Seneca grumbled about ‘the oppressive atmosphere of the city and that reek of smoking cookers’ in first-century Rome, and the ‘clouds of ashes’ they left behind.1 The fires that fed the Mayan Empire’s lime kilns, in what is modern Central America, consumed an entire civilisation, as the vast deforestation required to build their cities – twenty trees to make the lime plaster for a single square metre of cityscape – changed rainfall patterns, exacerbated drought and created catastrophic crop failure.2 Yet environmental historian William M. Cavert argues that the smoky air of Elizabethan London is yet more significant, for one reason: it marks the beginning of the fossil fuel age. Before 1570, wood was the main source of fuel everywhere in the world (except in the high Arctic, where Inuit and Yupik people’s lamps ran on animal fat). For ten thousand years, settled human society had been built on only the energy a tree could store in its lifetime. The widespread adoption of coal was a rupture, a blast of ancient black, mineral solar power beamed straight from the planet’s core. This changed everything. As Cavert writes: ‘From the perspective of energy regimes . . . early modern England was, or became, “the first modern society”.’3 If we want to understand the worldview that has produced the crisis we face today, it makes sense to start at its beginning.


The shift that occurred in London in the late sixteenth century was not merely a step up in particulate pollution metrics, or even a qualitative shift in types of fuel. It was epochal. So let us witness the birth of this new fossil energy regime – and the trail of the dust it left in its wake.


***


Three hundred and fifty million years ago, in a time before the dinosaurs, our planet was warm and lush. The air was rich with oxygen and, in steady warm sunshine near the equator, forests of fern-like trees grew tall, their spindly trunks stretching thirty to fifty metres in height above shallow root systems bathed by vast tropical swamps. These trees had tough stems made almost entirely of lignin-rich bark, in order to resist the vast insects that preyed on them – yet they toppled over easily, falling on top of each other, tree after tree, season after season, and landing in water that carried insufficient oxygen for their bodies to rot. Floods covered this wood with silt and these layers compressed slowly, over countless generations, into layers of peat.


Deep underground, carried on plumes of molten metal, the continents were on the move. At this time the Laurussian plate (which would become Europe and North America) was colliding with Gondwana (now the southern hemisphere continents) to form the supercontinent of Pangea. Forced together, the plates buckled up into mountain ranges, and neighbouring regions of crust were forced down. Crushed, slowly and relentlessly, the bodies of these prehistoric trees received a strange, undead burial where they did not rot, or turn to dust – but transmuted into something new. The lignin that had given them their strength compacted into lignite; brown peat became bituminous, then black. They became coal.


The geological era was named for the one element that survived this transformation: it’s known as the Carboniferous era. Three hundred million years later, people noticed nuggets of this black gold washing up on the beaches of Northumberland.


People first started to make use of coal in the Bronze Age, with the earliest mining occurring in China over 5,000 years ago.4 The Romans knew about coal as a useful alternative to charcoal and were mining extensively in Britain by the end of the second century CE. Coal smelted iron and fed the hypocaust heating systems in public baths and the villas of the wealthy. At Aquae Sulis (now Bath), it fed a ‘perpetual fire’ at the temple of Minerva, goddess of wisdom.


After the Romans left Britain in 410 CE, people returned to using just readily available wood for fuel – and continued to do so for the next 750 years. Coal only reappears in the historical record in 1180, in a survey of the lands of the Bishopric of Durham.5 Coal lay close to the surface in this part of north-east England, making it easy to mine – which started to happen in greater quantities. At this time, forests were being cut down across Europe as populations grew and societies became wealthier, making wood scarcer and more expensive. Dyers, brewers and other trades that required large fires – such as the lime kilns that made plaster and mortar for construction – felt the pinch. Coal was a more affordable alternative and, in the stable years after Magna Carta, a trade emerged, with the fuel being shipped by sea from Newcastle to London in sufficient quantities such that by 1228 the capital had acquired a Seacoal Lane.6


