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 Introduction 
                                                          

Hasok Chang and Catherine Jackson               

One spring day in 1915, Allied troops lay writhing in agony in the 
fields of Ypres, Western Belgium, from a deadly gas attack that opened a 
new chapter in the history of warfare. Nine years later President Calvin 
Coolidge of the United States sat in a specially designed chamber 
breathing the very same chemical, and afterwards pronounced himself 
much relieved from his cold. That gas, yellow-green, suffocating and 
corrosive, had been isolated for the first time in 1774 by the Swedish 
chemist Carl Wilhelm Scheele, who called it “dephlogisticated muriatic 
acid”. After a few decades of fierce academic debate the substance 
became recognized as a chemical element, named “chlorine” by Humphry 
Davy, and it has continued working its way into various aspects of our 
lives to this day.  In fact chlorine was always around in human life, being 
one half of common salt (sodium chloride) among other things, though 
people were very slow in recognizing its identity. 

This book tells the story of chlorine, one of the most common yet 
unusual substances that make up our physical universe.  It is a work in the 
category of “object biography”, which has become rather popular in 
recent years. We believe that it is a genre with much potential.  Especially 
in the area of history of science, the object-focus is very effective in 
highlighting connections that are obscured by the usual focus on ideas, 
institutions, and individual scientists.  The story of chlorine’s life is full 
of wonder, mystery, danger, and most of all controversy, both intellectual 
and political.  In a personal biography, one might say that the common 
line running through the various stories of an individual’s life is his or her 
character; here we find that the highly reactive chemical character of 
chlorine is to a large extent responsible for its controversial life, both in 
chemical theory and in its often destructive practical applications. Any 
good biography also tells much about the society in which the protagonist 
lived.  Thus our biography of chlorine is also an important slice of the 
story of how science has developed and become such an integral part of 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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modern life through its technological, medical and military applications.  
The time span we cover is about two centuries, so it is impossible to be 
exhaustive in our account; however, our selection of events and issues 
will portray a well-rounded picture of an extraordinary life. 

The studies contained in the book were carried out by five 
successive cohorts of undergraduate students at the Department of 
Science and Technology Studies at University College London, each 
year’s group building on the work of the previous one.  As the research 
was done by students who were eager to rise up to the highest academic 
standards, yet still relatively free from the need to sound learned for the 
sake of sounding learned, we believe we have reached a happy 
combination of rigor and accessibility.  In the Epilogue we give a more 
detailed description of this fascinating and exciting experience, which 
will be of interest to those concerned with the practice and theory of 
higher education.  The editors are responsible for the overall organization 
of the book and the presentational work to ensure consistency in style, as 
well as some follow-up research to fill in small gaps.  However, credit for 
the content of the book belongs unequivocally to the authors of the 
individual chapters, and they are also responsible for the lively spirit of 
the whole enterprise that shines through all of the chapters. 

The eleven studies contained in the book tell independent stories, 
with some close connections between them.  Readers may sample indi-
vidual chapters according to their particular interests, or read them 
through in the order presented to get a full sense of the life of chlorine.  
To aid the latter approach, we have organised the material in roughly 
chronological order for the most part. At the same time, for ease of 
thematic reference we have grouped the chapters into two parts. Part A 
includes debates about the nature of chlorine as a chemical and physical 
substance, and the place of these debates in the development of the theory 
of matter.  Part B treats episodes arising in the diverse practical applica-
tions of chlorine and some of the most important chlorine compounds. 

In Chapter 1, Ruth Ashbee gives an account of the complicated 
birth of chlorine.  When Carl Wilhelm Scheele first discovered chlorine 
in 1774, he called it “dephlogisticated muriatic acid” (“muriatic acid” in 
modern terms is hydrochloric acid, or HCl).  But this was in the thick of 
the Chemical Revolution, in which Antoine-Laurent Lavoisier’s oxygen 
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theory was rapidly displacing the phlogiston theory, which was the basis 
of Scheele’s thinking.  It is tempting to conclude that Scheele was simply 
an adept experimenter who lacked the theoretical resources to reach a 
correct understanding of what he had discovered.  However, our study of 
Scheele shows very clearly that he was a sophisticated theorist, and his 
interpretations do make a lot of sense in their own terms.  If we were to 
take the modern point of view, we would find that the Lavoisierian 
interpretation was just as wrong: Claude-Louis Berthollet, Lavoisier’s 
colleague who studied chlorine most closely, concluded that it was 
“oxygenated muriatic acid”.  It is not simple to say which side was more 
correct in this debate.  What we have here is a case of incommen-
surability, which we can understand best in terms of conflicting “lexical 
structures” as conceived by Thomas Kuhn in his later writings following 
the Structure of Scientific Revolutions. 

In Chapter 2, Tamsin Gray, Rosemary Coates and Mårten Åkesson 
follow the fierce chemical debates about the nature of chlorine that 
continued in the aftermath of the Chemical Revolution.  The architects of 
the new chemistry, with the confidence of their general triumph, 
continued to uphold two beliefs about chlorine that are wholly rejected by 
modern science: they thought that chlorine was a compound of oxygen 
and muriatic acid, and that muriatic acid was a compound of oxygen and 
the “muriatic radical”.  It was only by 1820, due to the work of Humphry 
Davy among others, that chemists arrived at a consensus that chlorine 
was a chemical element, isolated by removing hydrogen from muriatic 
acid.  The new theory of chlorine did not prevail easily, as shown in the 
stories of three major chemists who challenged the emerging consensus: 
not only Berthollet, but John Murray in Scotland, and Jöns Jakob 
Berzelius in Sweden.  This episode completes our view of the Chemical 
Revolution seen through the case of chlorine, in which the winners are 
quite as mistaken as the losers if we judge them according to modern 
ideas.  These debates also illustrate the extreme difficulty of reaching 
clear and unambiguous theoretical interpretations of even the most basic 
phenomena. 

After chlorine was recognized as a chemical element, it became 
important to determine its atomic weight.  The best empirical values 
clustered around 35.5; this presented a problem for those who supported 
William Prout’s hypothesis that all atomic weights were whole-number 
multiples of hydrogen’s weight (defined as 1).  Prout’s hypothesis has 
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been celebrated by many modern scientists and historians of science as 
the anticipation of the idea that atomic nuclei are composed of a discrete 
number of protons and neutrons.  In the end the idea of isotopes made 
sense of the non-integral atomic weight of chlorine, as chlorine naturally 
occurring on earth came to be seen as an accidental 3:1 mixture of two 
isotopes, weighing 35 and 37 respectively.  Each isotope of chlorine was 
then seen to conform to Prout’s hypothesis.  As carefully recounted by 
Jonathan Nendick, Dominic Scrancher and Olivier Usher in Chapter 3, 
the way chemists dealt with chlorine before the discovery of isotopes 
reveals some interesting points about the scientific method, particularly in 
reference to the discussion of this episode by Imre Lakatos as an 
illustration of his methodology of scientific research programmes.  Some 
chemists, by wishful thinking or experimental imprecision, estimated the 
atomic weight of chlorine as 36; some proposed a modification of Prout’s 
hypothesis taking half of hydrogen as the fundamental unit; some simply 
put chlorine on hold, hoping for some unexpected resolution of the 
anomaly; others regarded chlorine as a refutation of Prout’s hypothesis, 
and thereby discarded a promising and pioneering theoretical idea. 

In Chapter 4 we continue on to the 20th century, when chlorine 
found itself in the middle of yet another complicated debate in the theory 
of matter, as elucidated by Christian Guy, Emma Goddard, Emily Milner, 
Lisa Murch and Andrew B. Clegg. It was predicted that the heavier 
isotope of chlorine (37Cl) would occasionally interact with the neutrino, 
the most elusive of elementary particles, which had been written off as 
undetectable. The chlorine–neutrino interaction would produce radio-
active argon atoms, which could be swept up by bubbles of helium gas, 
and then isolated and counted up.  This fantastic scheme was realized in 
an experiment in which physicists buried a huge vat of dry-cleaning fluid 
(C2Cl4) in the Homestake gold mine in South Dakota, aiming at the first-
ever detection of neutrinos emerging from the interior of the sun. The 
success of this and other similar experiments, however, plunged physi-
cists into a deep quandary.  The detected flux of neutrinos was much less 
than had been predicted by the standard theory of the nuclear reactions 
taking place inside the sun.  Debates on this issue still continue today, but 
physicists have now converged on the unexpected solution of “neutrino 
oscillations”: neutrinos have a tendency to change their form in transit 
between the sun and the earth, lowering the detection rate where the 
detector is only designed to capture them in their original form. This 
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episode also reminds us of some difficult philosophical questions about 
what can be considered an “observation”.  Physicists commonly say that 
they make direct observations of the solar interior by means of neutrinos, 
but shouldn’t they really admit that they are only making a long chain of 
inferences going from the detection of radioactive argon to the nuclear 
fusion in the sun?  Philosophers such as Dudley Shapere emphasize that 
scientific observations are routinely indirect and we have no choice but to 
rely on our best theories.  However, if we allow theoretical inferences to 
form the basis of observations, then we must also say that neutrinos were 
observed long before Homestake. 

In discussing the practical applications of chlorine in Part B, we 
begin with a striking property of chlorine that was apparent right from the 
beginning.  When Scheele first isolated chlorine, he immediately noticed 
that it had the power to destroy “vegetable colours”.  On the face of it, it 
would seem that this should have led rapidly to industrial and commercial 
applications, especially given the strong demand for cheap and quick 
bleaching methods in the burgeoning textile industry during the time of 
the Industrial Revolution.  The actual history was rather different.  As 
Manchi Chung, Saber Farooqi, Jacob Soper and Olympia Brown recount 
in Chapter 5, it was a long and complex process to turn the idea into a 
usable and economical technology.  This case reminds us of the general 
inadequacies of the “linear model” of technological development, 
according to which new discoveries spontaneously arising in pure science 
are straightforwardly applied to create useful technologies. The 
importance of contextual factors is shown clearly in a comparative history 
of chlorine bleaching in France and Britain.  In France, the initial pattern 
of development was driven by central government, as would be expected 
according to a common view of French science during this period; 
however, the French Revolution disrupted the governmental structure so 
much that private enterprise came to play a crucial role.  In England the 
role of the state was minimal from the start, and the development of 
chlorine bleaching was left to the “scientist–entrepreneurs” such as James 
Watt, gentlemen opportunists who played the topsy-turvy material and 
social world of the Industrial Revolution to their own advantage. 

Many of us are familiar with the presence of chlorine not only in 
bleaches, but in swimming pools, household disinfectants, and the water 
supply. We might imagine that the promoters of public health would have 
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quickly seized on the disinfecting power of chlorine and many of its 
chemical compounds. On the contrary, as Anna Lewcock, Fiona Scott-
Kerr and Elinor Mathieson explain in Chapter 6, the development and 
application of chemical disinfection was a long and frustrating process.  
Starting with the muriatic-acid fumigation of the Dijon Cathedral in 1773 
by Lavoisier’s colleague Louis-Bernard Guyton de Morveau, many 
attempts were made to use chlorine and various chlorine compounds to 
stop the spread of contagious diseases, but these practices failed to take 
root for a century.  Time and again we witness a promising employment 
of chlorine, only to see it become neglected and forgotten after a period.  
It was only with the establishment of the germ theory of contagious 
diseases that disinfection by chlorine (or by other chemical means) 
became truly established. Without a convincing explanation of why dis-
infection worked, successful practices were discounted as accidental 
outcomes.  In addition to a general survey of the history of chlorine 
disinfection and the theories of disease in the 18th and 19th centuries, we 
also offer an in-depth analysis of the controversy surrounding chlorine 
disinfection at the time of the cholera epidemic of 1831–32 in Britain and 
the United States. 

In Chapter 7 we move on to examine another destructive aspect of 
chlorine’s character, which made it a crucial material in the history of the 
early 20th century.  It is not just bacteria that are attacked by chlorine.  
Chlorine gas was the first major chemical weapon to be employed in 
warfare, introduced during the First World War.  Its first battlefield use 
was by the German army in 1915; retaliation in kind by the Allies 
followed, and a dizzying array of other chemicals came to be used by 
both sides.  It may seem that the use of any available new technology in 
war is simply a natural thing, but there were also various reasons against 
the introduction of chemical weapons.  Not only was their use prohibited 
in the Hague Convention, but their actual military utility was also quite 
questionable. Therefore, the political decision to authorize their use 
deserves some historical scrutiny. As Frederick Cowell, Xuan Goh, James 
Cambrook and David Bulley explain, in the case of Great Britain it seems 
that the initial aversion to chemical weapons within the government 
yielded to a mechanical logic of response-in-kind.  This lack of deep 
policy-thinking is revealed in the fact that much of the conduct of 
chemical warfare was delegated to Major Charles Foulkes, a relatively 
minor military figure put in charge of the Special Brigade for gas warfare.  
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The British response to the initial German gas offensive was ill-prepared 
and haphazard, and the offensive use by the British was limited by the 
fact that gas tended to be used simply to make up for a shortage of 
conventional ammunition.  The lack of strategic thinking prevented the 
full military potential of chemical weapons from being realized. 

Despite the apparent lack of soul-searching within the government 
and the military, the use of chlorine and other toxic chemicals as weapons 
did result in a public outcry. In Chapter 8, Abbi Hobbs, Catherine 
Jefferson, Nicholas Coppeard and Chris Pitt explore the ethical and 
political debates about the use of chemical weapons following the war.  
Was there a cogent philosophical basis for arguing that chemical weapons 
were morally more reprehensible than conventional weapons? If not, why 
did they generate such adverse public reactions? Contrasting ethical 
frameworks were applied to the question of chemical warfare by different 
thinkers, even within the military and governmental establishments.  
Against Foulkes’s instrumental rationality of using whatever he thought 
would promote the military objectives, General Peyton March of the U.S. 
Army objected to the use of gas because it was an indiscriminate weapon 
that did not preserve the principle of non-combatant immunity. The 
British General Sir John French deplored gas as an unchivalrous weapon, 
in the face of which all the character and skills of a good soldier were 
rendered useless.  J. B. S. Haldane, renowned physiologist and active 
participant in gas-warfare research with first-hand experience of the 
effects of gas, shone the cold light of utilitarian logic on the issue by 
arguing that chemical weapons were actually preferable to conventional 
ones because they caused less suffering. Meanwhile, public reaction 
turned decisively against chemical weapons in the aftermath of the war, 
although it was rather mixed during the war. This reaction did not result 
simply from people’s natural revulsion, but was driven by a concerted 
effort by the League of Nations to restore the international control of war-
fare after the clear violations of the Great War left the Hague Convention 
in tatters. 

In Chapter 9, David Nader and Spasoje Marčinko trace the rise and 
fall of the “chlorine chamber”. For a brief period after the First World 
War, breathing a low concentration of chlorine was widely believed to 
cure and prevent influenza, the common cold, and other respiratory 
diseases.  This chlorine-chamber fad is perhaps one of the strangest and 
most fascinating episodes in the life of chlorine. Though its life was short, 
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in its heyday the chlorine chamber was showcased to great acclaim at the 
U.S. Congress, and counted even President Calvin Coolidge among its 
grateful users.  Who promoted this bizarre idea, how, and why?  The birth 
and spread of chlorine as a therapeutic agent can primarily be seen as an 
attempt by the U.S. Chemical Warfare Service to gain public and govern-
mental support for continuing research into chemical weapons.  But why 
was the idea of chlorine therapy not immediately discredited, once tested 
out?  Interestingly, it does seem that chlorine-inhalation was just as 
effective (or ineffective) against the flu and the common cold as any other 
available treatment.  At the time little was known about viruses, and 
treatments were rudimentary.  There was clear space for innovative ideas 
after the influenza epidemic of 1918–19, which killed an untold number 
of people, estimated at 20 to 40 million worldwide; the medical establish-
ment was in crisis, and chemists were enjoying newly found prestige 
from their role in the war.  But soon enough significant criticism was 
raised by the medical establishment, and the Chemical Warfare Service 
quietly dropped the chlorine chamber after finding more promising 
instruments of peacetime self-promotion, such as insecticides. 

In Chapter 10, Sam Raphael, George Kalpadakis and Daisy 
O’Reilly-Weinstock investigate the responses of scientific communities 
to war, through some key episodes involving the military uses of chlorine 
and chlorine compounds.  If science changed the face of warfare, warfare 
changed science just as much.  Historians have clearly documented the 
changes introduced to science as a result of the Manhattan Project during 
the Second World War and other large-scale military projects since that 
time.  In the life of chlorine, there are two phases in which the impact of 
war on science became clear.  During the First World War, the necessity 
to understand the physiology of chlorine and other poison gases brought 
the physiologists out of their relative isolation, making them an integral 
part of the political decision-making process and changing the way their 
own community was structured.  A less benign and more disruptive case 
was the dispute over the use of chlorine-based herbicides (including the 
notorious “Agent Orange”) in Vietnam by the U.S. military, which pitted 
governmental and civil scientists against each other in a battle for public 
credibility.  In the course of this episode, there was a shift of perceived 
authority from the government to the civil scientific community.  
Interestingly, this “authority shift” was not the result of any significant 
new scientific knowledge being discovered by the winning side.  An 
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important context of the shift was what Ulrich Beck terms “reflexive 
modernization”, in which more and more groups compete for authority, 
resulting in a widespread consciousness of the inherent plurality of 
knowledge. 

The controversial herbicides discussed in Chapter 10 are only a 
small group within the class of organochlorines (organic chlorine 
compounds), which also include nerve gases, dioxin and DDT.  These 
compounds have achieved notoriety because of their toxic effects on 
animals and people, which are multiplied by their persistence and 
accumulation in the environment.  Some environmentalists have called 
for them to be phased out entirely.  The uproar about organochlorines 
began most distinctly with the publication of Rachel Carson’s 1962 
masterpiece, Silent Spring, which delivered a scathing exposé of the 
effects of DDT.  In Chapter 11, Kimm Groshong investigates how this 
text was heavily criticized as a piece of unscientific emotionalism offered 
by a non-scientist, despite Carson’s extensive research and scientific 
expertise.  Very few attempts were actually made by her critics to point 
out specific problems in the text, and most scientists now agree that it 
contained no major inaccuracies. A question then arises as to how these 
early attacks were motivated, and why they still echo widely in commen-
taries on Silent Spring today.  The chemical industry and its associates 
had no way of discrediting Carson’s book other than repeating as often 
and as publicly as possible the unsubstantiated claims of Silent Spring’s 
inaccuracy, bias, and reliance on rhetoric.  Many of those who published 
critical comments and reviews of Carson’s book were enraged by her 
attempt to awaken the public about the extent to which it was blindly 
ceding power to the growing science–industry–government complex.  
The noisy response was therefore a natural result of the context into 
which the book was published. 

In each chapter we examine the life of chlorine through a particular 
controversy.  Our main aim in focusing on controversies is not to arrive at 
a general view of how controversies arise and get resolved, though we do 
hope to have provided some useful material for that purpose.  Rather, we 
use controversies primarily as analytical tools.  Controversy exposes what 
agreement hides.  When there is a sharp disagreement on a focused topic, 
people tend to reveal their deep-seated assumptions and intentions, which 
may not come to surface when there is nothing to argue about. The 
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revelations are made either in articulated arguments, or in unspoken ways 
through actions. Our studies of the chlorine controversies repeatedly 
touch on some central historical, philosophical and sociological themes, 
which are worth highlighting here. 

Theory-choice.  All chapters in Part A contain controversies about 
the choices scientists make between competing theories, and we see very 
interesting exhibitions of key factors that direct the choices.  In each case 
we puzzle over a consensus reached on the basis of what seem like 
inconclusive arguments. In Part B this philosophical theme of theory-
choice is less explicit, but it enters the narratives in interesting ways in 
Chapter 6 and 9 (regarding theories of infectious diseases), and Chapters 
10 and 11 (regarding theories about the environmental impact of 
organochlorine substances).   

Symmetry and whiggism. Among professional historians of science, 
it has long been a taboo to commit the sin of “whiggism” or “whiggish-
ness”, in which past events are seen as steps leading toward the present 
(or as failures to live up to that trend). In the sociology of scientific 
knowledge “impartiality” and “symmetry” are two key methodological 
tenets, according to which we treat successful and unsuccessful ideas on 
an equal footing and try to explain their development and acceptance by 
reference to the same kind of factors. Our stories are not whiggish, but we 
also do not shrink from making our own judgments about which ideas 
were reasonable or sensible and which ones not, and quite often our 
judgments are in sympathy with the “losers”. This methodological issue 
is pertinent to most of the chapters. 

