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Introduction


Humans can live for three weeks without food and three days without water – but only three minutes without air. Yet we simply take our air for granted. It’s always there. It’s everywhere. The air pollution that we breathe has changed a great deal over the centuries. It is largely invisible to us but it is having a significant impact on our health and the health of our children.


More than 90 per cent of the world’s population is exposed to air pollution concentrations that exceed World Health Organisation (WHO) guidelines. Globally, four and a half million people died prematurely from particle and ozone pollution in 2015.1 So why don’t we understand air pollution better? And how have we allowed it to build to the crisis we find today?


The face of air pollution has changed. Modern air pollution does not look like the thick black industrial smoke from the past. London’s international reputation as the world’s most polluted city, beset with pea-souper smog, has been passed to Beijing. We are all familiar with images of Beijing’s Bird’s Nest Olympic stadium and the Forbidden City shrouded in haze and the city’s residents wearing protective masks. Despite this coverage in the news, Beijing does not head the WHO list of the world’s most polluted cities. It was 56th in 2016 and dropped to 187th in 2017. Of the worst fifty, the vast majority are in East Asia: twenty-four cities are in India, eight are in China, three in Iran and three in Pakistan. Six of the worst fifty are in the Middle East, including four in Saudi Arabia. At the other end of the scale we find small towns in Iceland, Canada, the US and Scandinavia are some of the cleanest. There are some large cities near the bottom of the list too; including Vancouver and Stockholm, showing that air pollution is not an inevitable part of city life.


As an air pollution scientist at King’s College London, my research has focused on the sources of urban air pollution and how these affect people’s health. I still lead the London network, the largest urban network in Europe. Over the last twenty-five years I have tracked changes in the air that Londoners breathe, given evidence to government and worked alongside health researchers and air pollution scientists from around the world. I have measured how London’s industrial pollution and problems with petrol cars have been replaced by diesel car pollution and home wood-burning. Around the world many people look to London’s low emission zone as an example of action to control the problem, but if it is so effective then why are Londoners still suffering from poor air? Writing this book has allowed me to explore the real, global problem of air pollution. Expanding beyond my London base I will take you from Paris and Los Angeles to India and New Zealand in a bid to understand modern air pollution. The smogs in London and Los Angeles, Scandinavian forest die-back, the Volkswagen scandal and the recent pollution problems across south-east Asia have all prompted steps to clean our air. We will be exploring the impact that air pollution has on our health; the complex shifting political agenda of air pollution control; the tension between public health and government regulation; and the simple, yet crucial, denial of any problem in the first place. There are huge injustices at the heart of the air pollution problem. By using our air to dispose of their waste, polluters are destroying a shared resource and avoiding the full cost of their actions. They leave all of us who breathe poor air to pay the price through our health and taxes.


So what do we mean by ‘air pollution’? Images may instantly spring to mind, such as billowing smoke from car exhaust and chimney stacks. Air pollution comes from many sources, some well-known such as traffic, industry and coal-burning and some lesser known including agriculture, wood-burning and volcanoes. Common pollution problems arise from the use of fossil fuels, the pollutants that form in the air around us and natural sources too. At the same time there is huge diversity in the nature of air pollution from place to place depending on the weather, where the air has been before and local controls on the way in which we use our air as a waste disposal route.


You will not need a degree in chemistry or physics to understand this book. It is all about the connection between the everyday pollution sources that we see around us, the air that we breathe and the harm that it does to our health. I will be talking a lot about particle pollution; tiny particles that can be inhaled deep into our lungs. This includes soot from coal-burning and diesel exhaust as well as particles that form in the air from other pollutants. Some pollutants are gases. These include nitrogen dioxide, which is the pollutant at the focus of Europe’s diesel exhaust problems, and sulphur dioxide from burning sulphur-rich oil and coal. Ozone will feature in this book too. This gas is better known from the problems of the ozone hole above the north and south poles, but when it forms at ground level it is very damaging to our lungs and affects our food crops too.


Scientists have been investigating the impacts of air pollution since medieval times. Increasingly, we tend to focus on the latest discoveries and findings. The lessons from the past are often forgotten but many of them have huge relevance to the challenges that we face today. I am continually impressed by the insights of scientists who were working with hand-pumped samplers, home-made glassware in their laboratories, and calculating their results with slide rules. This book will revisit some of these old investigations and discoveries and tell the stories of the people who made them.


