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Introduction: Little Modern Disinhibitions

This book examines the historical roots of the contemporary environmental crisis. It investigates the past record of technological action – how its intervention was thought about, questioned, regulated and, most importantly, imposed as the only legitimate form of life. This study dissects the forms of power, the subtle twists of reality and the moral dispositions which, at the turn of the eighteenth and nineteenth centuries, started us down the road towards the abyss. It shows that the so-called ‘century of progress’ was never simply technophile. The history that this book tells is not that of humanity becoming conscious of the risks of technology; rather, it is the history of a certain kind of modernising unconsciousness, produced by political and scientific means.

In April 1855, as crowds flocked to the Universal Exhibition in Paris to admire machines, locomotives and inventions, there appeared a little book with an enigmatic title: La Fin du monde par la science (The End of the World through Science). Written by a lawyer called Eugène Huzar, its originality lay in the fact that this was the first critique of progress based on a catastrophist vision of the future.1 Huzar was neither a romantic critic of the ugliness of the industrial world, nor a reactionary damning the hedonism of his times. No, Huzar loved his century, its science, and its new techniques. But he posed the problem of what type of progress was desirable: ‘I am not waging war on science or progress, but I am the implacable enemy of an ignorant, unprescient science, of a progress that proceeds blindly without criterion or compass.’2 According to Huzar, since experimental science is a posteriori knowledge, it cannot foresee the long-term consequences of its ever more powerful products. For Huzar, this gap between technical capacities and humanity’s foresight would lead inexorably to the apocalypse.

Huzar had a swarming, apocalyptic imagination: who could tell whether extracting tonne after tonne of coal risked shifting the Earth’s centre of gravity and tilting its axis? Who knew whether inter-oceanic canals would disrupt sea currents, causing devastating floods? Who could predict whether vaccination would bring even more serious ills than the ones it claimed to fight? Who was to say that the carbon dioxide produced by industry would not lead to a catastrophe?


In the course of one or two hundred years, a world now crisscrossed with railways and steam ships and covered with mills and factories would release billions of cubic metres of carbon dioxide and carbon monoxide. And since the forests were also destroyed, these hundreds of billions of cubic metres of carbon dioxide and carbon monoxide could do much to disturb the world’s harmony.3



In their embrace of industrial development, humans believed that at most they were leaving scratches on the Earth – not realising that, according to the law of small causes and large effects, these scratches could kill it entirely. To delay the final catastrophe, Huzar proposed the establishment of a ‘planetary edility’: a global scientific government responsible for studying major construction projects, deforestation and all scientific experiments that could ‘disturb the world’s harmony’. As five million visitors shuffled through the Palais de l’industrie, Huzar’s aim was clearly to provoke. In this sense, he succeeded: all the major journals published reviews of his book, most of them glowing. Writers such as Alphonse de Lamartine, Charles Dickens, Gustave Flaubert and Jules Verne read La Fin du monde par la science and cited it in their writings.

If Huzar was not the despised Cassandra he claimed to be, if his work was in fact widely read and debated, this was because it captured essential aspects of the techno-scientific revolution of the early nineteenth century. Huzar anchored his thinking in the controversies raised by the technologies of his time: deforestation and its climatic consequences, vaccination and the degeneration of the human species, the chemical industry and the transformation of the atmosphere, the railways and near-random disasters. Huzar’s originality lay in the fact that he brought these debates together into one vast narrative, allowing him to present what his contemporaries called progress in a new and different way. While his theoretical approach was doubtless original, each of the arguments he used was based on debates that were already well known in the nineteenth century.

If the arguments of La Fin du monde par la science seem surprising, this reflects our unfamiliarity with the techno-sciences of the past and the controversies to which they gave rise. While we might imagine that proponents of a positivist modernity raved unanimously about new techniques while ignoring their long-term effects, Huzar’s work offers ample evidence that such a vision was already considered retrograde during the Industrial Revolution. The men who brought about this revolution and lived through it were well aware of the huge risks they were taking. But they wilfully decided to ignore them.

The sociologists and philosophers who have reflected on environmental crisis and risk in the last four decades have run into a series of false oppositions between modernity and reflexive modernity, the society of progress and the ‘society of risk’ (Anthony Giddens, Ulrich Beck). Out of their concern to emphasise our own capacity to reflect on technological choices, they present a uniformly technophile past. It as if we today were the first to detect the shadow of danger amid the dazzling lights of science.

The existential stakes of the environmental crisis encouraged them to write a grandiose and rather idealist narrative of modern blindness and postmodern enlightenment. The ecological crisis is said to be the legacy of modernity itself: first, Greek science, which conceives of nature as subject to laws external to divine intentions; second, Christianity, which invented the singularity of mankind relative to the rest of creation; and finally, the scientific revolution, which replaced an organicist vision of nature with that of an inert mechanism that has to be dominated.4

After three centuries of frenetic modernism, transforming the world and ignoring the environment, crisis has finally arrived. The moment of reckoning has come: we, the ‘postmoderns’, have at last opened our eyes to the consequences of modernity. In this narrative, the notion of risk occupies an important place as it captures the ‘reflexivity’ or involution of modernity which is now confronted with its own creations. If we follow the German sociologist Ulrich Beck, risks have undergone a sudden metamorphosis: they are no longer natural, but products of modernisation; they are no longer localised, but have evolved into global uncertainties; they are no longer mere side-effects of progress, but represent the foremost challenge facing our societies. So, it is said that modernity has become reflexive – in other words, it is now questioning its own dynamics.5

The problem with this narrative is not so much that it is false, as that it is so unspecific. Its claim to reveal the deep sources of our ills makes it both intellectually seductive and politically inoffensive. Since it calls everything into question, it strikes at no actual targets. The anthropological categories on which it relies lack any political teeth – indeed, they conceal the forms of production, power and thought that, at the turn of the nineteenth century, led us down the road to the abyss. To build a serious political ecology, it is essential not to confuse the logic of the environmental crisis with that of modernity itself.

As for the idea that we are only today seeing an ecological awakening, this, too, produces a political impasse. Because it erases the reflexivity that existed in past societies, it depoliticises the long history of environmental degradation. Rather, in its emphasis on our contemporary awareness, it tends to naturalise ecological concern and overlook the social conflicts that lie behind it. By presenting a largely hypothetical reflexivity as a latter-day norm, the ‘risk society’ thesis has blurred the connections between past and present, and replaced historical analysis with abstract typologies. This book thus aims to combat such an abstraction of the past.

As historians pay greater attention to these questions, they are finding that modernity never had a one-sidedly mechanistic vision of the world, and never shared a unanimous project of technical mastery. Rather, a variety of cosmologies emerged, in which mastering nature did not mean contempt for it, but an understanding of its laws and a willingness to submit to them in order to act in an efficient and sustainable way.

For example, the notion of climate is essential for understanding modern societies’ reflexivity. During the sixteenth century, the concept of climate gained a certain plasticity: while it remained partly determined by people’s respective geographical positions, natural philosophers became interested in its local variations, its transformations and the role of human action in its improvement or degradation. Since the climate retained its capacity to determine human and political constitutions, it became the epistemic terrain on which the consequences of technical action on the environment were thought. The determinants of health and social organisation were no longer simply a matter of one’s place on the planet, but of seemingly ordinary realities (the atmosphere, forests, urban forms, and so on) that it was possible to influence in one way or another.6

Historians have also shown the importance of the environmental thinking which emerged from the discipline of chemistry, concerned with the exchange of matter between human society and nature. The nineteenth century was coloured by deep concerns over the metabolic rift between town and country: urbanisation – in other words the concentration of people and their excrement – was preventing mineral substances essential to the fertility of the earth from being returned to the land. All the great materialist thinkers, from Justus von Liebig to Karl Marx, as well as agronomists, hygienists and chemists, warned of the dangers of soil exhaustion and urban pollution. In the third volume of Capital, Marx criticised the environmental consequences of capitalist agriculture’s great spaces, empty of human beings, which broke the material circulation between society and nature. According to Marx, there could be no ‘getting away’ from nature: whatever the mode of production, society remained dependent on a historically determinate metabolic regime; what was peculiar to the capitalist metabolism was its unsustainable character.7

There is no reason to look down on these theories as a kind of proto-environmentalism that would prefigure our current concern for the environment. After all, they determined modes of production that were far more respectful of the environment than our own.

For example, historians are also beginning to understand the fundamental importance of recycling in the past. Chiffonnage, that is, the collection of abandoned objects and materials, employed nearly 100,000 people in 1860s France. Bones, rags, metals – everything was resold and reused. Up until the end of the nineteenth century, urban excreta were systematically recycled for agricultural purposes.8 The city police of the Ancien Régime provide another example. Since their work was rooted in neo-Hippocratic medical notions that made ‘airs, waters, and places’ the determinants of health, they paid close attention to alterations in the urban environment. Similarly, the regulations on forests and fisheries (Jean-Baptiste Colbert’s statute on water and forests, the Marine Ordinance of 1681) remind us of the state’s involvement in conserving resources and the severe penalties (fines, imprisonment and corporal punishment) that were attached to these environmental rules. Finally, the existence of ‘commons without tragedy’ – the significant fact that communities managed to preserve natural resources (fisheries, forests, pastures) for centuries – bears witness to the ecological intelligence of past societies.9

So, when it comes to writing history, it is misleading to tell a story of the Industrial Revolution in which societies unconsciously altered their environments and ways of life, and only later understood the dangers this brought and the mistakes they had made. Past societies did not cause environmental havoc inadvertently, or without contemplating the consequences of their decisions. Confidence in the future could not be taken for granted, and, at each strategic point in modernity, at each point of conflict, ignorance and/or disinhibiting knowledge had to be produced in a calculated way.

Considered in terms of their effects, the disinhibitions, whose history this book follows, generally include all sorts of devices that made possible, acceptable and even desirable the technical transformation of bodies, environments or modes of production. For any innovation of real significance to establish itself, it has to overcome moral reticence, social opposition, vested interests, suspicions, and criticisms of its material and environmental consequences. The confidence that presides over the technical transformation of the world requires theories that blur its meaning and cushion its traumatic impact. After disasters, there is a need for discourses and moral dispositions that will neutralise their effects, playing down their ethical dimensions in order to ensure the continuation of the technological project.

The word disinhibition encapsulates the two distinct phases of technological action: reflexivity and disregard, contemplating danger and normalising it. Modernity was a process of reflexive disinhibition: we shall see how the regulations, consultations, safety standards, authorisation procedures and health surveys that purported to understand and contain risk generally had the effect of legitimising technological faits accomplis.

Finally, the insistence on the smallness and ad hoc nature of these disinhibitions is intended to point out that modernity is not the majestic and spiritual movement that philosophers claim it is. Rather, I would like to think of it as a mass of little coups de force, imposed situations and normalised exceptions. Modernity was an endeavour that had to be brought to fruition. Those who made this happen produced knowledge and ignorance, legal norms and discourses which aimed to establish new sensibilities and new ways of conceiving our lives, our bodies and our relations with environments and objects.

This book also takes a fresh look at the so-called Industrial Revolution. Historians concerned with the causes of European (or rather, British) exceptionalism have related it to various historical events. It is connected to a transformation in industry or to a slow transformation of agriculture and artisanal labour, to the existence of efficient markets, to the protection of private and intellectual property, to a growth in demand and an intensification of work, to the exploitation of new sources of energy or to the ecological assistance drawn from the New World.10 Through these preoccupations, the technological dimension of the transformations that took place between 1750 and 1850 has – for the most part appropriately – left the historiographical centre stage. This book turns the focus back to innovation – not to make it the decisive cause, but to pose it as a problem. How was the acceptance of technology achieved? How were technophilic subjects and new understandings of reality created, such as could make the world compatible with the needs of the Industrial Revolution?

When the history of innovation ceases to naturalise its object of study, it can also be politically liberating. Instead of reducing opposition to a simple resistance, imagined to be self-interested or irrational and unable to propose any alternative, it can, instead, show the often indecisive and sometimes even contingent nature of past technological choices. The first approach I took in this book was to reconsider the technologies emblematic of the medical and industrial revolutions – inoculation and vaccination against smallpox, the chemical industry and gas lighting, steam and rail technology – as cases, in the casuistic and moral sense of the word. I wanted to show that these technologies were, in their own time, objects of doubt, dispute, misgivings and perplexity, much as contemporary technoscience can be. To give a sense of the original indeterminacy of these controversies, I have taken seriously each of the players therein – all of them, even those who may seem most obviously mistaken. This approach, which has the merit of giving a voice back to the losers of history, is also a heuristic choice. For making sense of out-of-the-ordinary arguments also forces us to reconstruct frameworks of intelligibility that their defeat rendered invisible. In so doing, it becomes clear that the opponents of these projects were not siding against innovation, but rather for their environment, their safety, their jobs, and for the preservation of forms of life they considered valuable.

When we get into the complexities of these disputes, the notions of innovation and resistance become rather blurred, and our concept of a single line of technological time goes haywire.11 For example, in 1819, in the early days of gas lighting, the chemist Nicolas Clément-Desormes explained that the axis of time punctuated by innovations was not an axis of their steadily rising value. Gas lighting, with its profusion of underground pipes, was merely a costly imitation of the marvellous simplicity of the oil lamp, which also had the merit of being portable, of using renewable resources and preserving individual autonomy. Clément-Desormes turned on its head the very notion of innovation: ‘Let’s suppose that gas lighting was the first known [technology], that it was in use everywhere, and that some man of genius presented us with an Argand lamp or a simple lit candle. What admiration we would have for such an astonishing simplification.’12 In fact, rather than discussing innovation and resistance, we would better speak of the competition between different technological projects: the choice for improved oil lamps, rather than gas lighting; systems of animal traction, rather than the steam engine; quarantines and hygiene measures rather than inoculation and vaccination; plant-based materials rather than chemicals; and so on.

Despite everything, the techniques which I have studied did eventually come to the fore (albeit, on a mass scale, only towards the end of the nineteenth century). The advantage of going off track and focusing on the indeterminacy of these disputes is that, by relativising the intrinsic superiority of the innovations in question, we are able to consider power and the means by which it operates. This book explains in some detail the forces that led to the victory of these technical systems, despite their dangers, despite the opposition they faced, and despite awareness of their dangers. I have sought to understand why the technologies that have produced our modern world and contemporary environmental crisis came into being – for whom and against whom, based on what knowledge and despite which other knowledges.

This book’s second goal is to re-examine the question of risk in terms of paths of technological development. The emergence of the precautionary principle at the end of the last century and the hope for a democratic governance of techno-sciences have led sociologists to pose the problem of risk within a decisional framework. In this view, the crucial question would be that of the choice of technology, the assessment of risks and the (democratic and transparent) procedures that need to be established to guide this choice and these evaluations.13 The problem is that, historically, technology has never been the subject of a shared choice. Some actors have actively brought it into being, and then it has had to be regulated. Contrary to the sociological dream of a controlled technoscience, the history of technology is one of innovations being forced through, and the subsequent efforts to normalise these faits accomplis. By taking a long-term perspective, the question of risk can be grasped in a completely different way. The relevant question is no longer so much about choice and the right processes for making the correct choice, but, rather, the path of technological development and the various ways of influencing it. I thus propose to take advantage of the historian’s ability to consider forms of technology in a long-term perspective. This allows me to write a comparative history of the different ways in which risk has been regulated (by technological standards, by recourse to the courts, by administrative oversight, by insurance) and their effects on knowledge and the paths of technological development.

[image: image]

The first chapter looks at the famous controversy around smallpox inoculation to describe the historical context in which risk emerged.14 Risk, understood here as the application of probabilities to human life, arose in the 1720s to persuade individuals to get inoculated. In particular, I explain the theological and political frameworks that justified this extension of the geometry of chance to life itself. But the question of inoculation remained inextricably moral, religious, political and corporeal, and statistical arguments failed to produce a quorum of brave subjects prepared to risk their lives in order to preserve them.

In contrast, the case of smallpox vaccination, the subject of the next chapter, provides an opportunity to study the techniques of proof that ensured the success of the imperial policy of the 1800s. Napoleon’s administration, which saw the public as incapable of devising risk-minimisation strategies, set out to demonstrate that the vaccine was perfectly safe. Human experimentation, the clinic, the graphic definition of disease and the statistical management of medical information made it possible to impose the improbable definition of a non-virulent virus, a perfectly benign virus that would keep smallpox at bay forever. The government intervened in a reasoned way in the medical field so as to disseminate statements which it deemed strategically important for the national good. In this case, modern disinhibition was indeed a form of manipulation and imposition of perceptions, seeking to capture, mobilise and align behaviour as the new techniques required. Here science was primarily a form of disciplinary enterprise, and not so much a method for exploring reality.

The following two chapters are also about bodies, but, this time, in connection to the environment. Contrary to common assumptions, the environment is not at all a recent preoccupation. It has a long genealogy, part of which I characterise through the notion of circumfusa (‘surrounding things’ in Latin). This category of eighteenth-century hygiene had an extremely broad reach: it included all natural and artificial entities (waters, climate, artisanal odours and smokes . . .) that determined the health and even the shape of bodies. The paradox, then, is that industrialisation and the alteration of surroundings that it brought with its trail of pollution, took place not in an intellectual void, but despite the dominance of medical theories that considered the environment as the decisive force shaping human’s health and constitution.

In France, the 1800s were once again crucial. We will see how chemical capitalism presided over a radical transformation in environmental regulation. Instead of the urban police of the Ancien Régime, who had been concerned with health protection and could readily ban or punish artisans, the Napoleonic administration set up a liberal framework for regulating conflict, based on simple financial compensation for environmental damage. At the same time that environments were being commodified, hygienism was reshaping medical theories: it was now social factors that determined the health of populations, rather than environmental ones. So, in increasing society’s wealth, industrialisation was meant ultimately to produce a healthier population.

The last two chapters are devoted to industrial risk and its management. Contrary to sociologists’ assumptions, the risks of the industrial age were immediately major ones. It has never been possible to simply externalise risk and delegate its management to insurance companies. Risk has always been a political question of spatial and social distribution. Through a case study of the beginnings of gas lighting in Paris, I show that the safety norm – that is, the new project to make the world of production safe by defining the right technological forms – appeared in order to legalise the risks of gas, despite the complaints of city dwellers. Such norms were also essential in order to maintain the principle of individual responsibility in a technological society: they were supposed to bring about perfect technologies whose failures would be entirely attributable to human error.

Let us conclude this introduction with an anecdote that shows the importance of historical narrative in our current understanding of innovation. Everyone knows, or thinks they know, the famous story of how our ancestors were afraid of trains. This fable is always cited in order to discredit irrational fears about science. In 2004, at the height of the GMO controversy in France, the CEO of a biotech start-up explained in the pages of Le Monde that ‘the countless articles written to terrify public opinion could fill a catalogue of howlers, of the same level as what was written at the time the railroads first appeared’.15 The previous year, the philosopher of science Dominique Lecourt denounced ‘biocatastrophists’ by referring to the irrational fears spurred by the first railways: ‘In 1835, the members of the Lyon academy of medicine solemnly asked: won’t we risk damage to the retina and breathing problems at high speed, and won’t pregnant women being tossed around suffer miscarriages?’16 History makes it possible to ridicule anxieties through a kind of technophile induction: just as past fears about well-established technologies seem absurd to us today, our present fears about innovation will seem ridiculous to our descendants. The importance that this argument has assumed is worth dwelling on.

In fact, it is a myth. In 1863, Louis Figuier, the great nineteenth-century science populariser, reviewed a paper by the doctor Pietra Santa on the health consequences of the railways.17 Figuier took the opportunity to write a little compendium of fake medical nonsense. He mentioned, without giving any references, accusations which had supposedly been levelled by learned doctors: the railways were said to strain the eyesight, cause miscarriages and nervous disorders. It is true that doctors in the 1850s questioned the effects of the railways on health. Obstetrics textbooks contain brief references to the dangers of long journeys (by horse carriage or train) and excessive vibrations for pregnant women nearing term.18 The supposed influence of the railway on eyesight is more mysterious. Pietra Santa advised readers to rest their eyesight regularly, but made no specific claims regarding the railways. Whatever Figuier’s sources, there is, in any case, no trace of the report which Dominique Lecourt mentions, published by the Lyon academy of medicine – an institution which, incidentally, never existed.

The construction of this myth continued in Germany. In 1889, Heinrich von Treitschke mentioned, without giving any references, a report from 1835 (the same date as the alleged Lyon report) by the Bavarian Medical College, which recommended banning the railways because their incredible speed could cause ‘delirium furiosum’ in passengers. This anecdote was an extraordinary success. It appeared in a history of the railways in 1912, in Mein Kampf in 1925 (in which Hitler used it to ridicule experts), and then in various historical works on the Industrial Revolution, from the 1960s to the 1980s, each time mentioned in connection with ‘resistance to progress’. Of course, the Bavarian report, like its counterpart from Lyon, never existed.19

In France, embellished by Treitschke’s imagination, the story prospered. In 1906, in the preface to his Bibliographie des chemins de fer, Pierre-Charles Laurent de Villedeuil added, among the presumed medical consequences of train travel, ‘danse de Saint-Guy’ (Sydenham’s chorea) produced by the vibrations. He also refers to blindness using an outdated medical term: railways were said to ‘enflame the retina’ because of the rapid succession of images. Yet, despite the 826 pages which this bibliographical compendium boasted, no references were offered!20 In 1957, an article in L’Express, marking the 120th anniversary of the opening of the Paris-Saint-Germain line, explained that in the 1840s, ‘sinister oracles’ had announced that the railways would ‘cause nervous diseases, even epilepsy and Sydenham’s chorea’, and that they would ‘inflame the retina and cause pregnant women to miscarry’. The author adds: ‘These were not the mutterings of bonesetters, but prophecies publicly communicated to the Academy of Medicine.’21 The story was later retold in popularising works and even university history textbooks. The myth became part of ‘general knowledge’. To this day, it is still routinely invoked by politicians when there is any sort of debate around an innovation.22

In conclusion, we may note that in 1860, at a time when the rumour of a link between madness and railways was taking form, the medical profession and the courts were beginning to study (and compensate) the nervous trauma caused by rail accidents, which had nothing to do with Sydenham’s chorea.23 In fact, the countless complaints, lawsuits and petitions were not opposed to the railways themselves, but had to do with the accidents they caused and the companies suspected of cutting corners at the expense of passenger safety. The safety of today’s rail systems is the welcome offspring of these protests.





1

Inoculated with Risk

Risk – the application of the probabilities to matters of life, death and health – is the most generally used tool to guide individual behaviour. Confronted, for example, with the question of whether or not to be vaccinated, we have to rely on simple fractions and subsume our lives and our bodies into statistics. Risk calculations tell us to behave like rational individuals seeking to maximise our life expectancy.

For a long time, the use of risk remained confined to the world of commerce and insurance. In the mid-twelfth century, Pisan and Genoese merchants borrowed the Arabic word rizq (the share that God assigns to each man) to refer, in their contracts, to the losses and profits associated with unpredictable events. Risk, along with account-keeping and maritime insurance, contributed to the growth of merchant capitalism. It also contributed to its moral legitimisation: commercial profit, that is, the merchant’s gain from reselling an unchanged good, was justified in theological terms through reference to the ‘price of risk’. In the seventeenth century, with the development of statistics (or political arithmetic) and insurance (for fire and life), risk was a tool to compensate financially for the world’s dangers.1

But through what historical process could this concept, rooted in commerce and insurance, become the generic contemporary tool for governing all sorts of behaviour? Smallpox inoculation, a medical technique that appeared in Europe in the eighteenth century, provided the decisive opportunity to extend probabilistic rationality to the government of life.

Inoculation is a minimalist medical technique: some pus of variola, an incision, a few days’ fever, and the hope of being finally exempt from a terrible disease. In exchange for a few pustules, one could escape smallpox – an illness that often led to death, or left one in disgrace, sometimes blind, or deaf, or debilitated, or all of these things at once. While low-tech, inoculation was, nevertheless, one of the most important innovations of its age: not only because it played a certain role in the demographic revolution, but, above all, because it heralded a new way of living with viruses. Rather than resorting to an embargo strategy (quarantine, isolation, surveillance, disinfection), humans made a deal with their nemesis: in exchange for immunity, they gave sanctuary to a few viruses that were kind enough not to harm their hosts too much.

Inoculation played a key role in the Enlightenment project of an autonomous individual guided by reason: it was the emblematic technique of a moral philosophy that valued rational self-government.2 Those who had themselves inoculated, or who hesitated to do so, had to deal with the same doubts: was it legitimate to run the risk of death deliberately, or to make one’s children do so? Worse still, as inoculated people became temporarily contagious, they forced an increased risk on others. There were two opposing positions: the inoculators defended the freedom of individuals to protect themselves; their opponents stood for the collective discipline demanded by the policing of public health. By making it possible for individuals to escape humanity’s shared biological lot, inoculation raised new ethical problems. The Baconian project of a science which would ‘elevate and assist mankind’ necessitated some moral assistance to assuage ethical doubts.3 For the propagandists for inoculation, risk precisely fulfilled this function.

In this chapter, I will highlight the radical strangeness of what other historians have taken for granted: namely, the application of the geometry of chance to the management of life. The aim is to give a sense of the revolution that risk represented in the 1720s: a new way of looking at life and its place in the natural order, unexpected bearings for individual action, and a novel source of legitimacy for exerting power. Retracing the history of inoculation, without considering probabilities as the natural way of thinking about it, sheds light on the specific historical context that led to the emergence of risk as a way of governing conduct.4

The concept of the risk of inoculation appeared in England and New England in the 1720s, as a casuistic tool for the resolution of moral misgivings. It was supported by a theology that linked the probabilistic order of the world to the divine order. In the 1750s, in France, risk took on a different meaning: it was part of a philosophical project that valued autonomous, rational individuals and actively sought to mobilise them for the public good. Risk was also at the heart of the utopian vision of the public sphere: it separated the essential (numbers) from the accessory (moral arguments), and distinguished legitimate judges (rational men reading statistics) from the frivolous and sentimental crowd (the people, children, mothers). Finally, from the 1760s onwards, risk was used in a political project that Michel Foucault famously called ‘biopower’. The very first numerical simulation of the demographic effect of inoculation created a new viewpoint: that of a monarch wishing to optimise his population, to maximise the number of useful subjects (active and fertile ones) and minimise the number of children needed to produce them. This rationality was never put into practice under the Ancien Régime, except in the case of the slave master.

1. The casuistic emergence of risk

The first probabilistic arguments in favour of inoculation were developed in Boston in 1721. As a smallpox epidemic spread through the city, a group of pastors, led by Cotton Mather, encouraged the faithful to have themselves inoculated. They preached on the subject and published pamphlets and articles. William Douglass, the only doctor in the city to have attended medical school, sarcastically dubbed them the ‘inoculation ministers’. Opposition was particularly strong: since epidemics were conceived as ‘judicial diseases’ punishing the sinful community, inoculation was rejected as an impious attempt to escape the divine will.

Mather does not seem to have anticipated such a reaction. In his early writings on the subject, he presented inoculation as the natural consequence of the desire for security, as was also reflected in the development of life insurance. How could Bostonians refuse inoculation when ‘many are prepared to pay a high price to insure their lives against the dangers of this terrible disease’?5 On 14 November 1721, a bomb was thrown into his house. The device was wrapped in a note: ‘Mather, You Dog, Damn you, I will enoculate you with this, with a Pox to you.’6 In this context, pastors had better be particularly persuasive.

The main obstacle the proponents of inoculation had to overcome was the instinctive repugnance towards this practice. The disgust felt towards a virulent pus, common sense about purity and danger, even the instinct of animals who ‘know how to make use of natural things’ and who do not have themselves inoculated – were these not so many signs of the existence of a universal and thus divine prohibition against this practice? A sign of what St Augustine had written about: the ‘incorporeal light’, a good engraved by God in our hearts, ‘by which our minds are somehow irradiated, so that we may judge rightly of all these things’.7 The difficulty for inoculators was to present a new action on the body, which seemed patently unnatural, as itself part of the natural order.

Risk served precisely this purpose. In order to strike down misgivings and justify inoculation, the pastors changed the relationship between nature and morality. They did so by articulating these two elements not through the universal sentiments deposited by God in his creature, but rather through probabilistic laws, which had to be discovered in the world.

According to the logic of natural theology, since the world was ordered by Providence, only by studying its laws was it possible to understand divine decrees and act morally. In 1700, Mather published a treatise entitled Reasonable Religion, demonstrating that ‘whoever acts reasonably lives religiously’. The moral problem posed by Mather was topographical: he wanted to shift the site of moral judgement from the subject’s inner life to the exercise of a reason that grasped the world’s regularities. Acting morally consisted in rejecting spontaneity and behaving in accordance with an external, natural and divine law.8 Before the Fall, man was able to follow his own inclinations, because divine law was ‘inscribed in his heart’. After the Fall, he had to call on the reason God had given him to decipher the ‘hieroglyphs’ of nature. The true directors of conscience are natural beings: ‘Many things, though silent, cry out just reproaches against us.’9 The good Christian understands God’s designs, which shine through from the order of the world.

The justification for inoculation proposed by the Bostonian pastors was an application of this natural theology. Mather rejected theoretical and biblical arguments either for or against inoculation: ‘Experience! ’tis to Thee that the Matter must be referr’d after all.’10 To the misgivings of a candidate for inoculation, worried about his future salvation, Pastor Colman replied: ‘If someone dies from inoculation, he dies in the use of the most probable means he knew to save his life; he dies in the way of duty and therefore in the way of God.’11 Moral doubts could thus be soothed by comparing the risks of natural smallpox and inoculation.

If risk was used to justify inoculation in Boston in 1721, this was because quantitative information was readily available there: unlike in Europe, smallpox was not endemic in New England, and, as soon as the epidemic began, caused by a ship entering Boston harbour, the authorities introduced strict quarantine measures. To organise these provisions, not only the dead were counted, but also those who fell ill with smallpox. The ratio of dead to sick was used to calculate the risk of natural smallpox, which was then compared with the results of the inoculations. Mather and Colman thus set out the first quantitative arguments in favour of the practice: during the Boston epidemic, out of 7,989 patients, 844 died – 1 in 9 – whereas, out of the 286 inoculated, only 6 died – or 1 in 48. The considerable and constant difference between the two mortality rates clearly testified to the existence of a divine order in favour of inoculation.

The story of risk continued in England. In the 1720s, Mather and Colman exchanged letters with the physician James Jurin, secretary of the Royal Society.12 It was Jurin who, from 1723 onwards, undertook to promote inoculation in England. Since smallpox was endemic in London, it was more difficult to quantify the danger. Jurin made use of the parish mortality bulletins, which since the early seventeenth century had detailed the causes of death (an essential resource that French inoculators lacked). He also conducted small censuses, family by family, to estimate the risk of dying from smallpox once the disease had been diagnosed.13 Finally, he published an advertisement in the newspapers inviting doctors to send him the results of their inoculations. In 1724, a widely distributed pamphlet reported on this research.14

In London as in Boston, probabilistics made sense thanks to natural theology. For Jurin, the difference in risks revealed the divine origin of innovation. The reverend David Some included small arithmetical demonstrations in his sermons. In his view, to take risk of inoculation was not a sign of impiety, but, rather, a reminder of man’s dependence on God.15 The quantification of life was also part of a movement to rationalise charity. In 1752, the Bishop of Worcester founded the Smallpox and Inoculation Hospital in London, which provided free inoculations. To encourage donors’ generosity, in a sermon he calculated the population that England would gain if the practice became widespread. A few years later, another minister went so far as to calculate the number of lives saved for every pound donated to the hospital.16

In 1754, the probabilistic argument appeared in two treatises on inoculation written in French: L’Essai apologétique sur l’inoculation by Charles Chais; and L’Inoculation justifiée by Samuel Tissot. Chais, already known for his works on theology, was a pastor of Genevan origin living in The Hague. Tissot, who would become a famous medical figure, was still but a young doctor in Lausanne. L’Inoculation justifiée allowed him to make his name. This was not a simple medical treatise, but, as the subtitle indicates, an apologetic dissertation. The work was dedicated to his uncle, a pastor in a village near Lausanne.

The two authors each proposed a monetary metaphor, in order to make the equivalence between risk and divine will more tangible. It would be wrong to speak of life as a ‘gift from God’. My life does not belong to me. It is merely a ‘valuable deposit’ that God has entrusted to me and for which ‘I am accountable’. This expression ought to be taken literally: at the Last Judgement I will have to ‘give account’ of my decisions before the Great Owner. Not choosing the best risks is tantamount to harming God’s interest.17

The Protestant casuistry of inoculation describes a world with no obvious natural law, no inner voice to tell us what is right. Man is ‘left to his own devices . . . without an infallible oracle’. The only course to take is the one that ‘seems probably the best . . . We can then say, Providence is calling us to it’.18 The morality of inoculation was based on intimate conviction: the faithful would have to meditate on the difference in risks and its theological meaning, and finally recognise that the probabilistic argument is not a simple opportunism cloaked in the law of nature. Once he is convinced that probabilities point to God’s way, ‘he must no longer proceed in the spirit of misgivings, for success depends on the dispensations of Providence’. Once thus convinced, the Protestant can face the uncertain outcome with ardour, for he is part of the providential order; risk is simply an expression of God’s grace, to which we must entrust ourselves. Protestant apologists for inoculation could reject natural feeling in the name of probabilistic reason, without being accused of putting the useful before the authorised or the physical before the moral. For probabilistic reason is, at the same time and above all, theological reason.

Inoculation and its probabilistic justification were part of a wider historical process that moved the definition of the right action from the Word of God to an understanding of the laws of nature. John Locke’s natural theology and eudemonistic ethics were essential to this transition. Because nature obeys laws chosen by God, because man obeys the desire for self-preservation deposited by God in his creation, and because the violation of natural laws leads to punishment, the optimisation of our happiness sets us into collaboration with the divine project. God instrumentalises instrumental reason. This reasoning formed the basis of Protestant apologetics for inoculation. Tissot writes:


When God created the universe, he established a certain number of physical laws that . . . are the best possible. When he created thinking beings, he engraved in them the foundations of moral laws. Since the first of these is that they should love themselves and seek their own happiness, he willed that . . . that which was to serve as the organ of this happiness should produce their well-being.19



In this ethic founded on natural law and concern for the self, medicine occupied an eminent place. Through its ability to define behaviour conducive to self-preservation, it rooted morality in physiology.20 In the eighteenth century, many cultural anxieties were taken up by medical discourse: luxury, idleness, solitude, gluttony and, of course, masturbation. Medicine translated the moral disorders of the Enlightenment into physical ailments. The doctor saw himself as a more effective source of control than morality. In the Encyclopédie, Dr Menuret de Chambaud explained that ‘to be a good moralist, you have to be an excellent doctor’.21 With reference to onanism, Tissot explained that ‘it is easier to turn away from vice by the fear of a present evil than by reasoning based on principles’.22 Inoculation and masturbation belong to one and the same moment in the naturalisation of morality: 1718 saw the publication of Onania; 1721, the first inoculations in England; 1754, the start of the inoculation controversy in Paris; 1760, the publication of Tissot’s L’Onanisme. Supporters of inoculation such as Mather, Tissot, Menuret de Chambaud and Bienville also wrote the main texts on the dangers of masturbation.23 In both cases, medicine sought to guide behaviour by making the least risk a criterion of morality: the supposed dangers of onanism demonstrated the enormity of the sin, while inoculation was justified by the argument of the least risk.

By denaturalising instinctive moral disapproval, risk achieved a sort of moral coup, whose significance can hardly be overstated. According to the Boston physician William Douglass, the creation of an inner space based on probabilities and thus separate from collective norms risked dividing the religious and political community. The pastors’ invocation of the natural order was a similar move to that of the Puritan zealots of the seventeenth century who claimed to be directly and personally inspired by God. Risk opened up the possibility of acting preventively, and in good conscience, on one’s own body. It therefore seemed to be a prelude to other such initiatives, this time concerning the body politic.24

In Paris, inoculation and the new autonomy it allowed seemed to challenge the social order based on the absolute monarchy. A university doctor explained that, in authorising deliberate harm to the body, the principle of individual utility undermined ‘the power that Princes have over the lives of men, as ministers of God’: ‘To suppose that the conduct of each individual in relation to his body is left to his own caprice . . . is repugnant to the idea of a well-ordered government.’25

2. Risk and the governance of autonomy

French propagandists for inoculation would indeed use probabilities to reorder authority within the body politic. At the Académie des sciences on 24 April 1754, the geometrician Charles-Marie de La Condamine read out a dissertation advocating inoculation. It was a huge success: all the periodicals reported on it, most of them dealing with the subject for the first time. Grimm commented: ‘Mr de La Condamine has made a revolution.’26 What was so revolutionary about the probabilistics of a medical technique?

First, risk made it possible to bypass the Faculty of Medicine, which (in theory more than in practice) had a monopoly on defining what counted as legitimate remedies.27 To the doctors who criticised his interference, La Condamine retorted that inoculation did not come under their remit: it was a ‘complicated question that can only be resolved by measuring the greatest probability . . . and we know that calculating risks is a matter for geometry . . . the medical doctor is more capable of confusing than clarifying the question’!28 By posing inoculation as ‘pure problem of probability’, La Condamine also drew on his own expertise as a geometrician.29 On his return from a long geodetic expedition to South America, he had earned a reputation in the public eye as a heroic scientist who had succeeded, in exotic and dangerous climes, in bringing about the triumph of European science’s ideal of precision.

Second, risk marginalised the medical faculty by establishing the public itself as the proper judge of inoculation. In the 1750s, medicine was a province of the Republic of Letters. Medical debates belonged to the same textual universe as literature or politics: doctors, who had no specialised periodical until the founding of the Journal de médecine in 1755, published their articles in the generalist press. While the faculty did purport to impose regulations, it was the public sphere – the gazettes, posters and advertisements – that defined the commercial success of therapeutics.30 Thanks to risk, the court of public opinion ceased to be a mere metaphor: by making it possible to assess the merits of a given medical procedure even while remaining ignorant of medicine, it established the public as the true judge of the question.

Finally, the use of probabilities had the merit of selecting the individuals worthy of sitting on this tribunal. As La Condamine saw things, reason was not the world’s most widely shared attribute: it was necessary to exclude ‘almost all women’ and ‘most men who have not had an education’.31 This part of the population was radically delegitimised as a source of judgement: ‘Their natural incapacity or lack of habit of exercising their reason, prevents them from stringing together two reasonings, and in their lives [they] have never arrived at a third consequence.’ Furthermore: ‘Out of a hundred women, of a hundred mothers, not one will be enlightened enough to see that she has to inoculate a beloved son.’32 In a time when women were increasingly characterised in terms of the dominance of their feelings over their ability to reason, risk added to their exclusion in an area – children’s health – where their competence had nonetheless been recognised. Risk thus created a narrow and sexist public sphere that could be invoked as the supreme source of judgement.

The publication of La Condamine’s essay marked the start of one of the greatest controversies of eighteenth-century France.33 From 1754 onwards, treatises, pamphlets and articles on inoculation followed in rapid succession. Doctors, mathematicians, priests, moralists and philosophers all took sides, leading to a tangled debate and increasingly complex arguments. For the defenders of inoculation and the philosophers of the Enlightenment (and these two groups largely overlapped), this process was an obstacle to their idea of good discussion. The Encyclopédie thus distinguished between controversy, synonymous with (sterile and endless) religious dispute and discussion. The latter ‘expresses the action of purifying a subject of all those that may be foreign to it in order to present it clearly & uncluttered of all those difficulties that muddle it’.34 At issue during the inoculation controversy was precisely the legitimacy of this philosophy of disentanglement. The questions that would see casuists, philosophers, doctors and mathematicians clash for a generation were mixed: What was the moral and theological value of risk? Could medicine go beyond cures? What does it mean to heal? What meaning should be attributed to the desire to improve bodies? What would the consequences be for the body politic?

Let us take a concrete example. Inoculation was often criticised for ‘doing an evil to obtain a good’ or ‘inserting an ill into a healthy body’. This ethical problem led to theoretical discussions on the nature of smallpox: could its generalised presence be explained by the existence of an innate germ, or was it a purely contagious disease like syphilis? The innate germ doctrine, which held smallpox to be a crisis inherent to human nature, in the manner of puberty, had been abandoned by physicians by the 1750s. There was now a consensus around the theory of contagion. However, with the inoculation controversy, medical opinion seemed to be taking a step backwards.35 The innate germ theory allowed moral objections to disappear: on this reading, inoculation did not introduce a disease but destroyed a vice already present in the body; if a person died from inoculation, it was possible to blame a particularly virulent germ to which the inoculated person would have succumbed sooner or later in any case. The innate germ theory attributed accidents to the body of the inoculated person rather than to the inoculator’s lancet. For many propagandists, it seemed simpler to resort to this clumsy theory than to get bogged down prattling on about ethics.36 But because it seemed to predestine death or survival, the innate germ theory also had troubling theological connotation in France. In the Faculty of Medicine, which was deeply divided on the Jansenist question, propagandists and opponents of inoculation accused each other of making unorthodox statements about predestination.37

Inoculation, like a Möbius loop, gave the illusion of having two sides, one medical and the other ethical, which, on examination, turned out to form a continuous surface of problems and arguments. In the words of the time, it was ‘impossible to separate the moral from the physical’. In June 1763, the Paris parlement (a major jurisdiction in France) consulted the Faculty of Medicine on ‘the physical side’ of the question alone, reserving the moral issue for the theologians at the Sorbonne.38 But, in 1768, as the debate stalled, an anti-inoculation doctor proposed a change of strategy: since the faculty could not reach any agreement on the medical value of this innovation, it should judge it according to the moral laws of medicine. These laws were based on the distinction between therapeutics and hygiene. The former, whose object is the sick body, may use ‘unnatural means’ (purging, bleeding, amputations) because it takes the body ‘in a state of necessity’. The second is aimed at the healthy body and seeks to maintain it in this condition by using ‘natural means’: rest, diet, environment, and so on. Inoculation has no place in this dualism because it is an unnatural means used on a healthy body. To authorise inoculation would be to endorse the existence of a third type of medicine, one based on the ‘transformability’ or ‘mutability’ of the human body. Doctors would be led down a dangerous interventionist path aimed at endlessly improving the human body at the behest of their patients.39

This medical casuistry extended transcendence to the body: the believer was no longer simply accountable for his life, which he had to manage like a good merchant calculating his chances, but for the very physicality of his body. This body was entrusted to him in its existing condition, and he could not alter it at will. Taking up the Pauline vision of a body that does not belong to the person who inhabits it – ‘Do you not know that your bodies are temples of the Holy Spirit, who is in you, whom you have received from God? You are not your own’ – the anti-inoculator insisted that our body ‘has not been given to us to serve our experiences’.40 In the religiosity of the Counter-Reformation, centred on the suffering body and the virtues of pain, it was unacceptable to use morally dubious medical practices to escape illness. Was illness not itself a worthwhile penance? Moreover, the embodiment of God in Christ justified the theological appreciation of the healthy body as an absolutely perfect structure. Any wilful alteration of it seemed sacrilegious.41

The purpose of risk was precisely to purify the debate, to free inoculation from the indeterminacy of moral and medical disputes in order to present it ‘clearly & uncluttered’ to the reasonable public and its judgements. According to La Condamine, inoculation ‘is no longer a question of morality or theology, but a matter of calculation: let us take care not to make a matter of conscience out of a question of arithmetic’.42 The geometrician responds to moral misgivings with theorems – ‘Should a father voluntarily expose his son? Yes, and I can prove it’ – and concluded his reasoning with: ‘It is therefore demonstrated to the fullest extent of the term.’ QED. By freeing the individual from moral and theological constraints and leaving calculating reason as the sole determinant of behaviour, risk was meant to establish a single admissible way of looking at inoculation. This had radical political consequences: in a society of rational beings, there can be only one way of behaving. Risk was supposed to produce a society of free and rational individuals: free to choose risk, and indeed obliged to take risk because they are rational. It also provided for both the autonomy of human conduct from moral standards, and an internal discipline that would keep this behaviour under control.

3. From the viral contract to the social contract

The creation of calculating subjects was at the heart of a political project. It seemed to be an essential condition for the functioning of a society made up of sovereign individuals: unlike moral and religious principles, which are irreducibly plural and contradictory, and unlike virtue, pity or benevolence, the ability to calculate seemed to be the only faculty sufficiently shared to form a broad political community and a consensus on laws. Once the transcendental foundations of the social order based on absolute monarchy had been revoked, it appeared that autonomous individuals could be governable, provided that they became calculating subjects.43

It may be that inoculation and the new attention paid to the concept of risk played an important role in the development of utilitarian philosophy. The greatest happiness of the greatest number was the inoculators’ maxim long before Jeremy Bentham made it the touchstone of all legislation. In 1754, Tissot justified the losses caused by inoculation as follows: ‘Everything must be calculated in our conduct . . . Those to whom the fate of men is entrusted must always reduce their calculation to the common sum.’44 According to Claude Adrien Helvétius, another champion of inoculation, any law had to meet the requirement of ‘public utility, i.e. that of the greatest number’. At the height of the inoculation controversy, several key texts appeared: Helvétius’s De l’Esprit (1758), Rousseau’s Du Contrat social (1762) and Cesare Beccaria’s treatise On Crimes and Punishments (1764). This was no mere coincidence: the controversy specifically concerned the question at the heart of the utilitarian philosophy in the making, namely the possibility of making the individual calculation of risks and benefits into the basis of public morality.45

In On Crimes and Punishments, Beccaria took as his starting point a potential criminal who considers the risks of his misdeed. For a penalty to be effective, the risk need be only slightly greater than the benefit derived from the crime. At the time Beccaria developed this penal theory, he was contributing to the Milanese journal Il Caffè, which had published a long article on inoculation that presented the relationship between risk and hope as the motive for decisions.46 The type of power that was invented during the inoculation controversy, and which Beccaria was one of the first to reflect upon, set its sights not on behaviour as such, but rather on the motives for behaviour: the sovereign must act indirectly on the motives for decisions, through education and the law, so as to produce calculating subjects and direct their individual calculations towards the maximal public good. Similarly, according to Baron d’Holbach, also a proponent of inoculation, the good sovereign should be content to enlighten the citizens, and to ‘bring them by gentleness to the reason they ignore’. This soft-power approach, effectively allowing individuals to govern themselves, depended on the formation of probabilistic and sensitive subjects, educated to perceive small risks and to act accordingly.