London quickly came to know the scourge of its pollution. This northern coal was a soft, bituminous fuel, high in sulphur and inefficient: seacoal fires produce smoke as enthusiastically as heat. The stench was intolerable, and nobles and gentry complained to the king about the public nuisance – yet trades requiring large amounts of energy kept on using coal, however noisome it was. In 1285, King Edward I ordered an investigation into this smoky menace – the world’s first air pollution commission – but no solutions nor laws followed, and so London’s sooty air saw little improvement. Only the cataclysm of the Black Death, arriving in England in 1348, would create change, as mass death meant manufacturing production plunged for a time. But, then as now, the capital’s appetite for beer and brightly coloured cloth came roaring back. Soon the city’s seacoal furnaces were back in business – and the city would get sootier still in the years ahead.


***


Let us jump ahead to the 1570s, a time when London was transforming. The medieval post-plague city of 30,000 people had grown rapidly throughout the 1400s and the Tudor period into a bustling metropolis of around 150,000, making it by far the largest city in England – though not of the scale of Beijing or Constantinople, then the biggest cities in the world. A distinctly urban life developed.


Early modern London was a mercantile city and the centre of a web of trade and colonial plunder that spanned half the globe. Ships arrived at the city docks from the Middle East, Russia and the Americas carrying gunpowder and tobacco; furs, dried fish and whale oil; spices, sugar and luxuries. Education and literacy were rapidly expanding, theatres and poetry flourished, and London printers were publishing a continual flow of books and pamphlets testing the limits of free speech and religious dissent. The streets would have hummed with dozens of languages, as traders, sailors, travelling scholars and Huguenot refugees from France all went about their daily affairs. The city was expanding, new buildings nibbling away at the last green fields that lay between the cities of London and Westminster. London was starting to sprawl, a sea of houses as far as the eye could see.


Historians describe this period as the ‘early modern’ era, because it was a time when the characteristics of our present day start to be visible in the texture of people’s lives. Environmental historians particularly look for ways in which this modernity was ‘embodied in its physical environment’ – that is, the dark, thick, sooty smoke from all the coal that fuelled this bustle, which produced a distinctive urban atmosphere.7


Coal use grew fast at this time, doubling every decade as shortages of wood pushed people to find new sources of fuel. (England faced a very real threat of seaborne invasion, and Queen Elizabeth I was concerned that heavy usage of wood for fuel might leave too few trees to mature into sufficiently mighty warship timbers.) By the winter of 1605–6, London was importing 144,000 tons of coal, or roughly one ton per person, per year.8 A fleet of four hundred ships ferried fuel around Britain’s coastline and down the River Thames to keep the city’s hungry fires fed.9 Coal use kept rising as London grew: each new city dweller meant another ton of ancient carbon turned to ash and dust each year, the city’s hearths glowing with energy from the sun’s rays, 300 million years ago.


It was a drastic change in just a single generation: historian Ruth Goodman calls it a ‘domestic revolution’.10 Some two hundred years later, during the Industrial Revolution, air pollution would come to England’s Midlands and the North, as the soot and smoke of countless factory chimneys turned these towns into the ‘dark Satanic mills’ of familiar imagery. But in the London of the 1600s, coal warmed the homes of the city’s residents, the poorest in particular. Rich households continued to buy more expensive charcoal and wood for use in their living rooms, but most Londoners couldn’t avoid seacoal’s sulphurous stink and staining, ashy residues. It warmed their homes and their workplaces, the pubs and coffee houses where they gathered, the churches they attended each Sunday. Fossil fires fuelled not only economic production but also provided the basis for health, comfort, family and cultural life. Coal enabled ‘social stability, commercial progress, and state power,’ as Cavert states, and it was at this time that ‘coal burning became an essential aspect of London life’.11 It produced the very atmosphere of the modern city.


Everyone hated it, of course. Historical records are rich with bickering and complaints about the city air, whether people lived next to a fuel-intensive trade with furnaces burning all day and all night, or their neighbour was just a cheapskate who bought bad fuel that gave off a lot of ash.