Science–technology relations. Recent historians and sociologists of 
technology have strongly disputed the traditional “linear model” of 
technological development, which assumes that scientific ideas arise 
spontaneously first, and then find appropriate practical applications.  
Some of our studies in Part B add cases and reflections in that direction.  
In Chapter 5 (bleaching), Chapter 6 (disinfection) and Chapter 7 (chemi-
cal warfare), we find interesting struggles in turning obviously promising 
ideas into effective and acceptable technologies.  In Chapter 9 we see a 
very complex shaping and subsequent unravelling of a much-heralded 
new medical technology, in which the practical application of a pioneer-
ing idea was driven by political factors. 

The politics of scientific and technological research.  In all of the 
chapters in Part B, politics enters as a decisive factor shaping the direc-
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tion of research in science and technology. This is perhaps not surprising 
in general terms, but our studies are instructive in illustrating a whole 
variety of ways in which research and politics interact with each other.  In 
Chapter 5 we learn about the role of government and private industry in 
the development of bleaching. In Chapter 8 ethical debates and public 
reactions influence the course of chemical-weapons research.  In Chapter 
9 research on the treatment of influenza is driven directly by political and 
military wishful-thinking.  In Chapter 10 researchers respond to wartime 
politics, in the First World War and the Vietnam War. In Chapter 11 
economic interests clash with scientific research. 

Conflicting and fractured communities.  Many people speak of the 
importance of “the scientific community” in the acceptance and rejection 
of scientific ideas. However, there is rarely such a unified “scientific 
community” adjudicating debates.  First of all, we see communities repre-
senting different disciplines contradicting and competing with each other.  
In Chapter 4 we see particle physicists clashing with solar physicists; in 
Chapter 6, physicians with chemists.  More subtly, we also see fractured 
communities: different groups of researchers confronting each other even 
within the same field of study.  In Chapter 9, there is a conflict between 
military physicians and the civilian medical establishment; similarly in 
Chapter 10, governmental and civil scientists vie with each other on the 
subject of the effect of herbicides on people; in Chapter 11, proto-
environmentalist scientists are pitted against scientists representing the 
chemical industry. In Chapter 2 we see that even the small and tight 
community of “Lavoisierian” chemists was not so homogeneous in its 
views on Lavoisier’s theory of acids. 

Strategies for winning debates and commanding agreement.  Many 
of the episodes we discuss are also interesting because they reveal various 
important rhetorical strategies at work in apparently factual debates. In 
Chapters 10 and 11, direct challenges are made to established opinion, 
through non-traditional media for scientific debates (public inquiries, and 
a popular book).  In Chapter 9, we have a case of publicity stunts using 
the political elite and the mass media in order to boost the credibility of a 
new medical treatment; in Chapter 6 there are high-profile experimental 
trials, though these were not as nakedly political. In Chapter 2 we witness 
subtler methods of creating definitions of terms that conveniently suit 
one’s theoretical arguments, and highlighting certain analogies with 
rhetorical force. 
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In the Epilogue, Hasok Chang recounts the story of the radical 
educational initiative that produced this book. Despite many recent efforts 
at reform, our educational systems still tend to be based on the notion that 
students are there to be trained by passively acquiring knowledge that 
already exists, before they can produce original work. In contrast, we 
believe that the processes of learning and knowledge-production can be 
soldered into one at an early stage. Even pioneering programmes of 
undergraduate research tend to make it a preserve of the best and the 
brightest.  In our project we have made original research a routine part of 
an ordinary undergraduate programme, from which any competent and 
hard-working student can benefit. This has been made possible by the 
mechanism of inheritance, in which successive groups of students 
gradually expanded and improved on a common body of work.  In 
addition, we strongly encouraged the students to form a community of 
researchers, also connecting up directly with the wider professional 
research community. Our project at University College London is at the 
forefront of the general movements for undergraduate research and 
research–teaching integration. We hope that this book will demonstrate 
clearly the feasibility and desirability of research-based instruction. Its 
quality and accessibility will make it an ideal showcase to encourage 
students and teachers in numerous other institutions to take up similar 
challenges. 

Following the extraordinary life of chlorine has given us the 
pleasure of making numerous connections between various topics and 
academic disciplines that are usually kept quite separate.  This book is a 
work of history of science above all, but we believe that various parts of 
the book will be of interest to historians of technology, medicine and war 
as well, and also to philosophers and sociologists.  Finally, it is important 
to mention that we have done our utmost to make our discussions 
accessible to students and general readers who are interested in science, 
technology and medicine — both their epistemic grounding and their 
functioning in society. In short, we present this book to all readers 
interested in science, its nature, its history and its relevance in human life. 
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 The Discovery of Chlorine:                                  
A Window on the Chemical Revolution 

                                                          
Ruth Ashbee 

1. Introduction 
Chlorine is all around us, but hardly ever in its pure form.  It is a 

highly reactive element that forms stable chemical combinations with 
many other substances.  Common salt (sodium chloride) was known to all 
civilizations and there are many other chlorides lurking in all corners of 
nature, but from such familiar forms one would not be able to guess that 
elemental chlorine is a yellow-green gas, eerily beautiful and highly 
poisonous. Once isolated and let loose, chlorine creates chemical may-
hem, pulling apart other molecules and attacking everything from germs 
to colours. That reactivity has much to do with chlorine’s controversial 
life, which we will be tracing in this book.  In this chapter we begin with 
the birth of chlorine, which was complicated enough in itself. 

It was not until the late 18th century that chlorine in its elemental 
form was first isolated and studied.  The discovery was the work of the 
Swedish chemist Carl Wilhelm Scheele (1742–1786).  Mostly self-taught 
in chemistry, Scheele made his living as an apothecary.  He was a prolific 
and ingenious experimenter, who made wide-ranging contributions in 
metallurgy, organic chemistry, and everything in between.  There are a 
great number of substances that Scheele discovered and studied, includ-
ing glycerol, lactic acid and prussic acid.  Perhaps the most famous of 
those, along with chlorine, is oxygen, which Scheele called “fire air”.  
Although Scheele’s publication was delayed and not widely circulated, he 
carried out his work on oxygen before Joseph Priestley or Antoine-
Laurent Lavoisier. 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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When Scheele made chlorine in 1774 he called it “dephlogisticated 
muriatic acid”, and there were good reasons for that.  For centuries 
alchemists and chemists had been familiar with “muriatic acid” (or, 
“marine acid”, or “the acid of salt”), so named because sea salt was a key 
ingredient in its manufacture.  Today we call it hydrochloric acid (HCl) 
and, in modern terms, what Scheele did was to liberate the chlorine from 
this acid by removing the hydrogen with the help of manganese oxide.  In 
Scheele’s own understanding, what he removed from the muriatic acid 
was not hydrogen but phlogiston, the substance of “fire” that made things 
combustible.   

Scheele was a firm believer in the phlogiston theory, but the theory 
was under attack from followers of Lavoisier’s new chemistry of oxygen, 
who felt compelled to give a new theoretical interpretation of what 
Scheele had done.  This task was taken up by Lavoisier’s close colleague 
Claude-Louis Berthollet (1748–1822), who would later pioneer the 
industrial process of bleaching with chlorine (see Chapter 5). As the 
Lavoisierians routinely interpreted the removal of phlogiston as the 
addition of oxygen, Berthollet saw chlorine as “oxygenated muriatic 
acid”, or “oxymuriatic acid”. Neither Scheele nor Berthollet regarded 
chlorine as an element; that conception only came in, with difficulty, 
through the work of Humphry Davy a few decades later (see Chapter 2).  
Interestingly, from a modern perspective Scheele’s account of chlorine 
might be taken to be closer to the mark than Berthollet’s, since Scheele’s 
term “phlogiston” has often been taken to refer to hydrogen, and Scheele 
saw chlorine as hydrochloric (muriatic) acid with its phlogiston removed. 

The remainder of this chapter will give a careful account of this 
intriguing series of events, focusing on the comparison of Scheele’s and 
Berthollet’s differing perspectives. This episode gives a unique and 
informative window on the Chemical Revolution in which the phlogiston 
theory was overthrown by the oxygen theory. Section 2 explains 
Scheele’s experiments and the theoretical beliefs that led to his discovery 
and understanding of chlorine. Section 3 examines Berthollet’s re-
interpretation of Scheele’s results.  Section 4 takes a somewhat abstract 
view of the whole episode, analyzing it in terms of Thomas Kuhn’s 
notion of incommensurability, and addressing some historiographical 
issues about the legitimacy of using modern chemical concepts to aid our 
understanding of historical sources. 
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2. Scheele, phlogiston, and chlorine 

2.1. Phlogistonism 
For readers unfamiliar with the history of phlogiston theory, I will 

begin with a brief summary of its relevant aspects. Phlogiston was 
thought to be the matter of fire, given off in combustion and manifesting 
itself as heat and light. Highly combustible substances were thought to 
contain more phlogiston, as they burned more easily. The “calcination” of 
metals (which we would now call oxidation) also came to be regarded as 
a type of combustion, so metals were classed as combustibles.  Through 
calcination the metal was turned into a “calx”,1 the crumbly, rusty 
substance that was understood to be the part of the metal left over after 
phlogiston is removed from it. Thus, combustibles were compounds 
whose constituents were phlogiston and whatever remained after combus-
tion, e.g., ash or calx.  The chemist and historian of chemistry Albert 
Ladenburg says that Scheele, as well as Henry Cavendish and Richard 
Kirwan, identified phlogiston with hydrogen.2  That makes sense, in light 
of the types of experiment schematized below: 

 
Metal  + Acid    → Phlogiston + ( Calx  + Acid ) 

   = Phlogiston + Salt   

 
In these reactions, a piece of metal dropped into an acid dissolved, form-
ing a salt3 and releasing bubbles of a gas that was found to be combus-
tible.  This “inflammable air” was often seen as phlogiston itself (later 
identified as hydrogen).  The salt was seen as a compound of the acid and 
the calx. This phlogistonist interpretation of metal–acid reactions made 
sense, as it was considered that all metals were rich in phlogiston, which 
was what gave them the common metallic properties of shininess, 
ductility, etc.  If instead of the shiny metal its calx was made to react with 
the acid, the same salt was formed as before, but without the release of 

                                           
1 “Calx” was originally a phenomenalistic term meaning “any powder obtained by 
strongly heating a substance in air” (Eklund 1975, p. 23), which could include entities 
other than metal oxides.  I thank Hasok Chang for pointing out this difference to me. 
2 Ladenburg (1905), p. 19.   
3 “Salt” here refers to a whole class of chemical compounds that have some important 
similarities to common salt. 
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inflammable air, just as one would expect if calx was metal deprived of 
its phlogiston: 
 

Calx  + Acid    → Salt 

 
We can say that in this context the referent of the term “phlogiston” was 
indeed hydrogen. 

But care is needed when asserting things like this.4  It is quite 
difficult to translate phlogistonist thinking into modern terms.  As we do 
not recognize the existence of phlogiston, what are we to make of the 
phlogistonist notion that a metal was composed of calx and phlogiston?  
The phlogistonists believed the hydrogen to come from the metal, while 
we now say it comes from the water in the acid.  I will address these 
questions more carefully in Section 4. 

2.2. Scheele’s experiments with manganese  
In 1774 Scheele made extensive investigations into pyrolusite, or 

impure manganese dioxide (MnO2).  Rather confusingly for the modern 
reader, Scheele called pyrolusite “manganese” (or “magnesia”).5 I will 
follow his usage, so in this chapter “manganese” refers to the oxide, not 
the pure metal.  By reacting manganese with marine (muriatic) acid, he 
obtained chlorine.  He saw the chlorine as muriatic acid with its phlo-
giston removed, on the basis of the properties of manganese which he had 
observed in other experiments. 

From my examination of Scheele’s writings, I have identified six 
main properties he attributed to manganese, which supported his phlo-
gistonist interpretation of his discovery of chlorine: 

 
1) Ordinary manganese contains some phlogiston.6 

 
2) Ordinary manganese has a strong attraction for (more) 
phlogiston.7 

 

                                           
4 Ladenburg does note some of the difficulties implied. 
5 Smeaton (1992), p. 128. 
6 Scheele [1774] (1930), p. 23. 
7 Ibid., p. 22. 
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3) Manganese attracts phlogiston more strongly when an 
acid is present.8 

 
4) Manganese needs phlogiston to react with acid.  When 
there is insufficient phlogiston, it will react only in part.9 

 
5) Ordinary manganese does not contain enough 
phlogiston for all of it to react completely with a normal 
acid; some inner parts of the manganese will remain.10 

 
6) Manganese in contact with acid can attract phlogiston 
from neighbouring manganese which is not in contact 
with the acid (i.e., the inner parts of the filings), and 
thereby dissolve in the acid.11 

 
Scheele believed item (4) for several reasons.  In one experiment 

he put manganese in vitriolic acid (sulphuric acid), which partly dissolved 
it.  Then he distilled the residue using heat, and obtained manganese 
again by driving off vitriolic acid gas. This residual manganese, however, 
did not dissolve in fresh acid as it had before this treatment.  But volatile 
acid was able to dissolve this manganese.  This proved to Scheele that the 
manganese needed phlogiston to dissolve, since he thought that the 
volatile acid contained more phlogiston.  More phlogiston was needed to 
dissolve the treated manganese, because this manganese had given its 
phlogiston to the acid it was first dissolved in, which was consequently 
made gaseous. Before the treatment, the manganese had contained 
sufficient phlogiston to dissolve. This experiment, then, also proved to 

                                           
8 Ibid. 
9 Scheele (ibid., p. 22) actually says that when insufficient phlogiston is present, the 
mixture will form a blue or red solution, as opposed to the colourless one formed 
when sufficient phlogiston is present.  However, in all his experiments on manganese, 
there are no references to a mixture of manganese and acid becoming blue or red!  
Rather, when insufficient phlogiston is present, the manganese simply does not react. 
10 Ibid., p. 24. 
11 Ibid. 
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Scheele the truth of property (1).12 He repeated the same experiment 
using acid of nitre (nitric acid), and obtained the same results.13

An additional detail from that experiment partly explains Scheele’s 
belief in property (6).  In the first treatment of the manganese with acid 
(both sulphuric and nitric), not all of the manganese dissolved: the outer 
parts of the filings dissolved, but the inner parts remained.  Scheele 
explained this phenomenon by referring to property (3): the outer parts of 
the filings acquired a stronger attraction for phlogiston by being in 
contact with the acid, and so took additional phlogiston from the inner 
parts of the filings (which were not in contact with the acid).14  This, then, 
gives us property (5).  The outer parts can then react with the acid, since 
they have sufficient phlogiston, but the inner parts are now de-
phlogisticated, and so cannot react with the acid, just as the treated 
manganese retrieved from the union with the acid, did not dissolve, since 
it too had been dephlogisticated. 

As we can see, Scheele’s belief in (6) depended on his belief in (3), 
and for a better understanding of this we must turn to another experiment.  
Scheele tried, and failed, to react manganese with sugar, honey, gum 
arabic or hartshorn jelly (all highly combustible, and therefore high-
phlogiston substances).  But he found that by mixing these substances 
with manganese in the presence of an acid, he could elicit a reaction.  
What was more, the whole of the manganese dissolved; the inner parts of 
the filings, which remained undissolved when the manganese was mixed 
with acid alone, dissolved when a high-phlogiston substance such as 
sugar was present.  Scheele saw this as happening because the high-
phlogiston substance had given phlogiston to the dephlogisticated inner 
bits of manganese, enabling them to react with the acid.  This experiment 
was consonant with (3) and (4).15  

In another experiment, Scheele found a further confirmation of (4): 
manganese would dissolve completely in concentrated vitriolic acid; in 
this case no inner parts of the manganese filings remained, even without 
the help from sugar, etc.  Scheele thought that this was because the 
concentrated acid contained more phlogiston than ordinary acid, since 

                                           
12 To understand this in modern chemical terms would require a specialist chemist’s 
opinion, and perhaps repeating the experiment. 
13 Ibid., p. 23. 
14 Ibid., p.24. 
15 Ibid., pp. 24–25. 
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heat was necessary in the production of concentrated acid.16  This is 
similar to the point above, where volatile acid is considered to have more 
phlogiston than ordinary acid.  Property (4) was further demonstrated to 
Scheele by the fact that manganese did not dissolve in tartaric acid in the 
cold, but on the addition of heat (which, for Scheele, also meant 
additional phlogiston), it did dissolve.17

2.3. Scheele’s discovery of chlorine 
When Scheele mixed his sample of “manganese” with muriatic 

acid (hydrochloric acid), he found that the manganese dissolved first to 
give a brown solution, which then became colourless, producing a gas as 
it changed colour.  This gas was what is known today as chlorine.  All 
this happened without additional phlogiston supplied in the form of heat, 
sugar, etc.  Now, since Scheele knew from previous experiments that 
manganese did not contain enough phlogiston to react completely with 
muriatic acid (recall property 5), some explanation was required.  Scheele 
concluded that muriatic acid contained phlogiston, and that the 
manganese attracted this phlogiston to itself in order to react with the 
acid.  This left “dephlogisticated muriatic acid”, which was given off as 
the gas Scheele collected.  The changing colour of the solution was 
explained as follows.  Scheele thought that manganese had insufficient 
phlogiston to be dissolved properly in muriatic acid, and that the solution 
formed without insufficient phlogiston had a red colour.18  The mixture of 
this red solution with the black particles of undissolved manganese 
floating in it created the appearance of brown.  And then, when the 
manganese took additional phlogiston from the muriatic acid, the solution 
was rendered colourless while some of the muriatic acid became 
dephlogisticated.  When Scheele repeated the experiment but added a 
high-phlogiston substance (sugar, turpentine, or linseed), he found that 
the manganese reacted, but that no gas was produced.  In his view, this 
was because the manganese could get the requisite phlogiston from the 
added substance, rather than taking it from the muriatic acid.19  

                                           
16 Ibid., p. 24. 
17 Ibid., p. 21. 
18 Ibid., p. 22. 
19 Again, from a modern perspective it is not clear how this would have happened.  It 
is possible that the sugar reacted with the nascent chlorine and prevented it from being 
given off as a gas. 
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As mentioned earlier, a charitable modern interpretation of Scheele 
might assert that he had an essentially correct description of chlorine 
when he called it “dephlogisticated muriatic acid”, since chlorine is what 
remains when hydrochloric acid has its hydrogen removed, and phlo-
giston was often identified with hydrogen.  But such an assertion would 
be false.  Scheele thought that the manganese had taken the phlogiston 
from the muriatic acid because of his previous experiments with 
manganese, in which phlogiston was identified with heat and combus-
tibility. If Scheele had combined pure hydrogen with chlorine and 
reproduced hydrochloric acid, or if he had saturated manganese with 
hydrogen and then shown it to be incapable of producing chlorine, then 
we could say that “phlogiston” referring to hydrogen was the explanation 
for him identifying chlorine as dephlogisticated muriatic acid.  But in fact 
he arrived at his conception of “dephlogisticated muriatic acid” on the 
basis of his previous experiments, in which the term “phlogiston” 
frequently did not refer to hydrogen.  Still, we could say that Scheele was 
being rational, producing good reasoning from his experiments even 
though his theory was mistaken. His experiments and reasoning were 
largely consistent, and he found several confirmations of his ideas.  The 
only questionable part is his assertion regarding the red colour of the 
manganese solution with insufficient phlogiston, which does not seem to 
have independent support from other experiments. 

Scheele noted many of the properties of the new gas: it was very 
reactive, destroying vegetable colours, attacking metals, killing insects 
and extinguishing flames.  He said that it produced all these effects by 
removing phlogiston from other substances in contact with it.20 He 
reported that when dephlogisticated muriatic acid came into contact with 
a combustible (a phlogiston-rich substance), it took up phlogiston from it, 
and thereby turned back into muriatic acid.21  Today we can see that this 
cannot have been true: to return to hydrochloric acid, chlorine must 
combine with hydrogen, which it could not have obtained from a metal, 
which Scheele counted as combustible.  James McAllister has noted that 
evaluation in the history of science produced the historical discovery that 
many of Galileo’s “experiments” were in fact thought experiments.22  

                                           
20 Ibid., pp. 31–32. 
21 See, for example, ibid., p. 30. 
22 McAllister (1986), p. 329. 
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Here, evaluation of Scheele’s work shows that one of three things must 
have happened. 