Yet when it comes to the disastrous effects of air pollution on human health, it seems astonishing that insight was sorely lacking for many centuries. This might seem incredible, but it was not until the 1950s that the harm from air pollution was recognised. We are still learning. In 2016 the Royal College of Physicians drew together the latest research to show how the lifelong impacts from air pollution start in the womb, go on to damage children’s lungs and shorten adult lives.


There are many calls for action but fewer examples of positive outcomes in the battle for clean air. Some plans have not worked as well as hoped and many have created new problems. Air pollution is a global challenge that still needs to be tackled alongside climate change and the creation of healthy cities in which to live.


This book starts in medieval London. We will follow the evolution of the way in which we understand the air around us and the warning signs that were ignored. In the 1950s, the deaths of around 12,000 people in the London smog and the eye-stinging Los Angeles air finally brought about concerted actions to control air pollution, which we will explore in the book. We will then focus on the challenges that we face today to ensure that our air is fit to breathe.


Join me on a journey from the smogs of the past and present to the hopefully cleaner air of the future.





Part 1


Warning signs: from medieval London to peasoupers






Chapter 1


Early explorers


You might think air pollution is a modern problem. Or at least one that has developed in the last century. Would it surprise you then to learn that air pollution was being written about as early as the seventeenth century?


It is difficult to imagine life in London many hundreds of years ago. Visits to stately homes and cathedrals show us the buildings of the past but visualising the daily life of people and the air around them is far harder. In 1661, the diarist and gardener John Evelyn wrote an essay on London’s air pollution that he sent to King Charles II and to parliament. His essay was entitled Fumifugium: or, The inconveniencie of the aer and smoak of London dissipated together with some remedies humbly proposed.1 The covering letter paints a vivid picture of air pollution at the time (and displays some sycophancy):




One day, while I was walking in your Majesty’s palace, where I sometimes come to enjoy the sight of your magnificent presence, I saw a ghastly billow of smoke coming from one or two tunnels between Northumberland House and Scotland Yard. It was so thick that the rooms, galleries and palaces were completely filled with it and people could hardly see each other for the cloud. Indeed, they struggled to even stand up.





London had undergone an energy revolution. The deforestation of the areas around London led to shortages of wood fuel so the city turned to charcoal-burning and then to coal brought in by sea from the north-east of England. This was not the first use of coal as a fuel. A receipt for twelve cartloads of coal was recorded by the monks of Peterborough Abbey in ad 852 but coal had a well-deserved reputation as a dirty fuel; in 1257, Eleanor, wife of Henry III, was forced to leave Nottingham Castle due to the smoke from coal-burning. Previously confined to blacksmiths and lime kilns, coal became the main fuel that powered London in the 1600s. Before this time, when wood was the main home fuel, little attention was paid to the construction of chimneys, but the fumes and soot from coal-burning required more elaborate stacks well above house roofs.2 The change to the air in the rapidly growing city was plain to see. Evelyn described the centre of the kingdom like a scene from Dante’s Inferno:




Whilst this smoke belches from their sooty jaws the city of London is more akin to the face of Mount Etna, The Court of Vulcan, the island of Stromboli, or even the very suburbs of hell . . . For, although in other places in England the air is serene and pure, in London the sulphurous clouds are so dense that the sun itself has trouble penetrating it . . . this ruinous smoke that sullies the city’s glory, imposing a sooty crust or fur on all the city lights, spoiling man’s property, tarnishing the plate, gildings and furniture, and corroding even iron bars and the hardest stones because of the caustic elements that accompany the sulphur.





Evelyn was the creator of one of London’s finest gardens, Sayes Court, at his home in Deptford, and he could see the first-hand effects of air pollution on the natural environment. He found that London’s pollution was




detrimental to our birds, to the bees and to the flowers, allowing nothing in our gardens to bud, grow or to ripen. Therefore, no amount of work will make anemones, or our other favourite flowers grow in London or the surrounding areas unless they are raised in a greenhouse and carefully nurtured. It is this that means that the few, pitiable fruits that do grow have a bitter and unpleasant taste, and will not reach maturity so that they are like the apples of Sodom that fall to dust the second they are touched.