Inoculation was emblematic of this gentle, indirect way of governing. Until the end of the eighteenth century, it seemed politically and morally impossible to impose it on individuals. In 1764, at the Paris Faculty of Medicine, Dr Antoine Petit concluded his report in favour of inoculation with a declaration of impotence: ‘Life and health are among the things . . . that a wise government abandons to the discretion of individuals . . . The interest in one’s own preservation is the strongest of all laws, from which it follows that the public must be left to make the law for itself.’47 As inoculation seemed both essential to the public good and to lie outside the sphere of government action, it had to be generalised not through the enactment of positive norms, but through persuasion. In 1802, Bentham used the example of the story of inoculation to demonstrate the effectiveness of gentle government: ‘Should inoculation have been established by direct law? No, undoubtedly . . . it would have brought fear to a multitude of families. The practice became universal in England through public discussion of its advantages.’48 The gentle and indirect liberal government of bodies relied on individuals’ inner convictions and thus on the ‘judgement of the public’; its effectiveness depended on its ability to put public debate at the service of its projects.

The notion of risk also allowed Rousseau to resolve the problem that the death penalty posed for the theory of the social contract: ‘It may be asked how individuals who have no right to dispose of their own lives can transmit to the sovereign this right which they do not possess.’49 In a manuscript from 1756, Rousseau reflected on the difference between peril, danger and risk. Risk refers to ‘a danger to which one exposes oneself voluntarily and with some hope of escaping in order to obtain something that tempts us more than the danger frightens us’.50 The solution to the paradox of capital punishment lies in this lexical analysis: it is true that the individual does not ‘dispose of his own life’ (suicide is forbidden), but ‘every man has the right to risk his own life in order to preserve it’. The individual can therefore subscribe to a social pact that maximises his security, even if the sovereign has the right to kill him. A point of capital importance is that, before signing the pact, the individual does not know whether he will be an honest person or a murderer: ‘It is in order not to be the victim of an assassin that a man consents to die if he becomes one.’51 The Social Contract was written at the same time as the debate on the legitimacy of inoculation. However, to justify the risk of death, the promoters of inoculation also used the idea of equality in misfortune and ignorance of outcomes. A doctor in Strasbourg explained that inoculation was not immoral because everyone freely accepted the risk and because no one knew who would die: ‘One does not choose one man out of 1,000 to plunge a knife into his blood, one does not determine who will die; each man can tell himself that his risk of dying is 1 in 1,000.’52 Like the death penalty in the social contract, inoculation was legitimate because each of the contracting parties shared equally in the gains and losses.

4. State rationality and the practice of the slave master

A second way of looking at inoculation was not from the viewpoint of the candidate for the operation, but that of the sovereign seeking to increase his number of subjects. In the context of the Seven Years’ War and the ongoing French–British rivalry, the argument in terms of population numbers made it possible to vest inoculation with the national interest: according to Antoine Petit, the leader of the partisans of inoculation at the Faculty of Medicine, any European nation that refused inoculation would inevitably be subjugated within the course of a few centuries.53

In 1760, the Basel mathematician Daniel Bernoulli developed a mathematical model simulating the effect on the population of systematically inoculating newborn babies. The aim was to show that the sovereign could optimise his population, increase its numbers and change its generational structure. The question of risk became marginal here: if all children were inoculated at birth, the population of newborns would immediately be reduced (risk of 1 in 200 deaths) but ‘this deduction is very small and could almost be overlooked for the sake of the totality, which alone deserves the prince’s attention’. The main advantage of inoculation was that the human cost of immunisation was offloaded onto infants: ‘The loss falls only on those children who are useless to society, and all the gain is passed on to the fertile age group.’54 At the age of twenty-five (an age when individuals were of use to the state, which needed soldiers, workers and progenitors), inoculation resulted in a gain of 79.3 individuals out of a cohort of 1,300 children. In an explicitly agricultural metaphor, the sovereign had to manage his population like a good agronomist takes care of his crop yields: he must pay the utmost attention to ‘the age of the harvest’.55

This essay was emblematic of a new political rationality that, following Michel Foucault, has come to be known as biopower. In the eighteenth century, with the emergence of demography, the subjects of a kingdom were rethought as forming a population: a statistical entity that could be counted, calculated and forecast. Philosophers, economists and doctors called for the active management of this new object: the laws governing it (birth rate, mortality, life expectancy) had to be studied, and the levers for influencing its development identified (political economy, taxes, inheritance laws, health and environmental conditions), all with the aim of maximising the population in the name of the realm’s wealth and power. The object of power shifted: it was no longer a set of subjects that needed to be ‘disciplined and punished’, but a population that, subject to natural laws that the sovereign could not change, needed to be governed indirectly, mainly through political economy. The liberal management of hunger was an example of this new type of power. According to the physiocratic economists of the 1760s, in the event of poor harvests, the sovereign had to accept the rise in the price of grain and the risk of food shortages in order to give free rein to the expectations of farmers, who would increase their production. By allowing a shortage to develop, the sovereign would reduce the risk of famine in general.56 The prince’s rationality in Bernoulli’s essay was similar: rather than containing smallpox through quarantines, he should accept inoculation and the risk of individual accidents in order to control the epidemic phenomenon and reduce its impact on the population as a whole.

This probabilistic population management did not have applications in public health policies in the eighteenth century. However, it was at the heart of the capitalist management of life in two areas: life annuities and slave populations.

Let us begin with life annuities. Generally issued by governments, they provided a regular income in exchange for capital. Their high yield (around 10 per cent) assumed amortisation (the death of the annuitant) at twenty years, slightly less than life expectancy at birth in eighteenth-century France. However, from 1770 onwards, Geneva bankers began to optimise the income from the life annuities issued en masse by the French state. They selected children in robust health, usually girls aged seven or eight, and bought annuities in their names for several million livres. To help to raise funds, they consolidated these annuities to sell their customers a less risky financial product, based not on the life of an individual but on the lives of a group of thirty young girls, known as the ‘thirty immortals of Geneva’. The annuity thus lost its personal character and could be resold in all the European markets, particularly in Holland.

The lives of the ‘thirty immortals’ were entirely subordinated to the imperative of longevity. To avoid the risks of childbirth, they were required to remain celibate. The Geneva physician Théodore Tronchin, Europe’s most prestigious inoculator, was responsible for selecting them, maintaining their health and inoculating them. Thanks to these precautions, of the first ‘thirty immortals’ selected in 1772, twenty-eight were still alive twenty years later. This combination of financial and medical innovation contributed directly to the financial collapse of the French monarchy: in 1789, out of 530 million livres of revenue, 162 million went to Geneva to honour the annuities!57

Although no sovereign followed Bernoulli’s project, his essay did have a concrete model: that of the slave master. Inoculation had been commonly practised in North Africa, on the coasts of Guinea and in Sudan, since at least the seventeenth century; slave traders soon borrowed this indigenous technology in order to protect their commodity.58 As early as 1723, the Royal African Company hired an inoculator at its slave trading posts.59 Inoculation was profitable in three ways: it increased their market value; reduced losses during the crossing; and avoided slaves being forced into quarantines on the sugar islands. Inoculation made the slave trade more fluid, reduced its risks and increased capital yields.

In the colonies, inoculation was practised on an altogether different scale than in metropolitan France: in 1756, while there were only a few inoculated people in Paris, the governor of the Îles de France et de Bourbon (Mauritius and Réunion) had 400 Blacks inoculated.60 In the plantations of Saint-Domingue, the first inoculations were carried out in 1745, and the practice became widespread in the 1770s.61 In Louisiana, during the epidemic of 1772, more than 3,000 slaves were inoculated in just a few months.62

Probabilistic rationality could be applied to slave populations without any constraint. In the West Indies, the doctor Jean-Baptiste Leblond inoculated hundreds of slaves by proposing an insurance scheme to their masters: the operation was billed ‘at the rate of twenty francs per head’ and the doctor undertook to pay 1,000 francs in the event of death.63 The inoculation of slaves remained quite absent from the French debate: it caused no scandal, but also offered no proofs. Because Black bodies were considered too different to be able to draw any medical conclusions from them, the propagandists of inoculation made little reference to this practice, except to give it as an example of a calculating rationality that the French public would do well to follow.64

5. The moral failure of risk

The contrasting fortunes of inoculation on the plantations and in mainland France show how far the concept of risk failed to convince autonomous subjects. In 1758, after four years of propaganda, La Condamine counted less than 100 inoculated people in Paris; ten years later, there were just over 1,000 in the whole of France. There were many reasons for this failure. They were partly moral. The assertive tone of the defenders of inoculation and Voltaire’s sarcastic remarks on the parlement’s ruling of June 1763 requesting the opinion of the Faculty of Theology might lead us to believe that ethical critiques were marginal or outdated. Yet this was not the case: all the French judicial institutions that were confronted with the problem of inoculation declared it an illicit practice.

In 1754, a doctor from Nancy asked the public prosecutor for authorisation to inoculate. This latter was greatly embarrassed: who would be held responsible in the event of an accident? The child’s parents? The doctor who prepared the patient? The surgeon who made the incision? Puzzled, the public prosecutor sought the counsel of the Advocate General of the parlement in Paris, Joseph Omer Joly de Fleury. The latter’s response was categorical: ‘As this practice is dangerous in itself, all those who dare to carry it out should be severely prosecuted.’65 Before issuing his ruling in June 1763, Joly de Fleury had consulted the Abbé Gervaise, at the time the Syndic of the Sorbonne, to ascertain the theologians’ position. His reply left no doubt as to the procedure’s final outcome: ‘If experience shows that even though inoculation is generally successful, it nevertheless has its dangers . . . then we would be obliged to decide that this practice is not permitted.’66 By 1763, the opponents of inoculation seemed to have won the moral debate: the probabilistic justification of deliberately running the danger of death was bluntly rejected by the jurists and casuists at the Sorbonne.

In fact, describing inoculation as a chosen, uniform, individual and therefore moral risk oversimplified the nature of the danger. The moral problem lay not so much in choice as in the lack of it: that is, the lack of choice by the children inoculated at an early age to avoid wasting the cost of an education, and the lack of choice by those around them, forced to breathe infected air. Inoculation redistributed the risks unequally: by having themselves inoculated, the rich escaped the common epidemic fate and exposed the common people to increased contagion. Worse still, by increasing contagion, inoculation placed constraints on future generations: ‘If you allow inoculation, you will make the smallpox eternal and universal. The more you inoculate, the more you’ll want to be inoculated.’67 The dilemma posed by inoculation is similar to the prisoner’s dilemma: through the sum of individual choices, the community would be driven to choose the worst solution. It was precisely the irreversible nature of inoculation that made the quarantine strategy attractive. Jean-Jacques Paulet, a doctor at the University of Montpellier, emphasised that inoculation represented a leap into the unknown: by multiplying the sources of infection, it ‘would place men in a desolation that it will no longer be possible to remedy’.68

The inoculation of Louis XVI in 1774 is presented by historians as a symbol of the inoculists’ victory in France. However, at the same time, numerous ordinances banned inoculation from urban areas in the name of public health. For instance, an important judicial court in Lyon was careful to distinguish between royal inoculation, a symbol of bravery, and the public good, which demanded the banning of this practice.69 From the 1770s onwards, Paulet’s quarantine projects had the wind in their sails. In 1768, his Histoire de la petite vérole was a great success: Voltaire, who had been the first philosopher to encourage inoculation, claimed that he had changed his mind after reading this work.70 Paulet demonstrated the potential success of quarantines: by taking strict precautions, remote villages had been able to protect themselves from epidemics. Some localities around Montpellier had not experienced smallpox for over thirty years. Inoculation and quarantine seemed to correspond to different political forms: individualistic, poorly governed countries such as England had to resort to inoculation; conversely, quarantines were desirable in well-administered kingdoms such as France. Parlements banned inoculation in cities: Paris in 1763; Metz in 1765; Saint-Omer in 1776; and Dijon, Lyon and Rennes in 1778.

Inoculation retained its reputation as a selfish practice. Kant offered a telling summary of this moral dilemma. In 1800, a young aristocrat asked him whether inoculation was legitimate. In his reply, the philosopher distinguished between two laws: the subjective law of pragmatic action and the moral maxim, the law that determines the probable advantages and the law that prohibits doing harm in the hope of obtaining some benefit.71 And the philosopher of audacity, the one who had defined the Enlightenment as humanity’s coming of age, finally recoiled faced with the bodily consequences of autonomous reason. For the Enlightenment, inoculation posed a problem because it seemed to upend its values and transform them into evils. The desire to act on a healthy body, to transform it under the pretext of utility, illustrated the dangers of an individualistic ethic prone to excess in its conquest of autonomy.

6. Risks and sensibility

The concept of risk also failed at a psychological level: it seemed to describe too meagre a vision of reason, far removed from both the ideal of sensibility and the aristocratic ethos of the bold feat. The fact that the first to be inoculated were almost all young nobles testified to the failure of the probabilistic argument: the danger of inoculation was not interpreted as a small risk that called for a rational decision, but rather as an aristocratic exploit. The allegories for inoculation bore witness to this: a winged ‘Victory’ was engraved on a stele in honour of the first woman to be inoculated in Denmark, and it was in the shadow of this stele that the Prince of Denmark in turn received the inoculation.
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The Duchess of Amon received a medal bearing the laurels of courage for having had her three children inoculated simultaneously (tres liberi simul inoculati), in what was deemed a great stroke of audacity.

In Paris in 1756, Tronchin’s inoculation of the Duc d’Orléans’s children was interpreted as a heroic deed. Louis Poinsinnet composed a Poème à Monseigneur le Duc d’Orléans in epic style, praising the courage of his protector.72 When the inoculated reappeared at the Opéra, they were applauded by the audience. When the Duc de Gisors asked his father for permission to be inoculated, his father refused on the grounds that it was a voluntary danger ‘in which there is neither honour nor glory to be attained’.73

According to the Protestant casuistry of inoculation, reason derived from the laws of nature should govern human sentiments. In Paris in the 1760s, this injunction clashed with the new emphasis on sensibility: novels and aesthetic and moral treatises instead invited readers to introspection, to the exploration of their inner selves and to the discovery of unknown emotional capacities. The morality of feeling undermined the casuistic justification based on the natural order and instead reactivated the Augustinian moral figure of the inner light. The Earl of Shaftesbury and Francis Hutcheson thus criticised Lockean morality and instead postulated the existence of an ‘inner eye’: of innate feelings of benevolence, pity and love that enable us to perceive the moral good. The theme of sensibility was a special hindrance to the inoculists’ efforts as it primarily concerned the family and the education of children. In the mid-eighteenth century, the way in which filial relationships were evoked changed in character: as theories of education multiplied, feelings of tenderness and love became the legitimate way to describe these relationships; they were what gave value to being a mother or a father. The family was increasingly conceived as a sphere of intimacy based on feelings that ought to be isolated from the relations of calculation that governed the economic sphere.74

The opponents of inoculation seized on sentimental discourse in order to reject the opinion of high society and urge the people to pass judgement for itself. The author of Désaveu de la nature noted ‘a striking difference . . . the little people, or what we call good folks, have only one feeling, and it is against. The mighty, or those who set the tone and those who receive it, have only one voice, in favour of inoculation.’75 Tears also played an important role in communications opposed to the practice. The Désaveu de la nature was a tearful poem recounting the despair of parents overwhelmed by the death of their son from inoculation. A few years later, an académicien from Lyon published an elegy for his daughter, who had died after the operation. According to the Correspondance littéraire, it ‘brought tears to the eyes of the whole of France’.76 In the morality of feeling, the loss of a child through inoculation took on the status of a catastrophe that made the parents lose all meaning in life.

The fear of remorse was undoubtedly the most persistent obstacle to inoculation. Knowing that the odds were in her favour, Madame Rolland nevertheless hesitated to have her daughter inoculated, as she wanted to minimise her potential regrets: ‘I would easily decide for people indifferent to me, as there are many probabilities in favour; but I would blame myself all my life for having exposed my child to exceptions to this good and I would rather that nature killed her than for this to be done by me.’77 The psychology of high society was proving decidedly more complex than the ‘weighing of risks’ which La Condamine called for.

D’Alembert offered an in-depth analysis of the psychological failure of risk. Instead of calculating the objective risks of inoculation and natural smallpox, as La Condamine and Bernoulli had done, he tried to give mathematical form to the procrastination involved. In his view, the aim of probability theory is not to rectify sensitivities but to try to describe them rigorously – an infinitely more delicate task.78

First, it was necessary to take into account the preference for the present. But there is no theorem that tells us how to compare an immediate risk (inoculation) with the sum of the risks of dying of natural smallpox at each age, risks that ‘weaken with distance, by the distance at which they are seen, a distance that makes them uncertain and softens the view of them’.79

Second, it makes no sense to compare risks in isolation, because:


If one person has to run risks A, B, C, D, E and another has to run risks a, B, C, D, E, it is obvious that to compare the total risk run by these two individuals, we have to compare the sum of risks A + B + C + D + E with a + B + C + D + E, and not just risk A with risk a . . . The advantage is further diminished by this consideration, since the ratio of a + B + C + D + E to A + B + C + D + E is closer to equality than that of a to A.80



This would mean, for example, that for an individual who was already taking a lot of risks (a sailor or a miner, for example), there would be a lesser appreciation of the benefits of inoculation.

D’Alembert also drew on an argument dear to the opponents of inoculation, concerning the difference in the nature of the risks: losing one’s son to natural smallpox did not have the same moral consequences as losing him to inoculation. A manifestly immoral probabilistic argument is false from the viewpoint of subjective probabilities.

Finally, d’Alembert disentangled the state’s interest from that of the individual, and emptied Bernoulli’s populationist arguments of their normative substance. Bernoulli had calculated that inoculation would increase average life expectancy by four years. D’Alembert showed that this is not enough to force an individual decision. Consider an imaginary world where the longest lifespan is a hundred. Smallpox is the only fatal disease; every year, it kills an equal number of men. The average lifespan would therefore be fifty. Inoculation saves men from smallpox, so the inoculated are sure to live to the age of a hundred – but the inoculation itself is fatal one time in five. If all children are inoculated ‘while suckling’, then the average life expectancy becomes eighty years. Although the state gains (the sum of life is increased), ‘there would perhaps not be a citizen sufficiently brave or reckless to expose himself to an operation in which there would be one chance against four of losing his life’.81 The populationist argument only applies to ‘the state that considers all citizens indifferently’, but it is a ‘political chimera’ because it ‘cannot force any citizen to decide to adopt it’.

D’Alembert demonstrates perfectly why the concept of risk is unable to produce any generally shared conviction. Since individuals are not uniform, risk perception cannot be straightforward: ‘The appreciation will be very different for each individual, in relation to his age, his situation, his way of thinking and feeling, the need that his family, his friends, his fellow citizens may have for him . . . there will perhaps not be two individuals who appreciate it in the same way.’82 Far from standardising judgements, risk sets different men’s consciences at odds with one another.

7. Risk in the salons

Finally, the notion of risk failed to convince people for practical reasons. First, the inoculation revealed the difficulty of harnessing aristocratic bodies to probabilistic rationality. Certain reactions to the inoculation of the young Louis XVI underlined the gap between the aristocratic conception of the body and the seriality implied by the concept of risk. Applying the calculus of probabilities to the king appeared scandalous, because it meant setting him on the same level of accounting as the other individuals who were inoculated.83

Second, the lists of inoculations from which risk was calculated did not inspire confidence. The inoculators were suspected of expunging them by attributing their failures to some widespread epidemic or to a hidden defect in the subject. The probabilistic argument was misleading: as the inoculators only accepted individuals in good health, it amounted to comparing the mortality from common smallpox with that of a selected elite. Worse still, by taking on healthy subjects, the inoculators systematically increased the mortality rate for natural smallpox, since it ‘fell on the cursed’.84 In any case, by trumpeting their successes and printing and distributing lists of operations, they were behaving like the ‘charlatans’ (therapists who had not taken their degrees) who displayed the tables of their ‘treatments’ around the Pont-Neuf. One opponent of inoculation quipped: ‘It is only the empirics and inoculators who give lists of their patients who recover.’85

Third, the assessment of inoculation was not just a matter of life and death; it was also played out on the surface of bodies, according to the discomforts and scars that were expected. Smallpox had many faces. Some so-called discreet forms were benign. Similar to chickenpox, they left no scars. At the other end of the spectrum, confluent, putrid or haemorrhagic forms were usually fatal. In between, a continuum of varied cases, symptoms and scars lent itself poorly to statistical treatment. The problem, however, was to determine where the inoculated smallpox fell on this spectrum. Ideally, the best way to find out was by examining the faces of inoculated people or, failing that, by listening to and reading descriptions of inoculated bodies.

Finally, the risk lacked specificity. Accepting its logic required thinking about the body as generic, despite differences in age, temperament, the ‘humours’ and medical history. The social elite preferred to make their own judgements using their networks of acquaintances, rather than relying on lists whose apparent objectivity concealed subjective, self-interested medical opinions. The role of social connections in producing trust is clearly seen in the web-like spread of inoculation. For example, the Pisan inoculator Angelo Gatti frequented the salon d’Holbach, where he found his first clients.86 Inoculators worked with groups of friends, with one inoculation leading to another. The aristocracy’s quest for information was more intensive than extensive: it was less a matter of knowing the effect of the operation in general, than of obtaining reliable information about the practice of a specific inoculator, with regard to bodies with which one could identify. Personal medical accounts, rather than risk, provided socialites with the information they needed to convince them. We shall see how their social world produced this type of knowledge.

First, lay medical writing played an essential role. In contrast to the nineteenth century, when doctors confined patients’ stories to oral accounts, in the mid-eighteenth century it was common practice for patients to report on their sick bodies, describe their symptoms, put it all down on a sheet of paper and send it to a friend or to their doctor.87 The ‘medical consultation by letters’, then widespread in affluent circles, testifies to the recognition of patient narratives as reliable.

Since inoculation is a medical event par excellence, and one that had to be recorded, its history was often written by several hands: relatives and friends kept their own ‘inoculation diaries’, recording the condition of the patient and their pustules from one hour to the next. In the event of an accident, these diaries become formidable evidence against the inoculator. To take an example, one of the rare accidents whose reality La Condamine conceded to the opponents of inoculation involved the children of the Marquis de La Perrière. The case had a considerable impact, prompting the publication of four booklets and several articles. In 1765, near Besançon, the two sons of the Marquis de La Perrière were inoculated by the doctor Acton. The operation went badly wrong: the younger son died, while the older son survived but was left deaf. The inoculator blamed a hereditary disease (syphilis was of course on everyone’s mind) and the children’s poor health. Outraged, the father wrote a ‘history of the inoculation’, which gave an extremely detailed account of the operation, with hardly any equivalent in medical literature:


Mr A*** used scissors to cut their flesh at the elbow fat. He made a cut in each arm, removing the skin and a piece of flesh down to the blood, and put over each hole a thread of muslin soaked in the smallpox pus, a whole crust of a smallpox pellet, a small piece of muslin soaked and saturated in the said pus, a bit of cotton tied up like a pea and also saturated in the pus, and over all that a wad of dry lint and a plaster. The operation was so painful that my eldest son fainted, and the little one cried out.88



This memorandum was sent to prestigious English inoculators and to the editor of the Journal Britannique. They all criticised the inoculator’s ‘barbaric’ method.89 The Marquis de La Perrière also consulted François Dezoteux, an ambitious young surgeon who had just returned from London, where he had learned about inoculation. The misfortune that befell the marquis’s son provided a perfect opportunity to bolster his reputation: on the pretext of ‘reassuring the public’, he published a pamphlet that criticised Acton and promoted his own method of inoculation as modern, English and safe. Generally speaking, accounts of accidents were often produced by inoculators themselves: inoculation was part of the competition between doctors for aristocratic patronage, and as the inoculation market was small but highly profitable, it was tempting to discredit competitors by publicising their accidents. The dangers of the practice were thus revealed by the (rather suicidal) rivalry between inoculators.90

Second, inoculation accidents fit in well with the news culture characteristic of the socialite world. Taking the form of short and entertaining anecdotes, this news had to be surprising and unprecedented.91 The illnesses of the mighty so captured the public’s attention that some periodicals dedicated a special section to them. Le Journal de Paris, for example, offered to provide ‘a bulletin on the illnesses of persons whose health is of interest to the public’. In 1765, the Duchesse de Boufflers, who had been inoculated by Gatti, suffered a recurrence of smallpox. This was a huge story, reported in the Journal des Dames, the Année Littéraire and the Gazette Littéraire: ‘The whole of Paris was abuzz with the news.’92 According to Grimm: ‘What has happened to Mme de Boufflers will make a great noise in Europe.’ The affair also occupied the salons’ attentions. The British writer Horace Walpole, living in Paris, claims that it was the sole topic of conversation for a month.93 This focus on the exceptional deeply irritated propagandists for inoculation: what was the point of the probabilistic argument based on the repetition of positive facts – which were banal, to be sure, but also had a mass of numbers behind them – if the slightest surprising development did more to capture high society’s attention?

Finally, the rules of politeness and sociability played a similar role in publicising accidents. Medical accounts belonged to the epistolary culture of the socialites, and many inoculation diaries and consultations by letter circulated in the salons before they ended up on the pages of some periodical. The reading aloud of medical correspondence also contributed to the public presentation of bodies.94 Inoculation redefined sociabilities, rather than breaking them up. For example, in aristocratic families, it was a common practice to choose loyal friends (who had already had smallpox) to attend to the sick. These friends were quick to tell of operation, in order to show off their devotion. To friends who were less close or who had not themselves been immunised, the inoculated person’s family would usually send daily health bulletins. Simple acquaintances would send their servants, who would be given a note describing the patient’s condition. In society parlance, this was known as ‘sending someone to visit’. If the patient was a relative, it was customary to visit or have someone visit them on a daily basis. The operation was usually concluded with a ‘convalescence party’ to praise the courage of the inoculated person and to show off the results – if, that is, they were flattering. Lastly, good manners required a ‘convalescence visit’, which offered the ideal opportunity to form an opinion on the practice. One could discuss the operation, find out about the pain it caused and examine the results with one’s own eyes. For example, in 1764, when inoculation was still the exception in Besançon, socialites flocked to the door of the Marquis de Puricelli, who had had his daughter inoculated. Exasperated, the father agreed to show the arms of the convalescent girl so that the curious could inspect her scars.95

In short, the practices of writing and sociability around sick bodies and socialite news culture formed a highly effective system for monitoring the effects of the operation on a large number of bodies. This allowed for the extensive production of case studies, a constant watchful gaze (not a centralised and medicalised, but rather a profane and distributed one) and, ultimately, a fairly complete description of the consequences of the operation. As distinct from risk calculation, socialites could build a network of knowledge about the practice and its complications.

This socialite knowledge was highly valued by the doctors at the faculty. Indeed, to support their claims or authenticate a case, they would often invoke aristocratic authority. Socialites’ word was all the more appreciated because, in accordance with the norms of noble civility, it had to stick to the truth, or else fall into dishonour.96 Paris high society, through its collective experience of its members’ health, thus became a medical authority in its own right: when the Paris parlement commissioned the faculty to produce a report on inoculation, the doctors’ first initiative was to ‘verify the facts that had transpired in the public, and were the subject of daily conversations’.97 They interviewed inoculated patients and collected inoculation diaries and medical correspondence. In this way, academic expertise interacted with the knowledge of high society.

Thus, in the small world of the aristocrats who did choose to be inoculated, medical competence was widely distributed. The situation was not one of expert doctors versus passive patients, but rather one of individuals taking the initiative to carry out experiments on themselves or their children, and paying doctors with whom they had a relationship of patronage to do so. Patients participated fully in the operation: they discussed the different methods to be used with their relatives and doctors, wrote inoculation diaries, sent doctors to investigate accidents, ordered autopsies and even had experiments carried out. Thanks to a rich social fabric and the fine line between private bodies and their public representations, information on inoculation circulated fulsomely within this network. Through many little strokes, it painted a picture of the dangers of this innovation that was very different from inoculator’s statistics.

Aristocratic society remained resistant to the project of risk-based governance. There was never a single, probabilistic approach to inoculation, but rather a multitude of ways of being in one’s body. Putting on a show, demonstrating one’s courage, thinking of oneself as exemplary and asserting self-control were legitimate ways of contemplating inoculation. Conversely, the fear of remorse, of moral infraction and of the distortion of filial relationships by a mercantile rationality represented respectable reasons for rejecting it.

The importance attached to the body and its representation produced an ever greater number of medical narratives, written records and oral descriptions, and increased their circulation. This process of generalised narration of bodies demonstrated how variable were the forms of smallpox and the effects of inoculation, and the degree to which the statistical knowledge about inoculation was a questionable and dogmatic simplification. The irreducibility of bodies and cases took precedence over risk. The consequences of inoculation were explored in a polyphonic public space, in which the distribution of knowledges and authority was the norm.

The programme for governing conduct by risk, as envisioned by mathematicians and philosophers, was showing its limits. Risk, that old tool of personal edification borrowed from the Protestant casuistry of the 1720s, was clearly insufficient to govern autonomous individuals in their relations with their bodies. To bring about the vaccinated society of the early nineteenth century, it would take technologies of proof and power of a wholly different kind.
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The Philanthropic Virus

The French Revolution made life part and parcel of a new political project. By establishing the sovereignty of the nation (from the Latin nascor, to be born), it made birth the basis of authority: if the king had been God’s minister on Earth, the revolutionary governments were, instead, the guardians of national sovereignty – that is, the sovereignty of a biological unit defined by birth and descent. Life was also the currency of the Republican pact: to take a share in sovereignty, one also had to be willing to sacrifice it. Rousseau called on citizens to take the following oath: ‘I unite myself in body, in goods, and in will with the Nation . . . I swear to live and die for it.’1

The Republican nation was both a carnal and a political entity – conceived by the revolutionaries as an organism with the National Assembly as its head. The population was no longer simply a set of subjects. Rather, it constituted a body politic that could choose to improve its own performance. The fundamental revolutionary theme of ‘national regeneration’ included this labour of biological self-improvement.2

This politics of life granted new powers on bodies, and especially on those of the poor. This is exemplified by a decree of June 1793 which made smallpox inoculation compulsory for all children whose parents received public relief. This provision (which was unique in Europe; there is also no trace of its being applied) was presented to the National Assembly as the fruit of a political transaction. In exchange for their recognition of private property, the poor had the right to demand assistance from the nation. And, while the representatives of the national sovereignty waited for the Republic to mould enlightened citizens who would be able to recognise their own best interests, they had every right to impose the measures, such as inoculation, that would ensure the people’s greatest happiness. As the deputy defending compulsory smallpox inoculation argued in 1793: ‘Society must never lose sight of those who contract with it. It must take each individual at the moment of his birth, and not abandon him until the grave.’3

Lastly, this new republican power over life went hand in hand with the contemporary transformations in warfare. While in the eighteenth century war had been a circumscribed, recurrent and quasi normal phenomenon, during the Revolution and the Napoleonic Empire it was recast as the eschatological confrontation between one nation, its bodies and its vitality, and the coalition of European powers.4 In this ‘total war’, the optimisation of life played an essential role.

It was in this particular context that in 1798, the English doctor Edward Jenner revealed the existence of a mysterious bovine disease, the cowpox, that immunised humans against smallpox. European states immediately took the innovation into their own hands. In the 1800s, ‘vaccination’ (from the Latin vaca, cow) was made compulsory in the armed forces of Britain, Prussia and France.5 French Interior Minister Jean-Antoine Chaptal had only just established the system of prefectures when he entrusted it with the mission of vaccination as its top priority: ‘No other subject more greatly calls for your attention; this is a matter of the dearest interests of the state, and of a sure method of growing the population.’6 The vigour of the first vaccination campaigns (at least 400,000 people were vaccinated in France in 1805, doubtless ten times the total number inoculated from 1760 to 1800) fit into a context of war mobilisation. The first vaccinators saw their action as analogous to war: their goal was to ‘exterminate’ smallpox or at least to ‘extirpate’ it from the national territory. Vaccination was presented as a ‘conquest of art over nature’,7 as a Machiavellian stratagem using one virus to eradicate its peers.8 Under Napoleon, the new form of inoculation was supposed to produce ‘a magnificent race of men . . . able to compel respect for the [French] state abroad’. It would also painlessly accomplish that which the Revolution had attempted with fire and fury: the regeneration of man.9

Despite those grandiose aims, however, there was no general vaccine obligation in France until 1902. Napoléon himself rejected the vaccinators’ urgent appeals.10 His own power was supposed to reflect the power of the patres familias over his children, an authority the imperial regime did not wish to trample. Whereas Napoleon’s Civil Code, contemporary to the cowpox vaccine, sought to restore paternal power, compulsory vaccination looked rather more like the revolutionary projects to weaken it.11 In 1808, Interior Minister Joseph Fouché rebuffed a report by the vaccinators: ‘The coercive measures which they propose are not at all authorised by law, and gentleness and persuasion are the most effective means of making the new inoculation a success.’12 But how, under the Empire, could the government rule by gentleness and persuasion?

Vaccination is a classic object of historical inquiry. Historians have studied the organisation of vaccination campaigns, its spread across the globe, its demographic consequences, and the anti-vaccination movement. This chapter’s focus is rather different: it refuses to consider the cowpox vaccine as a fixed essence transmitted by neutral vectors. It instead proposes a historical ontology of the vaccine, that is, a history of the definition of its effects, of their representation and of the production of a social consensus surrounding them. In 1800, the vaccine was little more than a neologism. It was a mysterious entity with almost no existence, no essence and as yet indeterminate capacities. The first vaccinators knew perfectly well the failure of inoculation. They knew about the difficulty of persuading people to risk their lives in order to protect them. Thus, they set about fixing the characteristics of the vaccine in a way that could stamp out any reluctance. They forced through the unlikely definition of cowpox as a non-virulent virus, a perfectly benign virus, which would protect people from smallpox forever. The government’s strategy was not to impose vaccination, but rather to establish and maintain a definition of the vaccine such that anyone in their right mind would have to agree to it. ‘Transcendental legislation’, Jeremy Bentham wrote ‘leads men by silken threads, entwined round their affections, and makes them its own for ever.’13 The vaccine of 1800 was one of the silken threads of power. In establishing a new natural being, doctors sought to govern bodies not through constraint, but indirectly, by orienting perceptions. The gentleness of power had, as its counterpart, its toughness in the domain of evidence and truth.

1. The objectivity of the philanthropist

Doctors’ image, their self-assuredness and the trust they commanded, were decisive for the success of vaccination. Le Bienfait de la vaccine reflected the image that doctors wanted to establish of themselves. On the left, a peasant woman is taking her baby to a château so that a lady can have her own child vaccinated. Alibert, a doctor at the Saint-Louis Hospital, gently draws up the vaccine fluid from the cowpox pustule on the baby’s arm without even waking him up. The father keeps watch over the operation, while the mother tenderly reassures her child who is about to be vaccinated. This painting depicts a peaceful society where peasants and bourgeois live in harmony, brought together by the benefits of vaccination. In the centre, Alibert, with his generous and intelligent visage, symbolises the crucial place that medicine wished to occupy in post-revolutionary society, as the intermediary between the social classes. Whereas inoculation was an elitist practice, vaccination was an interface binding rich and poor: the state would take charge of the people’s health, and in exchange for this people would make the transmission of the vaccine possible. The good health of all depended on the cooperation of each and every person, and enlightened philanthropy would relieve poverty not through charity but through innovation.
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Constant Desbordes, Le Bienfait de la vaccine14



The philanthropic movement was the driving force behind the first vaccination campaigns. Even before the discovery of cowpox vaccination, philanthropists had hoped to generalise the practice of smallpox inoculation.15 In England, parishes paid inoculators to immunise their poor populations. In Franche-Comté, doctors paid by the intendant (a provincial administrator under the Ancien Régime) inoculated children free of charge in the countryside.16 These successes were, however, exceptional cases: everywhere else, and especially in the cities, the risks (of death and contagion) rendered unfeasible any general inoculation projects. For example, when doctors proposed to inoculate the foundlings of Lille free of charge, the hospital administration stressed the dangers of such an undertaking: these children’s health was hanging by a thread, and inoculation could cause a return of the epidemic.17 In 1790, La Rochefoucauld-Liancourt – a leading figure of the philanthropic movement and president of the National Assembly’s beggars commission – proposed, without success, the establishment of a public inoculation hospital in Paris. Under the Convention, plans for compulsory inoculation were left entirely unimplemented. Finally, in 1799, barely a year before the arrival of the vaccine, inoculation was still being blamed for triggering an epidemic in Paris.18

Cowpox vaccination was thus of immediate interest to philanthropists: if defined in suitable terms – that is, as non-contagious and benign – it would ease the situation, by finally making possible their old project of generalised immunisation of the poor. On 15 February 1800, upon his return from emigration, La Rochefoucauld-Liancourt launched a public subscription in the Journal de Paris to finance a ‘vaccine committee’ charged with passing judgement on this innovation which was already causing a stir in Britain.

The financing of a ‘vaccine committee’ by prestigious notables (famous philanthropists, ministers, deputies, bankers . . .) removed this innovation from the market of remedies and created the impression of impartial assessment. The philanthropic movement allowed the vaccinators to fashion themselves a new and somewhat contradictory social role: that of the zealous but disinterested advocate of technology, both propagandist for an innovation and its judge. Philanthropy gave succour to the vaccinators’ image of disinterestedness: they could speak as ‘friends of humanity’, promoting the cowpox vaccine as the greatest invention of the century, indeed an invention that would regenerate man, while presenting themselves as neutral, cool-headed judges, ‘devoid of all sensibility’.19 Forty years earlier, the advocates of inoculation had made no claim to stand above controversy. Then, the two sides had clashed and appealed to some judge – this could mean the faculty of medicine, a provincial parlement, or the public – but neither the propagandists nor their opponents claimed to occupy the judge’s chair.

To be philanthropic, the vaccine had to meet a set of precise criteria. First, it had to be perfectly benign. Inoculation had required the expertise of a doctor who selected and prepared the subject; the cowpox vaccine, conversely, was presented as absolutely safe, regardless of the patient’s state of health. This was the condition on which it could be carried out by simple health officer, midwives or even priests. Philanthropy sought vaccination for all, rich and poor, healthy and feeble, newborns and the bedridden; it thus had to produce a risk-free vaccine.20

Second, the vaccine would have to be free. The vaccines committee thus systematically rejected doctors who tried to make money from innovation. For in promoting their pus as more effective, safer or coming directly from London, they implied that the different qualities of pus existed, which risked discrediting everyone’s vaccines.21 The problem was that, in rejecting these mercantile but justified ventures, the committee held back the recognition of risks and the search for safer vaccine techniques.

2. Uncertainties and catastrophism

When, in the spring of 1800, a new inoculation called cowpox began to make news in Paris, doctors had some reason to be sceptical.22 What was the nature of this pus? Could one even be sure that one was inoculating the real cowpox? And how was it possible to answer this question, when the material imported from England had passed via hundreds of bodies susceptible to various ailments?

In May 1800, the committee sent for the vaccine from London. Dr William Woodville, who practised vaccination at the Smallpox Hospital, sent pus in a hydrogen-filled vial, sealed with mercury, covered with a bladder and placed in a padded box.23 A month later, the committee diluted the dried-out pus and inoculated thirty foundlings. Nothing worked as expected: only seven children had a pimple; a little boy called Blondeau who had the best-looking vaccine pustule was then inoculated with smallpox and caught the disease. The Parisian vaccinators groped around for explanations: the rashes they obtained showed no regularity and they could not identify cowpox. To put an end to the uncertainties, the committee invited Woodville himself to Paris. In October 1800, he vaccinated 150 children.24 The controversy now began.

According to some doctors, the cowpox Woodville had brought was, in fact, a smallpox. Indeed, during the first vaccinations at the Smallpox Hospital in London, most patients had developed a generalised rash rather than a vaccine pustule. Woodville himself had initially speculated that Jenner’s pus was merely smallpox, before admitting that the atmosphere in the hospital might have caused the epidemic among his vaccinees.25 In fact, cowpox was initially perceived as a mild form of smallpox. In the late eighteenth century, doctors had attempted to mitigate the variolic pus by bathing smallpox scabs in hot water, weakened acid or various gases.26 It seemed that Jenner’s achievement was simply to have discovered a way to attenuate smallpox with the help of the cow.

But by October 1800 the vaccine’s symptoms appeared to have nothing in common with those of smallpox, and doctors agreed that it was in fact an entirely different disease. The problem was that, if the vaccine was not ultimately a mild form of smallpox, then what was it – and more importantly, what could explain its effectiveness? The vaccine system was easy enough to criticise from a theoretical point of view. How could a local, almost feverless movement destroy the constitutional trait that disposed the individual to smallpox? How could smallpox occur during cowpox? Strangely, the cowpox vaccine would appear to protect against all future smallpoxes but not against the present one. Opponents used the chemical analogies then commonplace in medicine to highlight the absurdity of this delayed effect: it was as if the vaccine was powerless to neutralise smallpox when in contact with it, but then became effective once it was absent from the body. Inoculation was tantamount to anticipating a natural phenomenon by causing smallpox; inoculating an unknown material seemed a much more reckless undertaking.

The problem with the cowpox was not so much that it was risky, in the sense that the inoculation carried a risk of death for the individual, but rather that the nature of its potential dangers was unknown. Unlike smallpox, cowpox was rare and was not contagious. It therefore had to be transmitted from arm to arm, from vaccinators to vaccinated, in an ever-extended chain. Vaccinating thus amounted to inoculating a virus that had flared up in hundreds of bodies that might be affected by all manner of diseases. Because it could transmit syphilis or scrofula, which were hereditary diseases, cowpox put at risk the health of ‘all future generations’ or even ‘the constitution of the human race’.27 By hybridising, cowpox could also create new diseases: ‘Viruses . . . blend with each other and form even more formidable compound viruses: they spread by generation as well as by contagion. They degrade the national temperaments.’28

The possibility of disaster offered a solid reason to continue with experiments before spreading a new virus among the population. The German physician Marcus Herz thus emphasised the need to postpone any general use of the vaccine. The smallpox control tests on hundreds of vaccinated people, and the good health of thousands of others, proved nothing: the question was not the number of experiments but their duration: ‘50,000 trials are not enough to complete the experiment, and 100,000 would not prove anything further.’ The problem was judging the longer-term consequences of this innovation. First, then, it was necessary to stop using cowpox inoculations, and instead pay close attention to the fate of those who had already been vaccinated. After ten years, the results could be communicated to the public and to doctors for discussion. If it seemed an obvious success, then another 50,000 individuals could be subjected to the same procedure. If, after a generation, the vaccine was still in good standing, it could finally be propagated across the entire population. This was the only way of acting with the rigour demanded by the colossal scale of what was at stake: the health of the European population and of the future generations.29

3. Test-tube bodies

At the origins of vaccination was a profound change in the role of medical experimentation on humans. Defining this change is tricky because human experimentation is not a category with clear-cut boundaries: the art of clinical evidence is precisely to attach experimentation to a therapeutic project in order to bring it closer to simple observation. But if there is a continuum between the observation of trials with a therapeutic aim and human experimentation with a purely evidential objective, then the trials carried out by the National Vaccine Committee in Paris between 1800 and 1803 were atypical – for they subjected a large number of children to experiments that had no therapeutic aim whatsoever. In this particular endeavour, medicine acquired a wide latitude in its use of bodies.

In the eighteenth century, the experimental subjects had been either doctors themselves or individuals who had been condemned to death.30 In this case, experiments on humans were morally no different from dissection, since the bodies subjected to the experiment were legally already dead. Being dependent on the sovereign’s power to punish, human experimentation was not a normal method of gathering medical proofs. During the dispute over inoculation, the few cases of experimentation on humans were not the work of doctors but of aristocrats who had their servants’ children inoculated with pus to test its goodness before administering it to their own offspring.31 But the cowpox vaccine broke out of these restrictive frameworks. The number of bodies subjected to experimentation rose by orders of magnitude: no longer just a matter of a few men on death row, but hundreds and hundreds of abandoned children.

In 1800, the vaccine was something new. What it was and what it could do were uncertain, and many vaccinations went wrong.32 The vaccine was also rare and fragile: its existence depended on its transmission; and if doctors had no more subjects to vaccinate, it would disappear. Attempts to preserve the pus ex vivo – in glass plates, capillary tubes, vacuum flasks or vials filled with nitrogen – were fruitless. Vaccines were much more successful when carried out with fresh material, passed from arm to arm. So, to preserve and transport this protective virus, doctors had to organise vaccination chains. Throughout the nineteenth century, foundlings provided the indispensable links in this chain.