The first possibility is that he invented data to support his theory.  
This is unlikely, given the meticulous and dedicated nature of Scheele’s 
empirical work.  Or he may have rather hastily extrapolated his findings 
from sugar, etc., to all combustibles including metals.  It is also easily 
possible that water was present in his experiments and provided the 
source of hydrogen, unbeknownst to Scheele, since he considered water 
to be an element.23  Water in chemical experiments was a very common 
source of error around and during the Chemical Revolution;24 since it was 
considered elemental, it was often present in experiments without causing 
concern to the experimenters.  It could furnish hydrogen or oxygen un-
noticed, whose origin the experimenters would then attribute to another 
of the substances in the experiment. Conversely, it could disguise the 
production of new water from hydrogen and oxygen combining in the 
experiment. Water will appear several more times as we trace chlorine 
through the Chemical Revolution. The composition of water, and the 
realization that it could produce errors by virtue of its compound nature, 
was a decisive factor in Lavoisier’s defeat of the phlogiston theory, and 
the conversion of previously phlogistonist chemists such as Berthollet to 
the anti-phlogistonist doctrine.  Berthollet’s first anti-phlogistic paper was 
on chlorine.  However, even the newly converted Berthollet continued to 
be led astray by the presence of water in his experiments on chlorine, as 
we shall see later. 

3. Berthollet, chlorine and the Chemical Revolution 

3.1. Lavoisier’s anti-phlogistonism 
In 1783 Antoine-Laurent Lavoisier began an “aggressive assault” 

on the phlogiston doctrine,25 proposing his own chemistry which held, 
among other things, that something (oxygen) was absorbed in combustion 
rather than being released. However, he had difficulty recruiting chemists 
to his anti-phlogistonist doctrine, for several reasons. Although the 
weight gain in combustion seemed to support him, the phlogistonists 

                                           
23 See, for example, Scheele [1785] (1930), p. 286. 
24 I thank Hasok Chang for pointing this out to me. 
25 McCann (1978), p. 31. 
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could accommodate this; in fact, several different phlogistonist explana-
tions were put forward, including an exchange of phlogiston for oxygen 
in combustion, an exchange of phlogiston for fixed air (carbon dioxide), 
or negative weight for phlogiston.  Lavoisier’s quantitative thinking was 
not yet generally regarded as important in chemistry; qualitative 
explanation was seen as more important, and the phlogiston theory was 
better than Lavoisier’s at this, explaining the similarities among the 
metals, why certain things were combustible,26 and several important 
reactions, some of which are considered below.  Furthermore, the idea of 
fire as an element was persistent in chemists’ minds, and combustion by 
fire does look very much as if something is being released. Lavoisier 
contended, as part of his antiphlogistic theory, that all acids contained 
oxygen, and there were experimental doubts about this, some of them 
expressed by Berthollet (see Chapter 2, Section 3 for further details). 

A key problem for Lavoisier was the metal–acid reaction referred 
to earlier, which resulted in the production of inflammable air (which he 
later called hydrogen).  Initially he could not explain where the hydrogen 
came from in this experiment, since he rejected the phlogistonist doctrine 
that hydrogen was a constituent of metals. The breakthrough for 
Lavoisier came when it occurred to him that water must contain hydro-
gen, rather than being an element, because water was present in these 
reactions in the dilute acids.  He set out to devise an experiment to show 
that hydrogen was a constituent of water, so as to convince chemists of 
the tenability of his theory.27 In 1783, with the help of Pierre-Simon 
Laplace, he burned hydrogen and oxygen together and obtained water, 
satisfying himself about the composition of water.28  The nature of water 
as a compound of hydrogen and oxygen saved Lavoisier’s theory, and the 
metal–acid reaction could now be understood as follows: 

                                           
26 Salzberg (1991), p. 198. 
27 Donovan (1993), p. 134. 
28 Ibid., p.154.  This actually produced an anomaly for Lavoisier, because oxygen 
should have turned hydrogen into an acid under his theory.  However, Lavoisier’s 
theory of acids was not necessary to his antiphlogistic theory, a point which I will 
return to later when Berthollet is considered. 
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Acid   + Metal  + Water   =  Acid  +  (Metal  + Oxygen)   + Hydrogen 

     → (Acid  +  Calx)    +  Hydrogen 

     →   Salt     +  Hydrogen 

 
Lavoisier re-interpreted most of the basic substances involved in this 
reaction: metal was a simple substance, water was a compound of 
inflammable air (hydrogen) and oxygen, and calx was a metal oxide.  
Note that in the phlogistonist interpretation of this experiment, the water 
present in the dilute acids was not thought to have any effect. 

Lavoisier could explain why the phlogiston theory had been able to 
account for this experiment; moreover, he could explain an anomaly 
which the phlogiston theory had faced: when metals were dissolved in 
undiluted acids, no inflammable air was produced; the phlogiston theory 
could not explain this. Because Lavoisier said the inflammable air 
(hydrogen) came from the water and not the metal, he predicted that 
undiluted acid would not produce hydrogen, since it did not contain 
water. Lavoisier’s idea on composition of water also negated the prob-
lematic prediction by the phlogistonist Richard Kirwan and his supporters 
that the product of phlogiston (hydrogen) and dephlogisticated air 
(oxygen) would be fixed air (carbon dioxide).29

However, Lavoisier’s synthesis of water did not mean the end of 
the phlogiston theory.  Many chemists remained unconvinced that he had 
actually shown water to be composed of hydrogen and oxygen. So 
Lavoisier proceeded to analyze water into its constituent hydrogen and 
oxygen, to provide further evidence for its composition. In 1785 he 
demonstrated both the analysis and a dramatic large-scale synthesis of 
water to the Académie Royale des Sciences in Paris, and in that year he 
also read the “Réflexions sur la Phlogistique”, his “rhetorical master-
piece”, to the Académie.30  And it was in 1785, too, that Berthollet read 
his memoir on dephlogisticated muriatic acid to the Académie, his first 
paper to be based on the antiphlogistic doctrine. 

                                           
29 Le Grand (1975), p. 67.  
30 Donovan (1993), p. 135. 
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3.2. Berthollet on chlorine 
To understand Berthollet’s conception of chlorine, it is useful to 

consider his reasons for adopting Lavoisier’s anti-phlogistonism.  J. R. 
Partington writes that “it was the supposed composition of muriatic and 
oxymuriatic acids which convinced Berthollet of the correctness of the 
antiphlogiston theory”,31 but I can find little support for this claim: 
Berthollet did claim that he had begun investigating dephlogisticated 
muriatic acid so as to verify his new idea that the phlogiston hypothesis 
had become useless,32 but his reasoning in this paper rather leads me to 
suppose that Berthollet had already decided on the truth of the 
antiphlogiston theory before he considered these substances.  This will be 
demonstrated later.  H. Gilman McCann holds that it was the composition 
of water that convinced Berthollet to side with Lavoisier,33 and this is 
much more plausible: Berthollet himself stated this at the very start of his 
paper of 1785 on chlorine, published in 1788:  

 The important experiments by which the nature of water had just been 
determined . . . threw great light on the whole of chemistry; phlogiston 
. . . appeared to me to have at last become a useless hypothesis, 
whereupon I believed it incumbent on me to subject dephlogisticated 
marine acid to new experiments, as its properties might destroy or 
confirm the position I had adopted.34

The composition of water removed an important anomaly for Lavoisier, 
explained previous successes of the phlogiston theory, and refuted an 
important prediction of the phlogiston theory.35 Also, as Homer Le Grand 
emphasizes, it is somewhat misleading to think of Berthollet as being 
“converted” since there was much more continuity in his thought than 
this term implies. Before 1785 Berthollet had agreed with much of 
Lavoisier’s experimental findings, and admitted that there were problems 
with the phlogiston theory, though he still adhered to it. After 1785, he 

                                           
31 Partington (1962), p. 504. 
32 Berthollet [1788] (1897), p. 11. 
33 McCann (1978), p. 33. 
34 Berthollet [1788] (1897), p. 11. 
35 Other factors must have played a part, too, in Berthollet’s “conversion” to 
Lavoisier’s theory.  Berthollet was in a good deal of personal contact with the 
charismatic Lavoisier, and witnessed his impressive live experiments and his delivery 
of “Reflexions sur la Phlogistique”.  See Le Grand (1975, p. 63) and McCann (1978, 
p. 34) on these points. 
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still rejected some important points of Lavoisier’s chemistry, notably his 
oxygen theory of acidity and the caloric theory. 

Re-visiting Scheele’s original report on chlorine, Berthollet re-
interpreted chlorine as muriatic acid with added oxygen taken from 
“manganese”.  We can see this as an example of the oxygen theory being 
an inversion of the phlogiston theory:36 where Scheele saw phlogiston 
being removed by the manganese, Berthollet saw oxygen being added.  In 
support of his own interpretation, Berthollet reported several experiments 
as proof that phlogiston was unnecessary in explaining the production of 
“dephlogisticated muriatic acid”, and that this substance was in fact 
oxygenated muriatic acid. 37

The first experiment is most usefully viewed schematically, with 
translation into today’s terms, so that we may understand more easily 
what is going on: 

 
Mineral 
alkali   

+  Dephlogisticated 
muriatic acid 

→ Salt + Fixed 
air  

+ Vital air 

Sodium 
carbonate 

+ Chlorine →  Sodium 
chloride 

+ Carbon 
dioxide 

+ Oxygen 

 
Berthollet said the fixed air came from the alkali, and the vital air from 
the dephlogisticated muriatic acid, which he re-conceptualized as 
oxygenated muriatic acid.38  From a modern chemical standpoint we can 
see that Berthollet was mistaken; the vital air (oxygen), as well as the 
fixed air (carbon dioxide), must have come from the sodium carbonate.  
Scheele’s view was that the dephlogisticated muriatic acid took 
phlogiston from the mineral alkali, which then released the vital air and 
fixed air that it had contained.39  This interpretation too, was incorrect by 
today’s standards.  According to the modern interpretation, the chlorine 
rather removes the sodium from the sodium carbonate, leaving the other 
components free to manifest themselves as the product gases. 

                                           
36 Siegfried (1989) has developed this idea. 
37 Berthollet often used the term “marine acid”, but to save the reader unnecessary 
confusion I have tried to use “muriatic acid” throughout, except in direct quotations. 
38 Berthollet [1788] (1897), p. 15. 
39 Ibid., p. 16. 
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In another experiment, Berthollet extracted a large quantity of 
oxygen by heating “manganese”, reducing the manganese by an eighth of 
its original weight.  He then mixed this treated manganese with muriatic 
acid, and obtained much less chlorine than with ordinary manganese.  He 
took this to prove that vital air was a constituent of chlorine,40 and said 
that it should be called “oxygenated marine acid”.  However, we can 
guess at an explanation Scheele could have offered in response.  He 
regarded oxygen as having a strong affinity for phlogiston.41  Remove the 
oxygen from manganese, and it cannot attract phlogiston; therefore, less 
phlogiston would be removed from the muriatic acid.  This is in accord 
with the modern chemical explanation of Berthollet’s experiment, if 
Scheele’s phlogiston is identified with hydrogen.  But again, this is not a 
simple case of identity.  The idea that oxygen had such a strong affinity 
for phlogiston came from the phlogistonist account of combustion, and 
combustion in modern chemistry does not involve hydrogen necessarily.  
If we were to seek to identify phlogiston with something in the isolated 
context of combustion today, it would have to be “negative oxygen”, 
rather than hydrogen.42

Another phlogistonist interpretation could have come from the 
identification of phlogiston with heat, which Scheele often made.43  By 
heating the manganese Berthollet could be seen to be adding phlogiston, 
so that the manganese could become saturated with it, and would not 
need to take any from the muriatic acid before reacting with it to form a 
colourless solution straight away, without the intermediate stage of brown 
solution. This predicts a different empirical result from Scheele’s original 
experiment, in which he thought that a brown solution was produced 
because the manganese was incapable of attracting the phlogiston it 
needed to form a colourless solution. Berthollet did not say what colour 
the solution took in his experiment.44

From this we can see the confusing and complicated nature of the 
phlogiston theory, which contributed to its downfall: it was capable 
sometimes even of offering several incompatible interpretations of the 
same experiment, depending on which aspect of the theory was empha-

                                           
40 Ibid. 
41 Scheele [1785] (1930), p. 286. 
42 Siegfried (1989), p. 31. 
43 For example, see Scheele [1774] (1930), pp. 25, 28. 
44 Here again, a re-creation of the experiment could give us a greater understanding. 
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sized.  These different aspects could even all be held by one chemist, as 
in the case of Scheele, since they seemed to be mutually compatible and 
supported by experiment.  It was only when the phlogiston theory was ex-
tended to explain new phenomena that its complicated and self-
contradictory nature became more obvious.  It wasn’t that the phlogiston 
theory could not explain these phenomena; rather, it could do so in too 
many and too complicated ways, and it was too confusing to choose 
which way was correct. So even when talking about the phlogiston theory 
alone, we must remember its incommensurability within itself, as it were, 
in order to understand it correctly. 

Berthollet also dissolved iron and zinc in a solution of chlorine, 
and did not detect any hydrogen being produced.  He took this to prove 
that dephlogisticated muriatic acid was in fact oxygenated muriatic acid: 
the metals must have taken the oxygen they needed to react, from the 
oxymuriatic acid; if they had taken it from the water of the solution then 
hydrogen would have been produced.45 A chemist’s opinion will help on 
this point: was hydrogen actually produced, and Berthollet failed to detect 
it?  Or do metals not react with oxygen when they dissolve in solution of 
chlorine? In this case Berthollet would have been correct in his 
observation, but his reasoning would have been flawed: he said that 
Lavoisier had shown that metals always combined with oxygen when 
they dissolved in acids, so the metals must take their oxygen from the 
oxymuriatic acid.  But Berthollet had already noted, earlier in the same 
paper, that oxymuriatic acid was “almost entirely deprived of acidity”.46  
So he was not warranted in his assumption that metals should dissolve in 
oxymuriatic acid in the same way as they did in acids. 

3.3. Water strikes again 
Berthollet saw further support for his theory in yet another 

experiment: when he saturated distilled water with chlorine, he found that 
the action of sunlight caused oxygen bubbles to be released from the 
solution, and that by this process the solution turned back into ordinary 
muriatic acid.  Berthollet saw this as the removal of oxygen from the 
oxygenated muriatic acid (which was in solution with the water), turning 
it back into muriatic acid:47

                                           
45 Berthollet [1788] (1897), p. 20. 
46 Ibid., p. 15. 
47 Ibid., p. 18. 
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Dilute oxymuriatic acid 
 

→ Muriatic acid  + Oxygen 

Chlorine + Water → Hydrochloric 
acid 

 + Oxygen 

 
This experiment was, however, linked to a significant problem for 
Berthollet’s interpretation of chlorine as oxygenated muriatic acid.  Pure 
chlorine, undiluted with water, could not be induced by any experimental 
means to give up oxygen.48  This seemed to be an experimental refutation 
of Berthollet’s theory, especially since he had asserted that, in the 
experiment above, “the vital air adheres so feebly to the marine acid that 
the action of light suffices to disengage it promptly.”49  To understand the 
significance of this problem for Berthollet, we might again evaluate the 
experiment against today’s account. The reason that oxygen was 
produced from the diluted chlorine was not, as Berthollet supposed, that it 
was given off by the chlorine, since chlorine is an element and does not 
contain oxygen.  Rather, it was because the chlorine combined with the 
hydrogen in the water, thereby leaving the oxygen free to manifest itself 
as the bubbles that Berthollet observed. 

Now, Berthollet had already seen chemical reasoning with exactly 
the same structure as he used here; the difference was that this argument 
had been used by the phlogistonist chemists to support their theory!  The 
phlogistonists, as we have seen, took this reaction as an indication that 
metals contained phlogiston: 

Metal +  Dilute acid  →  Salt  +  Phlogiston 

The phlogistonists had faced an anomaly here, however, identical in form 
to that which Berthollet faced with chlorine: 

Metal  +  Pure acid  →  Salt (no Phlogiston) 

Compare this with Berthollet’s problem that the apparent liberation of 
oxygen from oxymuriatic acid only took place when there was water 
present.  The phlogistonist argument had been attacked by Lavoisier, 
Berthollet and their colleagues by reference to the composition of water: 
the hydrogen in the metal–acid reaction came from the water not the 
metal, so when there was no water, no hydrogen was produced.  This 

                                           
48 Lowry (1936), p. 214. 
49 Berthollet [1788] (1897), p. 17. 



The Discovery of Chlorine  31 

proved the anti-phlogistonist thesis that metals were simpler substances 
than calxes, and calxes were oxidized metals.  Similarly, in Berthollet’s 
experiment the oxygen must have come from the water, and the fact that 
no oxygen could be produced from undiluted chlorine is seen today as 
proof that chlorine is simpler than hydrochloric acid, rather than being a 
compound of the latter and oxygen.   

It is strange that Berthollet did not recognize the similarity of his 
anomaly with what the phlogistonists had faced, and continued to view 
chlorine as a compound of muriatic acid and oxygen (one of water’s 
constituents), just as some phlogistonists had viewed metals as a 
compound of calx and hydrogen (water’s other constituent).  It is all the 
more amazing because while the phlogistonists had thought water to be 
an element when they made this mistake, Berthollet knew that water was 
a compound of hydrogen and oxygen.  Moreover, as we saw in Section 
3.2, the composition of water had been a key factor in Berthollet’s 
rejection of phlogiston, because it exposed the phlogistonist mistake in 
the interpretation of the experiment just considered!  In other words, the 
possibility of water decomposing in a chemical reaction was not 
something Berthollet would have easily forgotten. 

Berthollet’s handling of water is puzzling, and quite possibly 
inconsistent.  Sometimes he was clearly aware of the composite nature of 
water, and its importance in experiments. He criticized Scheele and 
Bergman for failing to recognize the non-acidity of dephlogisticated 
muriatic acid because they had water in their experiments, and then 
detailed an experiment in which he was very careful to keep water out, so 
as not to corrupt the results.50  In his 1785 paper on aqua regia (a mixture 
of hydrochloric acid and nitric acid), which directly followed his paper on 
chlorine, Berthollet said that his findings showed that metals decomposed 
water by uniting with its vital air (oxygen) and so releasing the 
inflammable air (hydrogen).51  Another interesting case is his discussion 
of the reaction of chlorine with metals: 

Dephlogisticated marine acid dissolves52 iron and zinc without any gas 
being disengaged . . .; for that these metals should dissolve in an acid it 
is only necessary that they should unite with a portion of vital air, as 
M. LAVOISIER has proved; and as dephlogisticated marine acid can 

                                           
50 Ibid., p. 15. 
51 Berthollet (1788). 
52 The term “dissolves” here is closer to today’s “reacts with” than “dissolves”. 
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furnish them with the portion of vital air necessary when it dissolves 
them, there is no decomposition of water and no inflammable air is 
produced.53  

Today’s chemistry shows that no oxygen is involved, but the important 
point here is that Berthollet explicitly ruled out the possibility of the 
oxygen coming from the water, using the fact that no hydrogen was 
released as evidence. Shortly after this point, Berthollet reiterated the 
point about metals in acids which was used against the phlogiston theory:  

[C]hemists agree that the metals are reduced to calces when they are 
dissolved by means of marine acid, and consequently that they are 
combined with vital air; but it is not the marine acid which has been 
able to communicate the vital air to them, for it is not decomposed in 
these dissolutions; it must necessarily be the water which furnishes it 
to them, as it must be it which gives the inflammable gas.54

In experimenting with mercury and chlorine, however, Berthollet 
appears to have forgotten his knowledge of the composition of water and 
its ability to provide hydrogen or oxygen to reactants. He mixed chlorine-
water with mercury and observed that mercury calx (oxide) was formed, 
and also that the liquid became an acid, concluding that “the metal begins 
by removing the vital air from the [dephlogisticated] marine acid.”55 In 
fact, this oxygen must have come from the water in which the chlorine 
was in solution. Similarly, in the reaction between phosphorus and 
chlorine-water, Berthollet found that if the two were combined and 
exposed to heat or light then “the colour of the [dephlogisticated marine] 
acid is dissipated, its odour disappears, the liquid reddens blue vegetable 
colours . . . ; so [one can infer] that phosphorus combines with the vital 
air of dephlogisticated marine acid, and becomes phosphoric acid.”56  
Berthollet, again, does not seem to have considered that water could be 
providing the oxygen in this reaction. 