In a way akin to modern epidemiologists, Evelyn looked at death records to see the impact of London’s air on the health of its population.* From 1601, James I required parish clerks to publish weekly lists of births and deaths called the Bills of Mortality. ‘Searchers’, mostly old women, were employed to inspect the corpses in order to establish cause of death. City clerks compiled the information recorded by parishes and sold the bills to Londoners eager to know when and where plague was active and therefore the places to be avoided, or when to retreat from the city. City merchant and shopkeeper John Gaunt reduced around fifty years of Bills of Mortality to simple tables of causes of death. Plague years were clear, but it was the constant deaths from chronic diseases that provided Evelyn with evidence of the impact of air pollution:




Through weakening the people to infections it comes (eventually) to corrode the lungs; this is a problem that cannot be cured and kills scores of people through a long and deep consumption, the proof of which can be found in the city’s weekly Bills of Mortality . . . almost half of the people who die in London do so from disorders of the throat or lungs. The inhabitants are never free from coughs or persistent rheumatism, from the spitting up of abscesses and corrupt matter.*





Amazingly, despite this evidence, it seems that the consensus was that smoke was good for London’s inhabitants. Evelyn said that he risked ‘the rejection of a whole faculty, particularly the College of Physicians, who consider it a preservation against infection, rather than the cause of the sad effects that I have described’.


The belief that air pollution was a preservative sprang from the miasma theory of disease that prevailed before the discovery of bacteria. Miasma was thought to be an airborne substance produced by rotting and decomposing biological material. Sources of miasma were everywhere. In the countryside, miasma came from marshes and swamps. In the city, it came from rotting food, horse manure, sewerage and even stale breath. A single lungful of miasma was thought to induce zymotic disease, an internal fermentation or rotting which could spread to other people, explaining the clear contagion of some diseases. Fog was thought to be connected with miasma. Both came from marshes and swamps. When plague struck London in the sixteenth and seventeenth centuries people were even urged to light coal fires in the street to drive away the miasma and cleanse the air.3


Air was long acknowledged as one of the four elements, along with earth, fire and water, but the concept of the wider atmosphere was not understood. In 1644, the Italian physicist and mathematician Evangelista Torricelli wrote a remarkable letter to his friend Michelangelo Ricci, a fellow mathematician and also a cardinal in Rome, exclaiming: ‘We live submerged at the bottom of an ocean of the element air.’ Torricelli had been working on the problem of pumping water from the bottom of deep wells – an impossible task to perform in one action if the well is deeper than about nine metres. Rather than experiment on a full-sized well, he created a small model using mercury instead of water. In his experiment he filled a tube with mercury, placed his finger over the open end, inverted the tube and placed the end in a trough, also filled with mercury. The tube was two cubits long (about 110–120 cm). The mercury did not drain from the tube. Instead it fell part-way down, leaving a vacuum above. This had been done before but Torricelli’s insight was to realise that the size of the gap was not a property of the vacuum. The vacuum contained nothing and therefore could do nothing. Instead, ‘On the surface of the liquid which is in the basin, there gravitates a mass of air 50 miles high.’


Torricelli transformed our perception of the air around us. The height of the mercury remaining in the tube was a measure of the pressure from the air above us.4 This simple barometer could be constructed anywhere in the world and for centuries to come, barometric pressure was measured in inches of mercury.


Just four years after Torricelli’s letter, it fell to Blaise Pascal to take the next steps and show that pressure from the atmosphere was not the same everywhere; it decreased with altitude. Frenchman Pascal had been an infant prodigy, particularly in the area of mathematics, but he also worked on the physics of pressure in fluids. You may recall being taught Pascal’s Law at school. This states that the pressure at any point in a liquid is equally transmitted in all directions. Pascal had the idea of taking a barometer up a mountain. Rather than do this himself he asked his brother-in-law Florin Périer, who lived in Clermont, central France, to conduct the experiment. A group of people met in Périer’s garden and filled several mercury barometers. The pressure height of the mercury in the tube was 710 mm. One barometer was left in the garden and watched all day. It did not change. Another was taken to the top of the Puy-de-Dôme, now known throughout the world as a famously challenging climb on the modern Tour de France. At the summit, around 500 fathoms (about 900 m) above Périer’s garden, the mercury height was 625 mm; the force exerted by the air above them had dropped by 12 per cent. Périer was so impressed by the experiment that he tried it again and again. Perfecting the accuracy of his work, he even managed to measure the reduction in pressure from climbing to the top of the cathedral in Clermont.


At the time the chemical composition of our air was not understood. Although humanity has used fire for thousands of years, even the essential role of air in burning was never comprehended. If you watch a log fire, the flames seem to leap from inside the wood. They dance in a mesmerising way and the only apparent function of the air is to fan the flames and to carry away the smoke. This observational perspective was responsible for the theory of phlogiston, a huge fifteenth-century scientific wrong turn.*


Phlogiston was believed to be one of the elements of which matter was composed, and to be liberated from a substance when it was burnt. When all the phlogiston was gone, the burning stopped. Flames were therefore not a chemical reaction with oxygen in the air but the excited liberation of phlogiston. Experiments could be performed where mercury could be burnt to ashes, liberating phlogiston, and then the mercury restored to liquid by reheating with charcoal, an obviously phlogiston-rich substance. The tricky fact that the mercury got heavier after combustion, rather than lighter from the liberation of the phlogiston, was oddly overlooked for some time.