Let us take an example. In October 1800, Dr Husson, secretary and lynchpin of the National vaccine committee, arrived with the precious lymph in Reims, where he inoculated his family and friends. Once back in Paris, he published an optimistic article: ‘The Fire of the Cowpox Vaccine Is Kept Burning’.33 The metaphor, taken in a prehistoric sense, was judicious: the first vaccinators struggled to maintain lasting chains of transmission. They were forever looking for children to vaccinate in order to maintain the virus; but few parents were willing to surrender their children to the lancet, especially as winter approached.34 The doctors in Reims had an imperative need to vaccinate the foundlings, which the hospice administration refused. In his private correspondence, Husson expressed his doubts: ‘I fear that the vaccine will soon fade away.’35

Chaptal’s appointment as interior minister on 7 November 1800 changed the political situation surrounding the vaccine. Pinel, whom he had met in the 1770s in the Montpellier medicine faculty, convinced him that the innovation would make it possible to eradicate smallpox.36 From 1801, on his orders, the hospices were opened up to vaccinators. The power balance had changed. When a prefect refused them access to foundlings, the vaccinators replied, threatening: ‘It would be painful for us to be forced to write about this to the interior minister, who is our associate.’37

This was the precise moment when the vaccine’s future was assured: foundlings would be used to produce and transport the lymph until the end of the nineteenth century. As Yves-Marie Bercé has pointed out, ‘without them, nothing would have been possible’.38 A decree from 1809 designated twenty-five hospices for foundlings, which, under the euphemism of ‘vaccine depots’, were responsible for maintaining the vaccine. Since administrators and nuns were often reluctant to vaccinate vulnerable newborns, authority was instead entrusted to a doctor chosen by the prefect for his vaccinating zeal.

Maintaining the vaccine was a delicate job: the vaccinations had to be spaced out in order to provide fresh fluid on demand, and the ‘vaccine depot’ child had to be inoculated repeatedly in order to produce more pus (eight times in the Paris vaccine hospice, sometimes up to fifty times when not enough children were found).39 To extract the precious fluid, the pustules were opened and then pressed several times over. This operation was carried out in public: in the villages, the mayor would be warned of the vaccinator’s impending arrival, and then had to be present with the unvaccinated children in the town hall. This saved the vaccinator wasted journeys and allowed the vaccines to be put on a proper legal footing: the certificates (necessary for school enrolment and obtaining public relief) were often signed by the mayor.40 The biological instrumentalisation of poverty did not itself cause alarm among parents. Above all, they were suspicious of the abandoned children’s health: they feared that these foundlings, the product of depravity, would transmit syphilis; they demanded to be able to inspect their bodies, and preferred the pus of legitimate children. They reproached the system for being dangerous, but never for being inhumane.

Children in hospices were also used as a testing ground, where vaccinators gained the skills and experience necessary to judge good vaccines from bad. Since accidents could easily be hushed up, vaccinators did not run the risk of parental recriminations or giving grist to the mill of anti-vaccine polemics. At the beginning, it should be remembered, doctors knew nothing about the cowpox vaccine. They needed to identify its characteristics and learn to reproduce them reliably. The committee established, for example, the time necessary for vaccination to give effective protection by organising smallpox control experiments on forty children: first, the vaccine and smallpox were injected at the same time, and then the second inoculation was delayed day after day. Another problem: at what age could children be vaccinated? The committee operated on younger and younger children, even vaccinating premature babies. No age seemed unsuitable. It might also be that the protection afforded by the vaccine was only local. Smallpox was thus inoculated at the extremities opposite the points of vaccination. Vaccinators also tried to reproduce accidents: they put pus in the throat or on the nasal mucous membrane in order to study the respiratory complications connected to the vaccine. Similarly, to understand vaccine rashes, they would take off the skin locally and apply a few drops of vaccine, resulting in a gangrenous wound. Inside the hospices, human experimentation became commonplace. Foundlings were used as test-bodies: if a previously vaccinated person developed a rash disease, the committee inoculated a hospice child with the offending pus to check that it was not smallpox.41

Trials were also run with the aim of refuting claims that the cowpox vaccine risked spreading infections: Alibert vaccinated subjects with leprosy, scrofula and ringworm by passing the pus from one to the other, without observing any cross-contamination. Cullerier and Richerand transferred vaccine taken from syphilitic children to healthy children without infecting them. These dangerous and much criticised experiments were carried out on only a few children.42 However, they had important consequences, for throughout the nineteenth century, after hypothetical cases of syphilitic contamination, doctors seeking to clear the cowpox vaccine of blame invoked the great experiments that the committee had supposedly carried out in the early 1800s. In short, thanks to experimentation on foundlings, the committee explored and defined the competencies of the vaccine. The philanthropic programme of a virus that could be inoculated into everyone began to take shape.

The question here is not whether the vaccinators behaved inhumanely, but rather what legal and ideological mechanisms allowed them to do so. Hospice children were not simply ‘vile bodies’ on which anything was permitted. In fact, many doctors were outraged by the first vaccinators’ trials.43 In April 1800, the administrators of the hospices and then the interior minister had refused the Vaccine Committee the foundlings it had requested for its first experiments.44 In Nantes, the Daughters of Charity who witnessed these efforts took exception to them.45 For Marcus Herz, the vaccinators’ experiments were unacceptable: the effect of the cowpox vaccine should be justifiable by analogous reasoning, or it should at least be possible to increase the dose little by little, or else experiment on subjects who had nothing more to lose.46

Dr Duchanoy, a member of the hospice administration, proposed a simple legal solution to the interior minister: it would be sufficient to place the doctors convinced of the benefits of the vaccine in the hospices. Doctors ‘are in fact the natural judges to consult in this matter’, and the experiments would be legal so long as they expected them to be of therapeutic benefit to the patient. Human experimentation had lost the clarity of its earlier moral contours; whereas it had previously rested on the sovereign’s right to decide life and death, now it became the prerogative of the physician.47

The transformation of hospices into ‘vaccine depots’ and the use of foundlings as biological instruments were part of the project of making public relief more profitable. Historians addressing the treatment of these abandoned children have described a late-eighteenth-century transition from a charitable logic to a utilitarian one. This immense population (60,000 children in 1800), its miserable fate and its potential usefulness to society made it the object par excellence of a philanthropic practice seeking both to relieve destitution and to find it a social function.48 In this same moment, the French navy secured the right to enrol the children under the state’s stewardship because, ‘having been brought up in the charge of the state, they belong to it’.49 Compared to Trafalgar, the vaccine hospice seemed a lesser evil.

4. What did the control tests prove?

In the Eighteenth Century, the difficulty of acclimatising experimental proof in medicine was statistical in nature: unlike physical phenomena, medical causalities were always in flux, and it did not seem very rigorous to prove the effectiveness of a therapy just using the few experimental subjects the sovereign granted.50 The availability of children in hospices allowed vaccinators to overcome this obstacle and to import the epistemology and discourse of the crucial experiment into medicine.

In November 1801, the Vaccine Committee organised a large-scale public experiment in Paris: 102 foundlings, who had previously been vaccinated, were inoculated. Various notables were invited to testify to the success of the experiment, that is, to confirm the absence of smallpox. According to the Académie des sciences, ‘the result is the most decisive experimental proof one could ever desire’.51 The British Parliament was also very impressed: Jenner had carried out control tests, but on only four subjects.52 The probabilistic dimension of bodily phenomena disappeared with the discourse of the crucial experiment: ‘It is not a question of determining the degree of probability, but rather the infallibility of the new mode: either it protects from smallpox or it does not.’53 Throughout France, the same administrative ceremony of experimental medical proof was repeated. By 1803, the Vaccine Committee’s bet had paid off: the interior minister, the prefects and the notables were all convinced by the control tests.

Yet, at the same time, some doctors remained sceptical. First, even if the cowpox vaccine protected against the inoculation, it might not protect against natural smallpox when the virus was breathed or ingested. Second, inoculations were carried out no later than eighteen months after the vaccine, but the real problem was how long the protection would last. Third, children in hospices provided convenient material to be experimented upon, but also a defective material, for their lack of parents meant their medical histories were unknown: their immunity might owe not to the vaccine but to some unknown case of smallpox.54 Finally, even if smallpox was an externally visible disease, diagnosing it was not as easy as many thought. Deciding whether a child had had smallpox was a delicate matter, for which the administrators invited as witnesses had no credentials. Since the purpose of the smallpox inoculation was precisely to avoid a general rash and to reduce smallpox to local symptoms, the absence of a general rash in the 102 experimental subjects was not itself sufficient proof.55 The real question was much more nuanced: was there a difference in nature between the local symptoms of post-vaccine inoculation, and those of a simple inoculation?

When the control test was subjected to an expert critical eye, it lost its decisive character and turned into yet another problem to be solved. It was no longer enough to attend and witness it – one had to know how to read it properly, to know what was a local reaction as distinct from a general one, and to know the symptoms of an inoculation in individuals who had or had not had smallpox before. Thus, the criteria that defined the success of the test were themselves the object of controversy.56 The corollary was that, the more convincing was the test – insofar as the witness lacked real medical knowledge of pustular eruptions – the control tests were particularly persuasive for the administrators.

As a result of this controversy, the capacities that philanthropists attributed to the new virus were translated into more ambiguous terms. The proposition the cowpox protects against smallpox became there is no eruption after a smallpox control test, which became there is no variolous progress at the incisions, which, in turn, was translated into there is a difference in nature between the progress of a smallpox inoculation and a post-vaccine smallpox inoculation. In their attempts to qualify this difference, vaccinators now embarked upon a pioneering enterprise of mapping the ever moving and contested world of pustular eruptions.

5. The graphic nature of the vaccine’s power

The story begins with a particularly devious footnote on page seven of Jenner’s Inquiry.57 Before he presented the cases which supported his theory – stories of cowpox victims who were thereby protected from smallpox – Jenner referred to a mysterious bovine disease closely resembling cowpox, and transmissible to humans, but which did not immunise against smallpox: spurious cowpox. This distinction gave Jenner’s theory a degree of protection: the numerous cases of post-vaccine smallpox reported to him by his colleagues could be attributed to the false cowpox without damaging the reputation of the real thing. The notion of false cowpox, initially marginal enough to be relegated to a footnote, soon became the central cog in the vaccine theory. For its opponents, this was a crude subterfuge designed to render the theory irrefutable. It was on this precise point that the new clinical gaze played a decisive role: instead of explaining false cowpox in terms of the causes of its appearance (causes that became more extensive and more mutually contradictory as more and more post-vaccine smallpoxes appeared), the Vaccine Committee established, through the clinic, the typical pustule of the true cowpox and rejected all those that did not meet this definition. This is not to say that the committee or Jenner himself were playing tricks: there are, of course, vaccinations that do not protect. Rather, what was at issue was the definition of the criteria for the success of the vaccine and, by the same token, those who were capable of judging it.

In the treatises on the cowpox vaccine from the beginning of the century, dozens of pages were devoted to extraordinarily detailed descriptions of the pustule: its size, shape, colours, consistency, relief, induration and elasticity, across the different stages of its existence. This minute detail was itself new. In the eighteenth century, since symptoms were thought of as simple signs of the disease, the essence of which remained inaccessible, to devote oneself to their exhaustive description was tantamount to chasing shadows. Inoculation, in its very principle, was based on this disconnection: one could hope to have smallpox without the rash, the disease without its symptoms. The novelty of the clinical gaze lay in its erasure of the separation between disease and symptom: there was no longer a pathological essence, and the disease was nothing more than the collection of symptoms in which it materialised.58 So, when the doctors of 1800 observed the vaccinal pustule, they saw the disease itself. The pustule was not the sign of cowpox; it was cowpox. Its clinical description allowed it to be classified among the eruptive diseases:


In the eyes of educated men, cowpox will always be totally distinguished by its great natural characteristics, namely:

1.the central depression,

2.the areola,

3.the subcutaneous tumour,

4.the clarity of the fluid,

5.its deposit in isolated lodges or cells,

6.the silver tint of the pustule, and

7.finally, its very regular shape.59



The clinical definition also made it possible to justify failed cowpox: if a pustule did not develop this series of visible phenomena, then it was not a true vaccine and could not therefore protect against smallpox.60 This also explains the committee’s refusal of booster vaccinations up until the 1840s: since it was difficult to obtain a ‘true cowpox’ pustule during a second vaccination, and, given that this pustule was the criterion of its protective effect, the committee insisted on the importance of a good first vaccination and rejected the abnormal pustules produced by second vaccinations.

The problem with the clinical definition was that it was based on nuances that were themselves hard to describe. The colour palette of treatises on cowpox is particularly rich: ‘light red’, ‘greyish white’, ‘opaline colour’, ‘pink tint’, ‘slightly purple tint’, ‘yellowish’, ‘tan colour similar to barley sugar’, ‘mahogany wood’, and so on.61 Colours, which had been considered secondary qualities by natural philosophy, botanical systematics and medical nosology, became in these clinical descriptions the essential criterion of the most essential disease of the new century.62 For instance, Husson insisted upon the ‘inflammatory areola of a bright red colour with a white glaze’; the 1803 report makes the silvery colour of the bulge the determining criterion of true cowpox, and compares its colour ‘to that of the fingernail whose tip is pressed’.63
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This is where the vaccinators’ great innovation comes in: the graphic definition of cowpox. From the beginning of its work, the committee called on the services of Anicet Lemonnier, a painter and draughtsman attached to the School of Medicine.64 His involvement is often mentioned: ‘As he had so many opportunities to follow cowpox in all its nuances, varieties and degenerations, he drew on the help of drawing and painting to transmit faithful images of its development on man and on the cow . . . and in its various states of true or false cowpox.’65 The rapid progress of the representations of the pustule shows that vaccinators were indeed inventing a new graphic code.

The sociology of science has shown how, by selecting what is to be perceived, scientific images augment the visibility of nature and define what thereby becomes knowable.66 In 1800, the simultaneous presence of the painter and the clinician around the same cowpox pustules helped stabilise the phenomena, standardise observations and make the pustule a docile object of knowledge. The vaccinators’ rich palette was the result of their collaboration with painters. The nosology of the cowpox vaccine, which transformed nuances into essences and colours into categories, thrived on the richness of the pictorial lexicon. By choosing colours, shades, reliefs and textures, the painter and the clinician together defined the characteristics of the true cowpox: the doctor guided the painter’s gaze and controlled his brush, whereas the latter set reality on a stable footing and helped the clinician to name it. Clinical descriptions and images of disease were reciprocally constituted: the clinical and graphic definition of the true cowpox was constructed by lexical transfers from painting to the clinic, in a strange cognitive space constituted by a clinical experience restructured by the image.
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By studying the composition and use of these images, we gain insight into the heart of medical power – that is, where this power was exercised in silence, in a moment when language had not yet given things settled names. The vaccinal image is not a copy of nature, but an interpretation based on nature; it is not a still-life rendering of the particular appearance of a pustule, but a typical image accentuating the characteristics that define cowpox. Doctors corrected the artist when he reproduced insignificant details. The typical cowpox was also understood as the finest specimen, which magnified the regularities discovered through clinical experience. Dr Fournier had no hesitation in choosing which model to have engraved on the basis of aesthetic criteria: ‘Among more than four hundred individuals of both sexes that I have vaccinated [was] a girl of six years of age of an accomplished beauty . . . who gave me the most brilliant areola that I have yet seen.’67

The details deemed essential were described with extraordinary precision. Indeed, the images reproduced above display an armada of details. The colours were essential and so, too, was time. Hence the serial representation of the cowpox: it was not enough to develop a lesion that somehow resembled the characteristic pustule; it was also necessary that the lesion displayed the same succession of phenomena over time. We might also note the cross-sectional representation of the pustule which makes it possible to define the cowpox by touch. In postulating the visibility of the pathological and refining the medical gaze, clinical experimentation allowed the vaccinators to transform the detail into a particular sign – into a lapsus of nature, which betrayed itself in the fold of a pustule. In establishing an equivalence between the optimal subject and fidelity to nature, the culture of medical representation produced an effect of power. For, in purifying, synthetising and amplifying certain vaccinal phenomena, it transformed the different cowpoxes into so many varieties of false, abnormal, rachitic and irregular cowpoxes.

The nosologies designed to protect cowpox from criticism were refined over time. In addition to false cowpox, in the reference dermatological atlas of the 1830–1840s Pierre Rayer proposed the category of the ‘vaccinelle’: the virus had taken hold, the pustule showed the characteristic signs (the central depression in particular), but it went through the various phases of its development much more quickly than true cowpox. And, of course, it did not protect against smallpox.68

The same nosological confusion occurred further along the order of reasoning, with regard to smallpox itself. Since the eighteenth century, a distinction had been drawn between chickenpox and smallpox, each of which produced diseases of varying severity. From the 1810s onwards, during smallpox epidemics, many of the vaccinated displayed symptoms similar to smallpox, even if they were somewhat tempered. If the proponents of the cowpox vaccine were to defend its reputation, then these diseases simply could not be smallpox. So, it was necessary to find a disease similar to smallpox that had never before been diagnosed. Doctors most often cited new and particularly malignant varieties of chickenpox. In the 1830s, there were fierce debates between doctors who advocated revaccination, considering these eruptions to be mitigated (or varioloid) smallpoxes, and those who, insisting that the preservative effect was permanent, instead saw these eruptive diseases as a variety of chickenpox.69 Rayer’s dermatological atlas thus made subtle distinctions between varioloid and chickenpox; between umbilicated, conoid, globular and vesicular chickenpox; and between cowpox, vaccinella and false cowpox. By depicting the different species of pustules on a neutral, timeless, rectangular plate, devoid of all commentary, he naturalised what were nonetheless highly controversial categories. After all, the nosological complexity of the field of pustular diseases directly resulted from the fierce struggles surrounding cowpox and its preservative attributes. In postulating the total visibility of the morbid, clinical dermatology produces the possibility of its own complication and allows for a honing of vaccine theory precisely by integrating its own dysfunctions.
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The power of the image lies in its great capacity to circulate. Engravings were an essential factor in the global spread of vaccine theory. For instance, in Canton in 1803, the surgeon Alexander Pearson invited Chinese doctors to buy pus from the East India Company’s stores and, to guide them in their practice, had a plate printed portraying pus as the ‘genuine pustule’.70 Cowpox was thus defined by depiction, for while treatises gathered dust on the shelves, engravings sold briskly. Husson’s treatise, for example, found few takers: a bookseller in Reims did not want it ‘for fear that he would be stuck with it’. On the other hand, he was extremely interested in the engravings.71 The public had already made up its mind: the essence of cowpox could be put down on paper. Recognising the primacy of the image, some doctors gave up publishing dense treatises and joined forces with the greatest engravers of the time to print plates representing the different periods of cowpox.72

The nosologies made up to protect vaccine from its critics were largely publicised well beyond medical schools. The prefects of the departments distributed instructions teaching the population about the existence of false vaccines and varioliform eruptions that had to be distinguished from smallpox.73 Popularising such theories prepared parents for vaccine’s failures to protect from smallpox, it convinced them that, behind the simplicity of the procedure, there stood expert diagnoses that could not be refuted.

The vaccinators pulled off a coup whose historical significance can hardly be overestimated. Never before had medicine used images to define a disease.74 Anatomical atlases had long been used to chart the healthy body. But representations of pathologies were intended to document extraordinary cases rather than define types. The attempt to classify diseases at the end of the eighteenth century (by François Boissier de Sauvages, William Cullen or Philippe Pinel) had proceeded without images because the shifting reality of the disease – which varies from case to case and circulates through the body, where it can manifest in different places – prevented any pictorial definition of the disease. In 1800, no one was bound to accept the hypothesis that morbidity could be identified by a set of lines and patches of colour. Georges Cuvier emphasised the novelty of the graphic nosology promoted by the vaccinators and explained its limitations: ‘As no person is precisely sick like any other, we can only give individual portraits of our infirmities, whereas, in regular beings, the individual represents the species.’75 Dr Goetz mocked vaccinators for aping botanists: ‘Tournefort and Jussieu have no better designed their learned system of plants, all in their own names at present . . . and the most brilliant flowerbed does not present a more delightful spectacle to the enchanted eye than the grey, white, red and charming pinkish buds of vaccinia.’76 What was at stake, in 1800, with the specific case of cowpox, was the possibility of defining a typical disease using graphics. The first dermatological atlases (by Robert Willan and Jean-Louis Alibert) appeared in 1805, followed by atlases of anatomical pathologies in the 1830s. The visual culture of nineteenth-century medicine was heir to the preferred nosological means of expressing the powers of vaccination.

6. Statistical utopia, informational dystopia

When, in 1804, the French government endorsed the theory of a perfectly benign vaccine, the public controversy ended immediately. The Interior Ministry decreed that any article on cowpox must be approved by the vaccine committee before publication.77 The general press, which in 1802 and 1803 had published stories of accidents and relapses, was muzzled. The philanthropic committee became a central Vaccine Committee, placed under the authority of the Interior Ministry. Its members, the most influential Parisian doctors – including Michel-Augustin Thouret, director of the health school; Philippe Pinel, head doctor at Bicêtre; and Mongenot, head doctor at the children’s hospice – were paid by the administration. Vaccine Committees were also set up in each département to correspond with the central committee in Paris. In 1804, one doctor called vaccinia ‘the result of the perfection achieved by the government’s science’.78

Above all, the administration enabled vaccinators to reorganise thoroughly the circulation of medical information. The aim of the 1804 circular introducing the vaccinia service was twofold: to make the benefits of the vaccine clear to the people; and, in return, to record the results of the vaccinations in order to corroborate their preservative virtue – not through medical expertise, but through the statistical tallying of the millions of children vaccinated throughout France. According to Chaptal, ‘by keeping a record each year of the ever-decreasing number of those who have been attacked [by smallpox] and of the smaller proportion of its victims in the mortality lists, a general conviction will be established’. Statistics were not the sensorium of the state, but provided a means of comparability, of highlighting the benefits of vaccination for the general public. On the one hand, they publicised the risk of smallpox: the prefects had a list of the names of those who had died of smallpox posted at the gates of each town hall, so that careless parents who had not had their children vaccinated would be exposed to public scapegoating.79 On the other hand, by undertaking an exhaustive survey of all vaccines, it produced an accounting apparatus that would generate useful results.

Let’s look more closely at how the numbers were functionally produced. The administration required vaccinators to fill in tables with six columns: the number of the person vaccinated, date, name, age, address and ‘observations’. Having been accustomed to write up their cases in notebooks, vaccinators now had to record their observations in a narrow column. Either they left it completely blank, which is what most of them did, especially when they issued very long lists, or else they summarised the results of their work in a few lines.

The dangers of vaccinia can be seen in these notes, written in tiny characters. A vaccinator in the Hautes-Alpes noted with satisfaction: ‘All the children vaccinated during 1806 had only a few small ulcers and scabs.’ In 1806, a surgeon in Montauban, vaccinated only twelve people, but reported two miliary rashes that lasted twenty-one days; among the twenty people vaccinated by another health officer, there was one scrofulous tumour, one miliary rash and one scab.80 In the Orne département, a vaccinator counted eight general rashes out of 276 vaccinated.81 Dr Taulin, from Saint-Dizier, provided a table with 157 vaccinations; the ‘Observations’ column referred to eight accidents, two of which were fatal.82 In 1812, in Nantes, Dr Valteau vaccinated thirty-two newborn babies at the hospice for foundlings; twenty-two died in the month following vaccination.83 Dermatological waxes at the Saint-Louis hospital show the seriousness of post-vaccination dermatological affections, which were very common in the nineteenth century.
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Ulcerative vaccines (circa 1880)84



Ignorance, like knowledge, had to be manufactured. In the case of vaccine risks, ignorance was created by a pyramid-shaped management of information, organised at several levels: town halls, departmental committees and the central committee, all of which operated as so many filters for bad news. Complications (ulcers, scabs, rashes that were sometimes dangerous) were reported in literary terms in the ‘Observations’ columns and were only rarely taken up by the upper echelons, which favoured numerical information for the purposes of quantification. Multiplying the stages in the transmission of information thus maximised the effects of the vaccinators’ self-censorship. As the vaccine was supposed to be perfectly benign, the health officer or doctor who ran into an accident could fear that this would be chalked up to his own malpractice. For example, in 1820, in the Alps, the visit by two vaccinators produced hundreds of eruptive diseases. Out of 600 people vaccinated, 40 died. The département’s vaccinator accused the health officers of confusing or mixing vaccine pus with variola pus.85

Given that vaccination was poorly paid work, it was generally entrusted to simple health officers. They received meagre bonuses from the departmental administration, based on the number of vaccinations they carried out. Unlike the inoculators of the 1760s, they had no interest in exposing their competitors’ accidents. Unless they were particularly headstrong, then rather than risk being seen as an anti-vaccinator and expose themselves to the arrows of vaccine committees and prefects, it was far easier to keep their observations under wraps and their doubts to themselves. Statistics also had a moral function: the responsibility for keeping accidents quiet for the greater good of the nation, the work of refuting parents’ complaints and exonerating vaccinia clinically were spread throughout the entire vaccine system. Each level had its share of accidents, scruples and indignities.

The vaccine committee, by organising and dominating the medical information network, controlled the circulation and the bad effects of accident narratives. The statistical system brought together in a single centre the scattered strands of a previously decentralised network with numerous points of access to the public sphere. Information flowed both upwards and downwards, with (self-) censorship at each point of transmission. Given its power to publish, censor, reward and punish, the central committee guided the judgement of vaccinators at the base of the pyramid. This management of information allowed the vaccine committee – which claimed to see better, more, indeed quantitatively – in fact to see only what it wanted.

To confirm this property of the vaccine system, which succeeded in isolating the committee in a world that was virtual and yet also convincing, let us look at the healing effects of the vaccine. Unlike accidents, accounts of illnesses (scrofula, scabs, scabies, epilepsy) that disappeared during the operation were explicitly praised by the central committee, which mentioned them in its annual reports. In 1807, the committee invited doctors to seek out miraculous cures actively, and to send it reports.86 The results were not long in coming: the vaccinators mirrored the cases that so interested the Parisian medical elite, even if they were not convinced of the causal link between the vaccine and the cure. But in departmental vaccine committees and then in the central committee, hundreds and thousands of similar cases built up, seeming to attribute a further role to this decidedly congenial virus.

Statistics produced an extremely powerful argument: in the main, vaccinations – that is, in the vast majority of cases reported in the mass of tables with their ever-blank columns of observations – were absolutely safe. The small number of reports of accidents that managed to get past the successive hurdles of (self-) censorship and meticulous verification by the committee – meaning, in short, the few accidents or recurrences that remained inexplicable and forced their way onto the table of the central committee – were then weighed against the hundreds of thousands of problem-free vaccinations. Evidently, these accidents did not carry much weight, and in any case could not call into question the perfectly benign and perfectly protective vaccine.

Clinics and statistics were two ways of understanding the regular – two ways of defining the typical on different scales. They immunised vaccination from criticism by bringing into play the metaphysical distinction between essence and accident. They allowed vaccinators to formulate contradictory propositions, such as this conclusion to the 1807 report: ‘It is not to be believed that the course of the new inoculation has not been troubled by a few storms, a few complications, or even a few accidents. But the sum of these is so small that no general conclusion against vaccinia can be drawn.’ Vaccinia was no longer defined simply as the sum of its effects on a group of bodies (as had been proposed by the inoculators of the eighteenth century). Rather, it was defined by a subset of its effects which, in presenting greater consistency (that established by the clinic and statistics), constituted something like its essence.

From the 1820s onwards, vaccinia went through a long crisis. In the absence of booster vaccines (1840) and animal production of the vaccine lymph (1880), post-vaccine smallpox and contagions multiplied. Public mistrust persisted and even grew throughout the nineteenth century. This reticence owed to fear of bodily pollution, alteration of the blood and hereditary contamination. Contrary to the precepts of hygiene based on a strict separation between clean and dirty, cowpox seemed to dissolve the reassuring boundaries between one’s own body and that of others, between the healthy and the pathological, and even between humans and animals.87

Despite this favourable climate, the French anti-vaccinatonists did not succeed in changing official medical doctrine. They did not try to collect and publish vaccine accidents, but rather sought to demonstrate the link between the vaccine and the degeneration of the population.88 They did not analyse the construction of the statistics produced by the committee but settled for correlating them with other data sets: average heights for each birth year, the birth rate, disease statistics, and so on. By trying to show too much, the French anti-vaccinators failed to convince anyone: they created a lot of confusion and little mobilisation.

The first awareness of contamination came from doctors who simply wanted to make money from vaccinia. To do this, they needed to create a market outside the free vaccinia offered by the committee, to which end they promoted their own purer, safer lymph. The first experiments with bovine vaccines were connected to the demand coming from notables. As early as 1803, the central committee used cows to satisfy some bourgeois who refused the humanised vaccine.89 At the end of the 1820s, Dr James founded the Société nationale de vaccine to propagate the heifer vaccine. According to the Académie de médecine, by promoting the animal vaccine, Dr James was discrediting vaccinia in the eyes of all. Because the production of the animal vaccine was difficult and costly, French vaccinators consistently denied that the humanised vaccine could bring contamination.

The slowness of the process that led to the official acceptance of the risks well illustrates the resilience of the vaccine system. It was not until 1864 that the Académie de médecine accepted the possibility of syphilitic transmission. And it was not the vaccinators who, debating the risk of contamination, came to study syphilis; it was the students of syphilis, in the midst of a dispute over the possibility of this disease being transmitted by blood, who turned their attentions to vaccination, making it into a theme of their own polemics.90

Vaccination led to a significant divide between doctors and the public. For in the very moment that this practice caused hundreds of deaths and thousands of accidents, as parents complained to vaccinators who countered them with statistics and rebuttals put forward by clinical expertise, and as the official doctrine was repeated on the one side and rejected on the other, in doctors’ eyes the public itself was transformed. From being a locus of authority able to pass judgement and produce information, a rational body that had to be convinced by hard numbers, the public became an inert mass to be subjugated by medical and administrative authority, making its own incompetence explicit. A new genre appeared in medical literature: dissertations on ‘popular errors and prejudices’.91

It would be easy to ridicule the doctors who vilified the so-called ‘popular prejudices’ that turned out to be the precautions that vaccinators of subsequent generations would have to heed. But the history of cowpox has other meanings. The committee played the role assigned to it, that is, as a screen to hold back bad news and cast a comforting shadow play. In essence, it allowed politicians and individuals to offload the moral weight of the decision. Unlike smallpox inoculation, which was embroiled in never-ending ethical discussions on God, nature and politics, and unlike risk with its unsolvable moral and psychological dilemmas, expertise on vaccination could maintain the idea of a perfectly benign practice, a simple technique without moral consequences. Far more effectively than risk, expertise produced disinhibition: by administering proof and also ignorance, it was the condition for the general acceptance of the vaccine and, once again, for changing the scale at which humanity itself existed.





3

The Ancien Régime and the Environment

Modern environmental destruction played out not in a world where nature was unimportant, but in one whose dominant theories saw the environment as fundamental to producing human beings themselves. To understand this paradox, we need to get away from our dualisms of innate vs acquired and body vs environment, and instead think within an epistemic space that has now disappeared. This means thinking in terms of a theory of climates in which human action, the environment and bodies were intertwined.

The notion of climate that Montesquieu popularised in his De L’esprit des lois does not do justice to the richness of this concept. In the eighteenth century, climates were not just large spaces defined by their latitudinal situation, little controlled by mankind. Rather, this notion spanned a great deal more: it included the ‘airs, waters, and places’ of Hippocratic inspiration and, more generally, all the circumfusas or ‘surroundings’ that influenced health and moulded bodies.1 In this respect, a seminal work of climate determinism was Jean-Baptiste Dubos’s Les Réflexions critiques sur la poésie et sur la peinture (1719): here, the climates that determine peoples’ physical and intellectual qualities are produced by local environments transformed by human action. In his efforts to explain why Romans had degenerated since ancient times, the author cited the destruction of the sewers (cloaca maxima) by the barbarians and the spread of alum mines, which had affected the air in the city.2 Similarly, in 1731, in his influential Essay Concerning the Effects of Air on the Human Body, the physician John Arbuthnot described air as a mixture of natural and artificial exhalations that determine human health.3

Human societies were seen as evolving in relation to atmospheric surroundings which they themselves fashioned. The climate made the sum total of all possible environmental transformations; technical activity echoed through the climate, which in turn altered the constitutions of humans themselves.

In the eighteenth century, the environment was first and foremost an issue of biopolitics: since the circumfusa had a decisive influence on health, governments could use them to influence the number and strength of their subjects. For example, the treatise by Jean-Baptiste Moheau and Antoine Montyon on demography and political economy, which taught the sovereign how he could increase the population (via sound laws on trade, taxes and inheritance), concluded with a programme that was simultaneously environmental, populationist and anthropotechnical: ‘It is not only through . . . useful institutions . . . that Kings can favour population; the whole physical order seems to be still in their hands.’ And, since ‘a different climate forms a new species’, a sovereign who properly managed the circumfusa of his realm could take control over the health, size and even the shape of his population.4 Abbé Richard, author of a ten-volume Natural History of Air, explained that studying this subject was ‘not mere speculation’ but ‘useful for the great art of governing men’.5 In 1776, the French monarchy founded the Royal Society of Medicine to guide its medico-environmental policy. At its behest, doctors drew up ‘medical topographies’ which described in minute detail the environmental surroundings of various locations and their influence on the inhabitants’ health.6 In the eighteenth century, the many different forms of knowledge about air, its hygienic condition and its composition (air chemistry, pneumatics, eudiometry, meteorology and medical topography) came together in this biopolitics of atmospheres.7

The power of the circumfusa was also a source of concern. For as humanity altered its surroundings, it also risked changing itself. Seemingly benign environmental transformations could have terrible consequences. According to Richard, an epidemic in the Dutch Moluccas was caused by the destruction of clove trees, whose aromatic particles had hitherto counteracted the corruption of the air by a volcanic release.8 New diseases could be products of human action: syphilis was purported to have originated in the mines of Santo Domingo, where the Spaniards subjected the indios to such appalling working conditions that it changed even their physical constitution.9 The smoke from the workshops gave rise to similar concerns among the urban bourgeoisie: in the eighteenth century, cities were the insalubrious locations par excellence, in the same vein as swamps, prisons and ships.10

As industrialisation advanced, its attendant pollution and massive use of natural resources radically transformed its surroundings. All this took place within the theoretical framework of climate medicine. So the problem posed to historians is not a matter of understanding how so-called environmental awareness ultimately emerged. Quite the opposite: the question is how to understand the schizophrenic nature of industrial modernity, which continued to conceive man as a product of his surroundings, even as it allowed him to alter and destroy them.

In France, the emergence of chemical capitalism was a decisive factor in the industrialisation of the environment. In the 1800s, the chemical industries provided a historic meeting point between massive pollution, new production methods, a considerable volume of capital and the scientific and administrative elite that had emerged from the Revolution. This combination of innovation, profit and power made it possible to transform environmental regulations, as required by the development of manufacturing capitalism. Seeking to shed light on the industrial disinhibition that marked the 1800s, this chapter surveys the Ancien Régime regulation of artisanal environments around the mid-eighteenth century.

1. Policing the arts and the air

At that time, the police force was much more than just the contemporary institution for maintaining order; rather, under the Ancien Régime, it fully deserved its name. For the regulations it promulgated, the surveillance it enacted, and the reprimands it imposed shaped the urban context and modes of inhabiting the polis.11 It had a vast remit: maintaining order, keeping up supplies to towns and cities, inspecting the safety of transport and buildings, preventing fires, monitoring markets and checking foodstuffs, ensuring the cleanliness of the streets, and so on. What Michel Foucault once called a police that ‘includes everything’, the Ancien Régime police force was, more precisely, a policing of all of man’s surroundings: and it was the circumfusa and their importance for public health that justified its hold over the city.12 According to Prost de Royer, lieutenant-general of the Lyon police, his force could limit the height of buildings and define the width of streets and courtyards because ‘the preservation of public health, through the salubrity of the air, unquestionably gives it this right’.13 The stakes were high: the health, numbers and even shape of the population depended on the proper management of urban environments. The Rouen doctor Lepecq de la Clôture attributed the disastrous health of Parisians to the negligence of the police, who ‘foment or perpetuate contagious diseases’: ‘The inhabitants of Paris have been made the weakest and unhealthiest people on earth.’14 The Parisian police commissaire Delamare explained that the purpose of his institution went beyond the good health of the individual to include ‘the integrity and perfect conformation of his limbs’.15

The police also justified its power over the city in terms of its ability to manage the risks created by concentrations of buildings, people and activities. The concept of imminent danger was fundamental, as it called for surveillance in all places and moments, instant governance, and a capacity for anticipation and prevention that only the police could claim to possess. The royal decree of 1729 entrusting the Paris police with the safety of public thoroughfares strengthened surveillance and formalised streamlined procedures. Police governance had to be swift:


I. The commissioners will pay particular attention to each of their districts in order to be informed of the houses and buildings where there is some danger.

II. As soon as they are informed of this, they will go to the place and draw up a report of what they have noticed there, and which could be contrary to public safety.

III. They will have the owners summoned without delay at the request of our Châtelet prosecutor on the first day of the hearing of the police of our Châtelet de Paris.16



In Paris, forty-eight police commissaires in twenty neighbourhoods divided up the entire urban space.17 A large part of their work concerned cleanliness and compliance with urban regulations (sweeping in front of the house, handing over one’s rubbish to the contractors responsible for taking it away, not hanging anything from one’s windows, locking the door at night, and so on). Each day, the police commissaire had to do his rounds through his neighbourhood of operations (where he also had to live) wearing a distinctive gown and accompanied by a bailiff.18 Despite this judicial pomp, it appears that there was no matter too small or too trivial for the police. Police commissaire Lemaire thus notes:


Police of 17 July 1768, rue Mouffetard entering via rue Bordet: a female individual shelling peas and leaving her shells on the pavement in front of the shop on the right where she lives, first summons; rue d’Orléans entering via rue Mouffetard: a considerable pile of earth and garden refuse obstructing the public thoroughfare, second summons; quai de l’Horloge du Palais, two flower pots on the window on the first floor above the mezzanine and the shop where is written ‘Sauvage bijoutier’, third summons, etc.19



The repeated injunctions, reminders of regulations, summons to Le Châtelet and the issuing of fines were meant to make the city clean and secure. The police’s ongoing work shaped individual behaviour and civilised urban mores by bringing them into line with the common good. For Lemaire, ‘the police is . . . the science of governing men and doing them good, the way of making them, as much as possible, what they should be for the general interest of society.’20

The presence of artisans in the heart of the city was regulated by this policing of urban micro-risks: the workshops, their fumes and vapours, their overly intense fireplaces and their run-off were subject to a police procedure similar to that regarding ‘imminent perils’. This regulation by police surveillance was well suited to the artisan world: since their productive activity was conceived as a set of gestures and tricks of the trade, the nuisances it caused could not be regulated either by the enactment of a technical standard that would pre-empt the said nuisances, or by workshop rules that would prescribe the correct operating procedures. These tacit knowledges, secrets of production and different ways of doing things in each workshop explain the police’s agnosticism over their systems: the productive infrastructure was not an object that the police could control, amend or govern, and so it was not there that it looked to resolve the environmental problem. Conversely, monitoring the effects of production was central: environmental regulation was produced through a continual work of policing trades, rather than via any specific definition of technical forms or production processes.

One example is the case of the workshops distilling ‘vitriol oil’ (eau-forte or nitric acid), which is well documented thanks to the precise description given by the pharmacist Jacques-François Demachy. Because chemistry was a bottleneck for the textile industry booming in the 1760s, and because know-how was scarce, Demachy paid scrupulous attention to the work of the artisan, his skills, and the sensations (the aroma of the oil, the odour of the fumes) that went into making a good product. While the plates show the worker as being cramped and solitary, a little lost in a gigantic workshop, in the text he is constantly in action. His movements are not subject to analytical rationality: there are no fixed procedures, only long shifts during which the worker has to take various initiatives. The distillation of vitriols to produce vitriol oil took around twelve hours. The worker had to constantly plug the cracks in the stoneware retorts and sniff the vapours to decide whether to let out the ones not made up of vitriol oil. Wastage was the norm and leakages were prevented only thanks to workers’ constant vigilance: ‘Nothing is more common in distillation than to see the dome split . . . which gives the worker a lot of work to plug these cracks, as they let out the red vapours.’22 For Demachy, this technique was essentially hazardous. The materials used (sandstone, clay, loam, dung) were porous and easily crumbled, the retorts chafed, burst and cracked – and these inconveniences were the normal state of the technique. In a way, the distinction between artisan skills and tools was irrelevant: the technique, which was almost impossible to pin down, was constantly produced and reproduced by the worker who plugged the cracks, sealed the leaks, smoothed the retorts and repaired the furnaces.23
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Jacques-François Demachy, Description of the art of the vitriol distiller, 177321



In Paris in the 1750s and 1760s, six vitriolic acid workshops were scattered around the Porte Saint-Denis and Place Maubert. They were subject to the daily supervision of the neighbourhood commissioners, who checked during their rounds that the smoke was not excessive. Although there were no police regulations governing vitriol oil distillers, the commissioners regularly prosecuted them, invoking the general principles of public health.24 The policing of the air and imminent perils opened the way for preventive governance: they justified punishing an action (or lack of action) that had caused no accident, did not stem from any desire to cause harm and contradicted no formalised norm.

The aim of police proceedings against an establishment was to have it moved outside the city walls. The commissioners did not ask for an expert opinion on the work processes, nor did they contemplate the possibility of improving them. Des Essarts, the author of an important police dictionary, considered the emissions from eau-forte workshops to be inevitable and, quite logically, argued for them to be banned from the city.25 In 1768, the Paris parlement ordered the distiller Jacquet in the Maubert district to destroy his furnaces.26 In 1786, the intendant of Provence authorised a vitriol oil manufactory on condition that it was established ‘in the suburbs and isolated areas’.27 Either the improvement of processes did not appear to be a solution to environmental conflicts, or the technique was beyond the control of the police, who fell back on the traditional solution of relocation. In Paris, the same logic of transferring the nuisance outside city walls prevailed for all trades based on the processing of animal products: gut-string-makers, tripe butchers, tawers, curriers, glue-makers, starch-makers, brewers and tanners were excluded from the city as complaints arose and as the balance of power shifted between guilds, police and citizens. The environmental problem met with exclusively spatial solutions: the aim was to reduce as far as possible the conflicts among neighbours caused by the artisan, while also ensuring supplies for the city.28

In short, police regulation was conducted by the continuous surveillance of productive activity, by the recording of residents’ complaints, and by repeated injunctions, threats, fines and bans, rather than by the enactment of technical standards.

2. The rules of the trade

Safety standards were the responsibility of guilds. While these latter had only a limited role to play in regulating the nuisances resulting from artisan production, they did play a fundamental safety role in that they embodied the rules of the trade.29 This was an essential concept in the world of guilds: these rules separated tradesmen from handymen; they drew the line between order and disorder; they presupposed an intellect-in-action, ‘a method for executing a thing well according to certain rules’; and finally, because they defined standards of quality and solidity, they helped to ensure safety in the technical worlds of the Ancien Régime.30

Generally speaking, the police force did not set safety standards. It was not that it was incapable of doing so (in 1672, an ordinance codified the proper construction of chimneys in precise terms, also using graphics). Rather, it preferred to rely on the guilds’ own best practice. For example, when the Paris police force issued an ordinance on messenger services in 1779, it did not go into any technical details (the text simply required ‘well-conditioned carriages’) and referred to the statutes of the community of coachbuilders for further details.31 Similarly, the safety of Parisian buildings relied on the masons’ guild and, more specifically, its judicial body: the Chambre des bâtiments. This institution, which was responsible for monitoring building sites and settling disputes between contractors and master builders, produced standards through case law: sentences condemning faulty workmanship circulated throughout the Parisian construction community (for example, by being posted on building sites) and thereby indirectly defined good practice in this industry.32 The safety of the workshops was also based on a guild standard that was built up successively through reports of faulty workmanship and not on formalised technical or architectural knowledges.

The guild system also played a role, albeit one that was difficult to grasp, in providing security within the workshop. In the eighteenth century, workmen’s guilds financed relief funds for sick or injured workers and were thus well placed to understand the specific ailments of their trades. Take, for example, the conflict that divided the millinery industry in Marseille over the use of mercury to felt rabbit hair.33 In 1774, the master milliners of Marseilles officially enshrined this technique, which until then had only been tolerated. The hatters’ boys (the workers) appealed to the aldermen, who organised a medical consultation: four doctors publicly examined the workers and the Hôtel-Dieu hospital issued certificates of illness. Their report incriminated the master hatters of Marseilles, who used a mixture of vitriol oil and mercury that was much more concentrated than that used by their Parisian colleagues. In 1776, the parlement of Aix settled the dispute, authorising the use of mercury but forcing the masters to reduce the proportion. It also asked the community’s sworn wardens and the police to check the mixture through frequent workshop inspections.34 Because they were organised into a powerful generalité with nearly 600 members, the hat-makers of Marseilles were able to reach a compromise: the master hatters had to disclose and modify the preparation of the felting mixture. The guild system played an ambivalent role, here: the community of masters long proved reluctant to take workers’ complaints on board. Yet once the decision had been taken, it undoubtedly became an ideal institution for imposing compliance with a bothersome reform on each of its members as it was now a matter of ensuring fair competition (since higher concentration of mercury sped up production).