In 1664 the poet Alexander Brome complained that it stifled even art:


 


‘Alas! Sir, London is no place for verse;


Ingenious harmless thoughts, polite and terse: Our age admits not, we are wrapped in smoke;


And sin, and business, which the muses choke.’12


 


Elizabeth I had tried to tackle the problem in 1579 when, ‘greatly grieved and annoyed with the taste and smoke’, she banned coal-burning in London when Parliament was sitting, and then attempted to jail a dozen of the city’s leading polluters for breaching this rule. (Oh for such assertiveness from our political rulers today.) But the increasingly domestic causes of London’s sooty air would soon render such vigorous enforcement impossible. Most Londoners weren’t polluting their environment for profit or from carelessness but because they couldn’t afford to do otherwise (those who could afford to use less smoky fuels did). They had to heat their homes in winter and, at that time, winters were especially harsh as the ‘Little Ice Age’ – between 1300 and 1850 – produced a period of exceptional cold in Europe and North America. (One potential cause is dust blasted far into the stratosphere by volcanic eruptions, which weakened the sun’s warmth.)13 The Thames froze over in 1608 and the city held a Frost Fair on the river. You, too, would have put another lump of coal on the hearth to fend off the chill.


By the early 1600s, a generation of coal fires had left their mark on the city. They changed its form: every home required a chimney in order to make coal fires somewhat more bearable. And they changed its colour, as airborne soot stained and darkened buildings. In 1620 the English king, James I (VI of Scotland) ‘was moved with compassion for the decayed fabric of St. Paul’s . . . near approaching ruin by the corroding quality of coal smoke . . . where unto it had been long subject’.14


A generation later, in 1661, a man named John Evelyn wrote an entire pamphlet of complaints about London’s filthy air: Fumifugium: or, The inconveniencie of the aer and smoak of London dissipated: Together with some remedies humbly proposed.


Evelyn is the other great diarist of the seventeenth century. His friend and contemporary Samuel Pepys may be better-known today, having been fortunate that the decade on which he focused his efforts included such blockbuster events as the Great Plague in 1665, and the Great Fire of London in the year following. Evelyn, by contrast, wrote his entire life, composing a half-million-word diary spanning the years 1640 to 1706, alongside no fewer than thirty books and pamphlets on topics ranging from gardening, theology, art, the character of England, famous imposters, how best to construct a library – and the first recorded recipe book of salads. Evelyn was a founding member of the Royal Society, close to the intellectual ferment taking place as two thousand years of ancient Greek thought was being swept away by a scientific revolution to birth a new, rational, quantitative world.


In 1661, this modern man would turn his attention to the problem of London’s atrocious atmosphere. Fumifugium is a remarkable treatise, florid in style and yet scientifically and architecturally progressive. Addressed to King Charles II, the book describes the ruin smoke was making of the capital, and all that lay within it, and begins in inimitable style:


‘IT was one day, as I was Walking in Your MAJESTIES Palace at WHITE-HALL (where I have sometimes the honour to refresh my self with the Sight of Your Illustrious Presence, which is the Joy of Your Peoples hearts) that a presumptuous Smoake issuing from one or two Tunnels neer Northumberland-House, and not far from Scotland-yard, did so invade the Court; that all the Rooms, Galleries, and Places about it were fill’d and infested with it; and that to such a degree, as Men could hardly discern one another for the Clowd.’15


Evelyn thought this fogginess outrageous, and he knew precisely what was at fault.


‘And what is the culprit? It is a hellish and Dismal cloud of SEA-COAL that not only hovers over her permanently but as the poet Virgil said: “Conditur in tenebris altum caligine Coelum [The high heaven was hidden in darkest clouds]”.’


He was writing at a time of restoration and renewal: King Charles II had only just ascended the throne after an eleven-year interregnum of civil war and republicanism. Evelyn found it shameful that the capital and the court was thus overshadowed. He had a plan to fix this. But first he describes the calamitous impact this seacoal smoke is having on the capital. While he may not much use the word ‘dust’ directly, Fumifugium is thick with it nonetheless, as he describes the damage wrought by dirt settling upon the fabric of the city, both out-of-doors and in.