It was not until the discovery of oxygen and nitrogen in the 1770s that the chemical exploration of our air was set on course. The air above us determines the pressure but, chemically, is the air different from place to place and from time to time? This was the question that Victorian chemist Robert Angus Smith set out to investigate.


In the preface to his 1872 book Air and Rain: the beginnings of a chemical climatology,5 Smith recounts a conversation with the physicist and meteorologist John Dalton, who had been experimenting with mixtures of gases. Dalton asserted that ‘Chemical experiment could not distinguish between the air of the city and the air on Helvellyn’ (England’s third highest mountain). The conversation was a turning point in Smith’s science career. Charged with a mission to investigate the chemical composition of air, he conducted a systematic survey of the British Isles. In each location he sealed an air sample inside a glass tube and returned it to his laboratory. He took measurements of the air at the top of Ben Nevis and on the streets of Perth and Glasgow. He also visited Hyde Park in London and pretty much everywhere in between. His research took him as far as Switzerland to measure air near marshes, but the distance seemed to have little influence; as Dalton had suggested, the amount of oxygen changed by less than 0.2 per cent between outdoor locations. Smith noted slight differences indoors in hospital wards and cowsheds, but only in the air of mines and chambers where candles were burnt until the air could no longer sustain them did he see differences of whole percentages.


However, he was not convinced that the air was the same everywhere; he theorised that it was the minor differences that mattered, including differences in impurities that comprise less than one millionth of the molecules in our air. With this in mind he continued his investigations. First, he turned to carbonic acid, the acid formed when carbon dioxide is dissolved in water. He found great variation in the amount of carbon dioxide between the boxes in London’s Strand theatre, hospital wards and the second-class carriages of underground trains, on sections of the track that now form part of the Circle Line. He also constructed a sealed lead chamber about the size of a large telephone box at his home and sat inside it for hours, breathing the same air as it changed around him. It took time for him to consume the oxygen; so, impatient for faster results, he persuaded other people to join him, staying until they could barely feel their pulses (his volunteers were rewarded with a good meal afterwards, although sometimes they were too ill to eat). Finally, Smith turned his attention to what he termed impurities in the air in towns – what we would now call air pollution. In what must be one of the earliest investigations of climate change emissions, by simple mathematics* he was able to balance the additional carbon dioxide in Liverpool and Manchester’s air, when compared to the countryside, with estimates of the tonnage of coal burnt. Importantly, from the air pollution perspective, he found coal smoke also contained many other impurities including metallic compounds, sulphur, chlorides and acid gases that were polluting Victorian towns. By looking at these Smith was finally able to prove Dalton wrong and show that air did vary from place to place.


In 1859 a House of Commons committee investigation concluded that ‘the air of large towns had no effects on the lungs when compared with air supplied by nature’. Instead, it was argued that it was the differences in living conditions and occupations that caused people in towns to be less healthy and die sooner than people in the countryside. The failure to recognise the health impacts of air pollution will be a recurrent theme in this book. To his credit, Smith set out to investigate if his impurities were linked to health effects. This called for more self-experimentation. Instead of using his chamber, Smith mixed samples of air with diluted amounts of his own blood. The acid gases found in coal smoke produced a reddening of the blood. With the acid gases removed, the remaining air produced a dull blood sample. Smith thought that redder blood was a good thing and the acid gas impurities which some considered harmful might explain the ‘greater restlessness of the system which is the peculiarity of life in towns’. The polluted city air could therefore be important for the vitality of people in our cities and might not be the agent of harm.


This reflected the medical view of the time. Although the miasma theory of disease was being challenged by the discovery of bacteria, it was still the consensus that smoke was a good thing. Just a few years before, in 1848, the surgeon John Atkinson suggested that people with tuberculosis should inhale coal smoke and other chemicals. In his view, creosote, tar, pitch and naphtha could all halt the progress of the disease.