In the chemical trades, which were not very capital-intensive and heavily relied on know-how, the worker held considerable power. Following the principles of louage d’ouvrage stipulated by the civil law of the Ancien Régime – a sale of a specific service, rather than employment for a specific period – he committed to obtain some result, without any implication of obedience to the boss’s command. The worker simply committed to deliver a product by a given date, and he remained responsible for the methods used. The tradesman’s freedom in his work legally distinguished him from the domestic servant.35 In the case of the chemical trades, workers largely set the methods of production, and thus the risks which they agreed to take. The working life of Pierre Mathieu – a craftsman of Armenian origin who held the ‘secret of Cyprus blue vitriol’ – demonstrates the power conferred by know-how. In 1762, his employer, Étienne de Lyon, was accused of murder and sent to the galleys.36 Two entrepreneurs then fought over his services. The first settled his debts and tried to obtain an annuity to his benefit; the second, for want of his help, bought the secret of vitriol from Étienne de Lyon’s wife, but was unable to obtain good-quality vitriol. The secret, without the worker who knew how to use it, remained worthless. For entrepreneurs, defection or betrayal by the worker who held the secret represented a considerable economic risk. Hence the stratagems aimed at securing the loyalty of this valuable and intractable workforce: getting them to sign loyalty contracts, obtaining various privileges (like exemptions from serving in the militia) or even annuities to their benefit.37

This also explains the growing concern over illnesses among tradesmen. In 1760, a doctor in Aachen congratulated himself on having treated a workman because ‘his withdrawal would have been detrimental to our whole city’. For Tenon, the illnesses among tradesmen harmed ‘trade and public fortunes because . . . they sometimes strip us of processes that are difficult to find anew’.38

3. Surveillance by neighbours: health and easements

Alongside the police and the guilds, the burghers also played an essential role: the surveillance of craftsmen relied above all on the vigilance of their neighbours. At the building, street or neighbourhood level, groups took form and mobilised against a given workshop. The police’s work was based on these complaints. In 1750, the commissioner of the Faubourg Saint-Martin received Lady of Châtillon, who owned a building in the district. She complained about a glue manufacturer who was inconveniencing ‘all the neighbours, both in the head and in the stomach’.39 The noblewoman ‘required’ a visit from the commissaire, whose report was produced at the request of the complainant, who led him through the neighbourhood to observe the damage being done.

Following a complaint and a report, the crown prosecutor could launch judicial action. The commissaire then carried out an information (inquiry, or consultation), part of the criminal procedure. Unlike civil proceedings, where each of the parties had to ‘provide their proofs’ to a court clerk (and pay for the privilege), in a case having to do with industrial nuisances the inquiry was conducted by a commissaire, who would summon witnesses. For the police, the neighbours of a workshop were not defending their particular interests but testifying to facts concerning order and the public good. In this period, the police force occupied a different place in society to the prefectural administrations and civil courts of the nineteenth century: it saw itself not as an arbiter of conflicting individual interests, but as a protector of the common good, of which the neighbours were in the forefront.

Take the information on a vitriol oil workshop, drawn up in 1750 by a Paris police commissaire. The document lists twenty-four depositions from witnesses of widely varying statuses: master ribbon makers, workmen, bourgeois citizens, caterers and an advisor to the king. The lexicon used to describe pollution was highly standardised. Whatever the status of the witness, whatever the workshop, the same themes always came up: abundant fumes, foul odours and the illnesses they caused. Since the main purpose of these depositions was to trigger legal proceedings, they cannot be understood without reference to the way in which eighteenth-century jurisprudence identified the various phenomena that we would classify as pollution.

The question of public health came first: the witnesses systematically mentioned their own illnesses and those of their neighbours. They emphasised the temporal or spatial correlations between the workshop and their ailments, in accordance with the prevalent environmental aetiologies of the time. The second argument concerned the intrusion of smoke into the private space, which has the advantage of falling into the old and well-established categories of easement law. For eighteenth-century jurists, the smoke from workshops was an unnatural easement (unlike a watercourse crossing an estate, for example) illegally imposed on the owner.40 Although easements could be bought and passed on, Ancien Régime jurisprudence was careful to specify that nuisances caused by craftsmen were an exception to these arrangements between private individuals.41

We should remember this point: according to police procedure, it was the neighbours who proved the existence of pollution. According to the canons of judicial proof under the Ancien Régime, based on the number and quality of testimonies, the numerous and concordant depositions of the burghers bore great evidential weight. The neighbourhood police commissioners assisted them in this task. Without wishing to prejudge their honesty, it is nevertheless likely that their interests overlapped with those of propertied rentiers and not those of the artisans. Indeed, the venality of the office of commissaire encouraged the formation of bourgeois dynasties of policemen, rooted in districts threatened by the artisans’ advance.42

4. The power of notables and the commodo incommodo consultation

As far as police forces and parlements were concerned, in principle it was up to local notables to decide on how spaces should be used. The commodo incommodo information procedure was evidence of this power. In the eighteenth century, this prior consultation was commonplace. Any institution (including the king, police force, parlements, aldermen, and water and forestry authorities) could order an inquiry in order to ‘enlighten its religion’. The distinctive feature of the procedure was that it was pre-emptive. Its stated aim was to identify the particular interests that could be affected by a decision and to weigh them up against the expected public and private benefits. The areas in which usually applied were at the intersection of the public interest and private property: typically expropriations, but also the organisation of fairs, street alignments, the development of waterways, the establishment of game reserves, the draining of marshes, hospital and ecclesiastical properties and parish assets.43 Commodo incommodo was a common feature of urban management. Municipalities began to take charge of the shape of the city in the name of efficiency, health and the public interest used this consultation to ‘enlighten their religion’, prevent complaints and circumvent any opposition from burghers or guilds by invoking the general interest of the city.

In Paris, throughout the eighteenth century, a preliminary consultation of the inhabitants was required for a growing number of harmful establishments: tallow foundries, tanners, starch manufacturers, glue factories, gut factories, and so on. This was no mere formality: the surveys that have been preserved contain a detailed site plan and letters of support or refusal from neighbours.44 To authorise a simple butcher’s stall, the commissioner had to consult at least ‘twelve notable burghers’ and the syndics of the community of butchers.45 Factories applying for royal privileges were also subject to the commodo incommodo procedure. Indeed, before registering privileges, the parlements had to carry out an inquiry to check whether the derogation from general law might be likely to harm private individuals. Paradoxically, it was because the crown encouraged and protected a manufactory that it could be pulled into the dock by the parlement.46 In Rouen, there were two stages to the consultation on the first major chemical factories between 1760 and 1770. The first stage was very open: all the inhabitants of Rouen were invited by poster to submit their opinions to the parlement’s clerk. The second stage consisted of taking statements from twelve ‘convenience-inconvenience witnesses’, appointed by the parlement, who judged the submissions made in the first inquiry. These two levels and the choice of witnesses (notables, priests and well-known artisans) bear witness to the indirect and elitist nature of consultations under the Ancien Régime.47

The convenience survey had the peculiarity that it placed the manufactory within its territorial context. Compared with the mercantilist arguments of the entrepreneurs or the royal council, which invoked the privileged factories’ importance to the national interest, for the inhabitants, the challenge in this procedure was to secure recognition of the local interest – an intermediary between the national interest and their own individual ones. In 1776, the notables of Épinay-sur-Seine, near Paris, complained about an acid factory that had been set up without their consent. Their legitimacy to define the use of a territory that they considered to be sustained by their wealth appeared self-evident. This manufactory may ‘be of some use to the state, but the town of Épinay was certainly not the place to be chosen for this establishment . . . as it is mainly full of bourgeois homes and grapevines are the main product of the territory’.48 Given the wide range of issues addressed by the convenience survey, the procedure was transformed into an exercise in forecasting the possible future of the site. In Épinay, burghers explained that the factory would make the air unhealthy and force them to leave the town. Moreover, the workforce employed in the factory would be lost to the fields, higher wages would render the staking of the vines unviably expensive, and the winegrowers would also have to leave the village. But once the burghers and winegrowers had left, the day labourers would also find themselves destitute, as the factory would never be able to provide work for everyone. In the commodo incommodo reports of the eighteenth century, all arguments were admissible: environmental degradation, the lack of natural resources and manpower; but also the uselessness of the products for local activities, insufficient commercial outlets and the risk of excessive competition encouraging poor-quality products.

The subsequent development of convenience surveys is revealing. Without anticipating the next chapter too much, it should be noted that, while the 1810 decree made them compulsory for the authorisation of certain listed establishments, they now related solely to the issue of nuisances. The congruence between industry and the public good need no longer be justified on a case-by-case basis. For the government, industry had become, if not an end in itself, at least an obvious vehicle for the public good. Liberal theories, and in particular Jean-Baptiste Say’s law (the production of a product creates demand for another product), left fears of overproduction outmoded. From the 1830s onwards, the authorities were less concerned about diverting workers from agriculture than about leaving the dangerous classes without employment altogether. The naturally positive benefits of industry simply had to be deducted from the inconveniences, such as the fumes and bad smells it could produce locally. In the eighteenth century, the all-encompassing nature of the convenience survey enabled notables to define the use of the places they inhabited. But, in the nineteenth century, with its narrowed focus on the senses, it served above all to confine the neighbours’ voice to the realm of the subjective and private harms.

5. Corseted expertise

Looking with hindsight on the police regime for regulating nuisances, medical or technical expertise is conspicuous by its absence. In Paris, it was not until the end of the eighteenth century and the arrival of police lieutenant-general Lenoir’s ambitions for ‘enlightened policing’ that pharmacists, chemists and doctors were regularly consulted by police in matters of sanitation. The permanent expert position that Lenoir created for the pharmacist Cadet de Vaux in 1780 (‘general commissioner of highways and inspector of objects of salubrity’) was both a novelty and an exception.49

In the eighteenth century, expertise was an exclusively judicial category: the expert was appointed by a court of law, for a given case. The Parisian custom of speaking indifferently of jurors or of ‘persons in the know’ underlines the local and circumstantial nature of the expert’s status. Expert opinion was strictly regulated, even corseted, by the adversarial judicial procedure. The parties to the case chose the experts and could dismiss them. The experts worked under their control: they were not allowed to visit premises in the absence of either party, nor conduct an investigation or experiment that was not provided for in the judgment ordering the expert appraisal.50 The role of the expert was closer to that of an arbitrator: if the disputing parties could not agree on the facts, they could at least agree on who would define the terms of an agreement.

In cases regarding the nuisances caused by industry, the expert opinion would not appear to have had any obvious legitimacy: given that it consisted of a one-off visit, the expert could not know what living near a workshop really meant. Let us take an example. In 1782, Béville set up a vitriol factory in a faubourg of Rouen. His neighbours immediately went to the Normandy parlement to seek to have it banned. In their view, no expert appraisal was necessary: ‘One should rely on the declarations and statements of the inhabitants . . . doctors and chemists cannot properly judge the dangers of the manufactory.’ Indeed, ‘the most judicious naturalists could not recognise them at all, because the fires of the factory are directed at will.’51 Trade secrets, subtle variations in materials or their strength, and the various means of directing the fire, all allowed the manufacturer to deceive even the most vigilant experts. The inconsistency of the craft itself rendered the expert appraisal senseless. According to the locals, police surveillance and their concordant testimonies were the best judges. Conversely, the manufacturer demanded that the harmlessness of ‘his operations be established by technical experiments’ conducted by chemists (and this at a time when the adjective ‘technical’ was very rare in the industrial context). The expert appraisal ordered by the Normandy parlement was a compromise between the court of neighbourhood opinion and the chemists’ own judgement. The experts (two doctors, two apothecaries and two gardeners) were appointed by either party. They did not write a report: their statements were taken down in minutes kept by a member of the parlement, in the same manner as the other witnesses.52 Each experiment had to be approved by both parties. If it appeared to fall outside the scope of the order prescribing the expert appraisal, it had to be submitted to the court for a further ruling. Conducted in this fashion, the expert appraisal of Béville’s workshop took some six months.

Scientists enrolled by the justice system as experts found it difficult to accept being mere experts for the contending parties, especially when they held prestigious positions. For example, in 1774, Lenoir asked the Faculty of Medicine to appoint three doctors to take part in an expert appraisal that was especially delicate given that it concerned the vitriol distillation workshop of Charlard, a renowned Parisian pharmacist. After making their report, the doctors launched a sharp attack on the police practice of expert examinations: ‘If we have delayed answering so long, you must attribute this to the obstacles, incidents, statements and counter-statements that chicanery suggests.’53 What was most trying was having to put up with the ‘oppositions, harassments and difficulties of the parties’ counsel’. The appraisal was thus undermined from within by scientists who were reluctant to play the role of experts for the parties. For them, the adversarial process had become a mere squabble.

6. Customary management of environments

Police forces and parlements fit into a mode of veridiction that had not yet been transformed by the epistemology of the crucial experiment and fact-finding.54 To their eyes, the legitimate decision ought not rest on a specific expert appraisal but on jurisprudence, precedents and proven guild or customary practices.

A study of the controversies surrounding the harvesting of kelp – a group of sea grasses that grow on tidal flats, whose ashes were used to make soda ash, indispensable for glassmaking – allows us to identify a mode of veridiction that is foreign to us, but which is absolutely coherent when seen in the context of eighteenth-century production.

Since the 1720s, coastal communities in the Vendée, Brittany and Normandy had accused the soudiers, or kelp burners, of depriving agricultural land of fertiliser (kelp was used to manure the fields), producing unhealthy fumes, causing epidemics, destroying harvests and even emptying the ocean of its fish.55 In 1755, the intendant of Brittany authorised the establishment of glassworks near Lorient on condition that they imported their soda; in 1766, the Admiralty of Sables-d’Olonne forbade the burning of kelp, basing its decision on the countless complaints from the ‘parish priests, syndics and inhabitants of the parishes’.56 In Normandy, the Royal Agricultural Society of Rouen took the lead in the protest and called on the parlement to ban the furnaces. On 10 March 1769, the parlement of Normandy imposed restrictions on the harvesting and burning of kelp, citing accusations that the cutting of kelp threatened fish stocks and that smoke from kelp ovens caused epidemics and destroyed harvests.58
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For a contemporary reader, the most remarkable thing about the parlement’s ruling is the absence of any reference to current scientific understanding: while it reveals a province ravaged by epidemics, lost harvests and a sea without fish, the parlement offered no factual evidence of the link between all these ills and the manufacturing of soda ash. The parlement’s evidence was of a quite different nature. After quoting at length from the ordinances and regulations dealing with kelp (the Naval Ordinance of 1681, the Royal Declarations of 1726 and 1731, which also failed to provide any proof) the text inferred the dangers of soda ash from these other texts. In the eyes of the parlement’s members, what they were doing was not a simple legal exercise, but a ‘demonstration’. Their recourse to precedents did not mean cutting themselves off from reality because the relationships between the different factors involved (fish, kelp, smoke, epidemics, plant diseases) had already been recognised in the previous century. Hence an expert appraisal would be pointless. After all, what weight could be attributed to a text written by a solitary naturalist, as compared with the repeated assent of judicial assemblies over almost a century?

And yet, the invisibility of naturalists did not imply an absence of knowledge. Through its justifications in terms of jurisprudence, the ruling, in fact, drew on practical knowledge and customary rules for managing resources. Since at least the seventeenth century, the communities on the coast of Normandy had developed institutions to handle conflicts over the use of kelp. Following a fairly consistent approach, locals would gather after Mass on the first Sunday in January to set the dates for harvesting the kelp (generally between March and April), divide up the areas between the families and appoint a ‘respected and impartial’ person to oversee the harvest. This communal management was aimed at preserving both the kelp and the fish: it was forbidden to uproot the plants (which had to be cut carefully), and harvesting could only take place in areas of abundance. Harvesting dates were set for after the young fish had left the kelp forests.59

This way of managing the supply of kelp was based on an intimate knowledge of the environment. The inhabitants of coastal communities generally practised ‘small-scale fishing’: during high tides, they roamed the tidal flats, armed with spades, forks and rakes to collect mussels, cockles and sand worms. They also collected fish, trapped in nets set up at strategic points along the foreshore. These specific techniques, depending on the type of catch, the time and the tides, required a wealth of knowledge about the behaviour of the prey, the suitable seabed and the dates of spawning and migration. A memorandum sent to the parlement by the fishermen’s syndics explained that fish came to spawn in the kelp because the plants held the fish’s eggs still, protected them from the tides and currents, and increased spawning density and chances of fertilisation. The young fish also found in the kelp the tiny creatures on which they fed, and protection against the backwash and predators.60 This knowledge of the environment, largely ignored by eighteenth-century naturalists who busied themselves with classifying dead fish, was essential for the fishermen who caught them alive. In the end, it was this knowledge that formed the basis of communal management, which was taken up by customs and eventually informed royal ordinances and parlement rulings.

7. Botany and politics

At the end of the Ancien Régime, police, guild and customary regulation of the environment was destabilised by the process of administrative centralisation and the government’s use of naturalist knowledge. Let us continue with the case of kelp. Until 1772, these sea grasses formed an indistinct group that did not yet have its own botany. Their common name was inherited from Norman custom, which defined kelp as all the things subject to ‘the right of kelp’, that is, to rules specifying property rights over strands. Shortly after the parlement’s ruling, an expedition of the best Parisian botanists, dispatched to the Normandy coast by the Académie des sciences at great expense, proposed a classification of marine plants. Eight species were meticulously described in a richly illustrated academic essay.

What was the politics behind this botany? When, in 1769, the parlement of Normandy issued its ruling restricting the burning of kelp, it did so in an act of opposition to the monarchy, which was encouraging glass production at the time. The master glassmakers of Normandy immediately alerted the Bureau du Commerce. In February 1770, an anonymous administrator wrote a draft document of more than a hundred pages, looking for ways to avoid a fresh crisis between the monarchy and the parlement. He drew up a step-by-step reasoning justifying the commissioning of an expert opinion. This process, which would seem perfectly natural a few decades later, is captured here in slow motion.

The author began by rejecting the traditional practice of consulting the interested parties, which was itself deemed to explain the successive reversals by the authorities, who were variously impressed by the particular interests of kelp burners, farmers and fishermen. The intendants’ reports, which were supposed to transcend local or corporate interests, did nothing to change the situation: ‘Will it be said that Messrs. the intendants have also been consulted? But a magistrate who is consulted consults himself.’ The administrator suggested to the Bureau du Commerce that it should change its method and draw on the expertise of naturalists. By redefining the role of kelp in fish conservation, this alone could reconcile the apparently conflicting interests and reach ‘a truly definitive decision’. This new power of expertise was not self-evident, and the author justifies it by referring to the physiocratic doctrine of natural law. Since, according to François Quesnay, positive laws were merely ‘laws of regulation relating to the natural order’, the (good) legislator should not make laws but content himself with knowing and promulgating the laws of nature.61 The idea that law should be subject to nature provided the foundation for the naturalist’s power to legislate.

At the government’s request, the Académie des sciences thus sent two naturalists, Auguste Fougeroux and Mathieu Tillet, to the Normandy shores to study the allegations made by the coastal communities – all the better to refute them. Their knowledge of kelp at this point was zero: one even asked whether it was a plant or a concretion of tiny sea creatures. The most delicate point concerned the connection between kelp and the abundance of fish. The fishermen provided a detailed description of the relationship between the plants on the tidal flats and the life cycle of the fish, but little on the taxonomy (which fish, which kelp?). The naturalists produced an opposite description: rich on the anatomy of the organisms but with little to say about the relations between them. To demonstrate that harvesting kelp did not deplete this resource, they resorted to an experiment. A forest of kelp was divided into three contiguous sections: in one the kelp was uprooted; in the second it was cut; and in the third it was left untouched. One year later, the first section had the greatest abundance of kelp. To explain this mystery, Tillet and Fougeroux studied how kelp reproduces and referred to the new botany they were introducing. The plants used to make soda, commonly known as kelp, in fact belonged to eight species of fucus that have two characteristics in common: they are annuals or biennials and have no real roots but ‘a kind of footing, sometimes shaped like a claw, by which they attach themselves to rocks, fallen stones, in short to bodies incapable of providing them with any food’.62 The botanists’ focus on the roots was crucial politically: if these roots did no more than hold annual plants in place, what was the point of preserving them? On the contrary, it would be better to uproot them to prevent new seeds from attaching themselves to them.
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On 30 October 1772, a royal decree ratified Fougeroux and Tillet’s report: the Normandy parlement’s ruling from 1769 was overturned; the kelp could be uprooted, and the coastal residents had to let the kelp burners work on their shores. The undermining of communal management of the kelp was thus carried out indirectly – not through positive law, but through the description of nature. Botanical knowledge cancelled out the customary uses of nature and restrictions on access to kelp. It made it possible to impose an intensive use of the resource, governed by the growing consumption of glass.

This case also bears witness to the political function of crucial experimentation. Applied to environmental issues, its epistemology has profoundly changed the historicity of our relationship with nature: the one-off experiment on kelp harvesting carried out by Tillet and Fougeroux supposedly proved the future resilience of this resource, even once subjected to a new usage. The correct use of the resource was no longer the one that had proven its sustainability, enshrined in centuries-old customs; rather, it could now be redefined at any moment by naturalists’ experiments. The effects of the free exploitation of kelp soon made themselves felt. As early as 1811, following numerous petitions, the government gave prefects the power to limit harvesting.64 Finally, contemporary science recognises the crucial role of seagrass beds in marine ecosystems.

8. The end of the Ancien Régime and the environment

There is a close link between the process of administrative centralisation at the end of the Ancien Régime and the transformation of environmental regulations. In the case of kelp, by silencing the Normandy parlement, the monarchy deprived the notables of a decisive political influence on the outcome of the conflict. A second case from Normandy, this time in Rouen will illustrate this point, as we see how the abolition of the parlement made it possible to set up France’s first major chemical plant.

In 1768, the English manufacturer John Holker set up a huge nitric (sulphuric) acid factory in the Faubourg Saint-Sever in Rouen, intended to supply the entire national textile industry. The project was handled and encouraged by Trudaine de Montigny, the powerful director of the Bureau du commerce et des manufactures. Instead of distilling vitriols, the factory used an English technique that had never been used in France before: burning sulphur and saltpetre in a closed vessel. The factory was gigantic: 400 glass balls, each three feet in diameter, were placed in a 110-metre-long hangar at a cost of 90,000 livres. Holker received numerous privileges from the Bureau du commerce, including exemption from taxes and a bonus of ten livres per quintal of acid produced. Each year, he received between 3,000 and 5,000 livres in subsidies.65

The factory also had particularly ill effects. A police commissaire noted: ‘The factory is not only harmful to plants, but also to human temperament and health.’66 Its opponents were both numerous and influential: noblemen with a passion for agronomy and botany; members of the parlement; jurists; market gardeners who used land valuable because of its proximity to Rouen; and dyers whose fabrics were damaged by the acid vapours. In 1770, thanks to the support of the Normandy parlement, the opponents were on the verge of victory.

But the abolition of the parlement by Chancellor Maupeou in 1771 and its replacement by a Higher Council controlled by the monarchy completely changed the balance of power. Trudaine de Montigny, at Holker’s request, had the government rule on the procedure in the Higher Council; and leaving nothing to chance, the matter was referred to the Royal Council. A ruling in 1774 prohibited the factory’s opponents from ‘disrupting its activities’ on pain of a 1,000-livre fine. Holker’s victory was complete. The letters of nobility he received a month after the ruling emphasised his industrial success: ‘Chemistry has revealed to him the secret of the composition of vitriol oil, with which he is now able to supply our kingdom.’67

The Holker affair set a fundamental precedent: the survival of France’s first major chemical manufacturer depended on the abolition of a parlement. In the eyes of the government, factories should no longer be dependent on the vagaries of judicial rulings. Maupeou explained that the aim of abolishing the parlement of Normandy was ‘to put an end to the spirit of chicanery that often drags out trials [and to] give trade all the activity of which it is capable’.68 Holker’s trial was part of this pro-industrialist and anti-judicial policy. Trudaine de Montigny justified his intervention in the case by pointing to the scale of the capital involved: ‘As the manufactory in question was established at great expense, it deserves protection . . . we cannot dispense with showing consideration for those who are its entrepreneurs.’69

The Holker case also highlighted the gap between inconvenience and insalubrity, between the senses and health – a gap in which the expertise and power of hygienists would flourish in the early nineteenth century. In 1773, while the Holker case was pending before the Royal Council, the chemist Louis Bernard Guyton de Morveau revolutionised ‘air purification’ processes: the vapours given off by a mixture of salt and sulphuric acid instantly freed Dijon cathedral of the putrid smell of its sepulchral cellars.70 The technique was approved by the Academy, and Holker sent an article on the experiment to the Royal Council. This was an extraordinary boon for the chemical industry: now, far from something unhealthy, it remedied the infections of the air!

The change in doctrine on acid fumes came rapidly. As late as 1768, the Faculty of Medicine, issuing an opinion on a Parisian nitric acid distillation workshop, judged them to be ‘dangerous and very inimical to the chest’. Distance did not lessen the danger, as it had to do with particles which travelled without changing in character. Logically enough, the Paris parlement ordered that the workshop be closed. In 1774, the same faculty, consulted by Lenoir about the nitric acid workshop run by the pharmacist Charlard, overturned its 1768 decree. The fumes from the workshops were no longer intangible particles, but effluents that dissolved, mixed and cancelled each other out: ‘These vapours . . . could be inconvenient, but in no way harmful.’71 The programme for the correction of the atmosphere using chemicals made it possible to dismiss olfaction as a yardstick of healthy conditions.

In moving from the distillation of vitriols to the combustion of sulphur in a closed vessel, acid production intersected with the history of the so-called chemical revolution. Let us read the famous sealed envelope that Antoine Lavoisier submitted to the Académie des sciences on 1 November 1772, introducing his theory of combustion:


About eight days ago, I discovered that when sulphur is burned, far from losing weight, it instead gains weight; this means that from a pound of sulphur one can draw much more than a pound of vitriolic acid . . . This increase in weight comes from the prodigious quantity of air that is fixed during combustion.72



In a sense, Lavoisier was simply rediscovering the vitriolic acid manufacturers’ own practice. At the end of the 1760s, they were the experts in sulphur combustion. They had a quantitative knowledge of it, since the ratio between sulphur burnt and acid produced determined their profits. Demachy had conducted experiments to determine the weight of sulphur and saltpetre according to the desired quantity of acid. Indeed, Lavoisier was closely involved with the main players in the nascent vitriolic acid industry. He was familiar with Demachy’s work, on which he reported to the Académie.73 Together with John Holker’s son, he also attended the chemistry lectures given by Guillaume-François Rouelle at the Jardin Royal des Plantes. Last, but not least, Lavoisier and Holker shared the same protector: Trudaine de Montigny, the director of the Bureau du Commerce, who owned a large chemistry laboratory where Lavoisier conducted his experiments. In 1774, Lavoisier dedicated his first book to Trudaine de Montigny: ‘You have more than once guided me in the choice of experiments, [you] have often enlightened me on their consequences . . . what motives for offering this essay to you!’ It is possible that Lavoisier’s work in 1772 fitted not only into his theoretical research into the combustion and decomposition of air, but also into the manufacturing programme for vitriolic acid production that his protector Trudaine de Montigny had been ardently encouraging since 1768.74

Lavoisier’s new chemistry played a key ideological role in the transformation of environmental regulation in France: a factory could henceforth be conceived as a vast laboratory experiment. Knowing what masses of chemicals would be involved in a reaction made it possible to envisage a perfect process in which all the reagents would be transformed without residue and thus without pollution. Everything would be transformed, without anything being created or anything lost, especially to the atmosphere. An inevitable phenomenon in small-scale chemical production, leakage was now seen as a loss of product and a financial waste.
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The lead chamber was a crucial innovation in this early industrial utopia of control and impermeability. In Rouen from 1772, and later in Paris, Lille and Montpellier, acid factories equipped themselves with vast metal vessels to burn large quantities of sulphur and saltpetre. Compared with the small-scale production of vitriol oil by artisans described by Demachy, this device instead centred the production process on a single technical object and downgraded both the workers’ efforts and the infinite variability of processes and materials. As well as confining the material, the lead chamber was also a technique of social confinement: production was cut off from know-how and rules of the trade. A new class of experts could now purport to perfect the production process. The lead chamber made it possible to imagine a technical solution to the environmental problem. It was no longer necessary to control myriad artisanal gestures or to ensure the impermeability of hundreds of stoneware vessels sealed with dung. Rather, it would suffice to control the operation of a single metallic and hermetic object. This new method held out the hope of resolving environmental conflicts by honing the production process.

In 1774, a dyer in Rouen who had installed a lead chamber received complaints from his neighbours about the acid vapours. La Follie, a chemist and member of the Académie de Rouen, came to his aid and proposed an improvement that would be adopted by all manufacturers: to condense the sulphurous vapours and prevent them from escaping, he sprayed water into the lead chamber. La Follie made it a fundamental point that profit and the environment were not in contradiction and could be reconciled by technique: ‘The less loss there is for the manufacturer, the less the neighbours will be exposed to inconveniences.’76 In Lille in 1781, doctors sent by the aldermen to report on a lead chamber also proposed a technical improvement. Since acid vapours escaped from the chamber through a single opening, all that was needed to absorb them was to instal tanks full of water at this exit point. The lead chamber and other similar industrial devices transformed the types of regulation that could be contemplated. They are essential to understanding how technology, that is the study and improvement of techniques, suddenly assumed a natural role in the government of production at the beginning of the nineteenth century.

The notions of technology and technical improvement destabilised the Ancien Régime of environmental regulation. The normative texts of police and parlements had regarded trades and productive activities as stable entities whose legal status would not require regular revision. For example, the countless ordinances on tanners that had followed one another since the Middle Ages, relegating them to the lower reaches of rivers, considered tanning to be a non-evolving activity. Its processes, and the substances it used and rejected (the eternal ‘treads and notches’ of police ordinances) were considered inexorable.77 Similarly, in the 1769 ruling of the Normandy parlement, ‘the soda factory’ was assumed to be unchangeable, thus justifying the eternal validity of old texts. For the political and judicial institutions of the Ancien Régime, precedent was the bearer of experience and exemplarity, on which the enactment of contemporary norms had to be based. Sound policing was based on a tried and tested precedent. This respect for the past led the magistrates to give extraordinary attention to even the oldest of texts. Most of Delamare’s Traité de la police (1705) was a compilation of ordinances dating back to the Middle Ages. To justify the need to keep ‘livestock that cause infection’ out of the towns, Delamare unearthed the ‘Great Ordinances’ of Louis IX that were already half a millennium old rather than quote contemporary medical literature on the subject.78 The police and parlements of the Ancien Régime considered nature and productive worlds through a different historicity from that to which we are today accustomed by scientific expertise and administrative practice. Guild jurisprudence, customary practices, judicial precedents and the exemplary nature of the past gave historical consistency to decisions concerning the worlds of production, the uses of nature and their sustainability.79

At the end of the eighteenth century and the beginning of the nineteenth, a new regime established itself. Now, technical innovations and naturalist knowledges would take precedence over the knowledges embodied in the customs and communities of the trades. In 1810, the drafters of the foundational decree on classified establishments claimed that they had to formulate a new code of nuisances precisely to take account of the many technical innovations of the late eighteenth century. The decree of 1810 marked a break with the Ancien Régime’s practice of heaping together textual authorities (or, as eighteenth-century jurists saw it, drawing on consolidated knowledge). Rather, it made a tabula rasa introducing a normative practice based on contemporary scholarly expertise rather than on past judicial experience. The rising role of expert opinion in defining sound production practices, the proper uses of nature, and what is dangerous and unhealthy, was part of a wider change in the historicity of government practices. From now on, the truth would come from the present.80





4

The Birth of the Polluter Pays Principle

From the 1800s, a new line appeared in the accounts books of polluting firms: damages, compensation or legal costs. These terms encapsulated what had happened to the environment at the turn of the eighteenth and nineteenth centuries. From its status under the Ancien Régime as a common good that determined human health and needed policing, the environment became the subject of financial transactions, compensating for the damage bemoaned by the industrialists’ neighbours.

To understand this, we can take the example of a large chemical plant established in Salindres, near Nîmes, in 1855. Right from its foundation, the company paid annual indemnities to farmers within a three-kilometre radius. It was only in 1871, when the industrialists refused to pay the compensation, that the government was obliged to send in its experts. Although the authorities intervened very rarely and in a timid fashion, it was indeed the existence of compensation, paid regularly by mutual agreement, or else arbitrated by the civil courts, that prevented the environmental conflicts of the Industrial Revolution from intensifying.

The government and the civil courts represented two sides of one liberal system of environmental regulation: by authorising classified establishments in accordance with the procedure set out by the 1810 decree (commodo incommodo inquiries and expert appraisals), the authorities guaranteed their continued existence, notwithstanding any objections from neighbours. Since the neighbours could have no hope of the factory being closed down, they were left with no choice but to turn to the civil courts to seek compensation. In making industrialists pay a price for pollution, the civil courts were supposed to provide the financial incentives for reducing emissions.

How did the circumfusa become a matter of accounting? By what historical process could the environment – the central focus of the Ancien Régime police force, and the essential object of the governance of health and the population – be subjected to simple financial compensations and private arrangements?

1. The political economy of the 1810 decree

Historians have already studied the regulation of classified establishments in the period following the French Revolution.1 Some centre their analysis on the history of the olfaction which structured risk perception, and others on the chemical industry as ‘judge and jury’ – emphasising that the biggest polluters, Chaptal first among them, inspired the decree. Yet, in each case, they overlook one essential aspect: that the new regulation was, above all, a liberalisation and commodification of the environment, adapted to the emergence of industrial capitalism. It was part of the great transformation described by Karl Polanyi: ‘Machine production in a commercial society involves, in effect, no less a transformation than that of the natural and human substance of society into commodities.’2

Post-revolutionary environmental regulation began with a critique of the police. In their seminal 1804 report on insalubrious factories, Chaptal and Guyton de Morveau were perfectly explicit: ‘As long as the fate of factories is not assured . . . as long as the manufacturer’s fortune or ruin rests in the hand of a simple police magistrate, how can he conceivably be so imprudent as to engage in undertakings of this nature?’3 The demands of capital no longer tolerated the uncertainties of policing.

Chaptal was a great advocate of industrial capitalism. As early as 1798, in a book whose ambitions belied its modest title, he proposed a new political order centred on the entrepreneur. In Chaptal’s view, all society had to be reformed so that industrialists could make proper risk calculations. The fickle policies of the Ancien Régime had discouraged investment; instead, capitalists had to be guaranteed ‘against events’, their property and supplies had to be secured, and a stable customs and tariffs policy had to be guaranteed.4 The society of which Chaptal dreamt was that of the industrial fait accompli, where industry stood outside politics. Protecting it was imperative: ‘Whatever manufacturing industry is established, the government owes it protection: once it exists, there is no longer any question of examining whether it was advantageous to introduce it.’ If a government had to choose between protecting manufacturers or agriculture, it must choose the former, because ‘agricultors may have setbacks in their operations, but their capital remains, while for the manufacturer all is lost’.5

The 1804 report fitted right into this programme. Ancien Régime–era environmental regulation was blamed for producing a state of uncertainty, an eternal indeterminacy that disincentivised entrepreneurs. They ought to be freed from the police’s grasp; the administration had to ‘set limits that no longer leave anything to the arbitrary choice of the magistrate, and which mark out the remit within which the manufacturer may freely and assuredly practice his industry’. The 1810 decree gave this project material force: the administration (the minister of the interior, the Council of State and the prefectures) subjected factories to rigorous authorisation procedures and, in exchange for this, guaranteed their continued existence. In 1819, Chaptal looked back with satisfaction on the legislation which he had helped to implement:


Since the chemical trades made astonishing progress . . . complaints arose from all sides and the courts were making rulings in an arbitrary manner . . . The fate of factories was, so to speak, at the mercy of an anxious neighbour . . . Fixed rules had to be established in this respect: the decree of 15 October 1810 contains rather sound legislation on this matter.6



The new environmental regulations were thus an adaptation to the needs of the French chemicals industry. Between 1790 and 1810, as a result of the revolutionary wars and the continental blockade, this industry changed radically in scale. While there were only a dozen sulphuric acid factories in 1789, more than forty were set up during the Revolution and the Empire, in all the major urban centres (including Paris, Lyon, Rouen, Marseille, Montpellier, Nantes, Mulhouse, Nancy, Strasbourg, Amiens), without concern for where in the city they should be located.7 Something else changed too, for the new artificial soda factories (around fifty were set up at the end of the 1800s, mainly in Paris, Rouen and Marseille) produced unprecedented levels of pollution. The production of two tonnes of soda using the Leblanc process (based on salt and sulphuric acid) gave off one tonne of hydrochloric acid vapour, which corroded everything in the vicinity. In 1818, the hinterland of Marseille produced 15,000 tonnes of soda annually, and 30,000 ten years later.8 The revolutionary suspension of traditional forms of regulation (the abolition of guilds and parlements) and the massive development of industrial chemistry were the two main driving forces behind the new regime of environmental regulation.

2. The state construction of the chemical market

During the Revolution and the Empire, chemists eagerly followed the shortages and price hikes that swept across Europe, in line with the spread of battles and blockades. In 1794, Chaptal was ruined by the closure of his factory in Montpellier and the devaluation of the assignats. He rebuilt his fortune by selling acid to factories in Catalonia, which were deprived of British products because of the war: ‘As I had no competitors, I set a very high price for my products. In one year I made a profit of 350,000 francs.’9 The war against Spain in 1808, which brought an embargo on natural soda ash imports, enabled chemists to rake in vast profits. In Paris, the price of a quintal of soda plant rose from 60 to 280 francs in a few weeks. In 1809, in Marseille, soap manufacturers were paying more than 300 francs a quintal.10 Fortunes were made in just a few months: ‘Messrs Gautier and Barrera, who have been making [soda] for over a year, have earned several millions. Natural soda sells for 160 and artificial soda for 80. God forbid that the prices change.’11

But, in peacetime, there was no market for artificial soda. Its commercial outlets depended on customs laws and tax policy: with the reintroduction in 1806 of a tax on salt (20 francs per quintal), the price of the salt used in the production of artificial soda was higher than the price of natural Spanish soda. From 1806 onwards, chemists were thus constantly lobbying to obtain tax exemptions. Chaptal, in the Conseil d’État, and Claude-Anthelme Costaz, at the Bureau des manufactures, spoke up for the soda manufacturers’ cause, and on 13 August 1809, Napoleon agreed to their request.12 Immediately, soda works in Paris, Rouen and Marseille ramped up production to take advantage of the favourable prices.13 Alas, in 1810, the resumption of trade with Spain and the return of natural soda put the new industry under threat. The soda manufacturers invoked the protection granted in 1809 and the investment it had generated to call for a ban on imports of natural soda. The ever-sympathetic government acceded to their request in July 1810.14

In addition to extraordinarily favourable customs policy, the authorities and their experts helped to create a demand for artificial soda. At the end of the eighteenth century, there were as many types of soda ash as there were sources and uses: Normandy kelp was used by glassmakers because it contained materials from the soil useful for vitrification and Alicante soda ash for dyers.15 Artificial soda made with the Leblanc process disrupted this economy: soap manufacturers complained of the sulphides that gave their products a nauseating odour, dyers noted damage to fabric, and glassmakers were unable to obtain white glass. For artisans, artificial soda was simply an ersatz that would disappear once European trade resumed. In 1810, they petitioned the chambers of commerce to end the ban on the importation of natural sodas.

The alkalimetric dosing technique invented by the Rouen chemist Descroizilles in 1806 played a fundamental role in teaching artisans how to use the new chemical products. Alkalimetry measured (and invented) a concept that had not hitherto existed in the artisans’ world, that of the strength of soda. It reduced all the natural sodas with their varied qualities to a single metric. It set a new standard for the market, which was no longer based on origins and qualities, but on concentrations and strengths. Finally, it provided an essential commercial argument, as it appeared that artificial soda always had a higher alkali content than natural soda.

To convince artisans to give up using natural soda, chemists commissioned by the political authorities explained that they simply needed to add various substances in order to recreate the properties of the natural soda. In Rouen, the prefect, who was a close associate of Chaptal, oversaw the development of the chemical industry. In 1803, he set up a course in chemistry applied to the trades, which taught dyers in Rouen how to use artificial soda. The government also published an official instruction manual to convince glassmakers to use chemical soda, which had to be softened by adding silica. For soap manufacturers, the process was reversed: in this case, the sulphides in the artificial soda had to be removed.16

According to the soda makers, these minor hassles were easily offset by the homogeneity of the chemical product. Selecting a natural soda with hidden qualities was a delicate question. For instance, a mistaken choice could spoil a dye bath. Conversely, artificial soda was deemed ‘consistently successful’, allowing for a ‘regularity of processes and doses’.17 Dosages and pure products abruptly devalued the knowledge on the quality of materials (their taste, smell or consistency) that had granted the artisan chemist such an eminent role. In England, the great dosing specialist was none other than Andrew Ure, well known for having formulated, in his Philosophy of Manufactures (1835), the first major theory of the factory system and the disembodiment of artisan knowledge by the machines.18

3. Capital pollution

How did Napoleon’s administration manage the environmental consequences of its industrial policy? We need to distinguish between two cases: sulphuric acid factories, on the one hand, and soda works on the other. Each called for different strategies. The former tied up considerable capital: a lead chamber required 5 tonnes of metal and cost around 30,000 francs.19 In 1840, a bankrupt chemical products factory was valued at 400,000 francs, including 200,000 for the lead chambers.20 The Chaptal fils and Berthollet fils chemical plant at Plan d’Aren near Marseille had capital of 1,200,000 francs. For the government, it was unthinkable to order the relocation of such facilities.

Two complementary solutions were pursued. The first was to educate neighbours to change their perception of the risks, to make them accept the new olfactory experience represented by acidity – and take it for a sign of healthiness. The context was favourable to this: we have seen how the purification of the atmosphere by acid fumigations promoted by Guyton de Morveau allowed chemical plants to be presented as healthy.21 In their 1804 report, Chaptal and Guyton distinguished between two classes of factories: on the one hand, workshops that putrefied vegetable or animal substances (such as hemp retting, poudrette, gut factories, butcheries and tallow foundries); and on the other, the new chemical factories. The former were said to give off ‘insipid, foul-smelling miasmas that are very dangerous to breathe’, and should thus be kept away from homes. The latter, on the other hand, were perfectly harmless and could even purify the atmosphere. This report was immediately cited by the minister of the interior to order the maintenance of the sulphuric acid plants in the Saint-Sever district, despite the unanimous complaints of the residents: ‘It is for want of better enlightenment [that they] claim that the emissions from acid factories are harmful to human health and plant vegetation. This is the opinion of the Institut.’22

The second solution was technological improvement, or the idea of it. At the beginning of the century, the rapid increase in the yield from lead chambers (more and more acid was being produced with the same quantities of sulphur and nitrate) raised hopes for the advent of a perfect industry that would not lose any nitrous or sulphurous gases into the atmosphere. According to Chaptal, the acid industry ‘has reached perfection, since according to the known analysis of the acid obtained, it is proven that not a single atom of sulphur is lost in the process’.23 This conception of the factory as an input/output system, in which the manufacturer maximised yields, was the logical basis for a liberal regulatory system: since the loss of material now meant financial loss, the entrepreneur would surely reduce pollution all by himself.

The Conseil de salubrité de Paris (a misnomer) was founded in 1802 in order to encourage industry, to help the prefect of police authorise workshops and rebut neighbours’ opposition. It openly promoted techno-liberal ideology. For instance, its founder, Charles-Louis Cadet de Gassicourt, concluded a report on the factory that Chaptal had established in Neuilly in the following terms: ‘Given that it is in the entrepreneur’s interest not to lose any vapours, the factory . . . cannot give rise to any reasonable complaint. If neighbouring proprietors were subsequently inconvenienced by it, this would be entirely the fault of the workers.’24 Leakage, a normal phenomenon in the chemicals industry of the eighteenth century, was now seen as an incident caused by the mistakes of the workers, who thus needed to be disciplined.

This techno-liberal discourse met with many rebuttals. First, the transformation of sulphur into sulphuric acid was still a poorly understood process: manufacturers in the 1810s–1830s thus spoke of ‘soft’ or ‘hard’ lead chambers according to their effectiveness, or even of a mysterious ‘chamber disease’ that prevented sulphuric acid from forming.25 Second, the condensation of the vapours posed considerable technical problems, and most importantly, slowed production. The high fixed costs (tied-up capital and workers’ wages) led entrepreneurs to mass produce at breakneck speed, even if it meant losing out on output.

Finally, the government’s desire to ‘perfect’ the industrial process came up against the problem of manufacturing secrets: manufacturers with the best yields, and therefore the least polluting plants, had no interest in divulging their methods.26 A well-performing lead chamber offered a vast competitive advantage. In 1820, Chaptal, whose plant at Les Ternes near Paris had the best yields, entered into a treaty with the Plan d’Aren company: it would pass on the secret of its lead chamber in exchange for one-third of the profits. The savings on sulphur and saltpetre amounted to some 30,000 francs a year.27 The Plan d’Aren company then did everything in its power to protect this advantage: the lead chambers were locked up by the workers in a shed called ‘the secret’. It was locked and entry was forbidden except to trusted employees.28

For the opponents of the acid factories, pollution was intrinsic to chemical capitalism. Chaptal’s neighbours at les Ternes complained: ‘Insalubrity is not an accidental inconvenience . . . The showy rhetoric about the progress of science, the perfection of processes, and the infallibility of preservatives, no longer convinces anyone.’29

When it came to the artificial soda factories using the Leblanc process, the industrialists’ parrying efforts were worthless. Wherever such establishments were founded, complaints immediately poured in. The heavy clouds of hydrochloric acid rising from the furnaces produced such massive and damaging pollution that the exculpation strategies described above appeared derisory. How could the neighbours of the soda works, who saw their crops devastated, their trees withering or their metals rusting, ever be convinced that the suffocating fumes of hydrochloric acid actually made the air healthier?