One of the last points which Berthollet makes in relation to the 
composition of water in his paper on chlorine is extremely interesting:   

                                           
53 Ibid., p. 20. 
54 Ibid., p. 21. 
55 Ibid., p. 22.  Although Berthollet wrote “removing the vital air from the marine 
acid” here, since it was “dephlogisticated marine acid” and its reaction with mercury 
that he described in the sentence directly before this, we may conclude that it was 
actually dephlogisticated (or oxygenated) marine acid that he meant, which became 
simple marine acid by this removal of oxygen. 
56 Ibid., p. 25. 
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The oil which enters into the composition of vegetable matters 
certainly contains much of the inflammable gas obtainable from water, 
so that it is very probable that water is decomposed in vegetation, that 
the vital air which it contained is in part exhaled if the light favours its 
disengagement, as it does for dephlogisticated marine acid and for 
nitrous acid . . . ; but when the decomposition of water is not favoured 
by light it takes place probably to a much less extent, vegetation 
languishes, the plants have much less oily and resinous matter, and 
thereby are even deprived of colouring matters: M. SENEBIER also 
observed that the sickly plants were much less inflammable.57  

The similarity, at least on the face of it, with today’s understanding of 
photosynthesis, is striking.  Berthollet thought that light helped to break 
up water in plants into hydrogen and oxygen, and he likened this process 
to how light breaks up oxymuriatic acid into muriatic acid and oxygen.  
In fact both are processes of light breaking up water!  Again, his approach 
to water seems inconsistent. 

What can we make of Berthollet’s interpretation of chlorine?  His 
arguments against the phlogistonist interpretation are quite circular, 
assuming first that the phenomena are best explained by supposing that 
chlorine is oxygenated muriatic acid, and then proceeding to explain the 
phenomena thus, without properly refuting any competing phlogistonist 
interpretations of the same experiments.58 Many of Berthollet’s experi-
ments could have been explained equally well under the phlogiston 
theory, as I have shown. Indeed, in his 1785 paper Berthollet goes into 
little detail about the experiments, and therefore his paper does not seem 
very convincing in refuting the phlogistonist account of chlorine. It would 
be fair to say that Berthollet only managed to fit chlorine into Lavoisier’s 
chemistry, rather than using it as clear evidence against the phlogiston 
theory. (In Chapter 2, especially Section 5, we will see how Berthollet’s 
view of chlorine evolved further, in response to the arguments that it is an 
element.) 

                                           
57 Ibid., p. 29. 
58 Kapoor (1970, p. 76) expresses a similar judgement. 
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4. Incommensurability, translation, and historiography 

4.1. Translation in aid of historical understanding 
Some interesting philosophical issues emerge from our study of the 

discovery of chlorine.  Both Scheele and Berthollet conceived of chlorine 
as an entity which modern science declares to be impossible.  There is no 
phlogiston, modern chemistry says, so that Scheele’s designation of 
“dephlogisticated muriatic acid” is meaningless. As for Berthollet, we 
know there is no chemical compound made up of hydrochloric acid and 
oxygen, so “oxygenated muriatic acid” is not a cogent concept.  Given 
this kind of difficulty, how can we even hope to understand what these 
18th-century authors were really saying? 

I do not advocate any extreme forms of constructivism or anti-
realism.  I take it for granted that the substances that populate the world 
today are the same as those in the late 18th century, that they exist 
independently of humans and how we understand them, and that any laws 
governing chemical reactions have always been the same.  I have often 
translated the experimental reports in the work of Scheele and Berthollet 
into the terms of our modern chemistry.59 Translation helps us understand 
what was going on in the experiments: I was mystified by Scheele’s 
papers until I laboriously translated all the old terms into modern ones.  
We can understand phlogistonism better if we learn why and how phlo-
gistonist chemists thought they were dealing with phlogiston in specific 
experiments. We can confirm if the results really would have been as they 
were recorded, and if there is an apparent discrepancy, we can ask why.  
This actually opens up useful avenues of historiographical inquiry; it is 
only in the hands of an uninquisitive historian that translation will simply 
lead to the distortion of the historical record. 

Translation also helps us evaluate the past scientists’ reasoning.  
The story of the Chemical Revolution is a story of theory-choice: in order 
to understand it fully, we need to understand and evaluate the complexity 
and self-consistency of the competing theories and the particular argu-
ments and experiments borne of them. Where our evaluation shows the 
scientists’ reasoning to be poor or flawed from our perspective, we may 
ask what caused this behaviour: perhaps it is even possible that scientists 
can have a dogmatic addiction to a theory, as Ladenburg has suggested of 

                                           
59 Eklund (1975) has been invaluable for this. 
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Scheele.60 One of the mistakes I have found in Berthollet’s reasoning may 
be understood as a result of his newly found enthusiasm for rejecting the 
phlogiston theory. But an evaluation of Scheele’s reasoning and of the 
state of the phlogiston theory in 1785 will show that it is too naïve to say 
that Berthollet wrongly rejected Scheele’s correct interpretation of 
chlorine. 

Berthollet was motivated to reject Scheele’s interpretation of 
chlorine and offer his own because he thought the whole phlogistonist 
system of chemistry was incorrect and that Lavoisier’s new system 
should supersede it. But within the Lavoisierian system, why didn’t 
Berthollet simply maintain that chlorine was muriatic acid with its 
inflammable air removed? This would have given an interpretation 
correct by today’s standards, since the term “(light) inflammable air” 
consistently and only refers to hydrogen. Scheele’s experiments would 
have given Berthollet little support for this view, however, since 
Scheele’s reasoning depended on experiments he performed on manga-
nese in which phlogiston could not be identified with inflammable air: the 
historical explanation of Scheele’s term “dephlogisticated muriatic acid” 
does not involve “phlogiston” referring to hydrogen.  Moreover, claiming 
that dephlogisticated muriatic acid was in fact oxygenated muriatic acid 
was in good accord with the general strategy of attack on phlogistonism: 
Lavoisier had turned the loss of phlogiston into the gain of oxygen in 
combustion, and now Berthollet had done the same for the production of 
chlorine, by claiming that instead of the manganese taking phlogiston 
from the muriatic acid, it gave oxygen to it. 

Berthollet was not irrational to reject Scheele’s interpretation of 
chlorine.  Indeed, we could say that he was behaving rationally by leaving 
the degenerating phlogiston research programme, and attacking it under 
the banner of the progressive anti-phlogistonist research programme.61  
What then can we say about his mistake regarding the role of water in 
chlorine-water?  It seems almost unforgivable, since this mistake was so 
clearly paralleled in the phlogistonist programme he was rejecting.  I 
think the explanation for this may lie in the excitement and persuasive-
ness of Lavoisier’s increasingly successful anti-phlogistonism. Either 
Berthollet realized the mistake and ignored it because he was convinced 

                                           
60 Ladenburg (1905), p. 19. 
61 See Musgrave (1976) for a discussion of the Chemical Revolution as an example of 
Lakatos’s methodology of scientific research programmes. 
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of the falsity of phlogistonism and therefore of the importance of his 
attack on it, or he really was so caught up in the righteousness of his 
cause that he did not realize the mistake.  So perhaps “conversion” is after 
all an appropriate term for his behaviour, despite Le Grand’s qualifica-
tions mentioned in Section 3.2. Blinded by the bright light of anti-
phlogistonist rationality, Berthollet did not see an anomaly that should 
have been obvious to a man of his particular expertise. 

4.2. Incommensurability 
Although I have argued for the historiographical benefits of 

conceptual translations, there are still clear difficulties in translating and 
evaluating past chemistry due to the problems of incommensurability, 
most notably discussed by Thomas Kuhn and Paul Feyerabend.62  
Although a term in a scientific theory may refer successfully in a 
particular given context, when we deal with a whole theory we must 
remember that a term may be used in many different contexts, and those 
contexts are not isolated from each other.  The historical origin of the 
term may extend back further; in our case the phlogiston concept extends 
into the early 18th-century theories of combustion. The term “phlogiston” 
does not generally map onto any term we have today, although 
phlogistonist reasoning about each individual experiment can be 
translated into modern terms. Since phlogiston was originally conceived 
of as the material released from combustibles when they burned, it fails to 
refer, since no such substance is in fact released from the combustible 
substance. Some later chemists used the term “phlogiston” to refer to 
hydrogen, although the word was still entangled in the old non-referring 
theory of combustion.   

An interesting case illustrating the pitfalls of global translation is 
found in the discussion of Scheele by the chemist and historian of 
chemistry T. M. Lowry. According to Lowry, Scheele would have inter-
preted the release of oxygen from chlorine-water as the water being 
robbed of its phlogiston by the dephlogisticated muriatic acid, so that the 
water’s oxygen is set free.63 This agrees with the modern chemical 
account of this experiment, if phlogiston is identified with hydrogen. 

                                           
62 See, for example, Feyerabend [1963] (1998) and Kuhn (1962). 
63 Lowry (1936), p. 214. 
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However, that is in fact not what Scheele would have said.  In his 
1785 response to Lavoisier’s and Cavendish’s experiments on the 
composition of water, he lists his own experiments and thoughts on the 
matter: he thought of fire air (oxygen) as containing water as one of its 
constituents, and did experiments which he saw as proving this, and 
concluded: “I am therefore wholly disinclined to believe that water 
consists of the fundamental principle of fire air, and of phlogiston.”64  
Lowry was misled by an assumption of commensurability.  Scheele’s 
phlogiston did not map straightforwardly onto today’s hydrogen, in its 
supposed presence in metals and in “mineral alkali” (sodium carbonate), 
in its strong affinity for oxygen, and, as I have shown, in its role in 
Scheele’s explanation of the production of chlorine. 

When we are translating and evaluating, we need to know what the 
term “phlogiston” refers to in particular circumstances.  Translation is 
necessary, but not sufficient for understanding.  It is only the first step.  
The next step is trying to make sense of the relationships between the 
terms, the grammar of the theory.  Translation does not even have to be 
between terms which refer to something believed to exist in each context, 
such as “phlogiston” and “hydrogen”.  It can also be between something 
previously believed to exist, like phlogiston, and a phrase in our language 
produced to help make sense of what it used to mean even though we 
believe it has absolutely no reference now, like “the substance released in 
combustion”.  In these cases, it is attempts at translation that will lead us 
to the recognition of incommensurability. 

“Incommensurability” is a word that has generated a great deal of 
philosophical excitement.  In the case at hand, what incommensurability 
consists in is straightforward, and in keeping with Kuhn’s later 
formulations of the concept: Berthollet’s and Scheele’s theories do not 
map simply on to each other, in terms of the reference-classes of the basic 
terms they used.65  Nor does our modern theory map straightforwardly 
onto either of theirs.  This may have implications about the status of 
scientific ideas or language that are perhaps worrying to some.  But it is 
possible to set aside such worries for the moment, and admit the 
obviously complicated relationships between different systems of 
thought.  Chemistry was a murky subject at the time of Scheele and 

                                           
64 Scheele [1785] (1930), p. 286. 
65 See, for example, Kuhn (1977). 
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Berthollet, and it was very difficult to see what was going on.  If one 
group thinks that substance A is elementary and substance B is com-
pound, and another group thinks the opposite, then of course the various 
ways of understanding chemical phenomena are not going to have a 
translation that is straightforward in any way.  Incommensurability goes 
beyond the differences in the meaning of words; subtler and more com-
plicated are the differences in the grammar and the relationships between 
words.  Before chemists arrived at the stable and vastly successful system 
of chemistry that we have today, they had to make experiments and use 
theories to interpret their findings while those theories were themselves 
being shaped. 

Incommensurability should not inspire despair.  It is still possible 
to attain a deep understanding of past scientists’ ideas — by reading 
them, translating specific parts to get a handle on them, and getting used 
to seeing the world on their basis (until we close the book and get on with 
our modern lives).  The historian’s mind can be trained.  Despite incom-
mensurability we can learn by doing. Incommensurability can actually 
help us to make sense of the process and to know that we can be 
confident in what we have learned.  As Kuhn argued, it is only by admit-
ting incommensurability that we can properly begin the process of 
understanding past science.  Attempts at history of science which assume 
commensurability will fail as they can only understand past ideas that 
map onto today’s, and a perfect mapping is not a realistic expectation.  It 
may seem contradictory to argue for incommensurability at the same time 
as giving translations of past scientific work.  This chapter demonstrates 
that it is not.  Struggling with incommensurability is the only way we can 
come to an understanding of past scientific work. 
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 The Elementary Nature of Chlorine 
                                                          

Tamsin Gray, Rosemary Coates and Mårten Åkesson 

1. Introduction 
The idea that chlorine is a chemical element is now so fundamental 

to chemistry that it is hard for us to imagine quite how contentious this 
issue once was. It may seem a straightforward thing to decide which 
chemical substances are elements and which are compounds.  That is not 
so, as the early history of chlorine illustrates with perfect clarity. By 
around 1800 chlorine was most commonly known as “oxymuriatic acid” 
or “oxygenated muriatic acid” (henceforth “OMA”), after the demise of 
the phlogiston-based conception, which was discussed in detail in 
Chapter 1.1  The early years of the 19th century witnessed wide-ranging 
and heated debates concerning whether or not OMA/chlorine should be 
classified as an element.  This lack of consensus amongst the scientists of 
the day illustrates the difficulties experienced by chemists attempting to 
apply the new Lavoisierian definition of an element as a substance that 
could not be decomposed.  Repeated failures to decompose OMA were 
interpreted as supporting either elementary chlorine or compound OMA 
depending on the theoretical allegiances of the scientists involved, and 
even Humphry Davy’s apparently conclusive demonstration of the 
elementary nature of chlorine, based on its failure to be decomposed by 
hot carbon, did not convince some eminent chemists of the day. 

                                           
1 A few words on nomenclature are needed.  What modern chemists call hydrochloric 
acid was then known as muriatic acid or marine acid (which we abbreviate as MA in 
this chapter).  What we now know as chlorine was first called dephlogisticated 
muriatic/marine acid by Scheele, its discoverer.  Afterwards it was dubbed 
oxygenated muriatic/marine acid by those who rejected the phlogiston theory, and 
that designation was often shortened as oxy-muriatic acid or oxymuriatic acid (which 
we abbreviate as OMA in this chapter). 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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In this chapter, we describe how chlorine came to be considered a 
chemical element. We begin before Davy’s 1810 announcement that 
chlorine was elementary, when a failed attempt to decompose OMA led 
Joseph-Louis Gay-Lussac and Louis-Jacques Thenard to countenance the 
notion that OMA might be elementary. Others including Claude-Louis 
Berthollet were sceptical, and remained so even after Davy proposed the 
name “chlorine” for the new element. Berthollet was not the only chemist 
to resist the idea that chlorine was an element, and in the later sections of 
this chapter we also discuss the objections of John Murray and Jöns Jakob 
Berzelius to the new element.  Each story highlights a different aspect of 
scientific controversy and its resolution, but all of them make it 
absolutely clear that we cannot expect such disputes to be resolved by 
means of a single, decisive experimental result. The acceptance of 
chlorine as an element was largely due to the recognition of its chemical 
similarities to iodine and the consequent accumulation of additional 
evidence for its elementary nature, rather than to a clear and speedy 
consensus effected by Davy’s decisive experiments. 

2. What is (and was) an element? 
Today we may feel that we have a clear conception of whether or 

not a substance is elementary.  If a substance contains only one type of 
atom it is an element.  The types of atoms are determined by the number 
of protons in the nucleus.  At the start of the 19th century such definitions 
were not possible, since atomic theory had not yet been established and 
the idea of sub-atomic particles was even further off.  This was, never-
theless, a time of immense activity in chemistry and, in particular, in the 
announcements of discoveries of new elements. There must, therefore, 
have been some operative concept of an element. What was that concept? 

Antoine-Laurent Lavoisier (1743–1794) is credited with paving the 
way for a great deal of modern chemistry, including the definition of an 
element, articulated in his Traité élémentaire de chimie of 1789.  In fact, 
Lavoisier’s concept of an element was based upon a principle that had 
been first articulated in 1661 by Robert Boyle (1627–1691): 

I mean by Elements, as those chymists that speak plainest do by their 
principles, certain Primitive and Simple, or perfectly unmingled 
bodies, which not being made of any other bodies, or of one another,  
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are the Ingredients of which all those call’d perfectly mixt Bodies 
[compounds] are immediately compounded and into which they are 
ultimately resolved.2

Lavoisier’s version of this stated that “substances that could not be 
decomposed into simpler substances were to be regarded, provisionally at 
any rate, as elements”,3 a definition that has been interpreted by William 
H. Brock as meaning that an element was “any substance that could not 
be analysed by chemical means.”  This definition does not aid any kind of 
real classification, and is logically dubious if we are to consider the 
epithet “element” to refer to something fundamental. Perhaps more 
significantly, Lavoisier himself did not use it consistently, as Brock’s 
description of Lavoisier’s table of elements shows: 

Lavoisier’s table of elements did not include the alkalis, soda and 
potash, even though these had not been decomposed . . . . Lavoisier 
was so confident that soda and potash would similarly [to ammonia] be 
decomposed into nitrogen and other unknown principles that he 
withheld them from the table of simple substances.4

The only grounds for calling a substance an element had been disobeyed 
by the very man who had proposed it, and so we should not consider any 
chemist who also disobeyed this rule to be unscientific, or working 
outside Lavoisier’s paradigm. Instead, he would be, like Lavoisier, 
relying on analogy with other substances, rather than a logically unsound 
rule, as a heuristic to resolve questions about the elementary nature of 
substances.  The case of chlorine allows us to explore the ways in which 
early 19th-century chemists used the concept of element. 

Three chemists in particular made statements about the elementary 
nature of chlorine early in the nineteenth century: Joseph-Louis Gay-
Lussac (1778–1850), Louis-Jacques Thenard (1777–1857), and Humphry 
Davy (1778–1829).5  In February 1809, Gay-Lussac and Thenard pub-
lished an account of their researches into “oxymuriatic acid” (OMA) in 
the Mémoires de la Société d’Arcueil, in which they detailed the numer-
ous ways in which they had attempted, without success, to decompose it.  
They concluded that it was possible that OMA might be elementary, on 

                                           
2 Quoted in McKie (1952), p. 29. 
3 Douglas McKie, “Introduction”, in Lavoisier ([1790] 1965), p. xxv. 
4 Brock (1992), p. 119. 
5 For further details on the competition between Davy and Gay-Lussac, see Crosland 
(1980). 
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the basis that they had not been able to decompound it, but they were 
unable to prove that this was the case.  In July 1810 Davy announced to 
the Royal Society of London:  

As yet we have no right to say that it [oxymuriatic acid] has been 
decompounded; and as its tendency of combination is with pure 
inflammable matters, it may possibly belong to the same class of 
bodies as oxygene [sic].6

By November 1810, when Davy gave his Bakerian lecture to the 
Royal Society, he had even given this element a new name, Chlorine 
(from the Greek chloros, meaning yellow-green, referring to the colour of 
the gas). The main reason for Davy’s conviction that chlorine should be 
considered elementary, he said, resulted from one experiment in 
particular.  This was the inability of OMA to react with white hot carbon.  
In the “old” theory, OMA was, as the name suggests, oxidized muriatic 
(hydrochloric) acid, and therefore, when OMA was passed over white hot 
carbon, the oxygen was expected to be extracted from the OMA by 
carbon’s greater affinity for oxygen, yielding muriatic acid (henceforth 
“MA”) and carbonic oxide.7 Contrary to this expectation no such reaction 
occurred, but even this apparently incontestable result did not constitute a 
crucial experiment in the manner of Francis Bacon or Karl Popper.  It 
could be explained without pronouncing OMA elementary.  Davy himself 
had offered such an explanation one year earlier, in his Bakerian lecture 
for 1809: 

Muriatic acid gas, as I have shewn, and as is further proved by the 
researches of [Monsieurs] Gay Lussac and Thenard, is a compound of 
a body unknown in a separate state, and water.  The water, I believe, 
cannot be decompounded, unless a new combination is formed.8

His argument was that since MA could not be formed without associated 
water, it was unable to exist in isolation.  If oxygen were removed from 
dry OMA, dry MA would be formed; since it was impossible for MA to 
exist without combined water, the reaction could not occur.  Scientists on 
both sides of the debate carried out their experiments in the presence of 
water, so the experiments could not provide a conclusive proof that OMA 
was an element, and the decision about whether OMA is an element or 

                                           
6 Davy, H. (1810b). 
7 In the form of a quasi-modern equation, this reaction would be: C(white hot) + OMA → 
CO + MA. 
8 Davy, H. (1810a). 
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not had to be made by other means.  This is an instructive example of 
how a scientific theory may be defended from experimental refutation by 
the construction of appropriate auxiliary hypotheses. 