Evelyn may be writing about environmental disaster, yet his language is glorious. ‘This is that pernicious Smoake,’ he rails, ‘which fullyes all her Glory, superinducing a sooty Crust or furr upon all that it lights, spoyling the moveables, tarnishing the Plate, Gildings and Furniture, and corroding the very Iron-bars and hardest stones with those piercing and acrimonious Spirits which accompany its Sulphure.’ The dirt and decay it generates is an insult to a houseproud and socially aspirant man – and everything about it disgusts him. Even the life-giving air becomes instead ‘this impure vapour which, with its black and tenacious quality, spots and contaminates whatsoever is expos’d to it’.


Evelyn believed that London was a disgrace to the new scientific man starting to dwell in her, and to the King himself. He writes, ‘The City of London resembles the face rather of Mount Aetna, the Court of Vulcan, Stromboli, or the Suburbs of Hell, then an Assembly of Rational Creatures, and the Imperial seat of our incomparable Monarch.’ The capital, which ought to be the greatest city in the kingdom, seemed more like the lowest, something dark, shaded, almost subterranean.


Fumifugium may have inspired Milton’s descriptions of Hell in his epic poem Paradise Lost, published six years later, in 1667. The imagery is the same: both are places of stench and smoke, oppressive darkness, fires and brimstone (the old word for sulphur), as upstart trades change the social order of England away from a primarily agricultural, medieval economy towards a new world of industry and manufacturing.16 Before industrialisation has even got underway, both Evelyn and Milton are visionaries, able to see in these earliest of days the enormous environmental cost.


Fumifugium is an astonishing work, and not only for its marvellous prose style: it’s one of the most detailed treatises on environmental pollution written before the twentieth century. People had known for thousands of years that coal smoke smelled bad, but that was thought to be the limit of its detriment – and sometimes those foul vapours had even been thought to be helpful. The environmental chemist Peter Brimblecombe notes that ‘In Roman times sulfur was burnt in religious rites and in Anglo-Saxon England the smoke from coal was thought to drive away bad spirits.’ John Evelyn – and his contemporary John Graunt (more about whom in a moment) – took a great leap forwards: it was only their ‘closer observations’ and ‘more scientific approach [that] could recognize the damaging effects of air pollution among the disguising influence of poor public health’ more generally.17


Amid its baroque phrasings, Fumifugium is also a work of scientific significance, warning how living among ‘thick, dirty, smoggy air’ makes people ‘vulnerable to thousands of diseases, corrupting their lungs and disordering their bodies, so that catarrh, coughts [sic] and tuberculosis are more prevalent in this city than any other in the world’. Evelyn is not quite there yet on the medical detail (he describes bodies ‘either dryed up or enflam’d, the humours being exasperated and made apt to putrifie’) but he has established cause and effect. Three hundred and sixty years later, the world’s cities are still assembling air pollution commissions to ask what is to be done: the science may have progressed enormously, but the lack of political appetite to address it seems a constant.


Evelyn is also prescient for identifying the sulphur as the elemental cause of these air pollution woes. He was writing during the very earliest years of chemistry as a science: it was only that same year that Robert Boyle had argued that the elements were not merely the alchemical quartet of earth, air, fire and water, but instead the ‘perfectly unmingled bodies’ of pure matter that we know today.18 Evelyn could not have known that the soft seacoal plaguing London at the time was indeed chemically high in sulphur, or that the sulphur dioxide and sulphates produced when it burns are one of the major forms of urban air pollution to this day. He called it ‘sulphurous’ most probably because he was guided by his nose: it smelled hellish.