In autumn 1809, the soda makers rapidly produced a lot of soda in order to take advantage of the high prices. They were well aware of the damage they were causing, but they ignored it: they had to make their expensive lead chambers pay off. While acid was not worth much, soda was worth a fortune. A manufacturer waiting for authorisation from the prefect before starting production requested a ‘prompt response: you know better than anyone the cost of time in matters of manufacturing’.30 These first hastily built workshops would move around according to complaints and prefects’ decisions. In Bergheim, near Colmar, the mayor asked the gendarmes to close down a soda workshop consisting of two ‘shacks made of old boards’.31 In Paris, Charles Marc and Costel – forced to leave Gentilly after only a few weeks’ production – offered to set up their workshops near the highway at Montfaucon. Nicolas Deyeux, a member of the Paris Conseil de salubrité, approved the project: ‘Marc and Costel would do a great job of a sort of Guytonian fumigation.’ After a few months’ operations, the complaints were so vehement that the Conseil de salubrité was forced to back down. During a visit, its members were caught in a cloud of hydrochloric acid: ‘All the persons who were submerged in this acidic atmosphere were seized with a stubborn cough and could scarcely breathe.’32 The prefect closed the factory down. Gauthier, Barrera and Darcet, showing more caution, set up their workshop in La Folie, a deserted district to the west of Nanterre. There were no dwellings within two kilometres. But this was to no avail: the wind carried the acidic vapours a great distance, and the mayor of Nanterre called for operations to be suspended.33

The situation was graver still in Marseille: four small workshops prospered in the heart of the city, and five more were planned.34 The city’s medical society decreed that living next to soda factories was ‘harmful to health’ and advised that they should be moved a mile away from inhabited and cultivated areas.35 The report was published in the Journal de Marseille, and the mayor ordered the closure of two of the workshops.36 At the same time, in Béziers, a soda manufacturer was forced to cease production.37 In Rouen, the prefect received petitions with up to 300 signatures. The police commissioner painted a catastrophic picture of the Saint-Sever neighbourhood, where the factories were located: the vegetation was burnt out, the inhabitants had to leave their homes and the textile workers fled their factories, which were drowned in the acidic fog.38

The soda makers had to leave the suburbs. They moved into the hinterland of Marseille, and particularly to the village of Septèmes. In Rouen, Prefect Savoye-Rollin moved them to Bruyères-Saint-Julien (the lead chambers for sulphuric acid remained in Saint-Sever).39 The prefect proposed a financial solution to the keeper of waters and forests, who was concerned about the effect on the woods: the soda makers would compensate the administration for each hectare of woodland ‘recognised to have been struck by sterility’. Peasants were subjected to the same system. To avoid any disputes, the entrepreneurs would pay these indemnities collectively, in proportion to their production.

The introduction of regulations based on compensation for damage as early as 1809 was linked to the sheer amount of capital mobilised for chemicals production. Condensing vapours by bubbling would have been possible, but would have required working in a closed vessel, slowly and in small volumes. To make the capital invested pay off, it was necessary to produce quickly and in large quantities. According to Savoye-Rollin, compensation was the only solution if the soda makers were to ‘be able to operate freely and economically’. Similarly, despite the peasants’ insistent demands, the soda makers systematically refused to stop production during fruiting or harvest periods, as their factories had to run at full capacity to be profitable. The high fixed costs associated with the lead chambers made any productive compromise difficult. No matter how much sulphuric acid and soda were produced, lead chambers deteriorated: ‘Rest is synonymous with destruction: everything rusts, everything oxidises.’40 Whereas in the eighteenth century, regulations prohibited the burning of kelp during fruiting or harvesting periods, or when the wind was blowing from the sea, the logic of capital was now antithetical to this fine management of temporalities.

4. Deceptive regulation

The decisive decree of 15 October 1810 was drawn up in a context of unrest stirred up by the soda industry. The interior minister Montalivet first commissioned a report from the Institute. Its urgency was manifest: the report was requested on 2 October 1809, and by the 23rd the minister was already getting impatient. The report was delivered on the 30th. Although it was general in scope, the Leblanc process was on everyone’s minds. Deyeux, who was the main drafter of the report (along with Chaptal, Vauquelin and Fourcroy, all themselves possessing chemicals manufactures), explained: ‘Among all the factories . . . the alkali works have aroused strong demands which, unfortunately, are only too well-founded.’41

Montalivet then commissioned Costaz, the director of the Bureau des manufactures, who had made the case for the salt tax exemption, to draw up a draft decree. The minister already had a clear idea of the regulations he wanted to introduce, regulations that were both administrative and liberal, based on authorisation by prefects and reliance on civil justice. In April 1810, he recommended that the prefect of Hérault authorise a soda factory and refer ‘to the courts any complaints to which the establishment may give rise’.42 This, he explained, was the substance of the draft decree then being examined by the Conseil d’État. The prefect of the Bouches-du Rhône received the same instructions.43

The decree, published on 15 October 1810, confirmed these provisions. The government was responsible for issuing authorisation to factories, and the courts for arbitrating damages. Most power was concentrated in the hands of the prefect. Although the decree maintained the convenience inquiry as a prerequisite for authorisation, this was no longer an exercise in representing local notables, but a simple administrative consultation procedure. Compared with the inquiries that had been mounted under the Ancien Régime, nineteenth-century inquiries featured a more limited scope. They no longer reflected on what were the most appropriate economic activities in a given location, but merely listed the recriminations of proprietors defending the value of their properties. Finally, the result of the inquiry was judged by the Conseil de préfecture – that is, by four or five individuals appointed by the interior minister (and in fact by the prefect) – and not by the Conseil général which represented local notables.

The authorisation procedures were the core of the decree; after all, it was they that guaranteed industrial establishments their existence, regardless of any subsequent complaints the neighbours may make. First-class establishments (the most harmful, such as alkali factories) had to be located at a distance from residential areas. They were authorised by the minister, by means of a decree issued by the Conseil d’État, after a commodo incommodo inquiry in all municipalities located within five kilometres. Second-class establishments could be located close to residential areas and were authorised by the prefect after a commodo incommodo inquiry. Third-class establishments had to be authorised by the sub-prefects, who simply took the mayors’ advice.

The classification does not seem to have caused any problems, except for the sulphuric acid manufacturers. The original copy of the 30 October 1809 report show that Deyeux had started by placing them in the first class (he had even started this column with them) before crossing them out and classifying them in the second.44 In return, he added a note after the definition of the second class to the effect that the factories that could remain situated close to residential areas: ‘It would only be desirable that the large mineral acid factories were always located at the outer limits of towns, in sparsely populated areas.’45 In the end, the Conseil d’État ruled against the Académie and placed sulphuric acid factories in the first class. However, Article 11 was careful to specify that the decree did not apply retroactively – ‘all active establishments will continue to be utilised’ – and Article 12, which contradicted the previous one, added: ‘However, in the event of serious inconvenience to public health, cultivation, or the general interest, first-class factories may be proscribed by virtue of a decree issued by our Conseil d’État.’46 All this back and forth was a result of the sensitive case of the Chaptal factory in Les Ternes. When the decree was discussed in the Conseil d’État, it was difficult to forget that Chaptal, himself a member of this council, owned the largest sulphuric acid factory in Paris, in the faubourgs, and that he was also an associate of Holker, who owned the largest factory in Rouen.

These parleys over one or two factories produced a strange situation: the acid factories that had taken root in in the towns during the Revolution, and which were the source of the protests and the decree, had finally been legitimised! Better still, given the non-retroactivity of the decree, the first entrepreneurs took advantage of their locations on the edge of industrial cities, close to their markets and their workforce. They were also spared some expense on delicately transporting the heavy bottles of sulphuric acid. These commercial advantages explain the persistence of chemical industrial sites in town and city centres up till the end of the nineteenth century. Contrary to the classic justification for the 1810 decree, which explained that the variety of local policies had distorted competition, the new rules instead kept in place the distortions in the market.

5. The right to pollute

The end of the environmental police and the division of work between the administration and civil justice system led to a redefinition of what was punishable. Under the Ancien Régime, environmental regulation relied on fines issued by the police, and pollution was punishable by law because of the damage it did to the common good. But thanks to the decree of October 1810, the major polluting industries were removed from the criminal law.

Let us return to the case of kelp. In the eighteenth century, the communes were granted a substantial arsenal of repressive measures: anyone who harvested kelp without having the right to do so, or outside the authorised period, or at night, or who uprooted kelp instead of cutting it, was liable for a fine of 300 livres – with corporal punishment for repeat offenders. The same penalties applied to those who burnt kelp during the summer or when there was a sea breeze. The fishermen’s syndics were responsible for monitoring contraventions of the rules. An employee of the Admiralty emphasised the thoroughness with which they performed their duties: ‘They draw up official reports, issue reprimands and turn off stoves lit in contrary winds. Convictions and fines are handed down immediately.’47 Conversely, after 1810, the owner of a duly authorised chemical factory, who could destroy a river’s fish stocks in the space of a few years by discharging industrial waste into it, did not run any risk of criminal penalty.48

The 1810 decree removed environmental damage from the remit of criminal law. This really shocked the neighbours of chemical plants who saw their crops destroyed: ‘An unfortunate person whose devastation consists of a few grapes is punished as a devastator of rural property, yet [the industrialist], because he devastates, suffocates and suffocates on a large scale, may do so with impunity?’49 Making industrial pollution a matter for the civil courts and not the criminal justice system raised fundamental problems: ‘When the damage is involuntary, reason and the law only require compensation to be paid to the person who suffered it; but when this damage is repeated at every moment, day and night, and when the person who causes it intends to continue, I say that the matter degenerates into an offence.’50

The decree of October 1810 takes on its full historical meaning when we consider a text that immediately preceded it: the Penal Code, which had come into force that February. Article 471 of this code adopted the pre-revolutionary environmental penal regime. It covered a wide range of offences, including failure to maintain buildings or furnaces, obstruction of the public highway, out-of-control livestock and illicit gleaning. The article also included a clause condemning ‘those who have thrown or exposed in front of their buildings, things of such a character as to cause damage by falling or through insalubrious exhalations’.51 This provision could well have applied to the chemical industry, which was both booming and a focus of heated dispute at the moment the Penal Code was published. But it was circumvented by article 11 of the 1810 decree, which specified that the damage caused by factories would be addressed by the civil courts only. The 1810 decree was part of the restructuring of the economy of illegality linked to the development of capitalist society, as analysed by Michel Foucault: the Ancien Régime’s abuse of rights (illicit gleaning for instance) became property infringement or theft. But at the same time, in the post-revolutionary recoding of the lawful and the unlawful, industrialists created a new legal order which made convenient exceptions for themselves.52

6. ‘Hygienism’, a pro-industrial agenda

The first hygienism (before around 1850) played a fundamental role in imposing industrialisation, despite the train of pollution that it brought with it.53 Chemistry was its social and theoretical matrix. Of the four founding members of the Paris Conseil de salubrité, three were chemists: Antoine Parmentier, Deyeux and Cadet de Gassicourt. All were involved in industrial initiatives. In 1794, Deyeux and Parmentier joined forces to produce soda ash in the Somme.54 Cadet de Gassicourt owned a large pharmacy in Paris and set his sights on heavy chemicals.55 Two other industrial chemists, Jean-Pierre Darcet and Charles Marc, subsequently joined the board. We have seen how, in 1809, Marc tried unsuccessfully to take advantage of the soda boom. As for Darcet, he was a central figure in industrial and chemical networks. After working with Leblanc at the Monnaie de Paris on the process for making artificial soda, he set up a sulphuric acid and soda company in 1804. He then joined Holker and Chaptal at the factory in Ternes. He also worked with the chemist Jacmart at the head of a soda and soap factory. Through the intermediary of his nephew, he set up a sulphuric acid refinery, which provoked numerous complaints on rue Chapon, in the heart of Paris’s Right Bank. In 1819, he invested 20,000 francs in Chaptal’s chemical products company in Plan d’Aren.56

For these chemists, hygienism was above all a business of industrial improvement. According to Marc, ‘it is the Achilles spear that heals the wounds it causes’.57 Their aim was to make de-pollution financially profitable. The good entrepreneur, by optimising flows of materials and values, reduced both his losses and his pollution. The great model to follow was a Parisian entrepreneur named Jean-Baptiste Payen, who transformed the bulky piles of bones that cluttered certain streets in the north of Paris into ammonia.58 In his company Payen kept, in addition to money accounts, an accounting of the chemical contents of the materials which it consumed, produced or rejected, in order to monitor their potential value.59

Hygienists thus studied the urban productive fabric in its entirety, as a system of exchanges of matter producing value at each stage of industrial transformation. Their aim was to establish new connections between the different branches of manufacturing and to teach industrialists how to integrate their activity into the urban metabolism. The recycling economy characteristic of early-nineteenth-century Parisian industry corresponded perfectly with the liberal project of the hygienists seeking to make industrial profit compatible with urban health.60

More prosaically, sanitation was also of direct benefit to them, as it was based on chemical products they manufactured: acids, bleach and lime chloride. For example, tallow smelters (who made candles from animal fat) belonged to the first class, the most polluting, of establishments. The Conseil de salubrité nevertheless authorised them to be set up near dwellings on the condition that they used sulphuric acid, a technique patented by Darcet, member of the Conseil. All trades that processed large quantities of organic matter (including glue manufacturers, gut-string makers, renderers, beet sugar refiners, starch manufacturers) were thus driven to use acids to speed up their operations, deodorise and sanitise them. This policy opened up considerable business outlets for mineral chemistry.61

In practice, the Conseil de salubrité appeared to be more an extension of industrial circles within the prefectoral administration than a control body. In this respect, it was rather similar to the Conseil général des manufactures or the Bureau consultatif des arts et manufactures, which were made up of entrepreneurs charged with advising and lobbying the minister of the interior on their own affairs. The post-revolutionary regulation of industry that replaced the old guilds was a deceptive reform, for the administration set up a new system of self-regulation, on a national scale, run by the wealthiest entrepreneurs. In the first half of the nineteenth century, the pro-industrialist bias of the hygienists led to very high authorisation rates. Between 1811 and 1835, the Seine Conseil de salubrité authorised four-fifths of first-class establishments. Out of twenty-two applications for chemical plants, only one was rejected.62 Between 1816 and 1850, the Bouches-du-Rhône prefecture authorised the establishment of seventeen acid plants and nine soda factories, and refused authorisation to only three projects (all in Marseille). In the département of Seine-Inférieure (Rouen), between 1818 and 1850, 777 out of 850 applications (91 per cent) were accepted.63

For opponents, this pseudo-hygienism and pseudo-regulation – which legitimised industrialisation in the name of science, and along with it the new power of the administration – represented a denial of justice. City dwellers were incensed by the collusion between industrialists and the experts who were supposed to regulate them. In Rouen, they denounced the two experts named by the prefect as ‘personally interested in maintaining the acid factories’.64 The inhabitants of Les Ternes humorously exposed Chaptal’s blatant conflicts of interest:


Their complaints are brought before the interior minister, who is this minister? M. Chaptal. The complaints were renewed . . . the new minister consulted the Institut, and the Institut adopted a report declaring that an acid factory was not unhealthy. Who was the author of this report? M. Count Chaptal. The local police are consulted. Who is the local police magistrate? Again M. Count Chaptal or, what amounts to the same thing, M. the Baron, his son. So, in this case, the offender, the expert, the senior judge and the inspector are all one and the same person.65



According to another opponent of a chemical plant, the minutes of the Conseil de salubrité ‘are infected with fraud, forgery, absurdity, lies and charlatanism’.66

7. From the environmental to the social: the hygienic reconfiguration of aetiologies

Hygienists did more than simply propose technical solutions to environmental disputes. They also helped to redefine what the environment was, or, more accurately, what it could do. In order to establish a financial system for compensating for environmental damage, it was still necessary to bypass a medical doctrine that held the environment as the determinant cause of health and disease.

The decree of 1810 distinguished between three categories of workshops: dangerous ones, where there was a risk of fire or explosion; insalubrious ones, where health was at stake; and the inconvenient, where the issue was merely the olfactory or auditory comfort of the neighbours. In the administrative vocabulary of the early nineteenth century, the notion of ‘inconveniences’ did not refer to the opposite of comfort, but to a situation that fell short of (and denied the real existence of) insalubrity. Defining the boundary between the inconvenient and the insalubrious was crucial, because it made it possible to make local residents’ complaints toothless: while anyone could opine on what they found inconvenient, only the authorities and their hygiene experts could define what was unhealthy. Inconvenience related to the complainant alone, whereas unhealthiness is an objective property of the spaces studied by the science of hygiene.

In the early nineteenth century, the neo-Hippocratic framework remained dominant in medicine. Environment was the key to understanding health and disease or the cause of epidemics. In 1805, the great physician Cabanis explained that the aim of ‘medical climatology’ was to study ‘the physical analogy between man and the objects that surround him’.67 In Rouen, doctors were at the forefront of the fight against chemical factories. A petition signed by forty-two doctors was sent to the prefect warning him of the dangers of their fumes.68 In Marseille, Doctor Fodéré openly criticised the soda makers and rejected the 1810 decree: ‘In what code of the most barbaric nation is it written that the most natural right, the enjoyment of pure air, can be taken away?’69 In Paris in 1834, the medical elite, faculty professors and leading clinicians opposed a ‘salubrious knackering’ project (that is, chemical products) supported by the Conseil de salubrité.70

The foundation of the Annales d’hygiène publique et de médecine légale by the members of the Paris Conseil de salubrité in 1829 emerged from this context, in order to refute neo-Hippocratic concerns about the environment. Their explicit aim was to create a new medical speciality, to claim a monopoly on defining environmental risks and to reconfigure the way they were perceived by society. According to Alexandre Parent-Duchâtelet, a member of the Conseil de salubrité, hygienism should be seen ‘above all in terms of its moral action on the minds of individuals and its influence on public opinion’; it should ‘prove that in many areas, establishments that are inconvenient are not in fact harmful’.71

In order to refute environmental aetiologies, hygienists turned their fire on eighteenth-century studies of illnesses among tradesmen. For those working by the neo-Hippocratic paradigm, craftsmen had been fascinating objects of study: the substances they worked with and the vapours that surrounded them created a multitude of widely varying artificial microclimates, the comparative study of which was intended to elucidate the causes of disease. In 1776, the Royal Society of Medicine asked its correspondents to study ‘the instruments used by workers, the materials they use, the vapours they produce . . . and whether these processes have had any influence on the prevailing epidemics’.72 A long tradition, inherited from the Morbus artificium by the Italian physician Ramazzini (1699), took it for granted that the craftsman’s body was moulded by his workshop environment. As late as 1822, the physician Pâtissier updated Ramazzini’s treatise to include in his neo-Hippocratic approach the new trades that emerged with the Industrial Revolution.73

The first articles in the Annales concerning occupational hygiene may strike a rather surprising note: rather than focusing on unhealthy factories, they studied the workers’ good health! The aim was to demonstrate to residents that the factories caused no harm. Parent-Duchâtelet and Darcet thus explained that they should study ‘with the same care the professions whose effect is nil and even give them special attention [because] we are obliged to gather more facts to demonstrate the harmlessness of a factory than to prove its disadvantages . . . it is by these means that we do the greatest service to many manufacturers who practice their industry inside Paris’.74

Seeking to break any connection between location and health, hygienists compared the risks between different districts or between different professions. For example, by studying mortality rates, Parent-Duchâtelet demonstrated that the stinking environments of Montfaucon (a garbage dump in northern Paris) and the Bièvre (a small river sacrificed to industrial activity in the south) were not particularly unhealthy.75 Statistics on professions were also abundantly used. For instance, workshop dust did not increase the risk of pulmonary tuberculosis because plasterers had less chance of dying of tuberculosis compared to writers. Similarly, contrary to the prejudices of eighteenth-century doctors, acidic atmospheres reduced the risk of tuberculosis.76 Medical topography, that is the description of places in connection to health conditions, which had been a major genre in late-eighteenth-century medicine, was giving way to a statistical description of the health of the people according to their professions and income. Thanks to the medical surveillance of workers in certain large factories (the tobacco industry was a textbook case), hygienists had statistical sources (records of workers’ sick days, for example) that enabled them to rule out environmental causes.

The first articles in the Annales d’hygiène thus transformed tradesmen’s illnesses into woes resulting from some moral or material shortcoming. The illnesses of Parisian dockers did not owe to the insalubrity of the banks of the Seine, but to ‘their habits and way of life’.77 Benoiston pointed out that women were at greater risk of developing tuberculosis because of their low incomes, ‘hence a state of discomfort that produces destitution and disease’.

The work of Louis-René Villermé is a milestone in the history of medicine, famous for demonstrating the importance of living conditions and wealth as the main cause of life expectancy. Villermé is also famous for having inspired Engels’s Condition of the Working Class in England. But in the 1830s this attention to social conditions was in fact the child of the hygienist and industrialist milieu studied above and in which Villermé operated. In 1831, he joined the Conseil de salubrité de Paris and was actively involved in refuting residents’ complaints and the environmental aetiologies on which they were based. His seminal article of 1830, which linked the mortality of Parisian neighbourhoods not to the environment (such as the narrowness of the streets or the presence of workshops), but rather to the wealth of the people who lived there, participated in the programme of the founding generation of the Conseil de salubrité: using statistics to dismiss the sanitary effects of industrial pollution.78

More generally, professional diseases posed a problem to the liberal political economy of the early nineteenth century, for they directly incriminated economic activity. It was thus necessary to take the variety of artisanal climates that had fascinated eighteenth-century physicians and reduce them to the sole metric that economists could think about, namely wages. Adam Smith had paved the way. In The Wealth of Nations, after quoting Ramazzini, he utterly distorted the Italian author’s argument: the illnesses of craftsmen owed not to the working environment, but to excessive work. Workers worked themselves to death because, lured by high wages, they worked too hard. And so, according to Smith, the solution was that wages should be limited!79

Villermé’s social hygiene played a similar, albeit somehow inverted theoretical role: it was not work itself that caused workers’ suffering, but rather their low incomes. In 1840, in his Tableau de l’état physique et moral des ouvriers, Villermé was no longer worried about industrial environments:


Workshops are not exposed to these alleged causes of unhealthiness. They are singularly misunderstood when they are attributed illnesses that are mainly caused by forced labour, the lack of rest, the absence of care, insufficient food, habits of improvidence, drunkenness, debauchery and, to put it in a word, wages below real needs.80



Reducing tradesmen’s health woes to a moral and financial issue justified a tempered economic liberalism. Industrialisation, whose very principles were challenged by residents’ environmental complaints, became an acceptable historical transformation. Only a few adjustments would have to be made: controlling the bad habits of workers; an increase in wages to the level of ‘real needs’; the abolition of child labour; and provident funds. Hygienism defined the biopolitics of liberal capitalism, that is, the minimal social conditions required to maintain the human labour force necessary for industry.81 After demonstrating the correlation between human stature and wealth, Villermé explained that governments could ‘improve the species at will . . . by working for the general happiness’.82 It was the government’s job to set in motion a virtuous circle, in which economic prosperity would create a stronger, more productive people. Political economy had replaced the environment (circumfusa) as the means of biopolitics.

The shift from medical topography to hygienic investigation – in other words from environmental to social aetiologies – made it possible to link industry and the progress of human health. Against the urban bourgeoisie, offended by the nuisances caused by industrialisation, the hygienists administered the repeated proofs that factories, despite the inconveniences they brought, were not only not unhealthy, but would bring a prosperous society and a healthier population. Of course, the reconfiguration of aetiologies was neither immediate nor monolithic. Throughout the nineteenth century, local residents continued to bemoan the ills produced by the factories. On provincial health boards, doctors sometimes spoke out against the theories of their Parisian colleagues.83 But the key point lies elsewhere: the authorities, who had the final say on the authorisation of classified establishments, now had at hand the medical theories and many pieces of evidence they needed to override all reference to man’s environment. When, in the mid-nineteenth century, a dictionary defined a ‘factory’ as a ‘dangerous neighbour’, it appeared in Flaubert’s Dictionnaire des idées reçues – a dictionary mocking received wisdom. Thanks to hygienism, industrialism had conquered the environment.84

8. How much is the environment worth?

Financial compensation for environmental damage was an absolutely generalised phenomenon. Case law shows that it concerned all types of business activities across France, throughout the nineteenth century.85 What is more, civil suits account for only a minority of cases, as most financial transactions were conducted by mutual agreement. Chemical plants were particularly affected. The entrepreneurs generally preferred to compensate rather than stop polluting. Over the course of the century, a complex and changing body of case law developed on the subject: should compensation be paid for the depreciation of property values, for non-material moral damage, or only for material losses? Was it necessary to compensate for risk, future or potential damage (taking into account the increase in insurance premiums linked to a dangerous neighbour) or just the damage that had already happened? These legal decisions were critically important, since they defined the environment’s monetary value.

This form of regulation through arrangements or civil judgments was the fundamental objective of the 1810 decree. The soda crisis provided the decisive turning point. In 1809, the Conseil de salubrité congratulated Barrera and Darcet for ‘always being prepared to compensate farmers whose crops were damaged’.86 That same year, Chaptal, who had just set up an alkali work on the Plan d’Aren near Marseille, signed notarised contracts to pay annuities to the neighbouring farmers for ten years. In Montpellier, the prefect noted with satisfaction that the operation of a chemical factory was ‘continuing peaceably’, thanks to the indemnities paid by the entrepreneur. Compensation for damage, first established as a quick fix, was then rationalised within a techno-liberal framework. By setting a price on pollution, it was supposed to produce the financial incentives that would spur entrepreneurs to innovate and reduce their emissions. For example, in 1823, the alkali manufacturers in Septèmes, near Marseille, complained to the government that the local civil courts were threatening the viability of their factories through the payouts they were awarding. The response from the Bureau consultatif des arts et manufactures was crucial: ‘Justice must be allowed to follow its course, since the manufacturer condemned to very high compensation will soon be losing money, and will be forced to look for ways to condense the vapours . . . in this way, everything is respected and in accordance with existing laws.’87

The case of the alkali industry around Marseilles is decisive for the study of compensation. This is because, unlike most environmental conflicts during the early Industrial Revolution, it prompted a large-scale opposition, structured by the justice system.88

The alkali works were scattered across a rural area linked to the Marseille bourgeoisie: the olive groves provided oil for the soap-makers, the winegrowers sold their produce in Marseille and the wealthy city-dwellers owned country houses there. Opponents included small farmers, peers (d’Albertas, Simiane, Bourguignon de Fabregoules), merchants, doctors and prestigious lawyers (Louis Cappeau, the president of the Royal Court of Aix among others). This group made up the social and political elite of Provence. They were members of the Chamber of Commerce, the local councils of Marseille and Aix, and the General Council for the Bouches-du-Rhône. These institutions systematically advocated against the soda manufacturers. Unlike in socially segregated industrial towns – where pollution mainly affected workers who were integrated into paternalistic systems that did not challenge the environmental order – the heterogeneous social fabric around Marseille explains the strength of the mobilisation there.

This was especially true insofar as the alkali manufacturers were often strangers to Provence: Mallez came from Valenciennes, Kestner from Strasbourg, Dubuc from Rouen, Bonardel from Lyon, and Pluvinet and Chaptal from Paris. At the beginning of the Restoration, their position appeared greatly weakened: the port exemption granted by Louis XVIII would restore trade in natural soda from Spain and Egypt, and it seemed obvious that the harmful factories supported by the fallen regime would be banned. In 1815, a farmer jeered at a soda manufacturer whom he came across in Marseille: as soon as the king was well in place, he would surely order the destruction of the factories and throw the manufacturers in jail. Two events prompted the disappointment of such expectations: in 1815, an ordinance authorised the import of natural soda ash, but with a prohibitive duty of 15 francs per quintal, and in May 1816 the prefect announced a commodo incommodo inquiry in order to authorise a new factory in Septèmes. Furious, the residents went en masse to the prefecture. The lawyer Romieux harangued them: ‘It is all the same! If the Prefect does not give you good reasons, you will take the law into your own hands!’ On 4 August 1816, a letter from the interior minister was posted in Marseille and Septèmes: it stated that the prefect was the guarantor of the manufactories’ existence, and would use force if necessary.89 The post-Restoration government publicised its continuation of the imperial policy. It guaranteed the continued existence of the factories despite the general opposition of both the rural population and the notables of Marseille and Aix-en-Provence.

The central government rejected complaints from residents, but also from the local and département-level authorities (Marseille municipal council, and the General council of the Bouches-du-Rhône). Accordingly, the fight against the factories moved into the legal arena. From 1816, ever more suits demanding compensation were brought before the justice.90 At first, the manufacturers took the matter lightly. Mallez appointed a proxy to handle ‘this little legal war’.91 But, from 1817, they challenged the decisions of the first level of jurisdiction (juge de paix) and decided to systematically appeal their rulings. Their aim was to discourage small farmers who could not afford the advance payments to bring a trial to the civil court. This strategy initially seemed to bear fruit: in 1817 and 1818, dozens of out-of-court settlements were reached. But in hindsight, it was a big mistake.

Some sixty farmers continued their legal battle. Their surprising perseverance was made possible by lawyers who decided to take up the fight against the soda factories. Seytres and Romieux were particularly active. According to a report by the public prosecutor, they sent emissaries to the countryside to persuade the peasants to sue the manufacturers, and they advanced the legal costs, promising to take their payment from the compensation that resulted. In 1823, they reportedly earned the considerable sum of 50,000 francs from industrial pollution lawsuits.92

For legal experts, the industrial pollution cases were above all a conflict of jurisdiction between the Provençal courts and the centralised system of administrative litigation established by Napoleon. In 1815, the magistrates of the Royal Court of Aix, many of them veterans of the parlement of Provence, tried to defend their autonomy against the Court of Cassation and the Council of State. To their eyes, it seemed odd, to say the least, that a judicial decision could not overturn the authorisation given by a prefect. After all, the latter had replaced the police measures of the Ancien Régime, the lowest-ranking texts in the hierarchy of norms. From an eighteenth-century perspective, this was tantamount to saying that a police order took precedence over a parlement’s ruling. The prefect’s decision did not respect any judicial form; it was based on investigations and reports that were neither based on an adversarial procedure, nor even public. Lastly, the prefect’s authorisation for a factory ‘at most only forms a presumption that the neighbourhood will not suffer from this establishment’.93 This was merely an expectation, which could turn out to be wrong. The real existence of damage – as duly established by expert reports and confirmed by a court of law – naturally ought to nullify an erroneous administrative measure. It was simply absurd to prohibit the courts from challenging an administrative act. In the first half of the nineteenth century, the separation of powers between the administration and justice meant above all the reduction of local judicial power and the notables who controlled it. To put it differently, a judicial court’s assessment of the present could not refute an administrative authorisation based on forecasts. This paradox, which was part and parcel of the administrative revolution of the early nineteenth century, made it possible to protect investments from the vagaries of the law and to force through the establishment of new factories, even against the wishes of local notables.

The legislator had so restricted the power of the judiciary, now able neither to ban a factory nor to deem it unhealthy, that the Marseille civil court and the Royal Court in Aix had to innovate. Deprived of the power to suppress licences to factories, they made full use of their powers to arbitrate disputes and award compensation. To make manufacturers pay the price of pollution, and perhaps even more than this, the Provençal courts used the concept of ‘moral damage’. This elastic category made it possible to give legal existence to the environment, in the form of quality of life: the beauty of a landscape, the purity of the air and water, and the comfort of country life became monetisable.

Just a few lawsuits would cost the alkali entrepreneurs a lot of money. Septèmes counted four large estates. In 1822, Fabregoule claimed 100,000 francs in damages. He was awarded 24,000 francs for loss in land value and an annual annuity of 4,000 francs for reduced harvests. A few other large landowners also received compensation in excess of 10,000 francs each. But for small properties the material damage was necessarily limited: a few dozen, sometimes a few hundred francs at most. These cases were nonetheless ruinous for the manufacturers because of the costs they generated in terms of seeking expert appraisals.

Evaluating the damage that acid vapours did to crops was a tricky business. First, the causal link had to be established. The manufacturers asked the experts to explore various alternative hypotheses: poor crop maintenance, exhausted soil, plant diseases, the influence of a salty wind coming from the sea (pouvarel) or even a general deterioration in the Provençal climate.94 Then, in order to determine the damages, it was necessary to estimate the proportion that resulted from acid vapour within this set of causes. The experts had to specify and refine the general theories in order to apply them to the specific case: to this particular property, situated on a certain type of soil and subject to the influence of this or that wind. For example, in 1828, a farmer in Septèmes complained that he could no longer use his washhouse because the contaminated water no longer dissolved the soap.95 The problem was a difficult one: the water in the washhouse did contain lime, but lime is found in all water in limestone regions. The problem was thus quantitative, and ‘no scientist has yet determined the maximum amount of these bodies’. The experts therefore analysed the water in the Marseille region to establish the normal concentrations of these salts.

This judicial production of knowledge on environmental damage – infinitely richer and more detailed than the administrative reports – was very expensive: between 200,000 and 300,000 francs for the hundred or so reports produced between 1819 and 1835.96 Whatever the compensation awarded, the costs of the expert appraisals were passed on to the soda makers, who were ordered to pay them. For example, the assessment of the washhouse cost 2,993 francs to award annual damages of 40 francs, which compensated the farmer for using a neighbouring washhouse. The appraisal was skilfully manipulated by a small group of farmers and supported by the judges, who accepted their demands for extraordinarily rigorous and costly experiments. The experts had no qualms about writing outright dissertations in chemistry and botany (often running to over 100 pages) to assess the damage done to a few vines. At 20 francs a day, expert appraisal work was a godsend.

The third factor that made pollution costly was the rigorous application of article 1382 of the Civil Code: ‘Any act of man that causes damage to another person obliges the person through whose fault it occurred to repair it.’ The problem was the meaning to be given to the word damage. The civil court of Marseille and the Royal Court of Aix ruled that the soda makers had to compensate their neighbours three times over: for material damage (loss of crops); for immaterial damage (reduction in the market value of the property); and for ‘impairment of enjoyment’ (or non-material damage).

Moral damage was based on the loss of a way of life associated with owning a rural property: the bastide. For the Marseille merchants, these residences signalled their membership of the social elite and demonstrated their ability to manage an estate well. In 1816, an owner asked for compensation because he had to leave his estate, and giving up his inheritance was a humiliation. He also had to be compensated for the many inconveniences of living in the city (neighbours, noise, bad air).97 The enjoyment of a beautiful rural landscape was also a factor: unobstructed views of the sea, Marseille or wooded valleys were valued. Conversely, the requests of the Rouxs, who owned a ‘calanque’ (steep-walled inlets near Marseilles), were unfounded, for ‘what pleasure c[ould] be offered by an arid property filled with precipices and hideous rocks’?98

The fight against the factories intersected with a movement which invented the Provençal tradition, after and in opposition to revolutionary and imperial centralisation. For instance, opponents included the founders of La Ruche Provençale (1819), a literary and scholarly journal featuring most of the themes of Provençal Romanticism (troubadours, shepherds, the good King René), as well as attacks on the soda makers.99 The 1820s also saw the cultural development of the idea of Provence as a beautiful landscape. Septèmes, on the road from Aix to Marseille, was featured in travel guides because of its picturesque valleys and views over the harbour. A local aristocrat, Bourguignon de Fabregoules, was associated with the famous painters Jean-Antoine Constantin and François-Marius Granet, whose favourite subjects were the landscape around Marseilles and the bastides.100

By forcing the soda makers to compensate for subjectively felt damages, the civil courts were opening up a Pandora’s box. No longer just the loss of crops, but all forms of environmental damage could now be taken into consideration. No matter what the health experts said, it was impossible to rein in the fears of those forced to bring up their families amid acid fumes. Opponents thus called for damages to compensate not for illness, but the fear of illness.101 The order of magnitude of compensation changed: in addition to the crops, the soda farmers had to compensate for property depreciation (up to 30 per cent of its value) and pay considerable annuities for impaired enjoyment (5 to 10 per cent of its value per year).

This jurisprudence, which put the civil courts back at the heart of regulation, lasted only for a short period, between 1822 and 1827. In this last year, the lawyer Louis-Antoine Macarel defended the soda makers before the Cassation Court. He drew on Roman law to distinguish between material damage, or damnum illatum, and immaterial damage, damnum infectum (damage that has not yet occurred): ‘The assessment of this damage cannot fall within the remit of the courts, as it prompts preventive action by the state’s general police force.’102 By hardening the distinction between prevention and reparation, Macarel’s doctrine rendered the civil courts powerless. Since the loss in value of a property is a damnum infectum (it may be realised at the time of sale), it fell outside of the jurisdiction of the civil courts. In several cases in both Paris and Marseille, the Cassation Court followed this principle.103 Despite the opposite position of the lawyers defending the Royal Court of Aix’s judgment, this precedent was immediately taken up by de Gérando in his Institutes du droit administratif, the first post-revolutionary manual of administrative law and in the first legal treatises on dangerous establishments.104 In 1830, Macarel became a Conseiller d’État. He was one of the great theoreticians of French administrative law, and his Cours d’administration, which was constantly republished and updated, served as the basis for nineteenth-century administrative case law. The victory of administrative law over the civil law doctrine of damage was fundamental because it prevented compensation for losses in land value. It abruptly devalued the environment and completed the project of the 1810 decree. For now, the joint management of industry and the environment fell (almost exclusively) under the remit of the administration.105

9. Shaping technology, or being shaped by it

What were the effects of this commodification of the environment?

Technologically speaking, they were almost non-existent, and the state had to intervene. In 1823, the interior minister ordered the alkali industrialists to condense their hydrochloric vapours. They had one year to comply. If they failed, they would have to close their factories. The situation was truly critical, since all attempts to condense vapours had failed up to that point.106 Rougier, a soda maker from Septèmes, experimented with a rustic, monumental and relatively effective system: he dug 1-metre-deep and 600-metre-long trenches in the limestone hills above his factory, covered by a vault of limestone rubble. A stream of water and steam circulated inside. Basins collected the condensed hydrochloric acid.

In fact, the problem was both technical and political. Condensation was very expensive: the limestone conduits eroded and had to be rebuilt every year; they reduced production rates and cut yields by a third.107 The Rougier apparatus could thus only be effective where, and so long as, landowners were prepared to take civil action. Contrary to technophile accounts of this case, it did not put an end to lawsuits but simply made them rarer.108 While some manufacturers did indeed opt for condensation (in Septèmes), others, located in a less densely populated habitat or a less hostile environment, continued to pay compensation.109 Technology made it possible to strike a fine balance between the cost of production and the damage caused; it was the site of compromise between manufacturers and landowners. We ought to think of this de-pollution as a dynamic process: it was both a question of devising the right technique and having the local mobilisation that forced the industrialists to use it.

If, in Septèmes, the mobilisation was sufficiently powerful to shape the technology, elsewhere – in the ponds near Istres, in Salindres, in Dieuze, in Thann, or in the British case, in Widnes and St Helens – it was the soda works that shaped environments and societies. Here, entrepreneurs protected themselves by creating small industrial colonies and taking control of the towns that depended on them.

Take the case of the Plan d’Aren company. Its location, in the middle of the ponds between Fos and Saint-Mitre, did not make strict condensation a compulsory choice, and the company opted to issue compensation rather than maintain a condenser. In a confidential note, the director explained: ‘If it were necessary to talk about a condenser to paralyse any recriminations, we could make a simulacrum of a device that would be worth what it could do.’110 The solution relied more on controlling the social environment around the factory. The company acquired meadows several kilometres away, which were otherwise of no interest, in order to create a patronage network. In 1821, one major farmer in Istres made a deal: he withdrew his complaint and, in exchange, the company granted him the right to use its considerable grazing land.111 Other transactions were also possible: granting pasture rights, authorising a farmer to use a well or an oven, reducing the rent on the land in the event of a poor harvest, or hiring the children of farmers.112 The company became the main employer in the region. In 1824, it declared that it employed 400 people and spent 300,000 francs a year on wages. At the time, Istres had a population of less than 3,000 and the olive oil trade in the canton was estimated at 100,000 francs. Many small-scale farmers, whose yields were falling due to pollution, were employed by the day in the salt marshes, while their children worked in the factory. In the 1850s, the Compagnie générale des produits chimiques du Midi, which had taken over the factory, opened a school and a church for its workers. A general store sold the workers goods at cost price. It was also open to villagers.113

The chemical industry was thoroughly transforming rural societies. In Istres, there were two opposing factions: the Fumado (smoke, in Provençal), standing for industrial interests, and the Plouvino (white frost), which represented agricultural interests. Each clan has its own church, school, dances and shops. Local political life was structured by the factories. In 1830, Jean Cappeau, a Plouvino landowner, lost the mayoralty to Auguste Prat whose son was director of the Compagnie générale des produits chimiques and would himself became mayor of Istres in 1854. When a complaint was sent to the Senate, calling for the factory to be shut down, the government refused to intervene on the grounds that it was a petty struggle between local notables.114 So here, the environment informed the local political struggle, which in turn made environmental complaints inadmissible.

The environmental degradation and social processes that made it possible were similar in all the towns where chemical companies were founded. From the 1850s onwards, the railways made it possible to set up factories far from towns, and the sector became more concentrated: Salindres, Dieuze, Thann and Marseille were the home of almost all of France’s alkali production. In England, production was concentrated in St Helens and Widnes, near Liverpool. Alakli works required the same basic ingredients (a rail link, proximity to coal or salt) and produced the same effects: the creation of industrial colonies ex nihilo, in the middle of the countryside, the establishment of paternalistic structures, the conquest of local power by manufacturers – and massive environmental degradation.

When Charles Kestner set up his factory in Vieux-Thann in Alsace in 1807, the village had 500 inhabitants. The factory stagnated until the opening of the Thann–Mulhouse railway in 1846. In 1860, out of a population of 1,120, Kestner fils employed 330. Relief funds were established for workers and their families; the town hall and then the département came under the political control of this powerful family of industrialists.115 In the 1820s, in Dieuze, Moselle, the manager of the soda works preferred to pay damages (5,000 francs a year) rather than condense the fumes. Baron de Prel, mayor of Dieuze and a member of the Conseil general of Moselle, was one of the main shareholders in the firm.116 In 1845, an article in the Annales d’hygiène described a situation with nothing in common with the one which prevailed in the area around Marseille: ‘torrents of vapour enveloped the town’, ‘the earth was bare and barren, the grass was burnt’, the ironwork was corroded, and litmus paper turned red even at a kilometre’s distance.117 Faced with the flood of complaints, the prefect explained: ‘We have to take care of an establishment that, so to speak, brings life to the town of Dieuze.’118 Similarly, in the 1870s, the Péchiney soda factory employed almost half the population of Salindres. Henri Merle, the plant’s director was, of course, also the town’s mayor. Despite complaints from farmers, the factory was regarded by hygienists as a model establishment, thanks to the medical service and shops it provided for the villagers.119

In England, the Leblanc process for producing soda appeared later than in France, in 1823 when Muspratt and Gamble set up a factory north of Liverpool. Complaints flooded in immediately, forcing the manufacturers to leave the city and move to St Helens. For the proprietor, this small market town, located on the railway line between Manchester and Liverpool, offered the advantage of being ‘sufficiently large to house his workpeople yet sufficiently small not to possess any organised form of local government which might restrict the growth of his factory’.120 The alkali industry also spread to Widnes, a hamlet near St Helens, which was exclusively agricultural in 1830. Twenty years later, these villages had become the world centre of alkali production: the fifteen factories amassed there produced 120,000 tonnes a year. According to many complementary eyewitness accounts, the damage was beyond comprehension. The Times described an apocalyptic landscape, with not a single living tree for miles around. In 1862, the House of Lords launched an enquiry. Residents testified to the environmental turmoil: the orchards and hedgerows of this bocage land had disappeared, making it impossible to raise livestock; mountains of waste filled the atmosphere; residues from alkali manufacture sometimes used as backfill for canals, oozed a yellowish liquid that killed fish. The waterways were so acidic that steamboat firms complained about the rapid corrosion of their hulls.121

In 1862, the House of Lords, which had taken up this issue, emphasised the ineffectiveness of existing pollution laws: the Public Health Act, the Local Improvement Act and the Smoke Prevention Act provided powers to local authorities, but the latter were not obliged to make use of them.122 In small industrial centres such as Widnes and St Helens, the industrialists who held sway politically were thus protected. The other difficulty stemmed from the characteristics of the English courts. In France, the law allowed a private individual to sue all the alkali producers in a given territory, with damages being paid in proportion to their production.123 In England, on the other hand, landowners had to prove the causal link between the damage and one specific factory. When such establishments were grouped together, as in St Helens and Widnes, and huge chimneys (some as much as 100 metres tall) were built, it was impossible to prove the causal link.124

William Gossage, a manufacturer from Widnes, had developed a condensing technique but, in England as in France, its effectiveness depended on the social conditions in which it was used. The smaller industrialists rejected condensation, believing it to be a subterfuge that allowed manufacturers to impose their control over the market. Moreover, as the workers were paid by the tonne of soda produced and the condensing towers reduced the speed and yield of their work, they had no interest in using them. Particularly at night, they sent the vapours directly through the chimneys.125

10. Invisible workers

On 28 July 1893, in a Liverpool hotel room, a British Home Office committee held hearings with seven workers from the alkali works at Widnes and St Helens. Most of the workers had declined the invitation to give evidence, for fear that it would get them into trouble. The committee’s chairman reassured them: ‘The masters will know nothing about your evidence now. You may speak quite freely.’126 They all described the stigma of their work: breathing difficulties, perforated septums, and the loss of smell and taste. Most of the workers in Widnes had lost their teeth because of the acid fumes. The manufacturers provided no protective equipment. Before entering the lead chambers, the workers placed a flannel cylinder in their mouths, covered their clothes with newspapers and smeared their faces with grease to protect themselves from the fumes.127 Most wore homemade protective goggles, but this was not enough to prevent them frequently being splashed in the eyes with acid.