In Gay-Lussac and Thenard’s experiments of 1809, the attempted 
decomposition of OMA failed except in the presence of water or hydro-
gen (and they concluded that MA gas could not exist without water).  
Perhaps the most significant of their experiments was the failure to 
decompose carefully dried OMA gas passed in a porcelain tube over 
white hot charcoal. At first a little MA gas was produced, but after a short 
while the OMA passed over the charcoal unchanged.  The MA gas was 
thought be produced because there was some moisture contained in the 
charcoal, providing the water necessary for the existence of MA gas.  
When the supply of moisture was exhausted MA could no longer be 
produced so OMA ceased to be decomposed.  Gay-Lussac and Thenard 
were very aware, however, that the failure to decompose OMA could also 
be explained if OMA was a simple substance, as the conclusion to their 
paper showed: 

It might be supposed, from this fact [failure to decompose OMA by 
charcoal] and those which are communicated in this Memoir, that this 
gas is a simple body. The phenomena which it presents can be 
explained well enough on this hypothesis; we shall not seek to defend it 
however, as it appears to us that they are still better explained by 
regarding oxygenated muriatic acid as a compound body.9

The italicized passage was added to the original conclusion prior to 
public presentation, upon the urgent advice of Berthollet, who was an 
important mentor to Gay-Lussac and Thenard.  Berthollet had recognized 
that the key fact that provided continuing support for the compound 
nature of OMA was the discovery that MA gas always contained water 
(or the constituent parts of water).  This allowed Berthollet the freedom to 
interpret experiments that would otherwise be taken as conclusive proof 
of the elementary nature of chlorine, in terms of his preferred view of 
compound OMA.10

                                           
9 Gay-Lussac and Thenard [1809] (1897), p. 48; emphasis original. 
10 Berthollet would have used this new fact to explain the problem discussed in 
Chapter 1: pure chlorine undiluted with water could not be induced by any 
experimental means to give up oxygen.  Berthollet would simply say that oxygen 
cannot be removed from the MA unless the water (or hydrogen) essential to its 
constitution is present.  
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3. Chlorine and Lavoisier’s oxygen theory of acidity 
Conflicting beliefs about the elementary nature of chlorine did not, 

of course, exist in isolation, but formed part of larger systems of 
chemistry.  As in Chapter 1, the story of chlorine will provide an interest-
ing example of the philosophical problem of theory-choice. Here we must 
begin by dispelling a common misconception, that the acceptance of the 
elementary nature of chlorine sounded the death knell for Lavoisier’s 
oxygen theory of acidity (henceforth “LOTA”).  As a convenient express-
ion of this view, we can cite a statement by Homer Le Grand, one of the 
leading experts on the history of LOTA: 11

The recognition of the elemental nature of oxymuriatic acid and the 
consequent establishment of the correct composition of muriatic acid 
effectively destroyed not only Lavoisier’s theory that oxygen was the 
unique ‘acidifying principle’, but also the exalted role of oxygen in his 
whole chemical system.12

The idea of OMA as an element affected Lavoisier’s chemical system as 
a whole, as we will discuss later (see Section 7 especially), but first we 
argue against the view that elementary chlorine “effectively destroyed” 
LOTA.  Our thesis is that LOTA had ceased to be a central component of 
French chemistry well before Davy’s pronouncement of the elementary 
nature of chlorine. Le Grand does acknowledge that there were pre-
chlorine doubts raised about LOTA, but he argues that the majority of 
chemists did consider oxygen to be the unique acidifying principle in the 
years leading up to the discovery of chlorine, on the basis of a survey of a 
large sample of chemical texts he carried out:

This group of five chemists and popularizers of chemistry [Richard 
Chenevix, Frederick Accum, Thomas Thomson, Samuel Parkes, and 
Martin H. Klaproth] constitutes a distinct minority of the some 120 
French, German, and British chemists consulted for the years 1790–
1807. Excluding a few “cranks,” the remainder employed the oxygen 
theory of acidity in an uncritical fashion.13

It is quite curious that Le Grand chooses to omit Claude-Louis 
Berthollet (1748–1822) from his list of dissenters, since he is well aware 
of the case. Before we discuss others, we must take full account of 

                                           
11 See also Brooke (1980), pp. 121–123.  Crosland (1973, p. 322) gives a more 
nuanced view. 
12 Le Grand (1974a), p. 213. 
13 Le Grand (1976), p. 232, footnote 17. 
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Berthollet’s views, not only because he was the leading French expert on 
OMA (see Chapter 1, Section 3), but also because he was the most 
influential chemist in France after Lavoisier’s death.  When Berthollet 
rejected phlogiston in 1785, he did not blindly accept all of the key ideas 
of Lavoisier’s new oxygen-centered chemistry.  His experiments on acids 
quickly led him to raise a series of objections to LOTA.  His four main 
objections were:14

(1) Prussic acid and sulphuretted hydrogen (also an acid) had 
been analyzed, and shown not to contain any oxygen. 

(2) Muriatic, fluoric and boracic acids, had not been analyzed, 
therefore not proven to contain oxygen.15

(3) Oxymuriatic acid contained more oxygen than muriatic 
acid, but was less acidic.  

(4) Many compounds of oxygen, such as water and metallic 
oxides, were not acidic.16

In 1803 Berthollet published the Essai de Statique Chimique, in 
which he dealt with these problems by proposing that oxygen was not the 
exclusive acidifying principle. According to Berthollet, oxygen did not 
have to be present in all acids, which he defined simply as substances 
with affinities for the alkalis: 

The distinguishing character of acids is to form combinations, by their 
union with alkalis, in which the properties of acidity and alkalinity can 
no longer be discovered, when the proportions of the acid and the 
alkali are such as to produce that degree of saturation called 
neutralisation. Acidity and alkalinity are therefore two co-relative 
terms of one species of combination.17

                                           
14 Le Grand, ibid., conveniently summarizes Berthollet’s objections in this way.  It is 
important to note the difference between 1 and 2, which threatened the status of 
oxygen as the necessary condition for acidity, and 3 and 4, which left room to regard 
oxygen as a necessary (though insufficient) condition for acidity.  Whilst Lavoisier 
always maintained that the presence of oxygen was a necessary condition for acidity, 
the decomposition of water caused him to question whether it was a sufficient 
condition. 
15 However, Berthollet seemed to agree with Lavoisier that they probably did contain 
oxygen very tightly bound to their “radicals”. 
16 As Le Grand (1972, pp. 11–12) explains, Lavoisier himself was troubled by this 
fact, but only in the case of water, as he believed he could explain the non-acidity of 
the metallic oxides.  
17 Berthollet (1804), vol. 1, p. 43. 
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Where oxygen did cause the acidity of a substance, it was not enough for 
it to be present, but it had to remain at least partially “unsaturated”.  
Berthollet claimed that “the acidity of an oxygenated substance shows 
that the oxygen has only experienced an incomplete saturation in it, since 
its properties remain predominant.”18 Saturation could cause affinities to 
disappear; therefore where oxygen was the cause of acidity, the properties 
it brought to each acid depended on the degree to which it was saturated. 

Although he retained aspects of LOTA and granted that oxygen 
was important to the acidity of the majority of known acids, Berthollet 
developed a much more sophisticated explanation of acidity based upon 
his new ideas about complex chemical affinities. Berthollet’s explana-
tions were chemically superior to LOTA: he was able to explain all of the 
phenomena explained by LOTA and to answer all of his own objections.  
Berthollet’s conception of acidity was also founded on a much more 
secure experimental basis than LOTA. Despite all that, it was largely 
ignored, partly because it was a consequence of the mechanistic, affinity-
based approach to chemistry advanced by Berthollet in his Essai de 
Statique Chimique, which the chemical community largely rejected or 
ignored.  Ironically, the general lack of interest in Berthollet’s explana-
tion of acidity may have been compounded by the fact that, as Le Grand 
put it, “Berthollet, in advancing his own rival theory, undercut many of 
his earlier experiment-based objections to Lavoisier’s theory.”19  

In the Essai, Berthollet withdrew his objection that oxygen seemed 
to deprive OMA of its acidity relative to MA (see point 3 above).  He 
explained that he had previously “overlooked the state in which [the 
oxygen] exists. The oxygen is but feebly retained in oxymuriatic acid, so 
that it easily abandons the muriatic acid.”20  This observation was based 
upon an experiment in which he had exposed a solution of OMA to light, 
and found that oxygen gas was disengaged, leaving MA behind in 
solution. Berthollet argued that if the oxygen in OMA was held so weakly 
in combination with the MA as to be expelled by the action of light alone, 

                                           
18 Ibid., vol. 2, pp. 9–10. 
19 Initially Berthollet’s ideas were criticized by some (often on the basis of 
misunderstandings) and ignored by many others, due to the difficulties associated 
with applying them in practice, and the poor clarity of expression in the Essai.  Le 
Grand has suggested that so soon after the Chemical Revolution, chemists were 
reluctant to abandon once again their familiar framework in favour of Berthollet’s 
complicated and unfamiliar ideas.  See Le Grand (1976), p. 229. 
20 Berthollet (1804), vol. 2, p. 8. 
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then the affinities of oxygen should not be expected to dominate the 
behaviour of the compound.  

On the role of oxygen as the acidifying principle, Berthollet 
commented: “it appears to me that too much latitude has been given to 
the principle . . . while on my side, I have restricted it too much.”21  As Le 
Grand notes, such remarks may have been interpreted as signalling a 
return to Lavoisier’s views,22 but this was certainly not Berthollet’s 
intent.  Despite the disappointing reception of the Essai de Statique 
Chimique, Berthollet did not bring his view of acidity back into line with 
Lavoisier’s at any point.  However, his explanation of acidity may have 
been (wrongly) perceived by others as a modification of LOTA rather 
than the real alternative he meant it to be.  

Whilst retaining oxygen as an acidifying principle in certain 
circumstances, Berthollet rejected the fundamental assertion of LOTA: 
that oxygen is the unique acidifying principle.  In Berthollet’s theory of 
acidity, unlike in Lavoisier’s, oxygen was not a necessary component of 
all acids.  In referring to his definition of acidity, Berthollet said: “this 
species of affinity for the alkalis may belong to substances which do not 
contain oxygen, we must not therefore always infer from the acidity of a 
substance that it contains oxygen.”23  It is clear, then, that Berthollet’s 
objections to the proposal that OMA was an element were not motivated 
by a desire to defend LOTA; he rejected this theory definitively in 1803 
and did not change his mind. 

LOTA was not the cause of Berthollet’s objections to elementary 
chlorine, nor was chlorine the reason for Berthollet’s rejection of LOTA.  
But did elementary chlorine cause the rejection of LOTA by other 
chemists?  It seems to us that LOTA did not maintain importance for 
chemists in general long enough for elementary chlorine to have a 
significant impact on it.  By the time it was realized that MA did not 
contain oxygen, this was just one more entry in a long list of counter-
examples to LOTA, a list that had already led several leading chemists to 
speak out against LOTA.   

Berthollet was certainly not alone in doubting LOTA long before 
the elementary nature of chlorine was proposed.  Another close colleague 

                                           
21 Ibid. 
22 Le Grand (1976), p. 236. 
23 Berthollet (1804), vol. 2, p. 9. 
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of Lavoisier’s, Antoine-François de Fourcroy (1755–1809), rejected 
LOTA in 1802. Gay-Lussac also realized, well before chlorine, that 
oxygen was not the only substance capable of communicating acidity.  
There was also Thomas Thomson, perhaps the most influential British 
chemist of the period between the heydays of Joseph Black and Humphry 
Davy. Thomson is one of the five cases mentioned by Le Grand, along 
with Martin H. Klaproth (1743–1817), Frederick Accum (1769–1838), 
Richard Chenevix (1774–1830) and Samuel Parkes (1761–1825), all of 
whom concluded before 1807 that not all acids contained oxygen. Jean-
Claude De La Métherie (1743–1817), editor of the Journal de Physique 
in Paris, may have been one of those unnamed “cranks” in Le Grand’s 
list, as he was a staunch opponent of Lavoisierian chemistry in general, 
but that would not be a fair description.24

The anti-LOTA arguments advanced by Chenevix, Thomson, and 
Gay-Lussac are worth noting briefly. In the same year as Fourcroy, 
Chenevix expressed his doubts over the validity of LOTA as follows: 

Muriatic acid is for us a simple body; but it has acid properties of the 
strongest kind; therefore, from analogy we suppose it to contain 
oxygen.  But may not this be too hasty a conclusion? . . . . [W]e should 
begin by considering, whether the presence of oxygen in all bodies that 
have acid properties, has been rigidly demonstrated, and not determine 
by this law of the French chemistry, till we are well convinced it has 
not been too generally assumed.25

Chenevix’s concerns were echoed by Thomson.  In the 1804 edition of 
his System of Chemistry, Thomson explicitly stated that “it is not true that 
oxygen is an essential ingredient in all acids, or that no body possesses 
the properties of an acid unless it contains oxygen. Sulphuretted 
hydrogen, for instance, possesses all the characters of an acid, yet it 

                                           
24 See Partington (1962), pp. 495, on De La Métherie’s opposition to Lavoisier.  Other 
chemists dissenting from LOTA included William Henry (1774–1836) and François 
R. Curaudau (1765–1813), as Le Grand (1974a, p. 219) himself documents.  Jakob 
Joseph Winterl, a professor of chemistry in Budapest, also argued that not all acids 
contained oxygen, and presented substantial experimental evidence to back up his 
claims.  However, according to Partington (1962, p. 599), he also had some rather odd 
ideas on the true causes of acidity (immaterial or spiritual principles that adhered to 
atoms).  The German chemists Lorenz Crell and F. A. C. Gren, both of whom adopted 
some of Lavoisier’s ideas whilst retaining aspects of phlogiston theory, concluded that 
there was no need to believe that oxygen was a constituent of all acids; see Partington 
(1962), pp. 634–635. 
25 Chenevix (1802), pp. 165–166. 
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contains no oxygen.”26  He emphasized the need to reject LOTA, noting 
the serious problems it caused: 

If we lay down as an axiom that oxygen is the acidifying principle we 
must either include among acids a great number of bodies which have 
not the smallest resemblance to those substances which are at present 
reckoned acids, or exclude from the class several bodies which have 
the properties of acids in perfection.27

Gay-Lussac, the rising star of French chemistry, also supported 
Berthollet’s definition of an acid as “no more than a substance, whether it 
contains oxygen or not, which neutralises alkalinity.”28 Therefore, while 
working with LOTA, Gay-Lussac disagreed with its fundamental tenet 
that all acids must contain oxygen.29 In 1814, he presented a list of 
instances where acidity was caused without the presence of oxygen, all of 
which had been identified as such before the discovery that MA did not 
contain oxygen. It is important to note that Gay-Lussac realized that 
acidity could be communicated by substances other than oxygen even 
before he recognized chlorine as a candidate: “a substance can be acid or 
alkali without containing oxygen, and as a consequence acidity and alka-
linity can be communicated by substances other than oxygen.”30  

Le Grand ends his survey in 1807, just before the emergence of 
another important piece of evidence against LOTA, which he discusses in 
another paper. Davy’s decomposition of the alkalis (soda and potash) 
provided clear evidence against LOTA and caused some of those 
previously uncritical of LOTA to begin to have doubts. Davy discovered 
that these alkalis contained oxygen, the supposed acidifying principle, 
and joked that oxygen might just as well be called the principle of 
alkalescence. The discovery that these alkalis contained oxygen should 
have given discomfort to followers of LOTA; however, according to Le 
Grand, British chemists William Nicholson (1753–1815) and Charles 
Sylvester (1774–1828) were the only new figures (albeit important ones) 

                                           
26 Thomson (1804), vol 2, p. 4. 
27 Ibid., p. 5. 
28 Gay-Lussac (1814b), p. 145 (our translation).  For the translation of chemical 
terms, we have referred to Patterson (1954). 
29 Crosland (1978), pp. 133–134. 
30 Gay-Lussac (1814b), p. 146 (our translation). 
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to doubt LOTA following Davy’s discovery.31 Contrary to Le Grand’s 
suggestion that few chemists appreciated the implications of the dis-
covery, and that most therefore continued to use LOTA in its fullest form, 
the lack of reaction was probably an indication that LOTA was already 
perceived as a reasonable guide rather than a strict law. 

The chemists who questioned LOTA or worked happily outside it, 
with or without alternative theories, were not working at the fringes of the 
scientific community: they were amongst the most influential chemists of 
their time, and included Berthollet and Fourcroy, two of the closest 
associates of Lavoisier.  Overall, it seems that LOTA was regarded in the 
chemical community as more of a starting point for investigations than as 
an established theory vital to the chemical paradigm that had replaced 
phlogiston.  Those chemists who appealed to LOTA “in an uncritical 
manner” did so because, in the absence of a better alternative,32 it still 
acted as a useful guide.  The implications of elementary chlorine were 
entirely compatible with the only aspects of LOTA that had any real 
support: that oxygen was an important (though not the exclusive) 
acidifying principle. The reluctance displayed by Berthollet and others to 
accept that chlorine was an element therefore did not mean that they were 
fighting in LOTA’s defence. 

All of that is to say that the main body of the chemical community 
would not have been prevented from taking up the idea of elementary 
chlorine by an attachment to LOTA.  In fact, it seems that mainstream 
opinion converted very rapidly to the idea of elementary chlorine.  Still, 
some major chemists, including Berthollet, Murray and Berzelius, 
resisted elementary chlorine for a considerable time.  Murray died in 
1820 without accepting the elementary nature of chlorine, whilst 
Berzelius continued to write papers strongly opposed to elementary 
chlorine up until 1816, only including chlorine in a paper on the symbols 
and atomic weights of the elements in 1826.  In order to reach a true 
understanding of the establishment of chlorine as a chemical element, we 
must learn the arguments advanced by these dissenters, and why those 
arguments were not successful.  This is the task we undertake in the next 
three sections. 

                                           
31 Le Grand (1974b), p. 63. 
32 Berthollet’s explanation was a better alternative but, as discussed earlier, it was 
neglected along with the whole framework of the complex affinity-based chemistry of 
the Essai de Statique Chimique. 
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4. The Murray–Davy debate 
The Scottish chemist John Murray (1778?–1820) and Humphry 

Davy’s younger brother John Davy (1790–1868) conducted a lively 
debate on the nature of chlorine in the pages of A Journal of Natural 
Philosophy, Chemistry, and the Arts edited by William Nicholson (hence-
forth Nicholson’s Journal), running through seven volumes from 1811 to 
1813.33 This exchange illustrates contrasting personal styles as well as 
differing theoretical allegiances. Murray showed some adherence to 
LOTA, although it is not clear whether this was his reason for opposing 
the chlorine theory, or merely an additional weapon against it.  In general, 
the points Murray made were of a somewhat philosophical nature, not 
made in an aggressive manner, but rather as an attempt to show an 
alternative to Davy’s views.  That is, in this debate he seems to have been 
rather more interested in the philosophical question “How can we ever be 
sure what this is?” than the chemical question “What is this?” 

In the first paper in the series Murray was very measured, simply 
laying out all the observations presented as proof of the elementary nature 
of OMA/chlorine. He then explained in each case how the experiment 
could be interpreted if the substance in question were considered elemen-
tary (as chlorine) and if it were considered a compound of oxygen and 
MA, identifying which observations were problematic for each theory.  
For example, in the case already mentioned, white-hot carbon should, 
according to the compound theory, be able to remove oxygen from OMA 
to form carbonic oxide and MA, whereas in fact no reaction occurred.  
But Murray also noted a significant problem for the element theory of 
chlorine, as follows: 

Oxymuriatic acid is considered by [this theory] as a principle 
belonging to the same class as oxigen [sic], which like it exerts 
powerful attractions to inflammable substances, and which is not 
inferior in energy of action, why therefore should it not like oxigen 
combine with charcoal?34

John Davy’s response to Murray’s paper was very different in tone.  
From the outset the piece was aggressive, and Davy suggested that his 

                                           
33 For a different angle on the Murray–Davy controversy, see Golinski (1992), pp. 
225–230. 
34 Murray (1811a), p. 137.  In fact, Davy’s July 1810 paper to the Royal Society 
suggested that chlorine could be classified with oxygen as tending to combine with 
inflammable matter. 
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brother’s conclusions constituted a proper “theory” while Murray’s were 
mere “hypothesis”: “Theory is a history of generalisations and facts, 
hypothesis is a series of suppositions.”35  He continued to make clear his 
opinion of LOTA: 

To avoid all verbal controversy I candidly acknowledge, that I consider 
the acidifying principle as a mere arbitrary term. Oxigen strictly 
speaking can with no more propriety be said to be the cause of the 
acidity of sulphuric acid, than sulphur.36

These extracts from the two men’s papers are typical of their con-
trasting styles.  Throughout the debate, Murray’s arguments were longer 
and more considered, whilst Davy’s were aggressive, pithy, and often 
personal. He not only disagreed with Murray’s interpretation of experi-
ments and accused him of relying on ad hoc hypotheses, but also 
questioned Murray’s skills as an experimenter. Using the Baconian 
quotation, “What a man wants to be true, he believes easily”,37 Davy 
implied that Murray was not following the scientific method, and insisted 
that the chlorine theory was superior in all respects.  Murray, meanwhile, 
merely tried to make clear that the chlorine theory had many problems of 
its own, and was not superior in all respects to the OMA theory.  
Murray’s writings in Nicholson’s Journal were full of philosophical 
insight, and it seems probable that he was more interested in a philo-
sophical debate than the application of theory, as this response to Davy in 
1811 suggests: 

The two opinions are perfectly alike with regard to the evidence on 
which they rest derived from the above facts; and to select in one of 
them that part where the induction appears direct, and take it for 
granted that is true, the hypothetical assumptions, which must be 
farther made, necessarily follow: but to pursue the reverse method with 
regard to the other, to represent it as an hypothesis, by bringing 
forward the parts which require the assumption of hypothesis, and 
neglect or reject the more direct induction, is a mere sophism.38

One might say that John Davy was more dogmatic than Murray, and 
hence rhetorically more convincing. 