Smith went on to explore rainwater and coined the term acid rain. He saw the way that sulphur-rich rain attacked the stone of buildings, but concluded that it acted as a disinfectant, killing bacteria or even curing disease directly.6 He also noticed that soils removed the acid from rainwater, making it drinkable again. The damage that acid rain causes to forests and rivers would not be revealed for another hundred years. Smith went on to become the first head of the Alkaline Inspectorate, an early regulation body for industrial pollution. Under his guidance the inspectorate took a gentlemen’s approach to enforcing regulations, reasoning that it was better for an industrialist to agree to invest in cleaning his factory’s pollution rather than fighting a court case or paying a fine. This view still pervades industrial emissions control today.7


Smith was not alone in exploring the air around us. Ten years after the publication of his book, fellow Scot John Aitken set out to investigate soot particles in our air. Aitken was born in Falkirk and had ambitions to be an engineer. Having trained at the University of Glasgow he started work as a marine engineer, but this ambition was thwarted by ill health. Instead he turned to science. He converted his drawing room into a workshop and laboratory, placing a lathe in front of the window and furnishing the room with wooden benches and cabinets around the walls that were filled with thermometers and meteorological instruments. Reflecting his engineering training, his first work on valves was followed by work on the perception of colour, but he is best known for his investigation of clouds and fog. To carry this out, he invented a way of making fog and clouds in his drawing room and found, by chance, a way of seeing the tiny particles in our air. Normally particles of soot and other pollutants are too small to see. The wavelength of visible light limits the resolution of even the most powerful microscopes and these particles simply cannot be resolved. However, in his fog chamber he found that each droplet formed round a tiny particle and suddenly they became visible in astonishing numbers: ‘There may be as many dust particles in a cubic inch of the air of a room at night when the gas is burning as there are inhabitants in Great Britain. In three cubic inches of gas from a Bunsen flame there are as many particles as there are inhabitants in the world’.8


Aitken’s device was simple. He captured air in a chamber and saturated it with water vapour. Suck out a little air, reduce the pressure and tiny droplets form, each one around a particle, enabling it to be seen and counted on a microscope slide.* Aitken’s greatest contribution is in our understanding of the way that clouds and fog form,† but, like Smith, he also went out surveying the air. Obviously, the drawing-room sized version of his instrument could not be carried, so instead he created a pocket version, about the size of a cigar case. Aitken counted the number of particles in the air across Scotland and at the observatory on Ben Nevis. Each spring from 1889 to 1891, he went on a European tour to the Alps, Italy, Paris and London, taking with him his new pocket device. In London‡ and Paris he found between 40,000 and 210,000 particles in each cubic centimetre, very similar numbers to those in London in the early 2000s. Interestingly he also found that air pollution did not stay in towns and cities. Air blowing from the Atlantic was clean, but air blown from cities contained many more particles.9


In addition to investigating smoke particles and sulphur, the Victorians also paid a lot of attention to ozone gas in our air. Ozone was first isolated in 1848 by Christian Friedrich Schönbein, professor of chemistry at the University of Basle. Schönbein made ozone in his laboratory by passing an electric current through water. He quickly recognised it as the smell that remains after a thunderstorm and which today we can find in photocopier rooms.10 Ozone is a form of oxygen; instead of the usual two atoms found in the oxygen molecules in our air, ozone comprises three atoms. This combination is unstable, making the ozone molecule a powerful oxidant, prone to react with many substances, including the insides of our lungs, in an effort to ditch the extra oxygen atom.


Ozone was not always recognised as harmful. In Victorian times, taking the air and breathing the ozone was thought to be part of the health-giving properties of a visit to the British seaside. Even today you can enjoy an ice-cream while admiring the sea view as you walk along Ozone Terrace in Lyme Regis, Dorset. However, the linkage of ozone and the seaside probably results from confusion about smells that was seized upon by coastal towns as a marketing ploy to encourage visitors. Schönbein placed a lot of emphasis on detecting ozone by smell. Yes, the seaside smells like ozone, but what we smell is generally a gas produced by bacteria and microbes that live on seaweed rather than ozone itself.* In reality, ground-level ozone is very harmful and has no place alongside the joys of the helter-skelter and sandcastles on the beach. Even in the mid-1850s scientists had discovered that breathing large quantities of ozone caused chest pains. They knew that rabbits and mice died quickly when they breathed the gas,11 but the view that ozone was good for us prevailed, again due to the miasma theory of disease.