Here is the deposition of Robert Hankison, a worker from St Helens, who spent fifteen years working between pots of sulphuric acid. He was asked what the workers did when one of them got acid in their eye.


– I think the method you have there is getting a man to fill his mouth with water and squirt it into the eye?

– Yes sir, of course, but if there is not too much in you get him to put his tongue in your eye and lick it out.

Are these splashings very frequent?

– No, sir, mine was quite an accident. It might not happen in a hundred years.

– When did you see a man get splashed last?

– About two days ago.

– How often will it occur?

– It just depends how neglectful they are.

– Once or twice a week?

– Oh no, sir, it was a matter of neglect that the man got it the other day. He said he would not do it any more, but it was too late then, he had got the splash.

– In regard to these pots, you have had further experience. I believe your father met with his death at these pots, did he not?

– Yes, sir.

– Can you tell us how that happened?

[Hankinson describes his father’s imprudence] . . . Of course he would not have met with the accident if he had not had his pot so full as he had it.129
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Two things are worth noting here. First, the constant downplaying of risks by the workers themselves (the accident meant to happen only once in a century had taken place just two days earlier). Second, the workers considered themselves responsible for accidents. Their injuries owed to negligence, inattentiveness, bluster, a desire to rush everything. One worker injured by an acid splash explained that he had been ‘punished’ by the tank of caustic soda.130 In 1881, the Alkali Act, which imposed safety measures, prompted industrialists to issue factory regulations which workers could be fined for breaking. In 1893, workers complained because they were the ones who had to bear the additional costs of safety: the regulations, by forcing them to work more slowly, reduced their incomes. By paying piece-rate wages, entrepreneurs subjected workers to the capitalist logic of maximising output.

The near-total invisibility of this extraordinary suffering until the end of the nineteenth century was the result of specific means of managing the workforce: importing foreign workers, the medical selection of workers, and a rapid staff turnover.

For example, in the alkali works of Provence, dangerous jobs were handed to Italian workers – generally single men, whose illnesses and deaths would have little impact on local communities.131 In the match industry, which was particularly dangerous because of the jaw necrosis caused by phosphorus, the workers were regularly inspected by dentists. If there was the slightest doubt, they were dismissed. Until the end of the nineteenth century, the aim of industrial hygiene was less to clean up the trades than to select workers suited to them.132 In English factories, it was accepted that mortality statistics were meaningless because workers in poor health were dismissed before they died. A doctor confirms: ‘I told [the management] privately . . . that the man would not live two years . . . they banished him out of the works altogether, and he died as a bricklayer’s labourer.’133

In the ceruse (or white lead) factories, the workers all suffered from painful lead colic. Industrialists had no choice but to hire ex-convicts or to organise a rapid turnover of their workforce. At the factory in Clichy, near Paris: ‘Every fortnight there was a change of workers. They left the factory and went off to do other things, and in this way they avoided the illness that they would unfailingly have contracted had they stayed longer.’134 The poet Charles Gille (1820–56), who had been a white-lead worker before becoming a lieutenant in the Republican Guard in 1848, expressed the resignation of this Lumpenproletariat:


By fates unlike each others’

To misfortune driven down

At the cabaret, my brothers

Our sorrows we can drown

Without worry or remorse, let’s get drunk, friends

At work, tomorrow, we’ll meet our deadly ends135



The chemical industry needed this destitution: finding a workforce willing to take such risks was not easy. As early as 1798, Chaptal explained that the liberalisation of the labour market through the abolition of guilds demanded a rebalancing, and that the chemical industry in particular required a form of constraint. Since the worker was ‘too often disposed to refuse difficult or disgusting operations, a compulsive force is needed to constrain him to [do] it. However, this force exists only in the ties that bind him to the workshop and place him at the disposal of the boss.’136

Until the 1880s and the major public controversies surrounding the fate of matchmakers and white lead workers, French hygienists paid little attention to occupational health. For example, in the nineteenth century, the Annales d’hygiène published only one article devoted to acid and alkali factories. The deteriorating health of the workers was mentioned in its pages, as a rumour: ‘We have had reports of workers losing their teeth, suffering from purulent ophthalmia and lung problems.’137 The first occupational hygiene study on alkali works in France, conducted by a medical student from Nancy, dates to 1881.138

Even among those doctors who stuck by the environmental medicine paradigm, there were efforts to downplay risks. The notions of habit and acclimatisation played an essential role, here: the workshop was conceived as a microclimate to which the worker must accustom himself. Dr François Mêlier offered a striking analogy:


The position of a worker, approaching certain workshops for the first time, is somewhat comparable to that of a traveller who finds himself transported under a new and different sky; like him . . . he has to mould himself under the action of other elements; in a word, to undergo the tests and modifications of a kind of acclimatisation.139



Referring to a phosphorus factory, the hygienist Alphonse Dupasquier explained that, despite a harsh first impression, ‘the workers quickly got used to it, acclimatised to it, and then lived in the midst of these emanations without being affected by them, as if in the purest atmosphere’.140 Occupational illnesses could thus be conceived and euphemised as merely transient pathologies, linked to the demands of acclimatisation.

Taking this climatic perspective, hygienists were interested in the ‘bodily changes’ produced by the artificial climate of the factory. For example, after a few years, the skin and bones of copper workers became ‘greenish or bluish’.141 One doctor noted that white lead workers’ ‘skin was dyed so red for it to be possible to recognise them a year later’.142 Logically enough, the forensic doctors of the 1860s studied these bodily transformations (the metamorphoses of the hand in particular), to identify bodies altered by various occupations.

The sole purpose of the 1810 decree had been to manage the conflict between industrialists and the owners of real estate; the problem of workers’ health was carefully sidelined. Or rather, the liberal logic that governed financial compensation for environmental damage also applied to workers’ bodies. Jurisprudence in the first part of the nineteenth century relied on the old Smithian theory of compensatory wages (higher wages made up for the greater risks) to refuse to pay compensation to sick or injured workers. Thus, according to a ruling by the Lyon court of appeal in 1836, workers were not entitled to claim compensation because ‘the risks that their work may present are compensated . . . by the special wage for their type of occupation’.144 Through the employment contract, the worker had supposedly recognised and accepted the risks of the job. And in the techno-liberal logic of the time, it was assumed that such compensation for risks through wages would encourage the entrepreneur to improve safety: according to the engineer Freycinet, safer conditions paid for themselves, since workers who took greater risks demanded higher wages.145 Until the end of the nineteenth century, there was no law to stand in the way of this logic.
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Maxime Vernois, De la main des ouvriers et des artisans (Workers’ and Tradesmen’s Hands)143



We cannot think about the modern destruction of the environment without thinking about the history of power. The chemical industrialisation that took place between 1800 and 1830 was made possible by the political transformations that followed the French Revolution. These extraordinarily polluting factories and the new environmental regulations they necessitated were imposed by the government, in the name of national prosperity, against the interests of residents and for the benefit of a small clique of manufacturers close to those who held power. It was from the exception that the norm was born, at a time when traditional forms of regulation were suspended and the capital invested seemed to make it impossible to ‘turn back the clock’.

After the initial coup of the 1810 decree, two different logics clashed: that of the administration, which authorised factories in accordance with a nationwide industrial programme; and that of the civil courts, which arbitrated on the value of the local damages which this programme caused.

On the one hand, by decreeing that a factory was indeed harmless, the authorities took decisions that were binding on the future. On the other, the civil courts regulated the consequences of administrative decisions a posteriori. Technology was caught up in these power relations; and the forms that it took closely depended on society’s ability to mobilise to ensure that the price of pollution was paid.

Of course, the fact that a financial form of pollution regulation was already established in the early nineteenth century calls into question the pertinence of the current dominant approach to environmental problems. Neoclassical economics formalised the idea that nature has a price, or that a price must be set for it in order to reach an economically optimal point of pollution – that is, a fair allocation of resources, answering both the search for economic efficiency and the demands of environmental protection. Yet this idea corresponds to an old, indeed long-generalised, practice of compensation for environmental damage.

It is clear that this mode of environmental regulation has not prevented pollution; on the contrary, it has historically accompanied and justified the degradation of the environment. In fact, there is an intrinsic logic to this regulation, the consequences of which have been apparent since the 1820s. The principle of compensating for damage, combined with the imperative of economic profit, produced three results: first, the hiring, for the most dangerous tasks, of the most vulnerable populations, whose hardships could remain socially invisible; second, the concentration of production and pollution in a few localities; and third, the choice to situate them, in particular, in poor territories which lacked the social and political resources that would increase the value of environmental compensation. We can only conclude that this logic still holds today, and that it has undoubtedly become even more pronounced as a result of economic globalisation.





5

Lighting Up France after Waterloo

The idea of a technical safety standard purports to make the world safe by defining technical forms that must be followed. Yet such a standard presupposes the ability to discipline and control the varied world of objects. If, today, such a practice is commonplace, it also needed inventing. More specifically, it was invented at the intersection of the French administrative and academic worlds in the 1820s, in response to the breakthroughs which British technologies had made during the Industrial Revolution. In 1823, the French government determined that steam engines and gasholders (which had not yet caused any accidents in France) would have to obey a special form defined by the Académie des sciences. This was a new and radical political act: the government believed that science could make the world of production safe by defining rational technical forms in advance.

In the eighteenth century, safety standards, as stipulated by the police or guilds, had been based on the experience of communities of tradesmen. They applied at a local level, since they were linked to the institutions and customs of particular towns; and they were developed through case law, in response to accidents or reprimands for shoddy workmanship. Specifying what should not be done, regulations were based on the observation of malpractice rather than on any theory of how things ought to be.1 The 1820s brought a considerable change in this regard: risk, which had previously been managed by the urban practices of the police, now belonged to the realm of the scientific institutions. Where the police offered a day-to-day regulation of safety issues, the post-revolutionary administration sought to establish advance guarantees that new and little-known technologies would behave in a perfectly reliable fashion.

Scientific standardisation was possible because it emerged in the vacuum created by the suppression of the guilds and the rise of new technologies that lay beyond the know-how of established trades. This discontinuity allowed the government to impose practices inherited from other worlds: the control of products by administrators (such as the French factory inspectors or the British excise’s quality specifications), or control by engineers who sought to define the best possible technical solution mathematically.2 The idea that there did indeed exist a technical optimum was crucial, for it provided the underpinnings of governments’ pretention to impose a single standard throughout the country.

Standardisation in the 1820s also fitted closely with the notion of technology. This idea, which was in fact new at the time, held that it was possible (through drawing and text) to set technical devices down on paper, and provide a representation of them sufficiently exhaustive to ensure their proper functioning. In this respect, this notion bears some similarities to patents. Under the Ancien Régime, the so-called ‘privilege of invention’ required that the object be presented (before the prince or a learned institution) and it had to be demonstrated in operation. Yet the 1791 law on patents required only a representation of the invention on paper. Standards and patents were part of the same political project, which sought to extract ‘the idea’ from the technique and circulate it for the greater public good.3 With scientific safety standards, the French administration also sought to improve the state of industry throughout the nation.

Such standards would ultimately emerge in response to a major conflict which pitched industrial capitalism against those who drew rents from property. In Paris, gas lighting was one of the main battlefields. Since gasometers endangered certain upmarket districts with the threat of explosions, the residents of these areas fought the industrialists hard. The aim of the first safety standards was to reach a compromise which would rely on technical fixes. Thanks to these standards, risk was both controlled and legalised.

Lastly, standards were a typically French way of colonising the future. Britain, although familiar with the dangers of gas and boiler explosions, did not opt for standardisation. In 1817, the British government rejected a bill which sought to standardise steamboat boilers. Despite repeated disasters, not until 1852 would maritime boilers be regulated. Neither boilers on land nor gasometers were standardised in the nineteenth century. In France, by contrast, maritime and land boilers, as well as gasometers, were subjected to precise safety standards from 1823 onwards. British industrialists, engineers and MPs considered such a solution rather presumptuous. To their eyes, the safety of technical devices ultimately depended on innovation, and it was better to give free rein to the inventiveness of profit-driven engineers, rather than rely on standards that would become obsolete as soon as they were issued.

1. Technology in the public space

Gas lighting was one of the most controversial innovations of the Industrial Revolution. There was sure to be controversy in replacing the fireplace – symbol of the private sphere – with gas spouts linked to industry by a vast technical grid, and indeed in building huge gasometers in Paris which contained millions of litres of flammable gas. Yet the story of this dispute – which raised questions about the choice of coal, the engineering infrastructure required, and the concentration of risks – has near-exclusively been told from the perspective of industrial history. In other words, it has been told with scant regard for the debates that took place, or for those who opposed this development. Successive accounts of the controversy have, instead, built up an image of reactionary and irrational opponents. As early as 1843, Adolphe Trébuchet, a member of the Paris Conseil de salubrité, explained that this institution had successfully defended gas, despite the panic among Parisians.4 In 1872, Louis Figuier held forth at length on the ‘strange aberrations’ of opponents of gas, said to ‘offend reason’5; and even a century later, the economic history was hardly more charitable.6 Oddly enough, all these accounts gloss over what was actually being debated: critics were mainly opposed to the installation of gasometers in the middle of residential areas, insisting – despite industrialists’ and experts’ denials – that they risked explosions. Since it did not take long before gasometers did indeed explode, it has to be said that the opponents proved to be correct.

The gas lighting controversy is above all remarkable because it gripped the public arena. As far back as smallpox vaccination, no innovation had aroused such passions in France: newspaper articles, pamphlets, pop-science, advertisements, a play and even an opera were written either in defence or criticism of lighting by gas.7 Unlike steam engines or chemical factories, which were relegated to outlying industrial districts, gas lighting conquered fashionable settings from theatres to opera houses, restaurants, cafés and reading rooms. Frederick Winsor, alias Winzer, a German merchant who had set up the first lighting company in London in 1809 (and then gone bankrupt) decided to publicise gas by lighting the Passage des Panoramas free of charge. Located between the Palais-Royal and the Grands Boulevards, this covered arcade symbolised a commercial, comfortable and elegant urban modernity. Winsor fitted out a small showroom where the public could obtain the latest brochures and compare the lighting power of gas with that of oil lamps.8

In the early 1820s, innovation was still part of the culture of the public sphere. The industrial exhibitions that had been held regularly in Paris since 1798 were modelled on the great paintings exhibitions organised each year in Paris: they were intended to give the public an opportunity to exercise its critical faculties.9 One of the organisers of the 1819 exhibition explained that the aim was to bring the latest inventions together in one place so that the public could compare and judge them.10 The many pamphlets on gas followed in this tradition of valuing the public’s judgement. Nicolas Clément-Desormes was one of the few chemists to speak out against gas. In his view, since the consequences of innovations affected society as a whole, the assessment of their usefulness had to be made by as wide and varied a public as possible: ‘Unless there is a public debate that draws the attention and contribution of a great number of persons, no sound judgement can be made.’11

2. Controversy as a means of assessing technology

During the controversy, five aspects of the gas were debated: its economic consequences, the ugliness of its light, its insalubrity, the dependence of the individual and, finally, the danger of explosions.

At first, the debate was purely economic. Like any innovation, gas seemed to threaten whole sectors of the economy. In London, its opponents argued that it would lead to the bankruptcy of lighting oil merchants and, in turn, whalers. Given that whalers were reputed to be the kingdom’s finest sailors, this innovation also appeared to threaten British maritime dominance and national security.12

A pamphlet published in Paris in 1816 castigated gas for being an ‘anti-national’ technology.13 The author predicted the ruin of rapeseed growers, oil purifiers and lamp manufacturers – a ruin that was likely to heighten popular discontent and lead France to a new revolution. On a more serious note, Nicolas Clément-Desormes examined the economic context of the innovation: while it was profitable in London and Manchester, it was ill-suited to the French economy, where both coal and its transportation were three times more expensive.14

Lighting gas raised the question of the desirable model of economic development should be. Could – should – France follow the same path as Britain? According to the académiciens, the main advantage of gas was that it would encourage the growth of the coal industry: demand would create supply, coal prices would fall, canals would be dug, and France would follow Britain down the path of coal-based industrialisation.15 This debate went hand in hand with discussions of the stewardship of natural resources: was it really reasonable to burn coal for the sake of lighting? Given that coal was used to produce steel – a product far more useful for national defence – did not gas lighting amount to sacrificing future generations’ security for the sake of comfort today? Clément-Desormes distinguished between renewable and non-renewable resources: in order to develop French industry in the long run, it was necessary to save coal, which, unlike rapeseed oil, ‘cannot be reproduced indefinitely’.16 Chaptal concurred that it was better to use the national coal stock to produce steel.17 The advocates of gas also considered the long term: the coke produced by distilling coal would be used for domestic heating and would help to conserve forests. Coincidentally, it was during the meeting of the Académie des sciences following the discussion on gas lighting that its members studied the link between deforestation and climate change.18

In 1823, the Romantic writer Charles Nodier and the doctor Amédée Pichot published their Critical Essay Against Hydrogen Gas. The innovation was accused of making the world uglier by removing shadows and their mystery, and of infecting Paris by introducing swamp air. Was not the gas that came out of the nozzles similar to that which produced will-o’-the-wisps and epidemic fevers? Distilling coal, that is, organic residues which had accumulated over centuries, would reintroduce age-old putridity, buried under protective soil, into the heart of the capital.19 Since the establishment of gasworks, the withering of trees along gas pipelines, fish found dead in the Seine and the disappearance of swallows in London were so much evidence that the danger was real.20 Gas also contains sulphides that attack the lungs. Dr Pichot studied the process in some detail to show that gas could not be perfectly purified: if the gas remained in contact with the washing water for too long, it would end up purified but no longer produce light. Distillation was just as tricky: coals of varying qualities, with varying levels of sulphur, made the presence of sulphurous gas inevitable.

A danger of a wholly different order came from the loss of control over lighting, which now depended on a vast network of engineering infrastructure. There was major reticence over such dependence.21 Conversely, one 1823 advertisement tried to show that gas would keep a man in control of his home: thanks to gas, in a moment, the courageous husband could jump out of bed, light his lamp and point a gun to the robbers, thus protecting the marital bed.
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‘Do not confuse me for anything that has appeared before’ (Musée Carnavalet, prints, © PMVP/Cliché: Joffre)



In public settings, sudden darkness was even more threatening. Nodier and Pichot imagined the panic in a theatre suddenly devoid of lighting:


All of a sudden, the lighting equipment . . . goes out and leaves the audience in deep darkness. With one hand on my watch and the other on my purse, I escaped amid cries of terror, admiring the ingenious instinct of the police, who had entrusted all the fortunes of public safety to the caprice of some simultaneous light.22



The murder of the Duc de Berry (whose potential offspring was the last hope of continuing the Bourbon lineage) by the Bonapartist Louvel as he left the Opéra in February 1820 was still fresh in everyone’s memory. Opponents of gas insinuated that this innovation could be the starting point of a plot by opponents of the monarchy: ‘Suppose all the royal family at the Opéra, admit the inadvertence of a gasometer worker, and suppose a Louvel in the crowd amidst the darkness !!!! . . . And what means a party would have to obtain this inadvertence.’23

The use of gas for insurrectionary purposes was taken very seriously: in London, a House of Commons select committee debated at length whether insurgents could explode a gasometer.24 In 1820s Paris, the scene of repeated attacks and plots against the king (no fewer than ten such attempts were foiled between 1820 and 1823), the new method of lighting, with its underground pipes carrying an invisible explosive substance, seemed to make police surveillance techniques obsolete.25 Even if these fears were exploited to damage the liberal party – already accused of permissiveness after the assassination of the Duc de Berry – the fact remained that gas lighting seemed to pose a considerable political and technical risk in a Paris that had not yet been well pacified.

3. An honourable monument to French industry

Up to 1823, the issue of explosions had remained confined to administrative circles: the Conseil de salubrité and the offices of the Interior Ministry. But suddenly the controversy boiled over. In question was the existence of an enormous 200,000 cubic-foot gasometer that Antoine Pauwels and his Compagnie française du gaz d’éclairage had installed on the rue du Faubourg-Poissonnière, at the time a fashionable district on the Right Bank, close to the boulevards and arcades.26

In 1823, this gasometer was an utterly extraordinary technical and political object. Technically, it was quite monstrous. In Paris, gas lighting was still in its infancy: the small plant set up by Winsor to light the Senate had faced setbacks, and the apparatus installed by the académiciens Gay-Lussac, Girard and Darcet at the Hôpital Saint Louis was no more than a prototype. Pauwels’s gasometer was ten times larger than the largest ones in Britain, built by engineers with far more experience. During the House of Commons’ hearings on gas safety, an engineer termed this apparatus almost impossible to control.27
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The gasometer of the Compagnie française du gaz d’éclairage



The gasometer was also explosive in political terms. In 1821, the liberal government of the Duc Decazes ceded power to the ultra-royalists. However, the gasometer authorised by the previous government had been financed by members of the liberal party, nobles of the Empire and Freemasons – in short, everyone that the ultra-royalists loathed. In 1823, Pauwels was a twenty-seven-year-old self-taught engineer who had served as a pharmacist in the imperial armies. After the Restoration, he manufactured various chemical products in Paris before raising 3 million francs to build the largest gasometer in the world. His shareholders included Laffitte, a major banker close to the liberal party; the Duc d’Orléans, a dynastic rival to the ultra-royalist Duc d’Artois; the Duc Decazes, head of the fallen government; d’Anglès, a former protégé of Fouché, who had become prefect of the Paris police and who had authorised the gasometer’s construction; Boulay de la Meurthe, a minister during the Hundred Days and a famous outlaw; Saint-Aulaire, a deputy from the liberal party; and Manuel, a notorious freemason and member of the Charbonnerie secret society.28 So when, in September 1823, the Conseil d’État overturned the administrative authorisation granted to Pauwels by d’Anglès, the liberal press cried scandal: the government had merely used the pretext of security to act according to partisan motives. The largest gasometer in the world, this ‘honourable monument to national industry’ was threatened with destruction for sordid political reasons.29

The gas explosions reported in the press (seven in London and two in Paris between 1819 and 1823) seemed to indicate that such mishaps were not, indeed, impossible. The opposition to Pauwels was led by the influential Baron Charles Athanase de Walckenaer, an alumnus of the École polytechnique, master of requests at the Conseil d’État and member of the Institut. In his petitions, he developed a subtle argument reminiscent of our precautionary principle: a gasometer explosion was surely unlikely, but the consequences would be so severe that no uncertainty could be tolerated. It was thus necessary to ban gasometers in Paris.

The stakes were clearly raised by Nodier and Pichot, who imagined Paris razed to the ground: Pauwels was a ‘manipulator who held the lives of six hundred thousand citizens at the mercy of an error’. They were outraged that the administration ‘had dared to put the lives of a million men at the mercy of a demented act or a surge of despair’.30 An initial report by the académiciens had recognised that ‘an explosion would be a disastrous event for the whole neighbourhood’, but considered this ‘absolutely improbable’ and even ‘a chimera’.31 Conversely, opponents insisted that the likelihood of an accident remained unknown and that, as a result, insurance companies were refusing to insure the gasometer or their homes. They challenged the members of the Conseil d’État to take moral responsibility for the inevitable scientific doubt: ‘The académiciens have told you: “The explosion is possible but it is unlikely if we take the means that prudence and science suggest.” We would ask you, Gentlemen, if these may not prove lacking, and if you will take such responsibility on your consciences.’32

On 10 September 1823, the Conseil d’État overturned the authorisation that d’Anglès had granted to Pauwels in 1821, recognising that this was too important a decision to be taken through a simple prefectoral decree. Responsibility was transferred to the government, which had to decide in which class of the 1810 decree gasometers should be ranked. If it was to be the first class, Pauwels would simply have to dismantle his plant and rebuild it outside Paris, far from any dwellings. To resolve the matter, the government commissioned the Académie des sciences to draw up a ‘solemn report’.

4. French académiciens and British expert witnesses

Lighting gas provides an ideal case study for comparing expert appraisal practices in France and Britain. In the two cases, highly contrasting forms of expert appraisal were being carried out at the same time, on the same subject: academic reports on the one side of the Channel, and parliamentary hearings on the other.

At the end of 1823, the aim of French Academy of sciences report on gas was twofold: to put an end to a controversy that was becoming politically embarrassing, and to save the Pauwels gasometer. Castelblajac, the director of commerce and manufactures, gave the Académie des sciences detailed instructions. The destruction of the gasometer was never considered a serious possibility. He asked only for safety measures – ‘you will consider gas lighting, its dangers and their remedies’ – as if one could not exist without the other.33

The académiciens Gay-Lussac, Girard, Darcet, Héron de Villefosse and Thénard, who were appointed to write the report, took an analytical approach. In a series of paragraphs, they described the risks involved in coal storage, gas production, gas purification, gas storage and the distribution of gas through pipelines, without considering the cross-effects between the various factors (such as the distillation of coal next to a gasometer). Gasometers were reduced to a simple physical model, whose safety could be inferred from the certainty of the laws of physics. For example, gas explodes only when properly mixed with four to twelve times the same volume of air. But in gasometers, the gas is always under pressure, and thus air cannot make its way into the vessel. Gas is also much lighter than air, so it would take several hours for them to mix. Nor was it necessary to fear lightning: given that gas is not an electrical conductor, the electrical discharge would be conducted through the bell of the gasometer into the water-filled tank. Finally, gas pipes would not communicate flames and carry the fire over any distance; for scientists had shown that a flame cannot pass through a pipe longer than its own diameter. The académiciens then reasoned according to the theory of probabilities. The ‘gasometer explosion’ event was conceived as a combination of sub-events, namely, a depressurisation of the gasometer, an opening in the vessel, a long period without supervision for the mixture to mix properly and, finally, a flame being present in the mixture. Since each of these subevents was considered highly improbable, a combination of all of them was deemed ‘absolutely improbable’ or ‘a chimera’.34

The British experts did not follow a similar logic. For example, William Congreve, a leading explosives expert, did not offer thought experiments, but instead investigated the accidents that had already taken place, which proved highly instructive. For instance, an explosion at the Great Peter Street gasworks in Westminster had been caused by the heat of a distillation retort placed too close to the gasometer.35 The status of experiments was also very different in each case. The British experts questioned by the select committee often refused to answer, for want of experimental evidence. The laboratory experiment seemed too far removed from the real situation at hand. According to the chemist Humphrey Davy: ‘From experiments made on a small scale, it is not possible to reason with perfect confidence when the scale is 100,000 times larger.’36 This difference in scale between the laboratory and industry was extremely worrying because it was feared that the gas’s explosive power might increase exponentially. Experimental practices were themselves rather different. The British were more pragmatic: when the committee asked whether the explosion of a gasometer could cause the explosion of other gasometers placed near it, Davy suggested building a scale model of a factory and exploding a miniature gasometer. Congreve, to determine the effect of an explosion of gas, built a gas cannon: from its range he could infer an equivalence between the explosive powers of gas and gunpowder.

But when the same problem was investigated in the Académie des sciences, it became a classical question of experimental physics. Ampère proposed studying the explosive power of gas because ‘we would at the same time solve a question of physics of great interest: the determination of the heat produced in the combustion of various inflammable gases’. He then explained how the danger of explosions could be entirely deduced from the temperature of the burning gases. Pelletan, who responded to Ampère’s proposal, sent a letter to the Académie setting out his initial results. The initial problem – gasometer explosions – was no longer even mentioned. The expert’s approach had been transformed into a pure problem of physics, using a classic experimental protocol and not producing any concrete results.37

The status of subjectivity, doubts, and contradictory evidence varied greatly between British and French expertise because of the distinct judicial traditions of each country: an oral and adversarial procedure in England, and a written and inquisitorial one in France. In France, the government commissioned a written report, which could remain confidential. In Britain, the expert was heard as a witness, his evidence was oral and subject to contradiction.

The British parliamentary select committee on gas organised hearings with a wide range of figures: scientists, gas engineers, London company directors and even some opponents of the plants. Often, the supposed objectivity of the expert gave way to the expression of his personal opinion. For example, the chemist Humphry Davy was not questioned about his expertise on gasometers: he admitted that he had never seen one before the morning of his hearing!38 What the select committee expected from Davy was his subjective and personal assessment of the risk:


– There are fourteen gasometers placed very near together; what do you conceive the effect of the explosion of one of the largest gasometer in Peter-street would be, amongst the other gasometers?

– It is extremely probable that they would be overturned, torn in pieces and the whole exploded but it is a matter of experimental research . . . nobody can predict the exact result.



When the committee insisted on having an answer, he gave a personal opinion:


– Upon the whole, would you not rather they should be farther apart?

– Certainly, if I were living in the neighbourhood I would certainly rather live in a neighbourhood where they were further apart.

– Would you feel uneasy from their situation, if you lived in the neighbourhood?

– I think I should.

– You have stated that if you were to exercise your own choice, you would not place your residence in the immediate neighbourhood of the gas works?

– Unquestionably not.



Samuel Clegg, a prominent expert in gas lighting, tried to counter the bad impression made by this statement by asserting that he ‘should have no objection to [having his own] bed placed on the top of a gasometer; [he] should sleep there as in any other place’. As for a gasholder explosion, he ‘thought it quite impossible and should as soon guard against the falling of Waterloo Bridge from an earthquake, as guard against any explosion of that sort’.

When, as in Clegg’s case, an expert seemed very sure of himself, cross-examination could introduce doubts. A neighbour of the St Pancras works managed to push Clegg onto the retreat:


– You have been asked by the committee whether the gasometers at St Pancras are safe?

– Yes.

– Have you viewed them?

– They are not erected yet, but I have seen the plan.

– Do you know the size of those gasometers to be erected?

– No.

– Do you know the distance of the gasometers from each other?

– Not exactly.

– Do you know how many there are?

– I do not know, three at present I believe.

– Do you know the distance the gasometers are now to be placed from the houses?

– No I do not.



The procedure followed by the French académiciens managed risk in a totally different way. First, unlike the oral, contradictory hearing, their written report enabled them to present a single opinion that seemed perfectly coherent. Yet the draft of the report, held in the archives of the Académie des sciences, shows that disagreements were indeed present throughout the process of producing the document. It is an outright battlefield, written by several hands and in several colours. The pasted-together sheets show the evolution between different versions. Drafting techniques (erasing, pasting, crossing out, adding, snipping) obliterate the experts’ train of thought, which is full of detours, objections and uncertainties. Conversely, in London, the Minutes of Evidence, which published the debates in detail, lifted the veil on this preparatory phase.

The draft report was part of a wider set of techniques in the Académie designed to produce a consensus. On many points, two académiciens, Thénard and Héron de Villefosse did express disagreement. But these dissenting voices had a hard time breaking through the fundamental barrier between the spoken and the written word: Thénard ultimately fell in behind the majority opinion and settled for reading out a note on additional safety measures. Héron de Villefosse, who refused to sign the report, was a man whose opinion the Académie could not easily ignore: close to Louis XVIII, who made him a baron in 1820, he was secretary to the king’s cabinet and a Conseiller d’État. However, the minutes only mention his opinion in a brief euphemism: ‘M. Héron de Villefosse, a member of the commission differing in some respects from the opinion of his colleagues, read an individual report on this subject.’ His paper was not put to the vote of the académiciens, who could only pass judgement on the majority report. Nor was the debate that took place on 9 February transcribed: a brief note listing the speeches indicates that Walckenaer, who was present during the debate, made ‘a few miscellaneous observations’.39 Finally, the tally of votes for and against the majority report was not published. In short, the Académie’s procedure was perfectly built for masking disagreements and manufacturing unanimity and present a solid foundation for the government’s decision to authorise Pauwels’s enormous gasholder.

Yet the voice of science, as constructed by the Académie system was far from neutral, disinterested or objective. Seen in retrospect, the conclusion of the report was easy to foresee, for many académiciens were interested in gas for financial, intellectual, and even patriotic reasons. In 1823, Gay-Lussac was a consulting chemist for Manby and Wilson, who had just set up a gasworks at the Barrière de Courcelles. As early as 1817, he had travelled to London, accompanied by other académiciens, to study the new method of lighting, in the hope of establishing a company. He even offered to light the Senate, but the project was instead entrusted to Winsor.40 Along with Darcet and Girard (who were also rapporteurs), he took part in the construction of the lighting apparatus for the Hôpital Saint-Louis. Girard became chief engineer of the Compagnie royale d’éclairage par le gaz, founded by Louis XVIII to light the Opéra. In 1822, the company was taken over by Chaptal fils in partnership with Darcet.41

Gas lighting was also of great scientific interest: Girard and Navier made experiments and constructed intricate differential equations to describe the flow of gas through long pipes. This scientific involvement was typical of post-Waterloo French science: the académiciens thought that their social role was to help France catch up with British technological advance. They considered that every technology of that period coming from England could be improved and ‘perfected’ with applied mathematics.42 This conception of a potentially perfect technology, obtained through scientific expertise, also drove the académiciens’ technological optimism about the risks of gas lighting.

Finally, it must be emphasised that these contrasting practices of expertise produced uneven results. By interviewing the engineers who worked on the gasometers on a day-to-day basis, the Commons select committee gathered concrete information on practical difficulties. Engineers were concerned about the heat in the distillation retorts, which caused the gas in the gasometer to expand or even burn; the limewater used to purify the gas could evaporate, letting the gas escape; and the wind could cause the gasometer vessels to sway or even topple over.

When the académiciens visited the Pauwels plant, they did not notice any of these problems. Fortunately, before drafting their report on the classification of gasometers, they were able to consult the hearings of the British select committee and plagiarise its proposals. The royal decree of 28 August 1824 endorsed their report: gasworks were placed in second class and there was no limit to the size of gasometers. In return, entrepreneurs had to comply with the safety measures prescribed by the académiciens.43

5. Norms and the legalisation of risk

The 1824 decree enshrined Pauwels’s victory, and his huge gasholders remained authorised. Better still, he had succeeded in setting a precedent: the law for the whole of France was designed to suit him. Since no distance was required and the size of the gasometers was left open, the decree authorised the construction of gigantic gasholders in the middle of every town and city in France. The safety standard was defined in obedience to a technological object deemed monstruous by many experts. So, how are we to explain the paradox?

More than all the academic reasoning, it was the network of technical infrastructure that ensured its own victory. The construction of huge metal structures and the burial of pipes in the ground rendered any subsequent changes extremely costly. For example, simply moving these structures outside the towns would mean changing the entire network, because the diameter of the pipes gradually decreased from the gasometer to residents’ homes.44 Following the Conseil d’État’s decision to withdraw administrative authorisation, the Journal du commerce had challenged the authorities to reimburse not only the industrialists involved, but also shopkeepers and restaurant owners who had made investments in anticipation of the arrival of gas.

Too many people had invested in gas: the consumers whose properties had already been fitted out, the manufacturers of the equipment used, the financiers, the administrators and the experts who had supported this technique. The Académie des sciences, for example, was too committed to back down. An anonymous note recalls that, at the end of the eighteenth century, it had encouraged the inventor of gas lighting, Philippe Lebon, in his project, and that it could hardly go back on its word, especially now that the British had turned this French invention into a lucrative industry. The king himself owned shares in the Opéra lighting company.45 Pauwels’s fate was thus bound up with past decisions by the administration and the Académie, with the king, with competition with Britain, and with the nation and progress itself.

There was also a perverse interaction between all the capital invested and the principle of the universality of the law. In 1823, at the Académie, the Pauwels factory was on everyone’s mind. According to Héron and Thénard, the Pauwels gasometer should be taken as a case apart, and future factories banned from the towns and cities of France. But the académiciens rejected this compromise, precisely in the name of the general applicability of the law:


The companies have committed six million on the faith of the government. It is obvious that the government cannot give retroactive effect to its acts. It would then allow existing establishments to survive, but there would henceforth be privileges for those establishments, and there would therefore be two different laws governing one same industry; that is where an ill-considered opinion would take us.46



The fact that the fate of Pauwels’s gasholder was to be decided along with that of the general rules for gasworks was crucial: the spread of huge gasholders throughout the towns and cities of France was authorised for fear of damaging one jewel of national industry. Unlike the local police regulations of the Ancien Régime, the norms were supposed to be the same all across France. Enacted after the fact, this standard legitimised the industrial fait accompli in its most dangerous form.

6. The reign of the unpredictable

With the advantage of hindsight, how valid were the forecasts made by experts, proponents and opponents of the gasholders? In retrospect, what seems to prevail is uncertainty. The case of gas highlights the difficulty or even the impossibility of predicting the behaviour of complex technologies when they are plunged into the real world.

It was not long before gasholders did indeed explode, but none on the scale that their opponents had predicted. In 1844, the largest gasholder in Paris, containing 430,000 cubic feet of gas, suffered an accident described as ‘very serious’ by the authorities. Luckily, the huge flames fanned out into a field and ‘only’ one worker perished in the accident. The press reported the disaster with great concern. The prefect of police convened a commission of experts. Darcet, who had defended Pauwels in the early 1820s, made amends and recognised that the accident could have been much more serious.47

Another explosion in 1849, near the Opéra, finally convinced the most sceptical: even the Journal de l’éclairage au gaz stressed ‘the importance for the city of getting rid of such an uncongenial and dangerous neighbour as the gasworks’.48 Finally, in 1852, the minister of agriculture and commerce ordered that all new gasometers should be built outside towns.49 But this tardy reaction did little to reduce the danger: given the urban sprawl of the 1860s, gasworks as far as La Villette in the northeast of Paris or Ivry in the south were closely surrounded by residential dwellings. The minister’s decision thus amounted to protecting the capital and confining the risk to the industrial faubourgs.
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La Villette gas plant in 187850



In 1865, in London, the explosion of the gasometer at the Three Elms factory had more dramatic consequences: twelve dead, many injured and around a hundred houses devastated. The disaster stirred an emotional response among Londoners. The government had lied: ‘They had been taught to believe that an explosion could not occur. They thought that they were as safe in the neighbourhood of gas factories as anywhere else; whereas they were living in constant peril.’51 After the disaster, the press closed ranks in calling for gasometers to be banished from the city: ‘At present it is clear every gasometer is a powder magazine’; ‘The comfortable theory that a gasometer will not burst, must now be regarded as entirely exploded by the accident’; ‘We should no more dream of accumulating explosive materials in quantities enough to blow an ironclad in the heart of [London] than of practising artillery in Oxford Street.’52

Opponents were also right when they denounced the toxicity of the gas. The danger was even greater than they had imagined: in 1823, the fear was that it was unhealthy and could cause asphyxiation. However, the first cases of gas poisoning showed that even small quantities could kill: gas was not only unbreathable – it was poisonous.54 After the first cases of poisoning, forensic scientists studying the composition of lighting gas discovered a fearsome cocktail of ethylene, propylene and carbon monoxide. In the 1880s, Parisian gas contained 5–13 per cent carbon monoxide.55
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Explosion of the Three Elms Works gasholder53



As opponents had predicted, the purification of gas was always imperfect: at the beginning of the twentieth century, consumers were still complaining of bad smells, headaches and vomiting caused by gas. The large number of purification processes invented throughout the century, combined with the authorities’ efforts to resolve what British newspapers called ‘the sulphur question’, clearly illustrate the difficulty of this task. In 1860, the London Gas Act set limits on sulphur levels, and numerous fines were imposed on companies that did not comply. The Board of Gas repeatedly had to raise these levels, as companies failed to respect the ruling.56

Finally, if sudden darkness did not kill any French monarch, gas was indirectly responsible for some hundreds of deaths. In 1858, fifteen people were trampled to death at the Victoria Theatre in London during a panic caused by a small gas explosion.57 Much worse, an explosion of gas in 1881 at the Nice opera house set fire to the scenery, and in the darkness, a terrible stampede occurred that blocked the exits. More than 200 people died from being crushed, asphyxiated or burnt.58 That same year, a fire broke out at the Ring Theatre in Vienna, and the gas was turned off for safety reasons, but with deadly consequences: ‘The passages were narrow and intricate, in the darkness they became choked with people rushing hither and thither, trampling and crushing one another to death in the mad struggle for life.’59 A total of 609 corpses were found. With hindsight, Nodier and Pichot’s warnings about panic inside a darkened theatre seemed prophetic. After the Nice disaster, oil lamps made a comeback in French theatres to guide spectators towards the exit in the event of the gas being cut off.

Even more accidents exceeded all the expectations of the opponents or experts. Indeed, the technical system created entirely unforeseeable effects. For example, until the 1880s, certain gas explosions remained inexplicable, for they took place without there being any flame. It came as a surprise to discover that poorly purified gas could contain acetylene, which reacted with the copper in the pipes to form copper acetylide, which would simply detonate on impact.60 The copper pipes had to be banned and the presence of acetylene in the gas had to be monitored.

Real-world developments could also change how technology behaved. For example, in Strasbourg, in January 1841, extreme cold made the gas much drier than it otherwise would have been. Instead of depositing water in the siphons placed for this purpose at low points in the network, it dried them out. Since the ground was frozen, the gas could not escape into the open air and was stored in the cellars of the houses. One family died of poisoning. Even the most astute or the most twisted opponent of gas would have found it hard to imagine such a chain of circumstances.61

Technologies of different generations could also interact in unpredictable ways. On 12 July 1883, explosions nearly brought down several buildings on rue François-Miron in Paris. A café was destroyed, and 86 people killed. Once again, the causes were complex, with the Compagnie parisienne d’éclairage and the Administration des eaux de Paris each blaming the other. The accident was linked to the intersection of several technical networks: a water leak had created a cavity, and a nearby gas pipe had lost its support, collapsed and broken. Since the cobblestones had been replaced by tarmac, the gas was unable to escape and accumulated in the newly built sewers before causing devastating explosions.62

7. The social construction of safety

Critics’ gloomy predictions went unheeded – and most of the accidents that took place were unforeseeable, anyway. So, should we conclude that the controversy of the 1820s was just so much wasted ink? Quite the opposite. A study of the technological trajectory that gas has followed shows that the dispute played a major role in making it safer.

First of all, Pauwels, who was at the centre of public attention, was also the engineer who invented the most important safety mechanisms. His gigantic gasometer was the first to be fitted with a guide pin that prevented it from moving back and forth. For surveillance and safety reasons, his plant was built on a panopticon principle: the 336 distillation retorts were lined up in four parallel rows.63 This spatial grid contrasted with the dark, cramped London gasworks, which the British select committee feared would amount to little surveillance and conditions conducive to sabotage.64 Twenty years later, it was again Pauwels who designed the second generation of gasworks: a system of articulated pipes made the movement of the vessel more precise and regular, and the retorts were now made of cast iron rather than brick, and connected to the gasometer by an aspiration system that prevented the gases from escaping.65 Yet surely his most important invention was the gas-compensator, patented in 1846, which regulated pressure in the gas grid. Friction, differences in altitude and the elasticity of the gas meant that pressure varied widely. Pressure fluctuations caused major leaks (in the 1840s, 25 per cent of gas evaporated into the atmosphere in Paris) and dangerous oscillations in the flame.66

The controversy was also at the root of the 1824 regulations, which, while authorising gigantic gasometers, also defined a minimum safety standard. The ways in which technological risk was managed in France and Britain were diametrically opposed. In France, it was obvious that a regulatory solution was needed. The question the government put to the académicien-experts was: What should the content of the decree be? In Britain, the parliamentary select committee asked: Is it really necessary to enact a law? And the experts’ answer was unanimously negative: competition, progress and improved safety all went hand in hand. After all, did gas leaks not cost companies money? Regulatory intervention thus risked undermining the safety of the gas installations. The optimisation of technology, even from the point of view of safety, would be achieved through the market and competition. One expert, for example, regretted the intervention of the City of London, which had won a case against the Dorset Street plant. Under the terms of the judgement, the plant no longer had the right to discharge its washing water into the Thames. The company thus had to resort to solid lime, which turned out to be a less effective purifier than limewater. Through their ill-advised intervention, the authorities had thus unwittingly replaced a minor nuisance, which did no more than kill fish in the Thames, with a much more formidable risk: that the gas delivered to consumers was impure and thus more dangerous. The rejection of regulation was underpinned by faith in the inventiveness of entrepreneurs, subject to competition: the definition of a standard, fixing a technical norm in place, would ultimately be detrimental to progress in safety matters.

Although it is difficult to pinpoint the precise role played by the regulations in making gas lighting safer (which would require knowing what technical conditions would have been reached had the controversy not arisen), the appalling state of London’s gasworks in the 1820s can provide an interesting point of comparison. Despite (or because) they were twenty years ahead of their time, despite the lower cost of materials, despite the presence of workers and engineers whose know-how was superior to that of their French counterparts, London’s gasworks were at a much lower safety level than the first Parisian installations. At London’s Whitechapel plant, for example, huge 15,000-cubic-foot canvas bags covered with tar were used as gasometers. In the Brick Lane factory, secondhand brewers’ vats served as gasholder tanks.67 Raised tanks saved on the cost of digging a basin, but they often broke under the pressure of the water. Clegg also saw no problem in building gasometers in ponds to save on the construction of a reservoir! Indeed, he reported seeing nine of them floating, like water lilies, in Manchester.68 Despite the relative cheapness of iron in England, wood was often used in all parts of the factories: raised tanks, gasometers, the roofs and frames of the sheds. Congreve was horrified by one factory where large quantities of coal tar were allowed to accumulate because the company did not want to pay the costs of removing this dangerously flammable residue. He compared this factory to an ‘artificial volcano’.69

Generally speaking, it seems that the distribution of gas in London was affected by rudimentary production techniques. In the 1830s, companies advised users to keep a constant eye on their gas spouts, whose flame could be a foot high or go out suddenly, which was particularly dangerous when the gas supply resumed. The gas was so sulphurous that some individuals preferred to instal their spouts outside, even if it meant adding a reflector.70 From the 1850s onwards, there was an abundance of editorials, lawsuits, petitions and proposed legislation. This movement of local residents, consumers and hygienists, which the newspapers labelled the gas agitation, was strengthened after the explosion of the gasometer at the Three Elms factory in 1865. In 1872, a Board of Gas was finally established in London to monitor plant safety and gas quality.