                                           
35 Davy, J. (1811a), p. 194. 
36 Ibid., p. 197. 
37 Davy, J. (1811b), p. 31. 
38 Murray (1811b), p. 298. 
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  Murray’s argument was not aided by his uncertain status as a 
chemist.  Although he lectured on chemistry in Edinburgh and authored a 
well-known textbook of chemistry, he does not seem to have been highly 
respected by other chemists of the time. Murray’s compatriot Thomas 
Thomson, in correspondence with Berzelius in 1816 said, “I am sorry you 
have been so severe upon Murray in your paper on chlorine. I entertained 
the same opinion of his papers that you do.”39 In his summary of the 
“Improvements in Physical Science during the year 1815”, Thomson 
stated: “Chlorine is now pretty generally admitted to be a simple sup-
porter of combustion. Almost the only chemist of eminence who adheres 
to the old opinion is Berzelius.”40 Clearly Thomson did not consider 
Murray a “chemist of eminence”!  Even William Henderson, who wrote a 
paper in defence of the compound OMA theory, added a footnote stating: 
“I would not be understood as having reference here to Mr. Murray’s 
view on the nature of potassium, but merely as arguing against its being a 
hydruret of potash”.41  A rather poor opinion of Murray’s science seems 
to have been widespread. 

The debate between Murray and Davy trailed off somewhat in 
1812. Murray became ill during this period, and it is possible to see 
marks of this in his writings, which showed an ever-increasing exaspera-
tion with Davy’s unrelenting attacks. Whatever the others’ opinions were, 
Murray seems to have gone to his grave unconvinced about the elemen-
tary nature of chlorine.   

5. The conversion of Berthollet42 
Berthollet also recognized the same kind of empirical equivalence 

between the two theories of chlorine/OMA as identified by Murray.  As 
mentioned at the end of Section 2, Berthollet had urged Gay-Lussac and 
Thenard against interpreting the failure of carbon to decompose OMA as 
support for elementary chlorine, proposing that the inability of MA to 
exist without water provided an equally satisfactory explanation of the 

                                           
39 Soderbaum (1918020), vol. 3 (I), p. 44. 
40 Thomson (1816), p. 27. 
41 Henderson (1813), p. 18. 
42 For a more comprehensive treatment of the French side of the story, especially the 
work of Curaudau, see Chabot (2006), a paper that we have only discovered as this 
book was going to press. 
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observed experimental results. In another experiment, Gay-Lussac and 
Thenard showed that hydrogen gas reacted with OMA to make MA, no 
water being produced. This suggested, as Gay-Lussac and Thenard appre-
ciated, that MA was a compound of OMA and hydrogen (and therefore 
that OMA was elementary). If OMA contained oxygen then some water 
should be produced when this oxygen abandoned MA to combine with 
the hydrogen gas.  In Berthollet’s interpretation water was produced but 
remained unseen because it was held in combination by the MA gas, 
which could not exist without it.43 It was therefore impossible to distin-
guish between the two proposed hypotheses for the composition of 
OMA/chlorine using these experiments.44

In his 1811 paper Berthollet explained why, despite the apparent 
equivalence of the two hypotheses, he still believed chlorine to be a 
compound.  He argued that whilst both hypotheses could explain the 
results of the experiments, the compound hypothesis was much more 
convincing because, unlike the elementary hypothesis, it did not over-
complicate the situation, especially by supposing that water was being 
decomposed in some of the reactions under consideration.  It is not that 
Berthollet did not grant the possibility that water could be decomposed in 
chemical reactions, but he also emphasized that water was often 
“necessary for . . . decompositions to take place, without influencing 
events by its own decomposition”.45  In the case of the reactions 
involving OMA, “we find no indication of the composition or 
decomposition of water, but we suppose it because it is required by the 
new hypothesis. At the same time we must suppose the de-oxidation of 
metals, which is more difficult to admit, and in other cases the oxidation 
of metals, without any sign of its occurrence.”46  (See Chapter 1, Section 
3.3 for further details on Berthollet’s complex handling of water in 
chemical reactions.)   

Berthollet’s arguments can be further illustrated by comparing the 
competing explanations of the oxidation of metals in the presence of 
OMA/chlorine.  In quasi-modern chemical equations, we can express the 
situation as follows.  According to the hypothesis of elementary chlorine: 

 

                                           
43 Berthollet et al. (1811), p. 128. 
44 Ibid., pp. 126, 128. 
45 Ibid., p. 127 (our translation). 
46 Ibid., pp. 133–134 (our translation). 
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Metal + Cl + H.O [water]   →   Metal oxide + HCl + (less) H.O 
 

Some of the water present at the start is decomposed during the reaction; 
hydrogen from the decomposed water combines with the chlorine to 
produce hydrochloric acid, whilst oxygen combines with the metal to 
form the oxide.  Some water is left over.  In contrast, according to the 
hypothesis of compound OMA: 
 

Metal + O.MA + H.O [water]   →   Metal oxide + MA (with H.O) + (less) H.O 
 

Here the metal takes oxygen from the OMA, leaving the MA to take 
some water from the surroundings, which it requires in order to exist in 
independent form.  Again, there is less water at the end than we started 
with, but none of it has been decomposed. 

As well as claiming that it was unnecessary to complicate matters 
by introducing the decomposition of water, Berthollet argued that 
explanations based on the hypothesis of elementary chlorine contradicted 
one another in certain cases.  According to Davy, when lime was heated 
with hydrochloric acid (HCl), water was formed by the hydrogen from 
the hydrochloric acid combining with the oxygen from the lime.  In this 
case water was synthesized by the action of heat.  On the other hand, if 
chlorine was exposed to light in the presence of water, or passed through 
a heated, moistened tube, oxygen was given off as result of water being 
decomposed.  How could it be, Berthollet asked, that in one case heat 
caused the composition of water, whilst in other cases it was supposed to 
cause its decomposition?47  Berthollet stressed how simple and natural the 
explanations based on compound OMA appeared, compared to the 
contradictory and contrived explanations provided by the elementary 
hypothesis, and he noted that the behavior of muriatic acid appeared 
much more analogous to that of other acids when considered within the 
compound hypothesis.48  The arguments Berthollet put forward in 
defence of his long established view of the compound nature of OMA 
were detailed and convincing.  But he changed his mind eventually.  
Why? 

                                           
47 Ibid., p. 133. 
48 Ibid., p. 129.  For example, according to the compound hypothesis, when OMA 
combines with metals, it forms muriates analogous to sulphates. 
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It was in 1816 that Berthollet conceded for the first time that he 
considered OMA to be the element chlorine.49  Berthollet’s 1816 paper is 
very intriguing, and deserves some detailed examination. Interestingly, 
Berthollet claimed that he was guided towards the conclusion that chlo-
rine should be considered an element, by Lavoisier’s “great principle” 
that all substances for which composition cannot be proved by analysis, 
should be considered simple.50  But this is not convincing.  Already in 
1809, Gay-Lussac and Thenard’s exhaustive attempts to decompose pure 
OMA in 1809 had made it clear that the composition of OMA could not 
be proved by analysis.  Had Lavoisier’s principle really been a significant 
influence, then Berthollet would have considered OMA as an elementary 
substance in 1809; instead, he restrained Gay-Lussac and Thenard from 
jumping to the hypothesis of elementary chlorine.  As we have seen at the 
start of Section 2, even Lavoisier himself did not adhere strictly to his 
own operational definition of element, and Berthollet certainly did not.    

Perhaps more important was Berthollet’s recognition of an error in 
an earlier experiment by Fourcroy, which Berthollet had regarded as a 
decisive piece of evidence for the compound nature of OMA.  This ex-
periment was the reaction of ammonia gas and OMA.51  When Fourcroy 
originally made the experiment, some water had been produced.52  The 
production of water was expected according to the interpretation of OMA 
as a compound, but could not be explained if OMA was an element: 
Berthollet argued that the water must have been formed from oxygen 
from OMA and hydrogen from ammonia.  Again, in the form of a quasi-
modern chemical equation: 

 
N.H [ammonia] + O.MA   →   N.MA + H.O [water] 

                                           
49 Berthollet (1816), p. 605.  As a member of the Senate, Berthollet’s scientific 
activities were interrupted during 1814 and 1815 by the fall of his patron and friend, 
Napoleon Bonaparte, and the restoration of the monarchy.  It may be that he changed 
his mind about chlorine as early as 1814, but did not have the chance to publish until 
1816. 
50 Ibid. 
51 Fourcroy himself interpreted this experiment as proof of the composition of 
ammonia rather than that of OMA.  In fact the experiment was published in the same 
volume in which Fourcroy expressed doubts that OMA contained any oxygen, so he 
cannot have attached the same significance to them as Berthollet, who had a 
somewhat different agenda. 
52 Fourcroy (1802), p. 243. 
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If there was no oxygen in OMA/chlorine, how would water be formed in 
this reaction?  In 1811, however, John Davy repeated Fourcroy’s experi-
ment and showed that in fact no water was produced when carefully dried 
ammonia and chlorine gases reacted.53  Now the chlorine-based explana-
tion of the reaction was quite straightforward, and Berthollet realized that 
elementary chlorine was a viable alternative to compound OMA. 

Once more, we find Berthollet’s account slightly disingenuous.  If 
John Davy’s repudiation of Fourcroy’s ammonia experiment had been the 
key moment, Berthollet would have changed his mind about chlorine in 
1811! We know he didn’t. Back then he simply changed his interpre-
tation, to say that when ammonia gas reacted with OMA, the expected 
water was not collected simply because the water was held in combina-
tion by the muriate of ammonia produced in the reaction.  This way of 
thinking was quite similar to the idea (mentioned in Section 2) that MA 
gas could only exist in combination with water, and would not have 
posed a serious anomaly in Berthollet’s system.  In 1811 he did not think 
he was twisting the facts to fit his favourite theory; on the contrary, 
earlier he had declared: “I shall be the most vigilant among scientists to 
discover the causes of error which [theory] may have imposed upon 
me.”54  So, Davy’s 1811 ammonia experiment will not do as the explana-
tion of Berthollet’s conversion. 

What is the explanation, then?  Further experimental evidence did 
play a part. In his 1816 memoir, Berthollet declared: “within the currently 
known facts we can find proofs, in the light of which we are obliged to 
consider chlorine as an element.”55 As an example of an observation 
which could only be made sense of by considering chlorine to be an 
element, Berthollet gave details of the various methods used to determine 
the proportion of water in potassium hydroxide (hydrate de potasse).  He 
explained that Jean d’Arcet (1725–1801) had reacted potassium hydrox-
ide with sulphuric acid, and used the products of the reaction to calculate 
that potassium hydroxide contained 27% of its weight in water. Berthollet 
himself, using the more indirect method of reacting potassium hydroxide 
with MA, and then heating the muriate of potassium formed to create a 
new product, calculated a water content of 13.64%, just half of d’Arcet’s 

                                           
53 Berthollet (1816), p. 604. 
54 Berthollet (1804), vol. 2, p. 451. 
55 Berthollet (1816), p. 605 (our translation).  
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value.56 Berthollet proposed that these apparently contradictory results 
could be reconciled if chlorine were considered to be an element, 
although he did not explain exactly how.57  

It is likely that Berthollet was also influenced by the discovery of 
the element iodine, which displayed clearly analogous properties to 
chlorine and was immediately classed alongside it (see Section 7).  Much 
of the work on iodine was carried out by Gay-Lussac at Arcueil, so 
Berthollet would immediately have been aware of the implications of the 
new discoveries.  Following the discovery of iodine and also the plausible 
conjectures regarding fluorine, it would have seemed increasingly un-
reasonable for Berthollet to continue resisting the elementary nature of 
chlorine, and we believe it was this general shift in chemistry, more than 
the aforementioned experiments, that really made Berthollet change his 
mind. 

6. Berzelius and theory-choice 
If Berthollet only responded to accumulated evidence concerning 

the group of elements known as the halogens, rather than the first 
indications that OMA might be elementary, Jöns Jakob Berzelius (1779–
1848) opposed the elementary theory of chlorine for even longer.  The 
case of Berzelius is quite puzzling, and we have relied on his personal 
correspondence as well as his publications in order to arrive at a plausible 
interpretation of his thinking.   

It is important to note that Berzelius’s thinking was framed in 
terms of his own highly developed electrochemical theory.  His corre-
spondence with Alexandre Marcet (1770–1822), a mutual friend of Davy 
and Berzelius, indicates that he saw the chlorine theory as a dead-end.  
His own research programme, on the other hand, which required OMA to 
be compound in nature, seemed full of promise.  In January 1813 Ber-
zelius wrote in humorous vein: “How is Davy’s health? — What does he 

                                           
56 Ibid., p. 606, provides only some details of these reactions. 
57 Ibid., p. 607.  He was further convinced of the case for elementary chlorine as 
d’Arcet’s figure had been confirmed by Gay-Lussac and Thenard using two different 
experimental methods. 
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say of my arguments against his daughter Chlorine, who will die of her 
jaundice (yellowness)?”58  In April 1813 he wrote: 

I have waited for a long time for him to take the pain to refute the 
arguments against his hypothesis on muriatic acid, or else to return to 
the old idea.— This new hypothesis is nothing but a trifle, contributing 
a considerable holding back of the progress of science, because it does 
not harmonize with the chemical system and because a number of 
chemists who need to rely on other people’s authority will surely look 
to Davy’s authority.59

One main source of Berzelius’s opposition to the idea of elemen-
tary chlorine was its conflict with his understanding of oxidation.60  When 
Humphry Davy announced the existence of “euchlorine”,61 Berzelius 
welcomed it as evidence for his own peculiar theory of multiple degrees 
of oxidation, which was inspired by his study of the work of Jeremias 
Richter.  In an excited letter, Berzelius expressed the hope that Davy, too, 
would soon come around to this idea: 

You have seen, therefore, that I do not share your opinion on the nature 
of muriatic acid and its different degrees of oxidation, and I have some 
hope that you also abandon them soon.  The saline combinations of 
this acid prove that it contains oxygen, and it is not difficult to 
determine how much it contains, the moment we know two other of its 
degrees of oxidation.  But I have found that, if we are to apply to the 
muriatic acid radical the same law of progression in relation to its 
different degrees of oxidation, we are missing one of these degrees.  
The ordinary progression of the oxidation being 1, 1.5, 2 and 4, 
muriatic acid offers 1 (muriatic acid), 1.5 (a. oxym.) [sic] and 4 (a. 
oxymuriatic) [sic]; in short, the degree 2 is missing.  I have made vain 
searches for this, an account which I have given in my treatise on this 
matter.  So imagine, Sir, how agreeable I found the communication of 
your discovery of a gas composed of two volumes of oxymuriatic gas 
                                           

58 Berzelius to Marcet, 29 January 1813, in Soderbaum (1912–14), vol. 1 (III), p. 24.  
Berzelius also mentioned in a letter to Davy at around the same time that he did not 
approve of the nomenclature “chlorine” for exactly the reason that Davy had chosen 
it: it merely described the observables (green/yellow), not any theoretically useful 
information, unlike “oxymuriatic acid”.  It was this lack of theoretical content that he 
believed would be chlorine’s downfall.  See Ibid., p. 37. 
59 Berzelius to Marcet, 22 April 1813, in Ibid., p. 36. 
60 See Melhado (1992), p. 150. 
61 Euchlorine was considered by Davy and his followers to be ClO.  Carmen Giunta 
suggests that it must actually have been a mixture of Cl2 and ClO2.  (See http://web. 
lemoyne.edu/~giunta/archema.html#euchlorine; most recently accessed on 14 May 
2007.) 

http://web. lemoyne.edu/~giunta/archema.html#euchlorine
http://web. lemoyne.edu/~giunta/archema.html#euchlorine


62  AN ELEMENT OF CONTROVERSY 

and one volume of oxygen gas, which is exactly the degree of 
oxidation that I predicted the existence of by calculation, but whose 
discovery was missed by an experimenter less skilled than you.62

Unfortunately for Berzelius, this degrees-of-oxidation theory ran into 
some difficulties, the most significant of which concerned the nature of 
ammonia.  Berzelius (and Davy, for a time) believed ammonia to be a 
higher oxide of azote (nitrogen), with azote in turn an oxide of hydrogen.  
This was the only way to make ammonia fit into the degree-of-oxidation 
scheme, but the oxygen presumed to be a constituent of ammonia (or 
nitrogen) was not to be found.  It is possible, therefore, that Berzelius 
would have gradually decided that this area of research was not 
progressive and therefore this argument against elementary chlorine 
would also have been weakened in his mind.   

Another of Berzelius’s objections to elementary chlorine was, 
however, much harder to dismiss, and in fact more fundamental.  In 1812, 
a new compound of chlorine and azote (nitrogen) was synthesized in 
France. News quickly spread to England. After carrying out some experi-
ments, which nearly blinded him, Davy presented a detailed account of 
this dangerous detonating oil to the Royal Society in 1813.  Davy’s initial 
experiments led him to believe that azote and chlorine were produced on 
the detonation of this compound, and subsequent studies indicated that 
this was indeed so.  Davy remarked in this paper that “the heat and light 
produced during its expansion into gaseous matter, supposing it to be 
composed of azote and chlorine, is without parallel instance, in our 
present collection of chemical facts.”63

Berzelius used this highly unusual compound in an extensive 
critique of the chlorine theory.  The piece, which was originally published 
in Gilbert’s Annalen and then translated and published in Thomson’s 
Annals of Philosophy, was extremely long and detailed.64  It covered all 
known objections to the OMA theory and objections to the chlorine 
theory, in each case using the terminology of both doctrines.  Many of the 

                                           
62 Berzelius to Davy, 10 June 1811, in Soderbaum (1912–14), vol. 1 (III), p. 28.  
Berzelius and Davy corresponded frequently and on friendly terms between 1809 and 
1813.  Davy had been the first to sign the recommendation of Berzelius for a 
fellowship of the Royal Society in 1813.  After Davy’s first major trip to the 
Continent in 1813, however, there was an interval of eight years during which they 
did not correspond. 
63 Davy, H. (1813), p. 6. 
64 Berzelius (1816). 
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arguments had already been covered by other opponents to the chlorine 
theory, including Murray and Henderson.  The section on the muriate of 
azote (nitrogen trichloride in modern terminology) was buried amongst 
the usual arguments and spread over two different volumes, a fact which 
may have prevented all but the most dedicated followers of the debate (of 
whom there were few by 1816) from realizing its importance. 