One experiment showed how these clearly contradictory views on the health impacts of ozone could be unified by the miasma theory. In 1866 the physician and public health expert Benjamin Ward Richardson was investigating miasma. His source was an eight-yearold flask of rotting oxblood that produced what he described as a nauseating smell, the nature of which I will leave to your imagination. When mixed with highly reactive ozone, the odour went away. Today, highly reactive ozone is used in some kitchen extractors to remove cooking smells, but Richardson interpreted this as a destruction of miasma and became convinced that ozone would improve the air of our cities. He went as far as suggesting that an ozone company should be set up to pipe the gas into butchers’ and greengrocers’ shops to preserve meat and vegetables and to provide seaside air to every home.12


Further evidence of the curative powers of ozone came from an outbreak of relapsing fever in the St Giles district of London. Spreading rapidly in damp, overcrowded boarding houses, relapsing fever was thought of as a zymotic disease spread by miasma. Dr George Moss, medical officer for the area, suggested that outbreaks of relapsing fever increased when the ozone level in the city fell due to coal smoke and smog. We now know that relapsing fever is spread by lice and tick bites and has no connection with air quality, but the relapsing fever evidence fed into the prevailing narrative that the risk from air pollution came from the offensive odours of rot and decay.


Ozone was one of the first pollutants to be measured routinely in our air. Starting in 1876, daily measurements of ozone were made for thirty-four years at the Observatoire de Montsouris, then in the outskirts of Paris. Each day a sampler was placed on the balcony of the house and air was sucked through a liquid reagent. The results gathered dust in the statistical bulletin of the city of Paris for nearly one hundred years before their rediscovery by German scientists Andreas Voltz and Dieter Kley. Making sense of the results was not easy. It required Voltz and Kley to build their own version of the sampler from the original drawings and painstakingly recreate the laboratory experiments. What they found astonished them. Comparing the Paris measurements from the late 1800s with those obtained in the twenty-first century revealed change on a massive scale. The average concentration of ozone that we breathe today around the world is more than double the ozone we breathed just over one hundred years ago.13


Smog and fog became a defining part of London’s character in the nineteenth century. They feature in the Sherlock Holmes books, those by Charles Dickens and many other authors of the time. They were very different to normal fog, not least because of their colour, which has been variously described as yellow, brown and orange, giving rise to the term pea-souper. The artist Claude Monet came to London between 1899 and 1903 to paint the smog-shrouded city. Many versions of his sunsets over the Houses of Parliament are on display in galleries around the world, and his paintings of Waterloo and Charing Cross Bridges reveal skies filled with black soot and grey and yellow hues.


The smog was certainly disruptive. During the thick smog of 1873, fifteen people were reported to have drowned in Northside Docks, two men walked into the river at Wapping and two workmen died falling into the Regent’s Canal. Numerous tales tell of people who got lost having disembarked from their carriages to lead the horses, but were then unable to find the horses, the cabs or any landmarks around them. Others got lost right after emerging from their own front doors. Smogs were not confined to London. Smith reported in the 1880s, for example, that ‘the smoke of Manchester had little exit from the town . . . The eyes began to smart and in walking on pavements cartiers were met leading their horses into shops in the daytime – we can scarcely say in the daylight.’14 Needless to say the thick fogs were a great opportunity for pickpockets and thieves too.


So, as the Victorian era drew to a close, our knowledge of air pollution was gaining ground rapidly. For the first time, measurements had been made of so-called impurities in the air and how these changed from place to place, but less was known about how they changed from time to time. The European tours of Aitken and Smith were mainly taken in the summer, but what was air pollution like in these places in the winter? Were some cities worse than others? These questions only began to be addressed in the following century. One important lesson from these early explorers of our air was that pollution did not stay confined to towns and cities; a lesson that was forgotten in the years to come, as we shall see in Chapter 6. Despite the inconvenience of smog and the irritation of the eyes and throat, the prevalence of the miasma theory of disease and the perceived disinfectant properties of some of the nastier pollutant gases meant that air pollution was perceived as irritating but harmless, or even beneficial to health. The true nature of smog as an invisible killer would not be recognised for another fifty years.





* Evelyn was probably referring to the work of John Gaunt who published his Observations on the Weekly Bills of Mortality in 1662, compiling fifty years of weekly bulletins classifying deaths into eighty-one causes. Gaunt’s book is discussed at: http://www.bmj.com/content/bmj/346/bmj.e8640.full.pdf.


* In the original text these diseases sound even more gruesome: ‘Phthiscal and pulmonic distempers, coughs and importunate rheumaticms, spitting of impostumated and corrupt matter.’


* Good defences of phlogiston theory have been made and neatly summarised in : https://thonyc.wordpress.com/2015/10/23/the-phlogiston-theory-wonderfully-wrong-but-fantastically-fruitful/.


* Dispersion modellers today would term this a box model.