The pollution produced by this seacoal was staggering. During the early modern period, London’s air was as polluted as the dirtiest cities in the world today.19


In 2008, the chemists Peter Brimblecombe and Carlota Grossi modelled 900 years of London’s air pollution to understand how it has blackened, weathered and eroded the city’s buildings.20 Their work analyses each type of pollution separately, such that we don’t just have to talk generically of airborne particles but can specify out sulphate pollution, black carbon soot and PM10 particulates, the tiny specks under 10 micrometres in size, an eighth of the width of a human hair.


For each one of these tiny toxins, 1575 is the year things start to change. Sulphate pollution starts to rise, shooting up from a baseline of 5 micrograms per cubic metre to 20 μg/m3, the same as the UK annual target level today. Sulphate pollution would rise more than twenty times above base level during the 1600s, to a filthy annual average of 120 μg/m3. Environmental historian William Cavert writes: ‘Early modern London’s air contained concentrations of SO2 that were as much as seventy times its current level, and even exceeded extremely polluted contemporary cities like Beijing.’21 The amount of black carbon soot in the air more than doubles, then doubles again. Particulate pollution had already risen slightly in the thirteenth century when coal first came to London, before the loss of life in the Black Death sent PM levels back down to baseline for another 250 years. But in 1575, PM10s start to rise again, and this time they keep rising for centuries. Particulate air pollution would end up exceeding the UK’s current standard, 40 μg/m3, for over 350 years, and this begins not with the Industrial Revolution but two hundred years earlier. Our air became modern well before the economy ever did.


These estimates are annualised, and so they conceal what must have been vastly greater spikes in short-term particle pollution on cold winter days when the damp city air was especially still, when the Thames fog would have hung in London’s streets like a malignant spirit. In 2020, the Centre for Cities think-tank estimaded that 6.4 per cent of adult deaths in the capital are linked to particle pollution, as tiny PM2.5s sneak through the lungs into the bloodstream, causing cancers and heart attacks.22 The cost to human life of these much higher particulate levels in the 1600s and onward is barely fathomable.


We perhaps imagine early modern Londoners dying of fevers, plagues and in childbirth – but they also very often died coughing. Around this time, a man called John Graunt – a prosperous haberdasher, city government official and militia commander – invented the science of demography through his study of the death records that London parish churches had been keeping since 1532. (The 1600s was a remarkable century for polymaths and amateur scholars.) He published his findings in 1662 in Natural and Political Observations Made upon the Bills of Mortality, which makes for a compendium of all kinds of misfortune.23


Graunt discovered that only 7 per cent of Londoners were fortunate enough to die of ‘age’ – that is, over the age of seventy, their Biblical three score years and ten. In 1632, thirty-eight Londoners died of the ‘King’s Evil’, another thirty-eight of ‘Purples and spotted fever’, and two of ‘Lethargy’. One was ‘Afrighted’, nine had ‘Scurvy and Itch’ and sixty-two died simply ‘Suddenly’.


Twenty-two per cent of Londoners died of ‘acute and Epidemical Diseases’ (excepting the Plague) which Graunt blames on ‘corruptions and alterations in the Air,’ according to the miasmatic theory of disease then prevalent.* Other diseases surged in particular years: consumption (or tuberculosis, as it’s now known) accounted for 19 per cent of deaths in 1632. While tuberculosis is a bacterial condition, research today finds that exposure to ambient air pollution significantly increases the risk of infection, o we should count some part of these deaths in our dusty tally.24 The mysterious-sounding ‘rising of the lights’ (which killed 98 Londoners in 1632) is another culprit – ‘lights’ being an archaic term for lungs, and the term referring to illnesses characterised by a hoarse cough and breathing difficulties, including asthma, emphysema and pneumonia. That is, more disease we now know as either caused or exacerbated by dirty, dusty, sooty air.


 


* Miasma theory was an idea inherited from classical Greece and Rome (and based on the Ancient Greek word for ‘pollution’), which held that infectious diseases were caused by ‘bad air’ – poisonous, foul-smelling vapour containing particles from rotting organic matter. It was overturned in the mid-nineteenth century, through John Snow’s studies of a cholera outbreak in London’s Soho, and by Louis Pasteur’s scientific experiments in Paris.