Berzelius had devised an electrochemical theory to explain the 
production of heat in chemical reactions, and of cooling in the solution of 
substances. Berzelius’s sophisticated theory not only exhibited impressive 
reasoning, but also showed evidence of careful and precise experiments.  
Berzelius introduced the theory in his 1813 paper in Nicholson’s Journal: 

When a combination already formed, as, for instance, between A and 
B, is decomposed by the more powerful affinity of a third body C, so 
that this last separates A from the combination AB, and forms CB — 
such a decomposition is usually accompanied with an elevation of 
temperature, or even with fire; and this elevation is greater the more 
considerable the difference may be between the affinities of A and of C 
to B.  We may form a notion that this effect is owing to a more perfect 
neutralization of the electro-chemical properties of the constituent parts 
in the new, than in the old combination.  If, on this occasion, B were 
oxigen [sic], and A and C two combustible bodies, the electro-chemical 
nature of B must be admitted as more perfectly neutralized by C than 
by A; and at the instant when A is reduced to its original combustible 
state, it receives from C, which loses its like state, a quantity of 
positive electricity, equal to what it had lost when it entered into 
combination with B.65

This passage may sound long-winded, but it gives a clear generalized 
description of why heating accompanied such reactions, which Berzelius 
developed further in his paper in Annals of Philosophy: 

[A]n explosion cannot take place unless when [sic] a compound . . . 
can arrange its constituents in other proportions, by means of which 
their opposite electro-chemical properties can be much more 
completely neutralized than before. . . . [D]o we know of any example 
of two combined bodies, whose simplicity is undisputed, that separate 
from each other with an increase of temperature produced by the 

                                           
65 Berzelius (1813), p. 159. 
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separation itself, and which assumes a state of complete disunion?  For 
my part, I am acquainted with no such example. . . . [I]n chemical 
decomposition, heat is rather absorbed than evolved.66

This was a beautiful piece of reasoning, more advanced than any of the 
proto-electrochemical theories entertained by other chemists such as 
Henderson.  Berzelius proposed that the reaction in which muriate of 
azote decomposed into azote and OMA could not occur with a bang, 
which it did, because heat and light could only be produced when the 
electrochemical properties of bodies were neutralized.  In the case of free-
standing elements the electrochemical properties are not neutralised at all, 
so there could not be any heat and light in a reaction whose products are 
elements.  So Berzelius proposed an alternative interpretation in which 
oxygen was closely associated with the azote in the muriate of azote.  In 
the decomposition of the muriate of azote, the oxygen migrated to MA 
because it had a significantly greater affinity for oxygen than azote did, 
and this led to a more complete neutralization of the electrochemical 
properties of both bodies, which in turn caused the observed heat and 
light.  Therefore, Berzelius was able to produce a powerful explanation of 
new phenomena that confirmed the compound nature of OMA. 

Why was Berzelius’s electrochemical argument against chlorine 
neither picked up on by other opponents to the chlorine theory, nor 
criticized by its proponents?  One simple reason could be that nobody 
really understood the argument.  Berzelius’s argument only worked on 
the basis of the explanation of heat in chemical reactions derived from his 
own electrochemical theory.  His explanation of why compound OMA 
fitted the electrochemical description of these heating processes, whilst 
elementary chlorine did not, also required some kind of atomic theory, at 
least to the extent of being able to visualize particles of each component 
rearranging themselves at the smallest molecular level. These ideas, 
although they were becoming more widely accepted, did not form part of 
the “normal science” of the day, and Berzelius was unusual in having 
adopted Daltonian chemical atomism at such an early date. As Alan 
Rocke puts it, by June 1809 Berzelius had begun “to move aggressively 
in this new direction.”67

                                           
66 Berzelius (1816), pp. 431–432. 
67 Rocke (1992), p. 122. 
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Berzelius’s chemistry was very different from that of chemists in 
Britain and mainland Europe, and this raises two interesting questions.  
First, what caused this difference, and second, why was Berzelius so 
respected?  The distance in chemical thought can be largely attributed to 
physical distance.  Although Berzelius corresponded with eminent chem-
ists in many countries including Berthollet, Davy, Marcet, and Thomson, 
his letters contain repeated pleas for papers to be sent to Sweden, and for 
his friends to translate his work and arrange for its publication.  His 
correspondents were keen to oblige, but the transmission of the latest 
information to and from Sweden must still have been fairly inconsistent 
and unreliable.  As a result, Berzelius had not read the same papers as his 
peers, and may also have focused on texts that they had not read or did 
not consider to be of major significance.68  He was probably unaware of 
what some of them were doing. By the same token, the chemical 
community was largely privy only to Berzelius’s completed works, which 
were long and challenging pieces.  If these are compared with Humphry 
Davy’s short and frequent bulletins in the Philosophical Transactions and 
the Quarterly Journal of Science,69 we can see that even a casually 
interested reader could follow the progress of Davy’s thinking on a 
particular problem, while Berzelius’s readers were obliged to tackle his 
ideas in their final and fully general state. This required considerable 
effort and would have been quite a feat for the average reader.   

Yet, even without understanding the details of the chemistry 
Berzelius described, his readers would have got a picture of clear reason-
ing and detailed, thorough, and extensive experimentation. Very few 
chemists of the day were prepared to launch into serious debate with such 
a chemist, and those who engaged seriously with his work could not have 
failed to be impressed by its quality. We could say that Berzelius was 
working in a different research programme or paradigm from the other 
major chemists of the day, and that this was in part due to his physical 
distance from his peers.  The theory of electrochemistry in its advanced 

                                           
68 Melhado (1992, pp. 146–147) mentions Berzelius’s use of Richter’s work, which 
was not widely read at the time.  Berzelius also referred to the experiments of Mrs. 
Fulhame published in 1794 in England and 1798 in Germany as if these would have 
been on every chemist’s reading list.  In fact her works were not very well known, and 
unlikely to be fresh in the minds of the readers of the Annals of Philosophy in 1815. 
69 Volume 1 of the Quarterly Journal of Science contained four papers by Davy, of a 
few pages each.  Berzelius’s papers almost always spanned two volumes of Annals of 
Philosophy or Nicholson’s Journal. 
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state was central to the progress of Berzelius’s chemistry.  The chlorine 
theory not only failed to square with Berzelius’s electrochemistry, but 
also did not come with a new, competing research programme to replace 
it.  It was, therefore, quite rational (as Imre Lakatos would have put it) for 
Berzelius to continue his opposition to the chlorine theory until such time 
as a competing research programme capable of incorporating elementary 
chlorine could be developed.70   

Between 1817 and 1820 Berzelius’s correspondence and papers 
avoided the subject of the nature of OMA altogether.  By the 1820s any 
references Berzelius made to chlorine suggested that it was elementary 
rather than compound, and in an 1826 investigation into the relative 
atomic weights of the elements, Berzelius listed chlorine as one of the 
elements.  He devised a symbol for it, established its atomic weight, and 
even used to it establish the atomic weight of other elements.71  What 
happened?  Berzelius seems to have simply given in to the tide of 
prevailing opinion.  In the introduction to his 1816 paper in Annals of 
Philosophy he had said: “I am aware that the obstinacy with which many 
philosophers adhere to old opinions is owing to their incapacity of 
perceiving the force of arguments which are urged against them.”72  
Berzelius was apparently aware of the danger of clinging to a theory 
which no one else adhered to. In 1815, he was still hopeful that his 
arguments might convince some members of the chemical community of 
the error of the chlorine theory, but by the 1820s it must have been clear 
that the term OMA was outdated and increasingly meaningless for young 
chemists.  It would have been foolish and self-defeating to persist in 
rallying against the chlorine theory, and Berzelius was not a foolish man. 

The case of Berzelius is especially interesting because there does 
not appear to have been any conversion to the hypothesis of elementary 
chlorine. He gave no explanation for his sudden use of the new 
terminology (by then not so new), and there was no new experimental 
evidence to sway him.  When he resumed his correspondence with Davy 
by congratulating him on his Presidency of the Royal Society in 1821 he 
said: “Our epistolary correspondence has been interrupted since your first 
journey to the continent, but our mutual friend, Mr. Marcet, has often told 

                                           
70 For example, a concept of entropy and enthalpy neatly removes the problems which 
Berzelius identified with the detonating oil, nitrogen trichloride (NCl3). 
71 Berzelius (1826). 
72 Berzelius (1816), p. 273. 
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me your news.”73 This could be seen as an attempt (in some ways 
successful) to draw a line under the disputes of the past and return to 
something of their former closeness.  There was no mention of the 
elementary nature of chlorine in any of the subsequent correspondence 
between the two men, which suggests that Berzelius had not converted to 
the new theory.   

How could Berzelius have continued to be convinced that OMA 
was compound in nature, while at the same time using elementary 
chlorine in his chemistry, and contributing to controversial discussions?74  
Davy’s behaviour during the same debate gives some clues about the 
ability of chemists at that time to make use of more than one inter-
pretation of experimental results.  Davy was able to concede to Berzelius 
in the midst of their disagreement over chlorine in 1813: 

I think it very probable that azote, chlorine, and the metals and 
inflammable bodies are compounds. I think it probable that the first 
two contain oxygen and the last contains hydrogen; but it is absolutely 
necessary to distinguish between what is very probable and what is 
known.75

This shows that Davy was able to approach chemistry on two levels.  On 
one level, he acted as a fact-led Enlightenment empiricist, dismissing 
compound chlorine and azote because they had not been decompounded.  
On the other level, he had an underlying Romanticist belief that these 
substances were probably compound.  This juxtaposition of attitudes 
gives us some insight as to how this man was such a prolific element-
discoverer, while on philosophical grounds he objected to the 
proliferation of fundamental bodies.  Both Berzelius and Davy were 
perceptive chemists, with qualities of creativity and rationality that 
marked them out from their more one-sided and less eminent peers.  
Berzelius and Davy seemed to have understood that much work in 
chemistry dealt with hypotheses and models, and that explanatory power 
was much more relevant than the question of reality.  What things really 
are could be of passing interest, but what happens was the really 
important question in chemistry. 

                                           
73 Soderbaum (1912–14), vol. 1, p. 65. 
74 See Crosland (1980), p. 102.  These included the debate over Prout’s hypothesis, 
which will be discussed in detail in Chapter 3. 
75 Soderbaum (1912–14), vol. 1 (II), p. 59. 
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7. Elementary chlorine and Lavoisierian chemistry 
For many chemists, it was iodine that finally tipped the balance of 

evidence in favour of elementary chlorine, as can be seen in Thomson’s 
summaries of chemistry in the years before and after the discovery of 
iodine.  Summing up chemists’ opinions in 1813, prior to the discovery of 
iodine, Thomson concluded: “The two opposite hypotheses of chlorine 
and oxymuriatic acid are liable each to objections, which, in our present 
state of knowledge it is almost impossible to obviate.”76  Two years later, 
with iodine and also fluorine grouped together with chlorine to make up 
the halogens, Thomson made it clear that the leading chemists had 
accepted chlorine once and for all.77

The discovery of chlorine therefore made a significant impact on 
chemistry at the time.  Alongside the other halogens (iodine and fluorine), 
chlorine played an important part in removing oxygen from the central 
place that it had been given in Lavoisier’s chemistry, though it would be 
misleading to view the exception elementary chlorine provided against 
Lavoisier’s oxygen theory of acidity as the principal catalyst for the upset 
it caused.  As Thomson explained: 

The modern discoveries in chemistry have deprived oxygen of a good 
deal of its dignity.  Davy has shown that it forms alkalis as well as 
acids, and that many acids exist which contain no oxygen.  It is not 
therefore the acidifying principle.  This indeed is a doctrine which was 
all along maintained by Berthollet, whose sagacity in many points of 
chemical theory deserves the highest admiration.  Oxygen has lost 
likewise the property of being the only simple supporter of 
combustion.  For chlorine possesses that property perhaps in a greater 
degree than oxygen. . .78

Thomson mentioned chlorine in conjunction with combustion, rather than 
acidity in this passage (although MA was one of the acids without 
oxygen, which he mentioned in general terms).  The oxygen theory of 
combustion was indeed a more fundamental part of Lavoisier’s chemistry 
than the oxygen theory of acidity had ever been.  Combustion had been 
the major point of conflict with phlogiston theory, and had suffered much 
less criticism than the theory of acids before chlorine. Elementary 
chlorine’s greatest legacy was the proof that oxygen was not the unique 

                                           
76 Thomson (1814), p. 13. 
77 Thomson (1816), p. 27. 
78 Ibid., p. 26. 
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supporter of combustion, refuting a fundamental tenet of Lavoisier’s 
chemistry which had not been seriously questioned previously. 
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 Chlorine and Prout’s Hypothesis 
                                                          

Jonathan Nendick, Dominic Scrancher and Olivier Usher 

1. Introduction 
Chlorine found itself embroiled in another major scientific 

controversy, even before the dispute about its elementary nature (Chapter 
2) was quite over.  This concerned “Prout’s hypothesis”, the idea that all 
atomic weights were whole-number multiples of hydrogen’s.  William 
Prout (1785–1850) was a physician and physiological chemist, who made 
pioneering investigations into the chemical nature of urine, gastric juices, 
and many other animal substances. He also had a reputation as an 
analytical chemist, so it is not a surprise that his claims about atomic 
weights attracted some attention.  In 1815 Prout anonymously published a 
paper in which he claimed that all atomic weights were whole-number 
multiples of the atomic weight of hydrogen.1 The strikingly simple 
pattern that Prout identified came as a surprise.  The most trusted set of 
atomic weights at that time, published by the Swedish chemist Jöns Jakob 
Berzelius (1779–1848), indicated no obvious pattern, and Berzelius had 
seen no reason to look for one.2  At the heart of Prout’s reasoning was his 
attraction to the metaphysical idea of the unity of matter.  He believed not 
only that all elements had atomic weights that were integer multiples of 
hydrogen, but that the reason for this was that all atoms were actually 
made up of hydrogen atoms, which he thought was the prime matter of 

                                           
1 Prout [1815] (1932).  In fact, Prout went further than this, proposing that all atomic 
weights were even-numbered multiples of hydrogen’s, with the majority being 
multiples of four times that of hydrogen.  A correction to the 1815 paper was 
published, also anonymously, in 1816, but it did not affect the hypothesis itself.  It is 
unclear why Prout felt the need to publish these papers anonymously, but it appears to 
be due to a lack of confidence rather than to any fear of controversy. 
2 Berzelius (1814), p. 362. 
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the ancient Greeks, proto hyle, or “protyle”.  When Ernest Rutherford 
was looking for a name for the newly identified elementary particle that 
constituted the nucleus of the hydrogen atom, he hit upon the suggestion 
of “proton” in 1920, in honour of both Prout and his protyle.3

Many decades of disputes followed Prout’s work, and chlorine was 
an important focus in that debate.  Prout measured the atomic weight of 
chlorine as exactly 36 times that of hydrogen. Today, the atomic weight 
of chlorine is known to be approximately 35.5,4 and the majority of 19th-
century chemists were aware of the fact that chlorine did not fit Prout’s 
hypothesis well.  The debate over Prout’s hypothesis was used by the 
philosopher of science Imre Lakatos (1922–1974) as one of two main 
historical examples to illustrate his ideas about scientific research 
programmes.5  Lakatos also highlighted the role of chlorine in this debate, 
as the most salient anomaly for Prout’s hypothesis.6 He claimed that 
19th-century chemists were justified in maintaining Prout’s hypothesis 
despite its many difficulties, because they were able to learn new things 
in their efforts to hold on to the hypothesis.  The Proutian work 
constituted “a research programme progressing in an ocean of 
anomalies”.7

In this chapter we investigate the case of chlorine and Prout’s 
hypothesis at two levels, both controversial.  First, we trace the history of 
Prout’s hypothesis, building on the extensive and authoritative account by 
William H. Brock and providing further details especially concerning 
chlorine.8  We focus on two early phases of debate.  The initial contro-
versy was largely confined to Britain (although it did involve Berzelius in 
Sweden), where it ceased around 1840 without a clear resolution.  Then 
the work moved over to Continental Europe, where an entirely new 
generation of chemists became interested in the debate.  We also note the 

                                           
3 See Brock (1985), p. 217. 
4 This does not actually mean that the modern atomic weight of chlorine is 35.5 times 
that of the modern atomic weight of hydrogen.  This is because the modern system 
does not take the atomic weight of hydrogen as the unit.  Therefore, the modern 
version of Prout’s hypothesis still concerns whole-number atomic weights, but not 
whole-number multiples of hydrogen’s weight.  All of this will be explained in detail 
in Section 2.3. 
5 Lakatos (1970), esp. pp. 138–140. 
6 Ibid., p. 128. 
7 Ibid., p. 138. 
8 Brock (1985). 
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ironic twists given to the whole history of Prout’s hypothesis through the 
precision measurements of atomic weights developed in the early 20th 
century.  In the second half of the chapter we make an assessment of 
Lakatos’s treatment of the case, which does not seem to square very well 
with the history that we have learned.  This lack of fit will then prompt us 
to engage in a more general debate about the wisdom of imposing a 
generalized philosophical framework on the history of science. 

2. The history of controversy over Prout’s hypothesis 

2.1. Britain, 1815–1839 
The early debate on Prout’s hypothesis revolved around Thomas 

Thomson (1773–1852), Regius Professor of Chemistry at the University 
of Glasgow from 1818, who was the first well-respected chemist to 
champion it.  Not only was Thomson an influential figure as a teacher and 
textbook-writer, but he was also the founder and editor of Annals of 
Philosophy, the journal in which Prout’s paper was published.  Struck by 
the simplicity and elegance of Prout’s idea, Thomson became an 
immediate convert.  By 1818 he was a firm believer in Prout’s hypothesis 
and set about trying to prove it.  The major obstacle to proving Prout’s 
hypothesis was the table of atomic weights that had been published in 
1813 by Jöns Jakob Berzelius (1779–1848), which Thomson also pub-
lished in his journal in 1814.9  Oxygen and carbon were the only atomic 
weights in Berzelius’s table that convincingly supported Prout’s 
hypothesis, although the figure for nitrogen was also quite close to a 
whole number.  Thomson therefore spent the next seven years conducting 
a huge number of experiments in order to produce a table of equivalents 
that would prove Prout’s hypothesis true.  With this endeavour Thomson 
became the main defender of the hypothesis in this first period of debate.  
Prout himself played very little part in the extended controversy 
following the publication of his papers in 1815 and 1816. 

In 1825, Thomson published his results and declared that he had 
succeeded in proving Prout’s hypothesis.10  He changed all of Berzelius’s 
results so that they were now whole numbers, and gave measurements for 
elements that were missing from Berzelius’s table, notably chlorine. (It 

                                           
9 Berzelius (1814). 
10 Thomson (1825). 
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makes sense that Berzelius would not have included chlorine in his 
atomic weight table, since he had not yet been convinced that chlorine 
was an element, as we saw in Chapter 2, Section 6.)  Prout had measured 
chlorine as having an atomic weight of 36 and Thomson’s results agreed 
with this.  Thomson attracted considerable support from other British 
chemists, including William Henry (1774–1836) and Richard Phillips 
(1778–1851).  Henry, who had worked with Thomson while the latter 
was teaching privately in Edinburgh, rallied to Thomson’s side on this 
debate, stating that even if there were some experimental inaccuracies 
involved, they should not be “allowed to countervail a general law of so 
much simplicity, and supported by so many probabilities”.11  Phillips was 
a friend of Thomson’s, and succeeded him as editor of Annals of 
Philosophy.  He lent support to Thomson by publishing a table of integer 
atomic weights in the journal in 1824.12  Thomson did face opposition 
from the Glasgow-based chemist Andrew Ure, described by Brock as “an 
unpleasant character” who was “no friend to Thomson”.13  Ure wrote a 
scathing review of Thomson’s System of Chemistry in 1821, in which he 
questioned the integrity of Thomson’s experimental technique.14

The significance of Ure’s attack, however, paled in comparison to 
the response from Berzelius, whose view could hardly be ignored given 
his formidable reputation as one of the leading chemists in Europe at the 
time.  In the year following the publication of Thomson’s Proutian trea-
tise, Berzelius announced his intention to examine the case thoroughly: 

In any case, this matter deserves to be investigated in detail, so that, in 
case Prout’s remarks are without grounds, one has to regard it as com-
pletely refuted, or, in case it is correct, one can accept it as reliable.15

In the same year Berzelius published results for the atomic weight of 
chlorine as 35.41 and 35.47, thereby placing chlorine at the center of the 
argument on Prout’s hypothesis.16  Even several years before this episode, 
Berzelius seems to have had a professional disdain for Thomson, if not a 

                                           
11 Henry (1829), vol. 2, p. 663; cited in Brock (1985), p. 145. 
12 Phillips (1824). 
13 Brock (1985), p. 147. 
14 Ure (1821). 
15 Berzelius (1826), pp. 3–4 (our translation, with help from Hauke Riesch).  “Auf 
jeden Fall verdient dieser Gegenstand so ausführlich untersucht zu werden, dass man, 
falls Prout’s Bemerkung ohne Grund ist, sie als volkommen widerlegt zu betrachten 
hat, oder, falls sie richtig, dass man sie als zuverlässig annehmen kann.” 
16 Berzelius, Lehrbuch der Chemie, vol. 2 (1826), cited in Partington (1964), p. 165. 
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strong personal dislike. In 1821 Berzelius had wondered whether 
Thomson was “the worst chemist existing at this moment”.17 By 1828 
Berzelius publicly accused Thomson of scientific fraud, asserting that 
Thomson had simply made up his data.18 Berzelius later regretted his 
actions, and his accusation of fraud seems unjustified, but there is some 
evidence that Thomson’s strong affinity for Prout’s hypothesis introduced 
a bias in the interpretation and presentation of his data.  In a paper of 
1818, for example, Thomson openly modified the results of experiments 
to suit Prout’s hypothesis.  On the atomic weight for iodine, he followed 
the experiment of Gay-Lussac, but added: 

This is the number obtained by Gay-Lussac from the combination of 
iodine and zinc, which he found a compound of 100 iodine + 26.52 of 
zinc.  Now 26.52 : 100 :: 4.125 : 15.625.  I have very slightly modified 
Gay-Lussac’s numbers to make the atom of iodine a multiple of .125.19

Here the atomic weight of oxygen was taken as the unit, and taken as 8 
times the weight of hydrogen (on the assumption that water is a one-to-
one atomic combination of hydrogen and oxygen), giving hydrogen the 
value of 0.125.  Thomson made similar roundings elsewhere in the same 
paper.  For instance, he reinterpreted Lagerhjelm’s experiment on the 
atomic weight of bismuth, rounding an atomic weight of 8.869 to 8.875 to 
be a multiple of hydrogen.20  He assumed that chromic acid — for which 
he had two experimental weights, 6.547 and 6.541 — had a “true weight” 
of 6.5.21  This sort of manipulation of experimental evidence was not 
limited to his 1818 paper.  For example, a similar instance can be seen in 
his discussion of the composition of the crystals that can form when chlo-
rine is passed through cold water, in the First Principles of Chemistry.22  
It would be a mistake, however, to imagine that Thomson was simply a 
poor and dishonest experimenter whose inadequacies were exposed by 
Berzelius.  Differences between the results obtained by Berzelius and 
Thomson could have been due to any number of experimental errors.  
Ironically, as Partington points out, Thomson’s results, with the exception 

                                           
17 Berzelius, Letter to Gaspard de la Rive, cited in Partington (1964), p. 225. 
18 Berzelius, Philosophical Magazine 5 (1828), p. 217, cited in Partington (1964), p. 
226. 
19 Thomson (1818), p. 339; emphasis added. 
20 Ibid., p. 347. 
21 Ibid., p. 349. 
22 Thomson (1825), pp. 83–84. 