* Modern particle counters work in much the same way. Air is passed over a butanol wick and the sample is then cooled. The butanol condenses on the particles, which grow big enough to be counted with a laser. Butanol is easier to condense than water and is favoured for this job, despite its awful smell.


† Oddly, clouds and fog will not form in completely clean air; they require tiny particles to act as condensation nuclei. The high frequency of fog and smog in London and other polluted cities of the nineteenth and twentieth century was in part due to the number of pollution particles in the air.


‡ Some of his London measurements were made from a window in Victoria Street. A window in the same street was used to measure air pollution during the second half of the twentieth century including tracking the 1991 smog.


* More recently the smell of the seaside has been attributed to dimethyl sulphides from seaweed and salt marshes: http://www.uea.ac.uk/about/media-room/press-release-archive/-/asset_publisher/a2jEGMiFHPhv/content/cloning-the-smell-of-the-seaside.





Chapter 2


Warning signs ignored


In many respects air pollution in the UK during the first half of the twentieth century was a continuation of the Victorian era; the growth of air pollution in our cities still plotted much the same course, rather like a ship heading towards an iceberg. Into this collision course stepped John Switzer Owens, who more than any other person would define the transformation of air pollution science from the haphazard investigations of Victorian gentlemen into a systematic national surveillance programme. Owens did not sit quietly on his findings. He ensured that evidence on the state of our air was heard as widely as possible through his work with anti-coal smoke campaigns, books, talks to scientific societies and reports to government. The science journal Nature described him as ‘a most useful and public-spirited man of science’ who was ‘the moving spirit in the investigation of atmospheric pollution . . . Owens’ inventive skill, contentious compilation of records and personal enthusiasm resulted in Great Britain being far ahead of any other country in the knowledge of the pollution of its atmosphere.’1


Owens was born in Enniscorthy, Ireland in 1877. He was uniquely skilled, being trained as both a doctor and an engineer. He started his career with a medical degree at Trinity College Dublin, but gave up medicine after five years to become an engineer and work on coastal defences and mining equipment. In 1912 an international exhibition was held in London under the auspices of the Coal Smoke Abatement Society, of which Owens was a member. Set up in 1898 and rooted firmly in social reform and Victorian philanthropy, the society was well connected with the influencers of the time. National Trust founder Octavia Hill had been motivated by the contrasts between the clean air seen during her trips to Nuremberg, Germany and the pollution prevalent at home in Britain. Playwright Sir George Bernard Shaw was also connected to the society, and addressing a meeting on one occasion he explained that the secret of health and cleanliness was a clear atmosphere and clean clothes. With these ‘you will live as you do in the country, where you never wash at all, except as a sort of social ceremony to prove that you are well brought up.’ Having undergone various name changes, including the National Society for Clean Air, it continues today as Environmental Protection UK, the world’s longest running environmental campaign group.2


A public exhibition and conference to promote awareness of air pollution in 1912 led the UK Meteorological Office and various municipal authorities to form the Committee for the Investigation of Atmospheric Pollution. This was a voluntary organisation, supported by The Lancet, and Owens became its first secretary. Initially working for free, Owens was employed part-time as superintendent in charge of measurements when the committee’s work was reassigned to the Met Office in 1917, and ten years later it became his full-time job when the committee’s work was transferred into government.


Standardising measurements across the country was an early task. Bizarrely, the first standard method for measuring airborne particle pollution had little to do with the actual pollution in the air.* Instead the pollution that fell to the ground was collected and weighed.3 The original idea came from scientists seeing the soot that fell on clean snow in Manchester in 1902, reinforced by later experiments that collected dirt and dust in boxes distributed around Glasgow in the winter of 1906. Owens’ collector was perfected in trials at four locations in London. Following the Victorian tradition of home experimentation, one of the trial locations was at his own house in Cheam, now a suburb of south London.4 The fictional suburb of East Cheam will be familiar to fans of the comedian Tony Hancock; Owens lived in North Cheam, in the idyllic-sounding Daphne Cottage in Wordsworth Drive.


A national network of so-called deposit gauges was set up in the UK in 1912 and by 1936 measurements were being taken in over 150 places. These were very basic; a funnel collected dust which was then washed into a collection bottle beneath. The device therefore measured anything that fell to the ground, including soot and dust washed out by rain. In the days before plastic, the acidity of the polluted air and rain caused problems. Early gauges corroded badly and had to be enamelled, leading to distortions in shape. Small wire fences were also fitted around the edge of each gauge to prevent birds perching on the instrument and then defecating into it. Other difficulties were found: children threw stones into the collectors and drunks urinated in them on their way home from the pub. Positioning the gauges out of harm’s way became very important.