The irony of history is that in France, even though the industry was in its infancy and expertise was lacking, the social and administrative mobilisation for safety had already taken place half-a-century earlier, through a combination of public controversy, the importation of British expertise and the government’s readiness to regulate the industry.

The history of gas tells us many things. First, it tells us about the existence of a form of reflexivity about the consequences of industrialisation. The Parisians of the 1820s questioned the many transformations that gas implied for their autonomy, their leisure, their safety, the air, the night, the beauty of the world, coal reserves and the economy. For Nodier and Pichot, the main challenge of the time was no longer the mastery of nature, but the mastery of that mastery itself: ‘Everywhere in society, man has acquired a greater development of his power with new instruments . . . what he has to avoid now is overestimating his power, abusing it, and turning it against himself.’71

Second, the history of gas demonstrates the necessity of opening up expert procedures to a wider variety of actors and competencies. Expertise on gas in France was monopolised by a small clique of chemists and engineers who hoped that they could help France catch up through their mathematical virtuosity. Taking such an approach, their expertise was akin to a thought experiment based on an ideal gasometer whose behaviour could be calculated according to the laws of physics. Disagreements were suppressed thanks to a procedure in the Académie that produced science as a single voice speaking the truth about the nature of the world. In contrast, the House of Commons’ expert appraisal involved a wide variety of players. Engineers and foremen who handled the gasometers on a daily basis could testify to the problems they encountered. When experts expressed doubts or contradicted each other, the select committee strove to grasp the reasons for this uncertainty. Clearly, these contrasting expert practices led to results of unequal quality.

Third, the history of gas is emblematic of the radical unpredictability of technology. The consequences of gas lighting are still with us. Even though manufactured gas has disappeared from our cities, they have contaminated the soils with tars that contemporary medicine recognises as carcinogenic. The other surprise is climatic. In the late eighteenth and early nineteenth century, coal was often presented as a ‘green technology’ because it would reduce the consumption of wood and thus preserve forests. This argument is explicitly stated in the 1823 report of the Académie des sciences: gas would protect France from deforestation and hence counter climate degradation. Paris, which consumed 100,000 tonnes of wood a year in the 1820s, burned just 70,000 tonnes twenty years later. Meanwhile, coal consumption had risen from 50,000 to 180,000 tonnes, almost a third of it devoted to the capital’s gasworks.72 By appearing to free energy from the constraints of the forest, gas disinhibited energy consumption and contributed in no small measures to our climate predicament.

There is no point in blaming the experts of the 1820s for failing to foresee these dangers. But a historical comparison between what they predicted and what actually happened makes it possible to appreciate what the word ‘uncertainty’ means, when we use it in a detached way to talk about contemporary technologies. Technology and its circumstances – in other words, the complexity of the world – systematically thwarted all predictions. The only winner of the dispute was the unpredictable itself.
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The Mechanics of Fault

Technical safety standards responded to two distinct political requirements. One, as we saw with gas lighting, was to protect industrial capital by circumscribing risk and setting it on a stable legal footing. The second concern, which will be the focus of this chapter, was to integrate the new products of the Industrial Revolution into a liberal legal anthropology based on the distinction between the responsible individual and the passive object.

The French Civil Code of 1804 resulted from a project for less government: the legislator sought to constitute society as a set of individuals whose behaviour would be harmonised through their judicial interactions. In this context, accidents were conceived as private matters involving a responsible party and a victim. These were wrongs subject to the law and had to be combated as such through the obligation to provide compensation. Following a long legal tradition, the quasi-tort liability defined by Article 1382 of the Civil Code made compensation conditional on the existence of fault. But, for this self-regulating system to work, it was still necessary to be able to identify fault, that is, to attribute human causes to each accident. This required being able to distinguish clearly between two ontological orders: that of individuals who could be apportioned blame, and that of passive objects.1

As far back as the eighteenth century, there was no reason to consider this distinction self-evident, and rules of justice had been devised to settle tricky cases. When objects had violent effects, the law generally laid the blame with their owners. According to Domat: ‘The order that binds men together in society . . . obliges each man to keep everything he possesses in such a state that no one receives either harm or damage from it.’2 In many circumstances, the fault was so slight that it was only presumptive: an animal’s owner was always held liable for any damage it caused, as was the owner of a forest whose rabbits caused damage to neighbouring fields, or the builder who used a machine hoist to lift materials. The distinction between ‘manslaughter through negligence’ and ‘accidental death’ was, indeed, a legal construct: if a barber in his shop was jostled and he slit his customer’s throat, he was innocent, but if the same accident occurred when he was working outdoors, he could be considered guilty of imprudent conduct.3

From the 1820s onwards, the technologies of the Industrial Revolution blurred the criteria for apportioning blame even more. Instead of one cause which implicated a person who could be held responsible for misusing things, judges and engineers had to deal with blurrier combinations of causes – indiscriminately mixing together error, inattentiveness, ignorance, unforeseeable technical malfunctions, wear and tear, material fragility, conditions of use and maintenance, and so on. In such cases, the cause of the accident was spread across a whole jumble of people and things, and this made it impossible to apportion blame and thus to set compensation. This symmetry between humans and non-humans, which the contemporary sociology of science regards as an investigative finding, was, for the legislator, a starting point and a problem to confront.4 Putting things and people on the same level of accountability did not resolve any practical question of justice; and to accept that violence could arise from objects, not humans alone, meant depriving society of a powerful means of self-discipline; namely, the constant fear of wrongdoing and being punished for it.

In this context, technical standards played a fundamental political role. By producing (including in the sense of ‘staging’, as in a theatre) predictable objects that could not cause accidents all by themselves, the standard made it possible to systematically direct blame towards humans. By confecting the notion of a perfect technology – indeed, whose perfection was guaranteed by the state administration – the standard aimed to produce human subjects who could be held responsible for accidents.

Many historians have analysed the transformations that took place through the ways that societies managed accidents at the end of the nineteenth century. Legislation on workplace accidents (1884 in Germany, 1898 in France) introduced a system of no-fault liability: workers no longer had to prove to the courts that their employer was at fault before they could secure compensation. As François Ewald explains, accidents were removed from the logic of the justice system and subjected to the different logic of occupational risk; they were no longer the result of human fault, but the inevitable downside of the industrial production from which all society benefited. If these were the inherent costs of progress, it was only right that society as a whole should foot the bill, through insurance mechanisms. In this reading, making the law ‘social’ consisted in its adaptation to the development of the world of production and its mechanisation.

The problem with this account is that it amounts to presenting the socialisation of professional risk (in France, meaning the 1898 law) as if it created a regulation ex nihilo and it imagines that the prior situation was just pure laissez-faire at the expense of the worker. In so doing, it overlooks the vast legal and technical efforts that had gone into preserving the principle of liability throughout the nineteenth century. It is odd to note, in this regard, that liability for fault was erected as a fundamental principle of civil law at precisely the moment when the technologies of the Industrial Revolution made its application into a source of injustice. What requires historical explanation, then, is not only the recognition of occupational risk that came at the end of the nineteenth century but also the legal application of the principle of liability that preceded this point.5

This is especially true given that France’s Civil Code tolerated a degree of flexibility. While Articles 1382 and 1383 emphasised the link between fault and reparation, the ones that followed acknowledged instances of liability in which fault was only presumed. Hence, an animal’s owner was liable for any damage it caused. Accidents in the army, in the civilian navy and in public works led to the payment of a pension without any need to prove fault.6 Finally, the Civil Code introduced liability for damage caused by ‘things in one’s custody’. The courts could have equated machines with the horses they replaced or invoked the ‘custody of things’ to make the owners pay. This was, indeed, what they did, but not until the end of the 1860s. Before then, compensation was only awarded in cases of proven fault. Accidents with undetermined causes were regarded as chance events, that is, on the same level as natural disasters, and did not imply any compensation.

This chapter, then, has two goals. The first is to identify, through a focus on steam engines, the material infrastructure of legal liberalism; that is, the technical devices that made it possible to maintain the simulacrum of a liable individual. The second is to show that the theories of occupational risk and compulsory insurance were far from a break with liberal economic principles, but, instead, followed in line with Chaptal’s old project of providing security to industrial capital.

1. Standards, responsibility and self-discipline

Liability is based on predictability: an accident is grounds for compensation insofar as the judge can apportion blame, that is, show that an individual failed to foresee the consequences of his own action. To produce responsible human beings, technology thus had to be made as predictable as the laws of nature. At first sight, in the technological context of the 1820s, this ought to have posed no difficulty. Steam obeys linear mathematical laws (PV = nRT) and seems emblematic of a predictable and controllable technical system.

Yet, throughout the century, steam would, in fact, pose irresolvable problems. While most explosions could be explained by an overloaded valve or damaged sheet metal, others remained complete mysteries. For example, boilers sometimes exploded when the valve opened. The explanation ventured by the engineers was the following: the metal sheet built up heat and the water kept under pressure did not boil. When the valve opened, the pressure dropped and the boiling water hit the overheated metal and evaporated, thus causing the explosion. The theory of the spheroidal state of water explained the explosions that occurred when the boiler cooled down: the water suspended on a cushion of superheated steam suddenly fell onto the burning-hot metal sheets. Other hypotheses cited the formation of hydrogen gas upon the water’s contact with the metal, a delay in boiling due to the lack of gas in the water, or even electrical phenomena. In the technical literature of the time, there were so many theories on sudden explosions that they made up a genre unto themselves.7

If the ‘age of steam’ exalted progress, this was certainly not because it was unaware of its possible dangers. When high-pressure boilers (at above twice atmospheric pressure) appeared in France in 1815, industrialists had, in fact, hesitated to use such unpredictable devices, particularly in shipping. In 1822, the Société d’Encouragement pour l’Industrie Nationale published a glowing report on the Zoolique, a boat built in Nantes which used paddle wheels but replaced the steam engine with a horse.

In March 1822, after a series of explosions in the United States and Great Britain were reported in the Paris press, Interior Minister Jacques-Joseph Corbière banned high-pressure boilers within seventy metres of dwellings, in effect banning their use in towns. The Conseil de salubrité, this ardent defender of industrial interests, refused to apply this decision. In its view, since it was enough to overload the safety valve to transform a low-pressure boiler into a high-pressure one, this measure threatened to become an effectively total ban on steam. In any case, high-pressure boilers were much more efficient, at least twice as much as standard boilers. The savings in coal consumption were considerable, as was the reduction of the pollution connected to its combustion. The Conseil de salubrité openly criticised the minister’s decision for not being ‘justified by a properly considered discussion of the principles of the matter’.8

Steam posed a twofold problem in policy terms. First, increasing pressure also heightened the power of the engine, together with the production rate and thus output. The pursuit of profit obviously made for greater risks. Second, the main danger did not owe to a faulty arrangement of the technology but to its misuse. In July 1822, the Conseil de salubrité authorised a boiler in exchange for a commitment from the proprietor not to exceed two atmospheres of pressure. The prefect of police rejected this compromise: ‘Safety must be achieved in the construction of the device itself.’9

Faced with the Conseil de salubrité’s criticisms, the interior minister cancelled its decision and commissioned a report from the Académie des sciences. In April 1823, Laplace, Girard, Dupin, Prony and Ampère proposed a technical solution to the problem of monitoring the equipment. Two safety devices were added: a second valve ‘placed so as to remain out of reach of the worker’ and two ‘self-fusing plates’ made of an alloy which would melt at a temperature corresponding to the maximum pressure.11 In each case, the aim was to restrict the freedom of the engineman, who was assumed to be the cause of the accidents.
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Out of reach valve, early nineteenth century10



In October 1823, an ordinance stipulated the use of these two safety devices and set boilers under the control of the mining administration. A central steam engine commission was set up under the auspices of the Interior Ministry. In the départements, mining engineers were required to check that boilers complied with the regulations, test them for pressure, inspect them once a year and affix official stamps to the valves and fusible washers.12

Such administrative controls immediately posed a new technical problem: for to set the melting points of the washers, it was necessary to know what law there was linking temperature to pressure. In 1823, the government asked the Académie to establish this relationship up to the considerable pressure of twenty-four atmospheres. The scientists involved in this experiment (Arago, Prony, Ampère, Girard and Dulong) did not settle for approximations. For the sake of greater accuracy, they abandoned the use of a spring manometer and instead installed a twenty-metre glass tube along the tower of Paris’s Collège Henri IV. According to Arago, this was one of the largest physics experiments ever conducted.13 Thanks to the precision and courage of the académiciens, French technology based on mathematical laws would distinguish itself from British or American empiricism. The new industrial devices and the government’s determination to make them safe allowed the physics experiment to reach an unprecedented scale. Two decades later, in 1836, the great experimenter Victor Regnault obtained considerable funding from the Ministry of Public Works to accurately determine the laws of steam at very high pressure. He took advantage of this to conduct thermometrical research into delays in boiling and fixed points.14

Unlike pressure, the resistance of metal plate was difficult to measure, since it varied according to the quality of the materials used and the temperature. Since no clear mathematical law could be arrived at, the académiciens delegated the work to simple engineers. Because of this uncertainty, the administration was forced to impose a considerable margin of safety: the thickness of boilers was calculated to withstand a pressure twice the test level, which was itself set at five times the working pressure, giving a safety margin of ten.15 Boiler manufacturers were outraged by the waste of metal and extra expanse which this involved. British engineers were also sceptical about what point there was to all this. In their view, safety had more to do with the quality of the sheet metal used by the boilermaker. Although there was no official standard in Britain, in the 1850s the Manchester Steam Users Association recommended a safety factor of five.

In fact, the safety margin was essential to the standardisation project. The administration that sought to prevent accidents ‘upstream’ through technical prescriptions also had to anticipate the wear and tear that would weaken the metal. This was how mining engineers justified the extra expense: ‘Manufacturers will adjust to these thicknesses and only sell boilers which will still be able to withstand the test pressure despite their long use.’17
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In 1828, the essential parameters of French boilers were standardised: the thickness of the sheet metal, the melting point of the fusible washers and the diameter of the valves could be calculated from the working pressure and the diameter. This was probably the first time that equations had defined the legal form of a technical object.

What happened when one of these French boilers exploded? What effect did standards, safety margin and administrative certification have on the way liability was apportioned?

Determining the cause of an explosion was a difficult task: the boiler attendant was often killed, and the workshop devastated. The département-level mining engineer would look for clues, collect witness statements and analyse samples of the metal. The opaque circumstances of the accident could have left the question wide-open to interpretation – that is, if it had not been for the four pre-established theories recognised by the Corps des Mines, which inevitably framed his report. These four were the overloading of the safety valve, the lowering of the water level, construction defects, and the wear and tear of the sheet metal. These ready-made explanations provided standard narratives for accident reports and made it possible to set clear boundaries to the possible chains of cause and effect.

This had two consequences. First, by setting out the causes and attributing these explanations with scientific legitimacy, the Mining Administration provided judges with legally responsible individuals. Between 1827 and 1848, out of fifty-eight boiler explosions, only four remained unexplained.18 The judiciary itself was generally more cautious and prosecutors were reluctant to prosecute based on engineers’ reports. For them, a mere failure to comply with standards was insufficient grounds for a conviction.19

Second, the mining administration often blamed accidents on workers: fully one-third of explosions were said to be a result of their errors, inattention or carelessness (failing to keep up the supply or overloading the valve). The remaining two-thirds were put down to construction or maintenance faults attributable to the owners. Yet, in the 1850s, insurance companies in Britain held workers to be at fault for only one in ten explosions.20 What can explain such a discrepancy? In France, when a boiler exploded, the mining engineer was blamed for his inability to monitor the boilers in his département and keep them in good condition. In his report to his superiors in Paris, it was thus in his interest to find fault with the worker, rather than the poor condition in which the boiler had been kept. Moreover, the central commission on boilers sometimes rejected conclusions blaming the worker and criticised the mining engineer’s overly convoluted explanations.21

The engineers’ reports similarly focused on the defects of the engine and those of the worker. It was conveniently discovered that, at the time of the accident, the engineman was drunk and had fallen asleep – or was even leading the ‘dissolute life’!22 Guidelines from 1824 explain that the boiler attendant must be ‘not only attentive, active, clean and sober, but also free from any defect that could harm the regularity of the service. Nothing must disturb his attention during work; otherwise there can be no safety in the establishment.’ As for valve overloads, the instructions warned that ‘they are extremely dangerous . . . workers must be aware that one of the main effects of an explosion would be to release a huge quantity of burning steam which would cause them a cruel death’.23 The danger incurred by the worker encouraged discipline and thus improved safety. If need be, a perfectly predictable steam engine could also be a good punishment mechanism.

2. Vices and improvements

To the engineers’ minds, if the worker was not responsible for an accident, then such an outcome must reflect some ephemeral condition of the technology itself. Two concepts used in this regard – ‘construction defects’ and ‘perfection’ – set out the perspective of a simpler world made up of perfect machines and responsible humans.

The focus on ‘construction flaws’ presupposed the possibility of distinguishing the essence of the technology from its defective real-world realisations. For example, when a boiler exploded, if it was made of cast iron the engineers would blame the material; if it was made of wrought iron plates riveted together (as per their advice) they would blame poor construction – perhaps the rivets were too close together, too far apart, too aligned, too deep, oval, not bevelled enough, and so on. There were a thousand and one ways to blame a rivet rather than the intrinsic dangers of steam power. For the mining engineers, the construction defect had the advantage that it was hidden: since it could only be discovered once the explosion actually occurred, it did not raise any doubts over the diligence of their monitoring work.

Reassurance was also to be found in the key notion of ‘perfectionnement’, as it implied the existence of a perfect state of technology. The competition launched in 1829 by the Société d’Encouragement pour l’Industrie Nationale put it in explicit terms: two prizes were to be awarded to anyone who ‘perfects and completes the means of safety’ or found ‘a boiler shape and construction that prevents or erases any danger of explosion’.

In the 1830s, perfecting the machine, above all, meant disciplining the worker: for every cause of error or negligence, a mechanism had to be found to control or replace the boilerman’s role. Various valve models were proposed, refining the devise stipulated in the 1823 decree: valves inside the boiler and thus inaccessible to the worker, valves with enclosed bearings and valves with exhaust levers. Other devices were designed to warn the worker of the danger or raise the alarm over his own inattention: for example, manometers striking a bell when the pressure was too high, or floats that allowed a jet of steam to pass through a whistle when the water level was too low.24

Other inventors instead sought to replace the worker with automatic mechanisms: a float which, when lowered, opened the water supply valve; a gauge which opened the valve if the pressure passed a certain threshold. In the mid-nineteenth century, explosion prevention was one of the key areas of development for the automation and interconnection of systems. Inventors tried to establish negative feedback loops by connecting the boiler’s different parameters: how was it possible to glean information on pressure and link it to the furnace’s air supply? How about measuring the water level, and adjusting the tap accordingly? With the mechanical means available in the nineteenth century, this was no simple task.

The notion of guaranteeing safety through automation – and indeed, by bypassing the workers’ role – gave material expression to the productive utopia advanced by the eighteenth-century philosophers. The idea was to subordinate the worker to the knowledge and creations of the engineers. In 1767, the philosopher Adam Ferguson wrote about factories, explaining that their ‘perfection consists in being able to do without the mind . . . so that . . . the workshop can be considered as a machine whose parts are men’.25 Fifty years later, automation for safety purposes was still interpreted in these terms. On the subject of steam engines, a French encyclopaedia marvelled: ‘These refinements . . . complete the task of turning this apparatus into a kind of automaton, capable, so to speak, of executing alone and without supervision the service demanded of it.’27 The London physician Herbert Mayo ventured to compare the metabolism of humans with that of machines, for the latter are also self-regulating organisms: ‘In its present perfect state, the steam-engine . . . regulates the quantity of steam admitted to work, the briskness of the fire, the supply of water . . . it opens and closes its valves with absolute precision . . . and when anything goes wrong, it warns its attendants.’28 In the Grundrisse, Karl Marx was also interested in the mechanisation of man and the humanisation of mechanics, but this reduction of differences, far from being progress, seemed to him to be symptomatic of the disorders of capitalism, which transformed the worker ‘into a mere living accessory of the machine’.29
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In the 1820s, the worker was seen as a more irregular creature than the machine, and more difficult to perfect. It thus seemed that safety could be achieved by embedding human actions in the technology itself. In the nineteenth century, this equating of man and machine, the exchange between their characteristics and capacities to act, was the dominant way of thinking about technology and of integrating it into a liberal social order.

3. The liability market in Britain

Insurance and liability are often considered as two antithetical ways of managing accidents. Whereas the first is a collective technology based on statistics and anticipation, the second is individual in character, and manages situations a posteriori. The social impact of these two techniques would also appear to differ considerably: on one side, a population of premium-payers and beneficiaries; on the other, a legal confrontation between the purported responsible party and the victim. These counter-positions – modelled on the discourse put forward by the 1890s promoters of the doctrine of occupation risk – tend to reduce insurance practices to the principle of insurance. But, if we look more closely at the realities of British steam-engine insurance in the 1850s, this opposition between two different worlds is put into a more relative perspective. Far from separating accidents from the liability regime, such insurance instead tended to impose the categories of cause and fault on a reticent legal system. Insurance companies’ aim was to sell policies to industrialists. In order to do so, they had to make the entrepreneurs liable, thus encouraging them to take out the policies which they had to offer.

Between 1830 and 1846, in order to compensate the victims of technological accidents even without liable individuals, English juries turned to the ‘deodand’ – a medieval legal device that allowed the authorities to confiscate an object (or animal) that had injured or killed someone.30 The forfeited object was sold, and the money collected was used to compensate the victims. With ‘deodand’, the owner could be punished through no fault of his own, through the attribution of a quasi-intention to the possessions deemed guilty. Challenging the distinction between person and thing, deodand already seemed archaic to eighteenth-century English jurists. Yet, from 1830 onwards, English juries faced with technological accidents used this system to compensate victims of boiler explosions or railway accidents.31

To understand this resurgence of this archaic legal oddity, we need to compare how British and French juries respectively dealt with accidents. In Great Britain, there was no administrative regulation of boilers. Parliamentary enquiries followed one after another (1817, 1819, 1832, 1844, 1870), but the first regulations on fixed boilers only came in 1902.32 In the absence of any legal standard to specify boilers’ proper technical form, the jury had to assess the owner’s responsibilities with regard to their acceptable uses or correct maintenance. Deodand was linked to the difficulty of defining a cause of explosion and a responsibility. To take one example, in 1838, the boiler on the steamship Victoria exploded in London.33 The jury, mainly made up of shopkeepers, questioned steam boiler mechanics and manufacturers. There were as many explanations as there were witnesses. The manufacturer emphasised the quality of the boiler, while his competitors blamed the shoddy materials used; a scientist claimed that the explosion owed to the formation of hydrogen gas; the survivors suspected overloading; and so on. The investigation failed to find fault, and the jury was unsure which verdict to return.34 In France, in contrast, the mining engineer would reconstruct one story of the explosion that prevailed over competing versions of events, and which delivered a cause and a culprit. The French judge could also base guilt on a breach of standards. English juries had to resort to the more fluid notions of ‘lack of care’, ‘reasonable precaution’ or ‘common knowledge’. In this world of blurred liabilities, they could not try owners for manslaughter and generally settled for passing a verdict of accidental death while imposing a deodand on the owner.

For around fifteen years, this medieval device for punishing guilty objects allowed industrialists to pay for the consequences of modern technologies. English juries sometimes awarded considerable deodands: £1,500 for the explosion of the steamship Victoria, and £2,000 for a railway accident in 1841. Deodands became a sufficiently mighty legal weapon to threaten small railway and steamship companies. Juries were accused of putting capitalists on the back foot and, in 1846, the British Parliament finally abolished deodands under pressure from the rail firms.35

In 1854, faced with mounting numbers of explosions, a group of Manchester industrialists led by prominent engineer William Fairbairn founded the Manchester Steam Users’ Association. Fairbairn believed that industrialists should deal with the problem of accidents themselves, rather than risk government intervention. After the Factory Acts of 1844 (which imposed protections on the moving parts of machinery) and the 1852 Ordinance on marine steam boilers, the Home Office threatened to standardise industrial boilers. But it was feared that French-style norms would increase the cost of machinery and hobble technical innovation.36 Fairbairn also rejected the insurance system on the grounds that the prospect of payouts would encourage owners to let up their vigilance. The Steam Users’ Association thus offered its members five boiler inspections a year from an engineer and advice on how to reduce their coal consumption. The aim was to reduce risk to zero, and therefore not have to compensate for it. But the association was a failure: in the 1860s, the number of boilers under its control stagnated at below 2,000.

In 1859, the association’s chief engineer Longridge defected to found the Steam Boiler Insurance Company with a London insurer. This was the first insurance against steam engine explosions, as the traditional insurance companies (Norwich, Phoenix, Imperial, and so on) only covered the risk of fire associated with boilers.37 The Steam Boiler Insurance Company was highly profitable. Unlike life insurance or fire insurance, which covered cumulative risks (epidemics or urban fires), boiler explosion risks were independent. Steam engine insurance thus required a small amount of capital (£20,000 in the case of the Steam Boiler Insurance Company). By 1865, the firm was insuring more than 10,000 boilers at a cost of around £1 a year. It paid annual dividends of 20 per cent of its capital. Against this backdrop, competitors were founded: in 1862, the Midland Steam Boiler Inspection and Assurance Company, in 1864 the National Boiler Insurance Company, in 1865 the Steam Boiler Insurance Company, in 1873 the Yorkshire Boiler Insurance Company, in 1878 the Engine and Boiler Insurance Company and in 1882 the Scottish and English Boiler Insurance Company. By the 1880s, half of Britain’s 100,000 boilers were insured.

The British safety strategy based on insurance was very different from that of the French mining administration. Whereas the latter’s aim was to prevent accidents by defining the proper technical form of a boiler, British insurance companies saw them as evolving objects; an explosion was not the result of faulty construction but of a deterioration process. Fairbairn, the great advocate of the inspection system, was also a pioneer in the study of material fatigue. His lectures on boiler construction testify to his concrete relationship with the materials, whose resistance he studied in function of their origin, the setting of rivets and the direction of the metal fibres.38 British insurance companies fitted into this metallurgical and dynamic safety culture. Risk premiums were calculated based on a combination of two criteria: the category of boiler, which depended on its history (the quality of metal, nature of the feed water, riveting processes, the reputation of the manufacturer, the fixing of the boiler, previous repair work, and so on) and its age, which largely determined the variation in the premium (rated from one to four).39 Unlike the French administration, which focused on the form of the technology, the insurance companies looked at the problem of boiler safety in terms of the object’s lifespan.

Insurance inspectors had less interest in imposing technical forms (although they would sometimes ask for repairs before insuring the boiler) as in ensuring that structures were properly maintained. They generally conducted four inspections a year, including an internal one, as opposed to just one by the mining engineers in France. They examined how far corrosion had progressed and suggested repairs. The main aim of insurance was not to compensate for risk, but rather to cancel it out. For example, the Steam Boiler Insurance Company charged 17 shillings a year per boiler for inspection and only 3 shillings for insurance. In short, the insurance companies were doing the same job as the French mining authorities, but with far greater resources. We see this in the annual explosion rates: in contrast to the average six explosions per 10,000 boilers (in both Great Britain and France), the explosion rate for boilers subject to inspection by the insurance companies was 2 or 3 per 10,000.

Insurance also had a quite different effect on the allocation of liability than did the work of France’s mining administration. Insurance companies’ aim was to sell policies to industrialists. They thus had an interest in making them legally liable for explosions. Hence the extremely active communications aimed at coroners and legislators, denouncing the injustice done to the workers and pointing out the employer’s responsibility for maintaining the boiler. Right from its foundation, the Manchester Steam Users’ Association sent an engineer to the scene of each explosion so that he could study its causes and assist the coroner’s investigation.41 The director of the Steam Boiler Insurance Company made it perfectly clear: ‘As long as boiler explosions are regarded as accidents for which no one is responsible, many steam users would rather run the risk rather than take out insurance.’42
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According to insurance companies, in the large majority of cases, the worker was not liable.43 Some insurers did their utmost to demonstrate this: in 1880, the Steam Boiler Insurance Company carried out experiments to disprove a theory of explosion incriminating the engineman, based on a faulty water supply. In fact water injected into a red-hot boiler produced tears in the wrought iron plate, without causing a violent explosion. Insurers also criticised the incompetence of coroners, the make-up of juries and the bogus experts whom the manufacturers hired to present the latest and often fanciful theories on sudden explosions.44 The insurance industry lobbied energetically to reform the inquest process. In 1882, Hugh Mason, who was vice-president of the Manchester Steam Users’ Association and also an MP, finally won his case by joining forces with the unions: the Steam Boiler Act stipulated that there must be an official engineer’s report on each explosion.45

4. The technological crisis of human liability

In France, the 1840s saw a crisis in the technological regime for the regulation of accidents. This owed first of all to the fact that, within the world of manufacturing, the mechanical production of fault had in any case always been contested. Steam engineers had no confidence in the safety mechanisms imposed by the mining administration. The Société Industrielle de Mulhouse even refused to apply the 1823 decree because it considered it dangerous: locking a valve, for instance, made it impossible to check whether the disc was sticking to the boiler.46 In 1830, a boiler attendant manual published by the École Centrale des Arts et Manufactures explained that the mining engineers ‘knew little about the engines’ and that their instructions were counter-productive: compliance with safety standards provided legal protection for owners, but most accidents in fact owed to poor maintenance of the machines for which they were responsible. The author described ‘the care required by steam engines, the ailments they suffer from, their symptoms and the remedies to be applied’. Mere compliance with standards was no guarantee of safety. Rather than monitor the engineman, it was better to train him in improved moral attitudes: ‘The habit of cleanliness makes workers attentive, and by looking after a machine . . . that is well cleaned, they become attached to it: it becomes their property, as it were, a part of themselves, and they end up cherishing it as much out of affection and self-respect as out of duty.’47 The worker’s hygiene was thus matched by that of the boiler: an immaculate machine was the good mechanic’s calling card.

At the same time, the qualities of a good worker were changing, and it was no longer enough to be ‘sober’, ‘vigilant’ or ‘constant’. They now had to be capable of reasoning, initiative and even courage. In 1865, another manual stated that it was essential for a boiler attendant to have ‘a great deal of composure and presence of mind’.48 If the technical regulations of the 1820s had envisaged a disciplinary relationship between perfect technology and the faulty human worker, over the nineteenth century this was replaced by a complex web of affects (care, love, intelligence, initiative, courage).

From the perspective of the mechanics and enginemen – as far as this can be ascertained from primary sources – the problem of accidents could not be solved by technology, either. Some even denounced the absurd build-up of devices designed to control them. According to Adrien Chénot, a metalworker,


as the number of predicted causes of explosions increases, we will be able to add to the stamps, pressure gauges, thermometers, valves, washers, floats, gauged taps, plunger level tubes, distributors, whistles, etc., hygrometers, electrometers, capillarimeters . . . so that the top of the boilers would soon become like an académicien’s table, cluttered with instruments exposed to all the blunders that result from confusion.49



A candidate in the competition on steam boilers organised by the Société d’encouragement pour l’industrie nationale proposed a remedy for explosions that was radically opposed to that of the engineers: not to protect the machine from human error but, conversely, to surround the machine with a metal shell (called a ‘parapeur’ – a ‘fear-shield’) that would protect the worker.

Workers wanted to preserve their autonomy from control by either technology, foremen or bosses. Only on this condition could they be held responsible for accidents. An engineman working on a steamship explained that explosions raised the question of who had authority over the ship. He was sometimes obliged, on the captain’s orders, to carry out manoeuvres that he knew were dangerous. Since the engineman holds the passengers’ fate in his hands, he must also be master on board and have full power to order repairs or scrap obsolete boilers. Once this reform was realised, explosions could be attributed to him.50

In L’Atelier, organe spécial de la classe laborieuse, a periodical authored by the Parisian labour aristocracy, accidents were not seen as a technical problem, but as the consequence of greed and a symptom of the dysfunctional nature of capitalist society. Its line of argument remained within the terms of the liability regime. After the explosions, the articles demanded stricter safety standards and ‘severe’ punishments for the bosses. Above all, the authorities ought to include workers in their safety efforts: they, after all, knew the machines best.51 If the worker was being held responsible, then he should also get to define the production methods.

Some bosses did in fact opt to use their workers’ experience to inform workshop safety. Henri Loyer, a textile manufacturer in the north of France, had the following rule posted in his factory: ‘As the workers are more used to operating the machines than the masters . . . they are better able to point out the possible causes of accidents. Consequently, I will only consider myself liable to a workman for the consequences of an accident if, after having been warned by him of an imperfection, I refused to carry out the necessary work.’52 In the mid-nineteenth century, other safety projects were being considered, in addition to those of the Mines administration, involving a different kind of workplace politics.

The hoped-for state of technical perfection always remained beyond reach – and from the 1840s, the crisis of the responsibility principle also spread to the world of engineers. There were many symptoms of this: mounting criticisms of standardisation and the growing complexity of devices, the recognition of new physical phenomena, and statistical evidence of how normal accidents were. Reasons were piling up to doubt the technical utopia of perfect machines and responsible humans.
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First, the development of knowledge about vaporisation and boiling made it possible to envisage new causes of sudden explosions, and it also increased the uncertainty surrounding boilers. For example, the Swiss physicist Louis Dufour showed that the absence of gas in water produced considerably delayed boiling (up to 170°C). However, the water long left simmering in a boiler could reach such a temperature and then, through some jolt or impact, mix with air and suddenly boil. The amount of steam this abruptly released would cause a devastating explosion.54

In the same way, the emergence in the mid-1840s of the concept of material fatigue undermined the project of securing safety through norm-setting. This term, which originated in eighteenth-century metallurgy, was used by engineers to explain the near-invisible fractures in metal components subjected to repeated stress. This research, which initially focused on suspension bridges and railway axles, also changed the way that explosions were interpreted.55 The mining engineers trained in these new theories were more interested in the use and wear of the boiler than in formal compliance with standards. For example, an 1866 report explains: ‘The metal plate was fatigued by the effects of expansion and contraction . . . which ended up irritating the metal.’56 The technical vocabulary used here made machines sound like unpredictable animate creatures.

One consequence of this new knowledge was that it gave the worker a more important role in preventing accidents. Rather than controlling workers and restraining their initiatives, the regulations of the 1840s sought to improve their interface with the machine. In 1843, France’s Ministry of Public Works ordered the use of a mercury manometer, a float and a glass tube to indicate the water level. In 1847, an order added a second tube and indicator taps. The engineman was encouraged to compare the information provided by these different devices. Redesigning these devices was a sign of recognition that they were fallible. Measuring high pressures and water levels was far from straightforward: foam disrupted the floats, the glass gauges went opaque, the pipes clogged up, and so on. In the 1850s, dozens of models of manometers and level gauges were patented, and manufacturers accused each other of causing explosions. Far from producing responsibility, the deployment of scientific practices of precision in the industrial world blurred the boundaries of blame.

Lastly, the crisis in responsibility was linked to the emergence of a statistical representation of accidents that removed them from a framework of the individual fault. For example, in 1881, as the House of Commons debated compulsory insurance for workers, a lawyer showed that the number of boiler explosions in Great Britain was closely correlated with commercial prosperity.57 Accidents became commensurable with properly social phenomena.

France’s technical safety standards were thus the focus of growing criticism, with the factors of safety imposed by authorities blamed for hobbling manufacturers’ own initiatives. According to the formula set by the 1828 norms, large boilers with internal furnaces required extremely thick metal plate. The standard was blamed for slowing down industrialisation: in the 1860s, there were 23,000 boilers in France, compared with an estimated 90,000 in Britain. So, under pressure from industrialists, a decree in January 1865 ‘relieved industry of unnecessary obstacles’ by abolishing the statutory thickness of boilers. What remained were the legal test, the second valve and the indicators.58 This decree was decisive, in that it ushered in a new form of risk regulation: the state delegated to manufacturers the task of monitoring and ensuring safety. The Société Industrielle de Mulhouse (which had already criticised administrative standardisation in 1827) immediately founded an Association alsacienne des propriétaires d’appareils à vapeur, modelled on the Manchester Steam Users’ Association.59 Eleven similar associations were created between 1870 and 1900. At the beginning of the twentieth century, some 25 per cent of France’s 100,000 boilers came under a system of private inspection.60 French regulation had caught up with Britain’s self-regulated system. This form of self-monitoring was then more generally extended to other kinds of machines: in 1867, the Société Industrielle de Mulhouse set up the first industrial association for the prevention of machine accidents, which was later imitated across France.

5. Railways and a posteriori regulation

Railways, because of their complexity, also contributed to casting doubt on the effectiveness of safety standards. Unlike factories, the land on which they were built was simply conceded to the companies and remained in the possession of the state, which was thus in a position to impose numerous constraints. The routes had to be approved by engineers from the Administration des Ponts et Chaussées, and specifications laid down the embankments, crossings, maximum gradients and curves of the tracks.61

Yet, the unpredictability of the railway system and the countless circumstances that affected its safety made it impossible to imagine standardising it in a similar manner to boilers or gasometers. There were no parameters or devices deemed critical to safety, in the same way as the thickness of wrought iron plate or the safety valve. So, rather than propose standardisation, the first regulations instead placed the railway companies under a special police force. As early as 1827, the prefect issued a decree for the line between Lyon and Saint-Étienne, the first built in France. At the end of the 1830s, the prefects appointed supervisory commissioners responsible for ‘maintaining order’ on each new line.

The relations between the police and the railway companies were generally abysmal. Breaches and accidents were reported from one day to the next.62 Police commissaires issued reprimands to mechanics and engineers; they would sometimes forbid convoys from departing on safety grounds or force the company to carry out immediate repairs.63 Given the capital invested and the financial consequences of delays, the companies refused to be subjected to the orders of a mere police officer who, according to the manager of the Montpellier–Sète line, ‘understands nothing, absolutely nothing about the running of an engine’.64 In 1838, the manager of the Lyon–Saint Étienne line obtained the cancellation of a prefectoral decree. The prefect complained to the minister: ‘This goes to show that the company has more power than the départemental authorities.’65 Like the heavy chemicals industry in 1810, rail capital needed freedom from police interference. A specific set of regulations was thus introduced for the railways.

First, the law of 15 July 1845 made the railways subject to exceptional policing rules. Seeing as danger could come from any part of the system at any time, surveillance had to be permanent, total, ‘active and almost finicky’.66 The tracks were completely enclosed and guarded by rail workers. The railways were also liable to severe penalties. On 10 May 1842, the day after the first rail disaster (see below), Charles Dupin called on the National Assembly to impose ‘fines and even corporal punishment’, since damage payments alone would not be enough to impress rich and greedy companies.67 The railway police law of July 1845 fulfilled this aim: sabotage was punishable by death, any resistance to a company’s agents was punished as an act of rebellion, and ‘blunders, inattentiveness, negligence and failure to comply with the regulations’ were punishable by between six months and five years in prison. The Minister of Public Works justified these penalties by citing ‘disasters that frighten the imagination’.

Second, an ordinance of November 1846 stipulated regulations for the railways. Unlike the standardisation of boilers and gasometers established by the Académie and imposed on industrialists, the Railways Ordinance was the result of lengthy negotiations between the companies, the Minister of Public Works and a commission made up of engineers from the ‘Ponts et chaussées’ and Mining administrations. The preparatory work shows that the companies’ main concern was to defend their freedom to operate. For example, Article 57 of the draft required the regulations to be posted and distributed to all employees. The companies rejected publicising them in this way because ‘basing themselves on knowledge of these regulations, subordinates could wrongly refuse to obey their superiors’. Similarly, one company objected to Article 78, which reiterated the principle of police supervision: ‘Without the most severe disadvantages for the regular running of the service, it would not be possible to change the role of public authority agents from passive supervisors to active commanders.’

As far as the engineers were concerned, the prevalent feeling was that the railway system was in its infancy and that they had neither the right nor the competence to set norms for it. For instance, while the draft regulations imposed a uniform system of signals on all companies (to avoid confusion among employees), the commission felt that firms should be left to their own devices so as not to stand in the way of ‘the progress to which experience may lead’. The first step was to leave things as they were and then impose what emerged as the ‘best system’. Moreover, the engineers feared that the authorities would incur a liability of their own if they laid down too many norms.68

As a result, the 1846 ordinance did not define any specific technical forms. For example, Article 2 reads: ‘The railway and the works dependent on it shall be constantly in good condition,’ and Article 12: ‘Passenger carriages shall be of sound construction.’ In fact, rail regulation was based on a posteriori control: the companies proposed the layout of the tracks, equipment, operations, timetables, signals, barriers, and so on, and the Ministry of Public Works then gave its approval. The combination of severe penalties and vague regulations ultimately produced a form of regulation based on case law. In the wake of accidents, the justice system was responsible for defining what ‘good condition’ and ‘sound’ actually meant, and determining which penalties applied.
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– Well, the train that’s about to arrive just had a narrow escape! The whole convoy would have gone up in flames if I hadn’t had my eye on it . . .
– What – what on earth?
– By Jove . . . a pin whose head was right on the rail! Lucky I saw it in time!69



6. Random disasters

In the 1840s, disasters on the railways transformed the public’s understanding of technology. Their repeated occurrence reflected an unexpected aspect of modernity: the mastery of nature through technology turned into a loss of control over technology itself. The public were dismayed to learn that they had to put their lives in the hands of complex systems whose behaviour defied all prediction. A popular book on railways explained that, given the ‘complication of the elements of the railway service’, disasters ‘occur as a result of causes inherent in the system, the effects of which it is impossible for anyone to foresee and avert’.70 One engineer compared the railways ‘to an unstable equilibrium that can be upset by even the smallest jolt’.71 Daumier’s caricatures in the Charivari humorously illustrated the surge in fatalities resulting from a chaotic technology, in which the slightest causes could produce the greatest catastrophes.

When accidents did happen, the identification of the railways with a chaotic system represented a considerable financial advantage for the companies, which sought to avoid liability by claiming they were the victims of ‘act of God’ events. Take the debates that followed the first great railway disaster in history. On 8 May 1842, on the Paris–Versailles line, the front axle of the locomotive broke. The boiler spilled flaming coal and the first five carriages tipped over onto the inferno. Trapped in the carriages by the security measures themselves, the passengers were unable to escape. The death toll was counted at fifty-five, with around a hundred injured. The disaster had an enormous impact, dominating newspaper columns for several weeks.72

The press called for retribution: the inquest was expected to find the responsible parties, and then the courts would punish them, and the authorities enact regulations to prevent similar disasters in the future. For commentators, the survival of this innovation itself was at stake: ‘If the fault can be attributed to men, the cause of the railways, albeit compromised for a moment, will be won’;73 ‘if similar mishaps may be repeated, it would be necessary to give up on the use of the railways’.74 Even for the Recueil industriel, regulations had to be issued, which would ‘remove the slightest trace of doubt or mistrust . . . Without it, we would have to despair of civilisation’.75

In December 1842, the director, chief engineer and station manager were hauled into the dock. From the company’s perspective, it was vital that the unpredictable nature of the technology should be recognised, for its capital would not be enough to pay compensation. The determining cause, that is, the broken axle, was not blamed on the company. This was, indeed, a common type of incident on trains in the 1840s.76 But this was not enough to plead that this was a merely chance event, as in general such breakages did not produce deadly disasters. Rather, it was the company’s job to keep this kind of incident under control. It thus put forward a different definition of chance, based on the combination of two misfortunes. Perdonnet, a mining engineer working on the Paris–Versailles train, explained to the Académie des sciences that the axle failure had ended up in disaster because of a ‘quite extraordinary meeting’ of circumstances. ‘For us to have to deplore such a misfortune, there needed to be an almost unheard-of coincidence’ whereby ‘the axle broke at both ends at the same time, that axle was the front one, the event happened a short distance from a road crossing the track at level, and finally the fire from the furnace spread precisely where the wagons had come together’.77

The civil parties rejected this definition of a ‘chance event’. If Perdonnet spoke of an extraordinary coincidence, it could easily be explained in terms of the circumstances of the accident. The Versailles fountains show was set for 8 May 1842 – and the rail company expected an impressive attendance. This demanded a longer convoy than usual, and the chief engineer thus placed two locomotives at the head of the train, including an old four-wheeled model. To take advantage of the large number of customers, the manager also encouraged the engineman to step up the pace. The dilapidated state of the locomotive – and especially the absurd idea of locking the passengers into the carriages – turned a minor incident into an utter disaster. To the great surprise of the public, the court accepted the theory of the ‘chance event’ and sentenced the victims to pay the costs: ‘The catastrophe must be attributed to fate . . . whose chances everyone must bear, and to this immense violence, which was insurmountable and impossible to foresee and tame.’78

The notion of the ‘random disaster’ gave risk a new meaning. It became much more than a reflection of human error. The risk integral to technology broke progress out of the mediocre and comfortable materialism within which Romantic writers had sought to confine it.79 The catastrophe no longer represented an accusation against progress, but instead served to redeem it. It demanded that technical progress be given a higher purpose: the necessary sacrifice that spurred on civilisation itself.