 


Though men like Graunt were at the heart of the Scientific Revolution of the seventeenth century, which gave us the foundations of modern reason and the Enlightenment, the science of the day might not give us an exact number we can say were killed by air pollution as we would now understand it. Yet the statistics Graunt calculated nonetheless paint a portrait of a city choking on its own effluent. The threat was apparent to people at the time. Of course, ‘the Smoaks, Stinks, and close Air, are less healthful than that of the Country; otherwise why do sickly Persons remove into the Country-Air?’ Graunt wrote, and he directly attributes the high death rate in the city as an effect of coal smoke. As each new resident the city gained meant another tonne of sooty seacoal burnt, the capital found itself suffocated by its own success. In Graunt’s words, ‘London, the Metropolis of England, is perhaps a Head too big for the Body, and possibly too strong’.


Something had to be done, and our friend John Evelyn had just the plan. The most polluting industries – the ‘Brewers, Diers, Sope and Salt-boylers, Lime-burners, and the like’ – should ‘be removed five or six miles distant from London’, south of the Thames and some distance east of Greenwich, so as not to ‘infect’ the King’s palaces there. The brewers, if they insisted on having fresh water and not brackish, might reasonably be located in Bow. ‘Thousands of able Watermen may be employed in bringing Commodities into the City,’ a network of busy boats and sleds connecting businesses with their buyers. Surrounding the city, Evelyn envisaged a ring of large gardens, ‘elegantly planted, diligently kept and supply’d, with such Shrubs, as yield the most fragrant and odoriferous Flowers, and are aptes to tinge the Aer upon every gentle emission at a great distance’. Finally, London’s impoverished should be evicted from their ‘poor and nasty Cottages near the City’, for reasons less of health than simply ‘eyesore’.


That classism aside, there is one major environmental error in Evelyn’s book – which is otherwise a thorough and sophisticated analysis of urban air pollution and its potential remedies. He explicitly lets London’s ‘Culinary fires’ in the home off the hook as ‘hardly at all discernible’ and puts all the blame on industry. From more recent analyses of London’s coal consumption, we know that domestic fires were in fact the main culprits, as may have been evident to Evelyn himself, walking down a Westminster street on a winter’s day as each household’s chimneys puffed their malodorous vapours into the air. But then, as now, a man seeking reform may have had to focus on the easiest targets.


Yet, in the end, nothing was done. Historians speculate as to why. Was Evelyn’s plan too ambitious and thus unworkable? Or was it a political failing? Was he a man ahead of his time, lacking the allies and advocates in court to nurture his plans to fruition? Perhaps the King’s energy and attention was simply elsewhere?


Fumifugium may seem like an early environmental manifesto but it was, environmental historian William Cavert argues, really a ‘last gasp’ attempt to try to reform London’s air. Subsequent rulers would continue ‘to dislike London’s smoky atmosphere but . . . Rather than reduce pollution they chose to remove themselves from it.’25 Three hundred and fifty years later, the rich still live in the west of the city, away from the historically polluting industry in the east.


***


Why does this matter?


The 1570s were a moment of brilliant and terrible innovation. Until that point, all the energy on Earth that people used had come from the sun that had shone during their lifetimes or thereabout – its light being converted into useful, chemical energy through the photosynthesis of plants. Human beings unlocked this stored energy through consuming these plants, and the animals that had fed on them. The discovery of fire, deep in the Paleolithic Era, allowed early humans to access more of this chemical energy by making our food more easily digestible. No longer would we be fuelled solely by living biomass: we learnt how to tap the energy reserves in dead matter too, in the ‘detrital carbon’ of wood and leaves and animal dung, and could use the energy accumulated over not just one growing season, but years or decades.26 The reservoir of energy available to us suddenly grew vastly deeper.