A huge amount of dust collected in Owens’ gauges. Hundreds of tonnes of soot and dust fell on every square mile of cities and towns. London was in fact not the most heavily polluted location. Notable places at the top of the pollution league included the glass manufacturing town of St Helens in north-west England, where an astonishing 617 tonnes of dust and soot fell from the sky on each square mile in 1917. This is around a quarter of a kilogram on each square metre. Householders would have been dealing with piles of soot on their doorsteps, in addition to downdraft from their own fires, making it a huge task to maintain a clean home. This was not just a problem in industrial towns. The results for Liverpool, some fifteen miles from St Helens, were much the same.


Malvern, a small spa town in Worcestershire, was used as the benchmark clean place against which to compare all other British towns and cities. Malvern experienced between one-fifth and one-tenth of the soot and dust that fell from the skies on the average town.


Owens’ results were not always well received. He was criticised by his peers for expressing his results in ways the public might understand. Having addressed the Society of Public Analysts in 1925, a Mr R.C. Frederick accused Owens of sensationalising the problem: ‘The expression of the results in tons per square mile, while useful for propaganda purposes, gave, from the scientific point of view, an altogether exaggerated impression of the condition of affairs.’5 Despite this, deposit gauges developed from Owens’ work still are used around the world today, mainly around quarries and mines. One major weakness of Owens’ approach was that only the largest particles of soot and dust would land in the gauges, having fallen to the ground near big chimneys. By collecting only the pollution that fell to the ground, Owens was focusing on very local pollution sources. This built into a general understanding that air pollution was solely a problem for towns and cities and not for the areas around them. Owens carefully tracked the measurements and by 1936 he was able to report the results of twenty-five years of policies to curb air pollution. They were not very impressive. Although air quality had improved in London, Glasgow and some big cities, the conditions across the industrialised north of England, including Liverpool, Stoke on Trent, St Helens and Leeds had become worse.6 The framework for air pollution control, with a focus on controlling air pollution from industry, was not working.


Owens’ second invention reinforced the view that towns and cities were the main sites of pollution. This device used a water syphon to suck air through a white filter paper. Early versions used water from large, sealed glass jars. As water drained from the jar it drew air through the filter paper, turning it grey or even black depending on the soot in the air. Later versions automatically refilled and then flushed every hour using a timer and an arrangement not unlike a toilet cistern. In this way, air pollution measurements could be made each hour. Staff at each measurement station would look up the shade of grey on a chart and read off the corresponding amount of particles in the air. Finally, electric pumps were used instead of water syphons. Owens’ invention became known as ‘British black smoke’ and would play a major role in the study of pollution for years to come.


Interestingly, although legislation and pollution control had focused on industry, Owens’ measurements often showed that something else was the problem. In many towns and cities, it was home fires that dominated air pollution. The state of the UK’s air was the subject of a government inquiry starting in 1914. Government had been shamed into a response by Lord Newton, who proposed a new law on smoke control. Rather than supporting or blocking the proposal, they agreed to let Newton head an inquiry, thereby kicking the problem into the long grass. The First World War intervened and the committee did not report until 1921. In a precursor of air pollution debates today, Newton’s committee said that ‘the chief factor in the failure to deal with the smoke evil has been the inaction of the Central Authority’. It called for better controls on industry and for controls on the exhaust and smoke from trains, cars and lorries, with stronger fines and new standards defining what controls were ‘practicable’. Apart, however, from calls for research and for new houses to be designed with smokeless heating, the committee proposed no actions on home fires. Owens criticised this inaction in light of the clear experience of everyday life in London and other cities:




We are all personally conscious of the exceptional impurity of the atmosphere by the smarting of our eyes and the annoyance to our breathing, by the collection of dirt in our nostrils, on our clothing, on curtains and furniture, and by the more permanent record in the deterioration of buildings and metals. On special days, such as Tuesday, November 19th, 1922, London paid the penalty by living in darkness the whole day.7





As we will see, government has always been reluctant to act on what we do in our own homes, even if it impacts on the health of other people. Lord Newton’s report was greeted with complete indifference. The Times was pleased with the report as ‘a sane and convincing presentation of a complex problem the more weighty because it suggests no heroic measure’. It was business as usual. The industrialist Sir Hugh Beaver, who would head the next government inquiry in 1954, noted that although Newton’s report ran to over 860,000 words, nothing happened until the Public Health Act fifteen years later in 1936; even that was ‘full of loopholes and reservations’ and ‘failed to achieve its purpose’.8
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