As the company’s lawyer Eugène Bethmont made his closing argument, he presented the railway as the field of the brave for the nineteenth century: ‘Our fathers died on the battlefields, they died there with glory, they died there for territories . . . and we seek our glory and our conquests in industry; we ask it for our glory, our great destinies.’ The disaster of 8 May 1842 came at a moment when the parliament was debating a railways act. The situation was extremely embarrassing: the Paris–Versailles company could not be prosecuted without scaring off the Pereires, Rothschilds, Hottingers, Reeds and Laffitte on whom the government counted to finance the emerging rail network. This was clearly not the right time to discuss the liability of railway companies. So the legislature maintained its ‘imperturbable calm’ – which was itself much criticised.80 On 11 May 1842, in the Chambre des députés, Lamartine interpreted the disaster in heroic terms:


We must pay with tears the price that Providence places on its gifts and favours; we must pay with tears, but we must also pay with resignation and courage. Gentlemen, let’s face it! Civilisation is also a battlefield where many succumb for the conquest and advancement of all. Let us pity them, let us pity ourselves and let us march onward.81



Thanks to risk, progress had become a heroic epic.

7. Bodies insured, bodies paid for

In France, the latter half of the nineteenth century saw the case law on technological accidents turn in a direction much more favourable to victims. After 1842, most rail disasters were blamed on the companies, which were ordered to pay heavy compensation.82 This case law was based on three principles: (1) any failure to comply with the regulations, however slight, was legally equivalent to fault; (ii) even if a company complied with all the ordinances, it could still be liable if it was in its power to prevent the accident (for instance by employing better equipment or more experienced employees); and (iii) a derailment or collision, when no fault could be identified, in itself constituted sufficient grounds to hold the company guilty.83 Railway companies soon had to factor the cost of occupational accidents into their financial plans. But the cost was low: in 1842, the manager of the Paris–Rouen railway estimated it at 0.5 per cent of turnover.84

A similar jurisprudence was applied to the steam boilers. In 1853, an explosion caused by a faulty supply was blamed on the owner. In 1869, the Cassation Court enshrined this doctrine, basing itself on the liability of the ‘custodian of things’ as stipulated in the Code Civil: ‘An accident caused by an industrial machine, such as a steam engine which has exploded, is presumed to result from the fault of the owner.’85 Between 1850 and 1880, drawing on the belief that the organisers of production should bear responsibility for accidents, the courts developed a doctrine of the employer’s duty to ensure safety. This allowed for compensation to be awarded to the worker, except in cases of gross negligence.86

France’s first bill on liability for workplace accidents, tabled by the Socialist MP and former bricklayer Martin Nadaud in May 1880, aimed to extend this case law on technical accidents to all trades: ‘We propose, gentlemen, to reverse the obligation of proof; today it is the worker’s responsibility; in the future we want it to be the employer’s responsibility.’ As Nadaud pointed out, in reality this was only apparently a legal innovation: since steam and machine technology had reduced the worker to ‘the state of an automaton’ or ‘an accessory to the machine’, they merely demanded the declaration of a new legal presumption.87

In February 1882, the moderate republican Félix Faure tabled a counterproposal based on the notion of occupational risk. His radical solution was to recognise that most accidents owed not to the fault of either the employer or the worker, but to the ‘inevitabilities of the surrounding environment’.88 In return, the employer was made responsible for no-fault liability and had to take out collective insurance for his workers.

Industrialists rallied behind this new principle; no wonder when it had the considerable merit of reducing their own liability. They feared that a law which reversed the presumptions of proof would confirm, and indeed extend, a body of case law which had already begun to turn against their interests. The railways and steel companies were the strongest supporters of the new theory of occupational risk. Socialists and trade unionists vehemently opposed Faure’s plan. According to the programme of Jules Guesde’s Parti ouvrier français, since ‘the fear of compensation is the beginning and the end of employers’ foresight’, being able to rely on insurance would make the ‘butchering of workers’ into an ever more common occurrence.89

The 1890s saw the rise of a powerful discourse which promoted the perception of accidents as somehow inherent to technology. This was indeed a ‘discourse’, because at the same time, statistics from insurance companies and France’s mines administration showed that accidents were decreasing considerably; in 1880, explosions caused 3 deaths per 10,000 steam boilers annually, and by 1900 this rate had fallen to around 1 per 10,000.90 However, the insurance industry promoted its services by stressing the dangers of modern life: progress, that is, the rise of steam, rail and gas, was creating new and inevitable dangers against which the middle classes were unable to protect themselves; only taking out insurance would let them live with peace of mind in a technological society.91 In 1894, in his inaugural lecture at the École libre des sciences politiques, the engineer and economist Émile Cheysson reiterated the insurers’ argument about the inevitable dangers of mechanisation.92

The international congresses on workplace accidents held regularly from 1889 onwards brought together industrialists, insurers, actuaries and engineers (but no trade unionists). Their aim was to convince legislators of the social benefits of laws based on occupational risk, similar to that which had already been implemented in Germany. Ernest Tarbouriech, a lawyer specialising in insurance law, explained that, given the direction in which liability law was heading, such legislation would in fact be to industrialists’ advantage. For the sake of being able to compensate workers, the courts had in fact established an iniquitous jurisprudence: the employer had to prepare for ‘not only the usual causes of accidents, but simply the possible ones’, ‘adopt all the modifications brought about by the progress of industry which result in a reduction of the danger, whatever the expense’, anticipating ‘the ordinary carelessness of workers, the habit which familiarises them with the danger’.93 Cheysson confirmed: ‘Through a humanitarian fiction the courts endeavour to find fault, to create it even where it does not exist, in order to compensate the victims.’94

For their part, employers resented legal proceedings and the prospect of finding themselves in court with a civil party. Above all, they felt that compensation was excessive and unpredictable. In accordance with the judicial principle of individualised and full compensation, the payments varied considerably depending on the circumstances of the accident, the worker’s length of service and the number of dependents. This produced considerable financial uncertainties.95 Worse still, some lawyers encouraged workers to refuse conciliation, pushing them to go to court and taking on all the legal costs in exchange for one-quarter of the compensation. According to the textile bosses’ representative, manufacturers were quite prepared to accept a system of lump-sum compensation in exchange for an extension of their liability to include chance events.96 The workers themselves would benefit, since occupational risk guaranteed certain compensation, albeit at lesser levels.

Finally, the insurance companies constantly lobbied for the law. Since the 1860s, they had been trying to sell policies to the working classes, but two obstacles prevented them from doing so: first, since premiums were low, the cost of door-to-door sales was prohibitively high; second, workers’ mutual societies (which also served as strike funds) provided them with alternative forms of protection. The insurers were the great promoters and winners of the 1898 law: by making it compulsory for employers to insure workers collectively, it finally opened up the popular security market to them.97 As compulsory insurance made it commercially pointless to insist on employers’ liability, the insurers were now able to present accidents as inevitable and highlight their specific ability to socially distribute the inherent costs of progress.

Contrary to the vision put forward by its promoters – and indeed, François Ewald’s interpretation of it – the 1898 law was not simply a law to socialise risk. Rather, behind this social project, industrialists managed to achieve two fundamental political aims. First, the law enshrined a one-sided conception of power in the factory: the boss was implicitly recognised as the sole organiser of production, who in exchange for this took on the industrial risk. This was part of an evolution in labour law that recognised the subordination of the employee to the employer.98

Second, the doctrine of occupational risk was the culmination of Chaptal’s old project of providing a stable footing for the industrialist’s activity. The essential function of occupational risk was to make the cost of accidents calculable. At the International Congress on Industrial Accidents in 1897, an engineer explained that the advantage of occupational risk was that it eliminated unforeseeable legal costs: in his words, it was better to have ‘provisions that may be less equitable, but are undoubtedly simpler and more practical’.99 In his opening speech, the president of the French insurers’ union presented a calculation of the economic cost of the law that the National Assembly was about to vote on. Using actuarial tables and the scale of payouts, he arrived at a figure of exactly 82,978,416 francs a year, a rather trivial sum compared to French industrial production. The value of the law could thus be assessed not only in legal or ethical terms, but also in terms of national economic competitiveness.100

It would, then, be a mistake to see occupational risk as a ‘social’ law imposing regulation on the previously laissez-faire world. Rather, it was the solution promoted by industry and insurers to the crisis of a previous, much more restrictive form of regulation, based on safety standards, the apportionment of blame and compensation for damage. The project of technical perfection through standards had in the 1860s led to constraints which industrialists considered incompatible with the competitiveness of national industry. Yet, in order to do justice, the courts had developed a doctrine of responsibility based on a perfect boss, who was as much a fantasy as the perfect machines of the mining engineers’ imagination.101

Conversely, by recognising that accidents were intrinsic to technological society, the doctrine of risk made it possible both to liberalise technical forms and to govern them more effectively. The economy could now be thought of as a singular whole, which could be optimally managed by setting lump-sum compensation payments. The consequence of this overarching power, which no longer bothered to do justice to individual accidents, was to subject the worker’s body to a new and meticulous accounting mechanism. Scales, drawn up jointly by insurers, judges and industrialists, defined the value of each piece of the worker’s body according to his occupation.102

In 1881, Félix Faure’s proposal had caused a scandal in the National Assembly because it seemed to reduce the worker to a mere factor of production. One deputy rejected a law which, in his view, amounted to ‘treating the worker as a mere thing’. The mining engineers also opposed the insurance solution, which they considered a despicable abandonment of responsibility at the expense of workers’ safety. But this solution did indeed prevail. A powerful legal, economic, insurance and ‘reforming’ discourse on accidents had succeeded in making morally acceptable the normalisation of accidents and the integration of the worker’s body into the company’s economic calculations. Félix Faure offered this striking analogy: ‘Everyone knows what is meant by the overheads of an industrial company. They include rent, fire insurance, equipment repair and maintenance costs and a sum intended to represent their amortisation. Well, add to that the repair and amortisation of human equipment.’103 At the end of the nineteenth century, the industrial world – one of metal and movement, of death and mutilation – was paradoxically judged neither good nor bad; the violence behind it was so to speak, neutralised. The liberal principle of fault existed in no more than residual form: the functionality of the capitalist system had itself rendered it obsolete. Just like it had done to the ‘surrounding environment’ previously, capitalism now succeeded in encompassing workers’ bodies within its logic of financial compensation. Contrary to Ewald’s thesis, occupational risk did not point towards the birth of the ‘welfare state’, but towards a new form of laissez-faire, one all the more effective because it dispensed with morality.

According to Walter Benjamin, the concept of progress has to be based on the idea of catastrophe: ‘The catastrophe is that things continue as before.’104 Disasters were indeed the matrix of the discourse of progress, which became culturally dominant in the second half of the nineteenth century precisely to compensate for the loss of the ideal of technical perfection and to ‘carry on as before’ despite the disasters that had repeatedly occurred. The discourse of progress, which exalted humanity’s grandiose goals, also served to exorcise new and immense anxieties. The promises of the future justified the random victims lost along the way. In this respect, the discourse of progress is the cultural expression of capitalism’s turn towards insurance.

Jules Verne’s novels offer a good illustration of the evolution of discourse on technology and reflect the success of the stochastic, insurance-based interpretation of accidents from the 1870s onwards. In Five Weeks in a Balloon (1863), the hot-air balloon had been described as a perfect object, meaning that all blame for any accidents was to be apportioned to the pilots. It belonged to a deterministic universe: ‘Everything that happens in this world is natural; now, anything can happen, so we must be able to foresee everything.’ Safety was based on physical laws: Verne gives the weights of the characters and objects on board; with this table and the Archimedean principle, his balloon could fly over Africa with complete peace of mind, ‘there was not a single objection to make; everything was foreseen and resolved’.105 The paradox of Verne’s work, with its parade of fabulous machines and their ultimate destruction, becomes clearer if we consider it within the discursive regime of the responsible man: the novelist imagines perfect techniques in order to create tragic heroes, masters of their own destinies, like Nemo sinking with the Nautilus that he has launched against a battleship.106

In contrast, Around the World in Eighty Days, published ten years later, is a novel about probabilities. Phileas Fogg is a ‘statistical’ man: ‘He often corrected, with a few clear words, the thousand conjectures advanced by members of the club . . . pointing out the true probabilities, and seeming as if gifted with a sort of second sight.’107 The theme of probability is omnipresent throughout the novel, with the card game whist, in which Phileas Fogg excels, and the wager, which is the theme of the entire adventure. In making his bet, Fogg was not counting on the perfection of modern means of transport: ‘“Yes, in eighty days!” exclaimed Stuart [. . .] “But that doesn’t take into account bad weather, contrary winds, shipwrecks, railway accidents, and so on.” “All included,” returned Phileas Fogg, continuing to play despite the discussion.’108 In Verne’s later novels, accidents did not point to fault or hubris, but became an integral part of technology.109 Risk had redemptive properties: it imbued progress with heroism, turned technology into an adventure, and freed it from any purely materialistic character.

But, if risk was now accepted, it was still necessary to show that it was worth taking. Hence the literary annexation of Africa and Asia: the dangers of these pre-technical and barbaric places served as a counterpoint to those of industrial civilisation. Technological isolation was an essential theme in Voyages extraordinaires. Five Weeks in a Balloon and Around the World recount the adventures of Europeans protected from the dangers of barbarism by safe technological bubbles. In Around the World, it was the train that allowed Europeans ‘in white sheets’ to cross the India of wild beasts and the America of buffaloes and Sioux. Similarly, the perfect balloon in Five Weeks allowed them to soar above the dangers of Africa.
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The safe bubble of technology in a barbaric and dangerous world110



Verne’s novels were a simple reflection of a new representation of the world which now dominated in the West. Geography, hygiene and colonial medicine, as well as adventure and exploration novels, all helped to produce the image of a safe, technological Europe amid a barbaric and dangerous world, thereby justifying the risks of modernity.

In technical and medical journals, articles on vaccination, derailments, explosions and pollution ran alongside accounts of the dangers of Africa and Asia. Readers of the Annales d’hygiène would find, in the same pages, articles on colonial medicine, on the mortality of Eastern populations, on the appalling diseases discovered in Africa, statistics on the health of troops in Algeria and mortality in Paris, and reports on the insalubrity of certain factories. The risk set Oriental, European, urban and industrial climates in the same statistical universe, and demonstrated that mortality was falling at the same rate that civilisation advanced. This global risk accounting provided the most general possible justification for industrial civilisation.





Conclusion

Liberal capitalism is marked by a curious contradiction. On the one hand, it proclaims that it is impossible to change society. On the other, it happily goes on with a radical transformation of nature. It combines a supposedly realistic acceptance of human goals and social organisation such as they are, with a deeply utopian project of mastering and transforming the world. The cosmos of capitalism consists of individuals whose drive to pursue wealth is deemed unchangeable, and who are situated within a world of infinite technological adaptation. When George Bush Sr declared at the 1992 Rio Earth Summit that ‘the American way of life is non-negotiable’, he implied that nature and its preservation were negotiable. In conclusion, I would like to show how this destructive reversal has prevailed since the end of the eighteenth century.

The modern disinhibitions which we have studied in this book have taken two forms: one based on moral attitudes, the other on descriptions of the world. The first has sought to produce technophile subjects ready to defy their scruples and their uncertainties in the name of creating a modern, comfortable, healthy and reasonable society. The risk involved in the inoculation controversy is emblematic of how individuals were morally refitted in the manner which technological action required. In the mid-nineteenth century, the rhetoric of progress also had the function of inspiring the courage that modern life required. To counter the traumatic effect of disasters, it anchored in European culture a sense of its superior technology and security, doing so through a comparison between two worlds: the world of before (or elsewhere); and the modern, technical, Western one.

But technophile excitement over progress, orientalism, the promise of a rosy future, or the calculation of probabilities, were probably not decisive in setting technology in motion. The inoculation that was supposed to stake its claim by force of reason – by demonstrating its probabilistic advantage – failed miserably. As for the idea of progress, already in 1932, Lewis Mumford wrote that it was ‘the deadest of dead ideas’. The fact that, from Baudelaire to the postmodernists, the discourse of progress has so constantly been on its way out, indicates that it was probably not a strategically decisive element in the modernist project. In the 1970s–1990s, in a period of high technophilia, philosophers and sociologists agreed in again pronouncing it dead (which they welcomed), and this in no way prevented the accelerated artificialisation of the world. The fact that the term progress has lost its sheen simply reflects the general acceptance of its logic: today’s so-called knowledge-based societies, are obsessed with innovation and technical mastery. Progress has lost its political meaning only for want of real enemies.

Yet what was absolutely fundamental in the nineteenth century – and undoubtedly remains so today – is the ontological form of modern disinhibition. By this, I mean all the descriptions that aim to adjust the world to the technological development imperative. Indeed, it soon became clear that modernisation would run much more smoothly if, instead of relying on the courage of individuals, their fears were simply circumvented by producing anxiolytic description of the world transformed by technology. The modernisers’ essential task was not to create individuals who wanted machines, but rather to make machines desirable. Disinhibition would be all the more effective if it crept into the immediacy of our relationship with the world and with technology, through little mechanisms able to cover in silence the violence and the political significance of the objects in question. The aim was to cushion technological shock and neutralise the critical sense of the accidents that occurred; to capture, direct and align perceptions and behaviour, in the direction of technology.

This form of disinhibition through ontological means was dominant because, unlike the sacrificial ethic of progress, it responded perfectly to the political demands of liberalism. For liberal philosophers, the virtues and goals of the individual are reduced to a meagre affair: self-preservation in Locke, the ‘calm desire for wealth’ in Hutcheson, or the ‘security of private pleasures’ in Constant. Kant, in his Project for Perpetual Peace, explained that a good constitution could even pacify ‘a people of demons’. Liberalism vouches for the immutability of human goals of enrichment: if a government intended to base the law on the virtue of individuals, or worse, wanted to produce better, more courageous, more altruistic, more thrifty individuals, it would be exposing itself to serious disappointment. But this conception of politics, which gives up on governing individual goals, came up against the limits of material abundance. The only conceivable solution was thus to increase production and wealth: social harmony would have to be achieved through material progress.

Hence the fundamental role of technology and economic development. As the success of liberal government depended on material prosperity, technology became a raison d’état. Around 1800, for those who governed a population, it was imperative to make the interventions that would maximise its biological and material productivity. The stories in this book shows that power has invariably played a decisive role in initiating large technological projects: naked power over orphans transformed into test subjects and vaccine reservoirs; power over peasants who challenged the environmental disorder caused by industrialisation; power that imposed technological risk on city residents. An innovation of any importance will confound society with the new problems and unforeseen situations which it produces: inoculation that fosters epidemics; the chemical industry that destroys crops; and steam engines or railways that kill at random. In 1690, Antoine Furetière defined innovation as ‘changing a custom, something that has been established for a long time. In good politics, all innovations are dangerous’.1 The innovations studied in this book could not be easily subsumed under previous legal rules. They defined states of exception, they suspended the traditional norms governing health, property, environments and the attribution of damage and responsibility.

The nineteenth century thus experienced a constant state of technological exception. Every time a major innovation appeared, it was not integrated into prior regulatory forms, and even less so into forums for public discussion that would pacify social relations and resolve oppositions. Innovation is political not in the sense that it produces externalities, mobilises different stakeholders, or prompts public discussion, but because it polarises the social: it produces winners and losers, profits and ruined harvests, experimental subjects and vaccinees, satisfied consumers and mutilated workers. Contrarily to the utopian views of a so-called technological democracy, the benefits and risks of technology were never debated in the abstract; there was never a moment of dialogue when individuals clashed in the ethereal sky of argument.

The fundamental historical point is that technology has shaped the modes of its regulation, far more than the other way around. Discussion of technology exists, but it only takes place after the first complaints or accidents, and therefore after technology has become a fait accompli and is already subsumed under raison d’état. Its regulation therefore takes place at a time when the usual normative practices are suspended, and generally results in the normalisation of a state of exception. What did the decree of 1810 do if not ratify the environmental exception represented by the chemical industry? What does technical standardisation do, if it does not legitimise objects that were initially perceived as unacceptable?

But, at the same time as the technological imperative, the utopia of soft power was emerging. The importance of this theme in the political thought of the late eighteenth century can hardly be overestimated. A good ruler is one who does not push his people around. By giving free rein to the inclinations of his subjects, he increases the population, the wealth of his kingdom and therefore his power. His gentle approach does not promote insubordination, for it produces gentle subjects: according to Montesquieu, ‘eight days in prison, or a small fine, affects the mind of a European brought up under a mild government, as the loss of an arm intimidates an Asiatic’.2 His gentleness produces subjects who are more sensitive and thus more easily governed.

Hence power’s new aim: not to act by coercing bodies, but to guide its subjects’ minds through the manifestation of reason. As d’Holbach so aptly put it, governing with gentleness consisted of ‘turning weak minds to the reason of which they are ignorant’ and thus commanding ‘reasonable, docile and truly attached subjects’.3 Condorcet also emphasised the importance of the sciences, and more particularly statistics, for the post-revolutionary order: ‘When a revolution ends . . . one needs to chain men to reason through the precision of ideas and the rigour of evidence.’4 The gentleness of power thus has its correlate in its investment in the field of reason, proof and truth.

Legal scholars have often reflected on the legal nature of the state of exception and the possibilities of escaping from it. If we think of innovation as a state of exception, it is generally concluded by propositional means: the technological state of exception ends through a redefinition of the fabric of the world, the beings that make it up and its regularities, as well as a redefinition of the technical forms. After the technological coup de force, science is called on to continue its work of describing beings, in order to assimilate the exception, to maintain a society in which technology was neutralised, and to restore the liberal system to its fullness and coherence. The sovereign allied with science thus also assumes an ontological function. His real power is that of imposing meanings capable of reducing the divide which innovation opens up. ‘Caesar is lord also of grammar.’5

This is the root of the new political usefulness of scientists. From the end of the seventeenth century, when natural philosophers invented experimentation as a mode of apprehension fundamentally superior to common experience, scientists have acquired a socially recognised ability to define the beings that make up the world and their interrelations. The ontological power of science was thus deployed to found a new form of political legitimacy that depended on the invocation of the natural order. Doubtless one of the most famous examples of this is physiocracy, which sought to establish political economy as an extension of the economy of nature. This form of factual power manifested itself each time that scholarly expertise purported to reform social practices through a redefinition of nature. For example, in 1770, when Fougeroux and Tillet studied the botany of kelp and, on the basis of their report, the monarchy abrogated the rules that had governed its use for several centuries, this constituted a political application of the new power conferred by the capacity to state facts.

This mode of government by scientists is our second invariant. Botany legitimised the intensive use of nature. Clinical science defined vaccines in such a way as to ward off any reticence. Hygienism played down the medical importance of the environment in order to cast industrialisation as harmless. Then there were the safety standards that blamed the violence of the industrial world on mistakes by workers. The so-called laissez-faire of the nineteenth century was only possible because of a very deliberate attempt to define nature and the forms of technology.

According to Saint-Simon, the post-revolutionary power needed to mutate from a ‘government of men’ to an ‘administration of things’. To paraphrase Saint-Simon, we could say that the new liberal power was based on the government of men through the administration of things. The fundamental connivance that links science and technology to the liberal order lies in the notion that by defining things and nature in a suitable way, or by amending technology and its uses, we can do without politics.

With the benefit of historical hindsight, we see these mechanisms as crude ruses (such as the field of pustular diseases, in the case of vaccinia). But, at the time, they dominated the apprehension of the world. They could do so because the fog of statements, ontologies and defence mechanisms, which were used to protect innovation from criticism, was established and kept in place by powerful institutions. The science that enabled the liberal exercise of power was set up in this function by authoritarian means. For example, the vaccinators were able to maintain the philanthropic definition of the vaccine only because the state had made its power of censorship available to them, along with the bodies of foundlings as an experimental stage. Knowledge was only capable of transforming the world to the extent that it was enlisted by already established powers.

After 1800, given the overriding importance of technology to the state, the existing judicial, procedural and dialogical forms of truth production (the medical faculty assembly, the public sphere, consultations of trade bodies) were replaced by scholarly and administrative institutions. The trades were no longer sources of knowledge that guided the government but were themselves to be reformed under the orientation of the learned institutions. The public was no longer a body to be convinced nor one which should pass judgement, but a mass to be conducted towards the correct decision. For the government to intervene on its population and its economy (and how could it not intervene, when science and technology offered so many ways of increasing its power?), it had to circumvent the necessarily polyphonic public space, bypass the variety of values and knowledges and, to this end, establish administrative and scientific bodies that would produce the right decisions. Technological committees (such as the vaccine, salubrity or steam engine committees) had a mandate to establish the cognitive and normative frameworks necessary for biopolitics and industrialisation. Technology had acquired too much importance for the definition of its effects to remain a subject of debate.

Society was also seen in a profoundly different light: not as a set of constituted bodies with varying interests and knowledges, but as a sum of individuals whose confrontations had to be regulated. It was no longer a matter of deciding between divergent interests and knowledges, but of creating the right framework for conflicts: their proper level, their means of proceeding, their objects, and above all the cognitive order in which they took place. For example, by redefining the changes to circumfusa as a mere inconvenience, the hygienist administration left it up to the courts to arbitrate minor disagreements between individuals. The real oppositions had already been resolved in advance by the scientific redefinition of the links between environment and health. In the same way, because the boiler that exploded had been standardised and perfected by a learned administration, there was bound to be someone to blame and claim compensation from. Hygiene or safety standards thus made it possible to resolve the conflicts of modernity simply as individual disputes. The perfect vaccine defined by philanthropists, the gasometer standardised by the Academy of Science, the steam engine managed by the Mines Administration and the transformation of the environment rendered insignificant by hygienist theories – these all belong to the same historical configuration, which, from the 1800s onwards, claimed to transform the way we live both without risk and without any question of politics.

Historians have shown how liberal political philosophy was ultimately an anthropological project aimed at creating an egotistical, calculating subject, as against the traditional values of gift, sacrifice and honour.6 We might add they have failed to see that in return the homo economicus demanded a world tailored to his own standards – rethought, reconstructed and redefined so that the quest for the greatest utility could be freely exercised. At the beginning of the nineteenth century, science and technology adjusted ontologies and objects with the aim of creating an ‘economic world’: a mundus economicus.

In this book, I did not make the absurd pretence of casting the societies of the Industrial Revolution as respectful of ecological concerns. The aim was not to say that we have always been in a risk society or a reflexive society. Of course, the societies that set in motion the carbonisation of our economy and atmosphere and caused massive suffering to workers were not reflexive. But it is also doubtful whether contemporary societies really are. One of the challenges of this book is to point out certain weaknesses in the sociology of risk and to replace its major diachronic oppositions with a historical narrative, thus cancelling out the comforting illusion that we are exceptional. If this history were to be extended, it could be presented as that of the successive transformations of modern modes of disinhibition.

After the end of the nineteenth century and the creation of an insurance-based capitalism protecting technological modernity from the legal threats of fault and liability, the 1920s to 1950s were a fundamental stage, marked by the invention in the United States of what has come to be known as the consumer society.

Historians have clearly shown the programmed, strategic nature of this transformation of capitalism. The explicit common goal of politicians, economists, industrialists and advertisers alike was to create a market capable of absorbing the new productive capacities of the Taylorist factories. To achieve this, values had to be transformed: repair, thrift and saving were presented as obsolete habits harmful to the national economy, while repeated and conspicuous consumption, fashion and product obsolescence became respectable objectives. A revolution in advertising (from product advertising to the glorification of consumption as a way of life and a marker of social normality), wage increases and, above all, the introduction of consumer credit were the pillars of a renewed social control. In exchange for consumption, the individual had to accept an increased routinisation of his work and his dependence on credit.

The term consumer society thus refers to a new relationship with objects and the environment, and a new form of social control that makes this relationship desirable. Disciplinary hedonism played (and continues to play) a fundamental role in the acceptance of mass production and its disastrous environmental consequences.7

At the same time, several phenomena have made these harmful effects socially invisible. Firstly, thanks to the development of oil and transport, the extraction of mineral and energy resources – and, in fact, all the most harmful production processes – have been able to be relocated to far-away areas. As a direct consequence, the suburbanisation movement allowed for a greater separation between residential areas and production sites. For a society undergoing a tertiarisation process, industrial production and its environmental effects took on a much more abstract character.

The intellectual world also gradually lost interest in the material conditions of production. The case of economic discipline, which became the dominant mode of training the social elite, is exemplary in this regard. Marginalist theories turned away from studying the factors of production (labour, capital and land) and focused on the subjective conditions of consumers and producers seeking to maximise their individual utility.8 This gave rise to a new object of thought: the economy, understood as the whole set of relationships defined as economically relevant, and bearing a tenuous relationship with natural constraints.

The idea of growth was itself a result of this transformation. Before the 1930s, this notion was bound to a material process of expansion: increasing the production of some material, or by opening up new resources or new territories to the economy. With the crisis of overproduction in the 1930s, growth was rethought, not in material terms but as the intensification of the web of monetary relations. The abolition of the gold standard in the 1930s – that is, the end of the idea that banknotes represent gold – and the invention of GDP by national accounting, completed the dematerialisation of economic thinking. John Maynard Keynes described this turn perfectly. Whereas, in the second half of the nineteenth century, many economists (Stanley Jevons among them) had worried about the depletion of coal reserves, Keynes explained that running out of coal would have no consequences: to ensure employment and economic prosperity, all the British Treasury had to do was to bury banknotes and ask miners to go and fetch them! Thanks to its dematerialisation, the economy could finally be conceived of as growing indefinitely, outside natural determinisms and without altering physical limits, all thanks to its proper oversight by expert economists.9

Alongside these indirect modes of government, which succeeded in enlisting the whole of society in a capitalist growth project, more traditional and self-perpetuating forms of the imposition of technology by the state persisted. The French hydroelectric programme that led to the submergence of numerous Alpine villages after the Second World War is a good example of this. Similarly, in 1974, the French electro-nuclear programme was forced through in a unilateral fashion. EDF and the CEA were determined to build as many plants as quickly as possible, to make the choice in favour of nuclear power irreversible. All means at hand were put to this end: bypassing administrative authorisation procedures, police violence against protesters and massive financial compensation for the local authorities who accepted the reactors.

In the 1980s, this figure of the modernising state, which knew best what was the common good and could thus impose it over the heads of locals, was politically weakened by criticism from both neoliberals and advocates of a technological democracy. The heart of the modernisation process then shifted to the market. The history of GMOs in the United States is thus that of business imposing its will. Against a backdrop of heightened economic competition with Japan and in the wake of the oil crisis, biotechnology seemed to represent a major economic opportunity. In 1980, a Supreme Court ruling overturned all previous case law and accepted the patentability of living organisms. Capital poured in. Genetic engineering became the model for innovation in a neoliberal society: research driven by the private sector, backed by venture capital and producing immediate profits.

Ideologically, biotechnologies marked an important turning point. For they certified the victory of man’s unilateral relationship with other natural beings, indeed with life itself, which had to be optimised in the manner of a simple production technique. Postmodernist discourses on transcending the limits between nature and culture, and the aesthetics of hybridisation characteristic of 1980s–1990s philosophy (as proposed by Donna Haraway or Bruno Latour, among others) only confirmed a deepening modernist project of the mastery of nature. For behind the symmetry between humans and non-humans, it is once again man who finds himself transforming nature for his own benefit.10

Far from having become reflexive, our contemporary societies fetishise innovation as never before. They have made it synonymous with growth, and political parties of both Left and Right are turning it into a national agenda. Since the 1980s, all financial regulations have been transformed to make economies more flexible, more competitive and more innovative. The growing importance of the private sector in producing innovation, the subordination of scientific research to the demands of economic profitability, and companies’ need to come up constantly with new products are increasing the powers of capitalism in defining our technical destiny, to the detriment of democratic control mediated by the state and public research. More than ever before, science has itself become a business, driven by financial priorities at odds with the precautionary principle. The economic success of biotech firms and the spread of nanoproducts demonstrate, if proof were needed, the intrinsic link between financial profitability, via Nasdaq and venture capital, and the modernist project of artificialising the world.11

The second fundamental development at the end of the last century – economic globalisation – has enabled rich countries to offshore some of the risks of industrial production. Developed societies are not running scared of technology; they have simply managed to externalise its most negative consequences, to outside the West. Since multinationals have been relocating not only industrial production but also research and development, in search of lowered wage costs, neither progress nor its control are now the prerogative of the long-industrialised countries. Globalisation makes almost touchingly naive the theory of reflexivity formulated by philosophers and sociologists from now-marginalised Europe.

Finally, this double process has been accompanied by a whole range of regulatory instruments, ideologies and illusions. I will give just a few examples of this.

The effects of neoliberalism on environmental law are well known: the Reagan presidency saw the dismantling of the progress of the previous decade, and the Bush presidency eased the conditions for oil and gas exploitation. Generally speaking, we have moved from a regulatory approach in the 1970s (bans, fines) to a governance approach, guided by economics and market instruments (pollution rights and self-regulation by companies).12

Let us take the notion of thresholds with regard to carcinogenic substances. At the end of the 1940s, toxicologists warned governments that, at no matter what dose, certain molecules produced by synthetic chemistry would increase the risk of cancer. A consensus formed that such molecules should be removed from the food supply. In the United States in 1958, the Delaney clause banned the presence of pesticide residues in food. But ultimately the principle that won out in regulatory bodies in the 1970s was cost/benefit analysis (a risk is tolerated depending on the economic interest of the substances) and the definition of thresholds. New international standards, such as acceptable daily intakes (ADIs) in the case of food and maximum permissible concentrations (MPCs) in the case of air quality, operated a subtle disguise. Given the non-existence of a threshold effect, these standards in fact enshrined the toleration, for economic reasons, of an acceptable cancer rate.13

The term sustainable plays a similar role in the increasingly intensive exploitation of nature. The history of fisheries is exemplary in this regard. The principle of maximum sustainable yields, introduced in international treaties after the Second World War (at the 1955 Food and Agriculture Organization conference), enshrined the principle that it was possible, without worry, to fish in optimal quantities that would preserve this resource. Fairly simple ecological models supported a radical increase in the volume of fish caught, from 20 million tonnes in 1950 to 80 million in 1970. But the models defining the sustainable use of stocks did not consider certain factors such as population structure or the degradation of marine ecosystems – and in the space of a few decades they led to the widespread collapse of fish stocks.14

Recently, the notion of sustainability has been transformed into a powerful anxiolytic for conscientious consumers. Companies have been quick to grasp the benefits of this malleable category and of environmental certification, since it is always possible to find or create a label that vouches for the sustainability of their production practices.15 Despite its crudeness, this disinhibition of consumerism has rapidly conquered market shares. The main problem with the notion of sustainability is that it produces the illusion of an effective reconciliation of environmental imperatives and economic efficiency, of control of growth, and of nature being placed under the good governance of companies and certification agencies.

With the rise of the climate question, the whole Earth has been subjected to this same principle of optimising nature. Economists have rethought the climate as an atmospheric resource whose net present value they can maximise by defining optimal CO2 emission curves. Global change is thus translated into a problem of maximising economic growth under climatic constraints. Established in 2007, carbon credits have collapsed and then risen again; they will no doubt continue to fluctuate and circulate, without sufficient questioning of their material reference points, partly because the environmental audit firms that estimate the CO2 emission reductions by so-called clean development projects have no interest in judging them too harshly. But no matter: their mere existence and exchange are enough to confect the prospect of an economy finally made ecological.16 It may be feared that these techniques for optimising nature are no more than a decoy that comes instead of a truly controlled human presence in nature.

The 1990s sociology of risk deserves credit for naturalising the idea of public participation in technoscientific choices. The emphasis it placed on uncertainty and the importance of opening up decision-making procedures to a wide variety of stakeholders, and the ideal of a strong democracy and its application in the field of technological choices, have made it possible to make natural an idea that seemed strange thirty years ago. That is, the understanding that the public should have its say, that there are situated knowledges, lay knowledges and useful knowledges drawn from experience, and that they should be taken into account in decisions regarding technology.17 But, while this vision of a technological democracy surely needs to be defended, we must also take care that it does not spill over into the analysis and description of our contemporary societies. For by focusing on the premises of technological democracy, social theory is sacrificing the substance for the shadow, and thereby neglecting the study of other spaces, institutions and logics (expert committees, multinationals, venture capital firms) where more decisive developments are happening. It could also be that the political visibility of the new participatory spaces corresponds to a mutation of power, a transformation of government into a governance that takes up the democratic imperative only to instrumentalise it for its own purposes.

Hence the importance for the ecological movement, and for society in general, of having clear historical insight into the past experience of technoscience. The challenge in the modern day is perhaps less a matter of defining its exceptional reflexivity, as of considering its past, understanding the success of the devices that produced modern disinhibitions, identifying what still remains of them, and exercising our right to sift through this burdensome legacy. Only in so doing will we be able to emerge from the current strange climate in which we joyously head towards the apocalypse.





Afterword: History as a Smoke Detector

Walter Benjamin spoke of history as a ‘fire alarm’: the historical premonition of threats should help to ‘cut the lighted fuse before the spark reaches the dynamite’. What is the role of history in the face of the Anthropocene? What use is it when there is neither fuse nor dynamite but a generalised conflagration? When prescience has become useless and all that’s missing is the courage to act? Happy Apocalypse offers no fire hose, no philosophy, no utopia: all it offers is a simple smoke detector. This book is helpful in understanding why contemporary discourse and measures that claim to extinguish the blaze (risk, standards, administrative authorisations, the ‘polluter pays’ principle, recycling, transition, and so on) fill the air with smoke, rendering it opaque and concealing its source.

In Paris in 2002, when I began the research that led to this book, intellectual debate still stood in the rubble of the Berlin Wall.1 Despite 11 September, the mood was one of optimism: ‘sustainable development’ was on everyone’s lips, the ‘precautionary principle’ was fiercely debated and people were enthusiastic about the UN climate summits. The prevailing feeling was one of environmental awakening. Hence the success of the theses capturing this zeitgeist: Ulrich Beck announcing the entry into a ‘reflexive modernity’, or Bruno Latour – whose work in the sociology of science was nevertheless important for me–predicting ‘the end of the modern parenthesis’.

This slightly grandiloquent discourse simply renamed the common idea of ‘environmental awareness’. It endorsed the hypothesis that we had recently undergone an immense revolution, both social and intellectual, making risk, the environment and the Earth objects of concern and scruples, and that from this revolution all others would flow. The title Happy Apocalypse is intended to convey this gratifying and reassuring feeling of sudden revelation.

Reflexivity was a historical, or rather anti-historical, thesis: the past was mobilised only in negative terms in order to highlight our own excellence. On this point, Beck was perfectly explicit. His aim, he wrote, was ‘to move the future that is just beginning to take shape into view against the still predominant past’.2 My own project was simple: to turn Beck’s thesis against itself, to use the categories of Risk Society to analyse controversies and struggles that – apart from the case of inoculation – were largely absent from historiography.

One question remained: how had technology imposed itself despite its risks and the awareness of these risks? It was in response to this question that I introduced the idea of ‘modern disinhibitions’. Rather than an alleged nineteenth-century faith in progress that we had suddenly lost, it was ad hoc, localised and relatively discrete mechanisms that made technological advance possible: reassuring statistics, convenient nosologies, hygienic theories, standards, liability and insurance regimes, financial compensation, and so on. These were not some grandiose philosophical breaks with the past, or a ‘naturalist ontology’ (Philippe Descola) specific to the West, but rather little mechanisms, nestled at strategic points of technological modernisation.

The insistence on the smallness of disinhibitions also made it possible to understand this paradox: how could we have forgotten that we had been living in risk societies for two centuries yet claim to be discovering it only now? If reflexivity seemed new, it was because technological modernity had, from its very beginnings, internalised its critiques in a way that was both effective and discrete; it had grown used to dealing with accidents, disasters and struggles; in short, it had had time to hone its disinhibition devices. To now proclaim the novelty of reflexivity was, in essence, to play into the hands of the technological gurus: current modernisation would be made all the more acceptable by the claim that it was now taking place under the anxious vigilance of a society that had become reflexive.

[image: image]

My main thesis on reflexivity has been little challenged. Sociologists and philosophers have retreated into a position of acquiescence, while renewing the idea of a recent rupture. For example, the sociologist Yannick Barthe defended Beck’s position in a review by proposing the idea of a gradient of reflexivity.3 In Facing Gaia, Bruno Latour accepted my objection and also pointed out his interest in the notion of disinhibition, while making James Lovelock a new Galileo and the ‘irruption of the Earth into politics’ a new reflexive epiphany.4 The success of the notion of the Anthropocene has also revived the illusion of a cosmological revolution. My book Chaos in the Heavens (with Fabien Locher) will perhaps dispel this misunderstanding.

Among historians, the idea of a technological modernity achieved with eyes wide open has been taken up by several colleagues with significant modifications. In their work, reflexivity is often thought of as the prerogative of specific groups, precursors, romantics, ‘technocritics’.5 For example, Serge Audier, in his book La Société écologique et ses ennemis, marries red and green (in my opinion forcibly) by making ‘environmental consciousness’ an attribute of nineteenth-century socialist thinkers marginalised by liberals and the productivist left.6 In general, recent environmental history (following the example of Charles-François Mathis, Rémi Luglia, Caroline Ford and Paul Warde) prefers to consider the question of reflexivity from the angle of a gradual emergence linked to industrialisation and the realisation of its damage, the advance of science, the formation of nation-states managing their resources, or even the Romantic movement.7 In my book, however, reflexivity is a ‘default setting’ for societies faced with technological change. The issue is not so much one of ‘awareness’ – which produces teleological narratives or intellectual genealogies – but rather the opposite: the production of a form of modernising unconsciousness.

My project was therefore closer to ‘agnotology’, a neologism coined by the historian Robert Proctor to designate the study of the production of ignorance. In my view, these works, interesting and rich as they are – I’m thinking of Robert Proctor’s formidable Golden Holocaust, which details the strategies of the tobacco industry – give ignorance too important a role and, conversely, are too confident in the power of science and reason.8 In the nineteenth century, what mattered most for industrialisation was not so much the production of ignorance or false controversies as the manufacture of new knowledge, reassurance devices or social engineering (for example, the confinement of risks to certain populations). It was not so much the silence surrounding technological accidents as safety norms and later occupational insurance. And not so much ignorance of the dangers of the chemical industry as the employment of a lumpenproletariat in these plants and the belief that increased wealth would ultimately improve health. In relation to climate change, it is no longer so much climate scepticism as the revival of processes of disinhibition: carbon credits, sustainable development, green finance, energy transition, and so on.

A third, more pointed debate concerned the true nature of the regulation of industrial pollution in nineteenth-century France. One of the original aspects of my research was the use of civil court archives to address the issue of industrial pollution. Compared with existing work on the subject (André Guillerme, Geneviève Massard-Guilbaud and the work of Thomas Le Roux then in progress), which focused on the actions of the administration, this archival shift led me to emphasise the liberal nature of the new post-1810 regulations.9 Liberal not in the general sense that it was in favour of industrialists (the ultra-royalists in power in the 1820s were not at all favourable to a clique of entrepreneurs that had emerged in the previous decade), but in the precise sense that these regulations gave a fundamental role to the courts and to compensation for damages. This thesis, which was based on a precise study of the case of industrial chemistry in the early nineteenth century, deserves to be examined in greater depth in other fields. It is an important question, touching on the technical and social effects of the ‘polluter pays’ principle, its effects on the improvement – or otherwise – of industrial processes and on the construction of environmental segregation.

With hindsight, what would have been worth debating was my basic premise, never made explicit but always present in the background, that the first wave of industrialisation already worsened environmental destruction, that it was basically the first step towards the contemporary abyss. Yet the players at the time perhaps sincerely believed that coal would help save the forests and therefore the climate, that it was in short an ‘ecological’ solution to the impasses of a wood-based economy. Or if we take the case of soda ash, the Leblanc manufacturing process based on sea salt and sulphuric acid replaced truly staggering quantities of vegetable ash. Alkali plants did indeed produce massive pollution, but it was localised and highly visible because they were close to built-up areas. They certainly damaged crops, but they also relieved pressure on the forests of the Baltic and the kelp fields of Normandy and Spain, and therefore on wild animals and fish. Happy Apocalypse is heavily influenced by the history of science and the Foucauldian analysis of power. It is not a truly material history of industrialisation, which largely remains to be written.

Finally, there is another way of reading this book: forget the historiography, the theses and counter-theses, and simply get to know the people who populate its pages. The Norman fishermen who in the 1770s taught the Académiciens des sciences in Paris what kelp was and how young fish lived in it. The alkali workers of Widnes and St Helens who licked the corneas of their acid-sprayed comrades. Mothers and fathers filled with fear – a legitimate fear – at the idea of inoculating or vaccinating their children. And orphaned children, fatherless and motherless, subjected to the sordid experiments of the first vaccinators or carted from village to village to serve as a source of vaccine lymph. There are also the few doubting modernisers: the chemist Clément-Désormes, who (rightly) praised the candle against gas lighting, and Dr Henri-Marie Husson, the man who, more than anyone else, worked to spread vaccination in France and who, in 1803, in his private correspondence, explained that this medical innovation was doomed to failure. When it comes to technology, nothing is ever certain, and this is perhaps the only optimistic conclusion to be drawn from this book. Benjamin also said that history enabled us ‘to seize on a memory as it flashes up at a moment of danger’. I hope that Happy Apocalypse illuminates some useful memories in these dangerous times.

Paris, October 2019
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