The transition from wood to fossil coal is a shift of equally epic significance. Life would no longer be powered by the stored sun of a single human lifetime, as embedded in a tree’s cellulose, but by the blackened, compressed light of ancient suns brought to the surface from deep, planetary time. It’s a power of quite another scale, and it would transform the world – and the atmosphere – into the modern world we see today. Londoners were the first people on the planet to enter, en masse, into this new mode of relationship to the planet’s energy resources. ‘There was indeed dirty air in ancient Rome and deforestation in the Mayan Empire, but it was only in early modern England that environmental challenges were solved in a way that ultimately led to a new global energy regime,’ writes historian William Cavert.27 It was the beginning of the end of a clean, temperate planet. And dust was there – as soot, smoke and air pollution particulates; as a choking sign of this environmental overreach – right from the start.


‘With the availability of vast quantities of cheap coal, the amount of heat energy accessible to humans became virtually limitless,’ historian Edmund Burke III writes.28 It is this excess which will, in a hundred more years, enable the exponential growth of capitalism, beginning with the Industrial Revolution in the late 1700s and perhaps ending, one way or another, within the next fifty or one hundred years – be its successors sustainable ‘degrowth’, ‘doughnut capitalism’, a ‘circular economy’ or some rather less orderly form of collapse. It is tempting, in hindsight, to see disaster baked in from the start: fossil fuels offered great power, and yet they have not been managed with great responsibility. But more than that: fossil fuel is deeply uncanny.


Historians of the Industrial Revolution talk about the ‘photosynthetic constraint’. Solar power captured in wood might be renewable, but it’s also slow to grow, constrained by climate, and takes up land that could have been used for other purposes.29 As a result, a wood-powered society has limits to its growth, both economic and in terms of population – limits that the discovery of coal overturns. Coal’s energy may ultimately derive from the same process as wood fuel, the photosynthesis of sunlight – but it is vastly compressed. A tonne of coal, 0.75 cubic metres in size, contains as much energy as the wood harvested from around 70 square metres of clear-cut forest.30 The growth in the coal trade from Newcastle and Northumberland was as though vast new reserves of land had been found, far back in time, and requisitioned as an economic resource – a St George’s flag staked in the warm, muddy swamps of the Carboniferous period. Historians of the Industrial Revolution speak of ‘ghost acres’, the overseas land in the colonies that enabled Britain to accumulate sufficient wealth to invest in machine production and take the great leap forward of the Industrial Revolution.31 But these ancient tropical forests that produce these dense, black bombs of potential energy that launch the fossil fuel age: these, to me, are ghost lands too.


We might take this metaphor further. ‘Modernity is haunted,’ claims Jesse Oak Taylor, an environmental humanities’ scholar at the University of Washington. ‘Since the Industrial Revolution, all economic growth has been shadowed by the specter of atmospheric carbon. If the market has invisible hands, its feet reinscribe a disinterred fossil record upon the sky. Incorporating this ghostly residue demands a profound rethinking of what it means to be modern.’32 


It is precisely this reimagining of modernity through its dusty residues and disavowed consequences that this book aims to achieve. There is rarely progress without its sooty shadow – that, in a sentence, is the argument we will develop through the next nine chapters. Not unreasonably, we enjoy what these centuries have brought us, but it is now time to reckon also with the cost.


***


But why start this dusty story at this time – in the late 1500s and 1600s, in the city of London? Why was this the time and place that fossil fuels – which had been known about for thousands of years – suddenly transformed into the dominant fuel? And why is this transformation so significant in shaping the world we live in today?


The transition from wood and charcoal to fossil fuels is of such importance in human history for the two processes it would go on to enable: the Industrial Revolution and the rise of capitalism.


For some big-picture thinkers, such as Edmund Burke III, this is sufficient to divide history into before and after. As he writes, ‘If we rethink modernity in terms of its bioenergetics, it is clear that there have been only two major energy regimes in human history: the Age of Solar Energy (a renewable resource) from 10,000 BP to 1800 CE, and the Age of Fossil Fuels (a non-renewable resource) from 1800 CE to the present, which includes coal, petroleum, natural gas, and nuclear power.’33
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