78  AN ELEMENT OF CONTROVERSY 

of chlorine, are all in better agreement with modern values than 
Berzelius’s!23

Following the direct confrontation between Berzelius and Thom-
son, a significant contribution was made by Edward Turner (1796–1837), 
the first Professor of Chemistry at the University of London.  Turner, 
unlike Phillips and Henry, had no particular allegiance with Thomson, but 
he was a great admirer of Thomson’s.  When he published his Introduc-
tion to the Study of the Laws of Chemical Combination and the Atomic 
Theory in 1825, Turner undoubtedly supported Prout’s hypothesis:24

Dr Prout published an essay … in which he showed that the atomic 
weights, or equivalents of several substances, are multiples by a whole 
number of the atomic weight of hydrogen gas. Dr Thomson took up 
this idea, and in his recent admirable treatise on the ‘First Principles of 
Chemistry’ has proved that it applies generally.25

In the years following this assertion, however, Turner changed his view 
considerably. The differences between Thomson’s and Berzelius’s atomic 
weights forced him to reconsider his position and persuaded him that 
some kind of arbitration was needed in order to settle the matter: 

This [Prout’s] hypothesis is of so much importance if true, and may 
give rise to so much error if false, that its accuracy cannot too soon be 
put to the test of a minute experimental enquiry.26

With this in mind, he set about re-investigating the atomic weight of 
barium (a result of Thomson’s that had been specifically criticized by 
Berzelius) by conducting experiments on the chloride of barium.  It ought 
to be pointed out that Turner’s views had not yet changed to such an 
extent that he was ready to reject Prout’s hypothesis, or to take the side of 
Berzelius and Ure.  Indeed, the introduction to his 1829 paper “On the 
Composition of Chloride of Barium” criticized the unprofessional 
behaviour of both Berzelius and Ure, stating that their acrimonious and 
aggressive tone had destroyed “that confidence which their well-founded 
reputation for sagacity and skill would otherwise inspire.”27 Having said 
this, Turner then continued to find errors in Thomson’s calculations and 

                                           
23 Partington (1964), p. 226.  See also Table 2 in Section 2.3 below. 
24 Partington (1964, p. 227) states erroneously that Turner’s Introduction was anti-
Prout. 
25 Turner (1825). 
26 Turner (1829), p. 292. 
27 Ibid. 
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concluded provisionally in favour of Berzelius, although he added that a 
full conclusion would have to wait until the dispute over the atomic 
weight of chlorine (on which that of barium depends) was settled.   

In 1833, in the 4th edition of his textbook of chemistry, Turner 
published his own table of atomic weights, which appeared to refute 
Prout’s hypothesis.28  In the same year he also published a follow-up to 
his 1829 paper on barium, in which he corrected Thomson’s values for 
the atomic weights of lead, chlorine, silver, barium, and nitrogen.  By this 
time Turner had completely reversed his views on Prout’s hypothesis, 
concluding that the weight of chlorine was 35.42 and that: 

Dr Prout’s hypothesis, as advocated by Dr Thomson,—that all atomic 
weights are simple multiples of that of hydrogen,—can no longer be 
maintained.29

This was a serious blow: Turner had defected to the anti-Proutian camp, 
claiming to have uncovered serious flaws in Thomson’s First Principles 
of Chemistry, a book which he considered to supply the only real body of 
evidence that the Proutians could offer in support of their hypothesis.30  
What Turner did was to restate the flaw already documented in 
Thomson’s method, and to argue that this error undermined the entire 
corpus of Thomson’s work on atomic weights.  As Turner pointed out, 
subsequent to his proof of Thomson’s error with barium chloride, 
Thomson admitted to the fallacy and: 

accordingly changed the equivalent of barium from 70 to 68.  The 
inevitable consequence of this change must be apparent to every one 
who is acquainted with the method of analysis so frequently resorted to 
by Dr Thomson.  Many of the experiments described in his First 
Principles of Chemistry are now at irreconcilable variance with each 
other, and, if relied upon at all, subvert the conclusions which they 
once appeared to establish.31

In other words, the identification of the problem with Thomson’s barium 
chloride experiment required a far more comprehensive reappraisal of 
Thomson’s figures than he provided, if they were to be internally 
coherent once again.  It might be expected that this would have settled the 

                                           
28 Turner (1833a), p. 971. 
29 Turner (1833b), p. 544. 
30 Turner (1832), p. 109. 
31 Turner (1833b), p. 523.  The retraction was made in Thomson (1831). 
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debate; Turner had obviously spent considerable time and care over these 
experiments, and they had forced him to reappraise his original views. 

Still, Turner’s work failed to generate an anti-Prout consensus.  
James R. Partington argues that even Turner’s results were, with the 
exception of that for chlorine, not incompatible with Prout’s hypothesis if 
his experimental errors are taken into account.32  Although the internal 
consistency of the results obtained by each of the various chemists 
discussed here was excellent, typically showing a variation of less than 
0.02% for Turner, Berzelius and Frederick Penny,33 the systematic errors 
seem to have been much larger.  As Brock has pointed out, the largest 
possible deviation from an integer is 0.5 — a small percentage of the 
atomic-weight values for heavier elements.34  The systematic error in the 
results of everyone involved in the debate was at least of this order in 
some experiments.  In any event, Prout’s hypothesis still had considerable 
support both from Thomson and from his disciple Phillips. As late as 
1839, Penny suggested that Thomson’s Proutian estimates were still “in 
general use among British chemists”.35  Prout himself in 1831 anticipated 
a modification to the hypothesis that would explain fractional atomic-
weight values: 

The original opinion to which I was led . . . was . . . that the combining 
or atomic weights of bodies . . . must necessarily be multiples of some 
one unit; but as the atom of hydrogen, the lowest body known, is 
frequently subdivided when in combination with oxygen, &c. there 
seems to be no reason why bodies still lower in the scale [i.e., lighter] 
than hydrogen . . . may not exist, of which other bodies may be 
multiples, without being actually multiples of the intermediate 
hydrogen.36

The debate in Britain effectively came to a close in 1839, not in a 
consensus but in a stalemate, when Phillips and Penny published mutu-
ally contradictory papers on the subject. Phillips’s paper contained results 
of his own experiments, which agreed with those of Thomson, and 
therefore disagreed with those of Turner.37 Meanwhile, Penny came down 
on Turner’s and Berzelius’s side of the fence and, mimicking Turner, 

                                           
32 Partington (1964), p. 228. 
33 See figures published in Turner (1833b) and Penny (1839). 
34 Brock (1985), pp. 154–156. 
35 Penny (1839), p. 32. 
36 Prout (1831), pp. 129–130. 
37 Phillips (1839). 
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stated: “The favourite hypothesis, of all equivalents being simple 
multiples of Hydrogen, is no longer tenable.”38  It would appear from this 
that the debate ought to have continued.  Surprisingly, however, Penny 
and Phillips had what amounted to the last words spoken in the debate, 
and there was little discussion of Prout in Britain after 1839. 

Why did this happen?  There are a number of possible reasons for 
the fact that no further significant research into Prout’s hypothesis took 
place in Britain after 1839.  The first possible cause is that British 
chemists came to realize the truth of what Charles Daubeny had said in 
1831: experimental chemistry was not yet accurate enough either to 
verify or to refute Prout’s hypothesis.39  However, if there was a feeling 
that experimental chemistry would be unable to settle the dispute, then it 
was largely an unspoken feeling.  There were other, more practical, 
reasons why the debate might have fizzled out.  One likely cause is that 
many of the chemists who had been working on Prout’s hypothesis were 
coming to the end of their careers, or even their lives by 1839.  Henry 
died in 1836, Turner in 1837.  Thomson lived until 1852, but by 1840 he 
had started to wind down his involvement in chemistry.  He continued to 
write papers, but the rate of his work was becoming slower, and he was 
choosing his areas of research more carefully.  Presumably there was also 
a feeling on Thomson’s part that he had done all that he could do on this 
debate, having spent seven years researching atomic weights.  Phillips 
carried on working until his death in 1851, but with the absence of 
Turner, and the non-participation of Thomson, there might have been 
little impetus for him to carry on alone.  Prout himself, having contributed 
little to the debate apart from writing the original paper, exhibited no 
further interest after writing to Daubeny.  The only British chemist who 
had contributed to the debate and who was of a younger generation was 
Penny (born in 1816).  But with no one else of his generation showing an 
interest, there was hardly much of an incentive to continue his research.  
This failure of interest in Prout’s hypothesis to cross the generation gap in 
Britain is perhaps not surprising — there is often a tendency for younger 
generations to be uninterested in things that greatly interested their 
predecessors. This tendency makes what happened in Continental Europe 
from 1840 onwards all the more unusual and interesting. 

                                           
38 Penny (1839). 
39 Daubeny (1831). 
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2.2. Continental Europe, after 1840 
By 1840 the debate over Prout’s hypothesis in Britain was effec-

tively finished, but in France it was just getting started.  Jean-Baptiste 
Dumas (1800–1884), France’s most noted chemist at the time, published 
a paper jointly with the young Belgian chemist Jean-Servais Stas (1813–
1891) titled “Researches on the True Atomic Weight of Carbon”.40  This 
was an attempt to ascertain whether Berzelius’s figure of 76.42 (O=100) 
for the weight of carbon was too high.41  Leo Klosterman states that the 
paper came about as a result of a report on an analysis of resinous oils 
commissioned by the Académie des Sciences.  Dumas had also shown 
interest in Prout’s hypothesis in 1828 despite the fact that he had 
measured the atomic weight of chlorine as 35.8, a figure that did not fit 
the hypothesis well.42  The 1840 paper concluded that Berzelius’s figure 
needed to be corrected to 75 (O=100), a figure that Dumas and Stas 
realized was identical to Prout’s prediction of C=6 (H=1). 

Dumas was instantly impressed by this result, and it led him to 
believe that all atomic weights would have to be measured again in order 
to correct any errors.  Despite the long years of debate that had raged in 
Britain, Dumas was ignorant of, or uninterested by, any table of atomic 
weights other than that of Berzelius.  This shows the regard with which 
Berzelius was held on the Continent and the relative disregard of British 
chemists at the time.  This disregard had not gone unnoticed in Britain, 
and many believed that British chemistry simply was not as good as that 
on the Continent.  Daubeny commented on this by citing John Herschel’s 
complaint in his Introduction to the study of Natural Philosophy that 
Britain had fallen behind the rest of Europe in all branches of science.  
Daubeny, predictably, blamed the Government: 

the inferiority . . . is in part attributable to the culpable apathy, which 
the government of our own country has been wont to exhibit with 
reference to abstract science in general.43

                                           
40 Dumas and Stas (1841). 
41 An online biography of Thomson: “Significant Scots — Thomas Thomson” 
(http://www.electricscotland.com/history/men/thomson_thomas.htm, most recently 
accessed on 15 May 2007) claims that Dumas was asked to investigate the weight of 
carbon by Thomson on a trip to Glasgow, but we have been unable to confirm this. 
42 Klosterman (1985), p. 73. 
43 Daubeny (1831). 
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Whether through an ignorance of the debate in Britain (unlikely), or 
through a belief that the British chemists had done little to resolve the 
problem (much more likely), Dumas embarked upon his own programme 
of research with the aim of proving Prout’s hypothesis true. 

His first action was to persuade former students and associates to 
join him in researching atomic weights. Dumas, even more than 
Thomson, had a network of young chemists who might be said to be his 
allies, and he used them to his advantage.44 In fact, the similarities 
between Dumas and Thomson are striking. Dumas had also set up a 
practical teaching laboratory in Paris, the first of its kind in France, 
similar to Thomson’s in Glasgow. Their support for Prout’s hypothesis, 
in both cases, began quite suddenly and lasted for the rest of their lives.  
And both men decided to embark upon an exhaustive set of experiments 
with the express aim of proving Prout’s hypothesis true. 

Dumas quickly came up with a favourable result for the atomic 
weight of oxygen, 8 (H=1).45  The German chemists Otto Erdmann and 
Richard Felix Marchand confirmed Dumas’s result.46  A former student 
of Dumas’s, Jean Charles Galissard de Marignac (1817–1894), now 
working in Geneva, measured the atomic weights of chlorine, potassium 
and silver and obtained favourable results, with chlorine as 36 (H=1).  
Marignac emphasized the crucial importance of chlorine: 

Of all the elementary substances, chlorine is perhaps that for which it 
is most important to know the equivalent [atomic weight] with 
certainty; because, once that has been determined, the atomic weights 
of the majority of metals may be calculated with sufficient ease and 
precision.47

Marignac also saw that the fact that Berzelius’s table of equivalents listed 
the weight of chlorine as 442.65 (O=100) meant that the fate of Prout’s 
hypothesis might rest on the accuracy of this figure. 

                                           
44 See Klosterman (1985) for a detailed discussion of Dumas’s research school. 
45 Dumas (1843), p. 189. 
46 Brock (1985), p. 174. 
47 Marignac (1842), p. 145, translation by Jonathan Nendick.  “De tous les corps 
simples, le chlore est peut-être celui dont il est le plus important de connaître 
l’équivalent avec certitude; car, une fois celui-là déterminé, les poids atomiques de la 
plupart des métaux peuvent être calculés avec assez de facilité et de précision.” 
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At this point, things were looking very good for Dumas and Prout’s 
hypothesis, while looking quite bad for Berzelius, who had been forced to 
concede that his value for the weight of carbon was erroneous.  Berzelius 
was still unwilling to accept Prout’s hypothesis on the strength of 
relatively few new results, however, and wrote to Marignac urging him 
not to read too much into these results.48  The situation changed, 
however, due in no small part to Stas, Dumas’s collaborator on the 1840 
paper.  Stas was originally taken by the simplicity and elegance of Prout’s 
hypothesis, but he came to realize that no matter how much he wanted it 
to be true, the results from his own further research simply did not 
support the hypothesis.  In 1849 he published “Recherches nouvelles sur 
le véritable poids atomique du carbone” in which he reaffirmed the value 
of 75 (O=100) for carbon, but in the course of two decades of experi-
mental work Stas gradually lost confidence in Prout’s hypothesis, and 
eventually rejected it as an “illusion” in 1860.49

Meanwhile, Marignac was also becoming doubtful.  Just a year 
after he found a value of 36 for the weight of chlorine, he discovered an 
error in his calculations and corrected his value to 35.456, agreeing with 
Berzelius’s old value.50 Around the same time the French chemist 
Auguste Laurent also obtained a value for chlorine that agreed with 
Berzelius and used it to reject Prout’s hypothesis.51 Chlorine was becom-
ing a major sticking point for supporters of the hypothesis. Laurent’s 
colleague Charles Gerhardt obtained a similar result to Marignac’s in 
1845, but “corrected” it to 36.52

Marignac had not yet given up on Prout’s hypothesis.  In the same 
paper that gave 35.456 for chlorine, encouraged by the closeness of this 
figure to 35.5, he suggested that if one half the weight of chlorine was 
taken as unity, then the hypothesis could be saved.  E. J. Maumené later 
made the same suggestion independently of Marignac.53  To some extent, 
Prout himself had anticipated this modification in his letter to Daubeny,
  

                                           
48 Berzelius, letter to Marignac, mentioned in Klosterman (1985), p. 76, but no 
reference given. 
49 Stas (1849); Stas [1860] (1932). 
50 Marignac (1843). 
51 See Klosterman (1985), p. 76. 
52 See ibid., p. 77. 
53 Maumené (1846). 
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as we have already noted.  In the later episode chlorine was directly 
responsible for a major modification to Prout’s hypothesis, whereas Prout 
did not mention any specific element in his letter. Marignac soon 
encountered fresh difficulty with his subsequent measurements for the 
atomic weight of silver, which did not agree with even his reformulation 
of Prout’s hypothesis.54

In 1859, desperately trying to save Prout’s hypothesis, and taking 
Marignac’s measurement of the atomic weight of silver as his basis, 
Dumas suggested that one quarter the weight of hydrogen be taken as 
unity.55  But in the following year Stas declared that even taking one-
quarter hydrogen as unity could not save all the experimental results.  
Stas now declared: “I have reached the complete conviction . . . that 
Prout’s law, with all the modifications due to M. Dumas, is nothing but 
an illusion, a pure hypothesis expressly contradicted by experiment.”56  
Marignac, commenting on this paper, conceded the force of Stas’s 
argument, but was reluctant to give up Prout’s hypothesis entirely.  From 
his own experiments Marignac gave the atomic weight of chlorine as 
35.456, which was very close to Stas’s 35.46.57 Speculative debate 
continued for years afterwards, due mainly to the reluctance of both 
Dumas and Marignac to accept defeat.  Dumas took his belief in Prout’s 
hypothesis to his grave. Stas eventually persuaded Marignac to accept 
that Prout’s hypothesis was false in 1866, but Stas himself admitted in 
1887 that the number of elements with integer atomic weights was too 
high to be a mere coincidence.58 Prout’s hypothesis may not have been 
strictly true, but there was something to it. 

The history of Prout’s hypothesis in the 19th century is complex 
and eventful, and the role played by chlorine in the debates is a difficult 
one to pin down.  There is a clear division between two periods of debate.  
While there is little or no gap chronologically speaking between the two 
periods, there exist both a generation gap and a geographical division.  
With the exception of Penny, the British chemists who were engaged in 
debate over Prout’s hypothesis were all born before 1800.  In contrast, if 
we look at the three main Continental contributors to the debate, Dumas 

                                           
54 Marignac (1846). 
55 Dumas (1859); see Klosterman (1985), p. 77, for further discussion. 
56 Stas [1860] (1932), p. 45. 
57 Marignac [1860] (1932); the atomic-weight values are summarized on p. 51. 
58 See Klosterman (1985), p. 79. 
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was born in 1800, Stas in 1813 and Marignac in 1817 (two years after the 
publication of Prout’s first paper).  In the first time period, the fact that 
Continental chemists ignored the efforts of the British chemists can, at 
least in part, be put down to the fact that British chemistry was considered 
inferior by chemists on both sides of the divide.  When Dumas and his 
fellow Continental chemists started to show interest in the hypothesis, 
British efforts had come to a halt, with the young generation of British 
chemists displaying a lack of interest in the problem which had occupied 
their predecessors.  The one link between the two periods was the 
indefatigable Berzelius, who appeared to have a need to be involved in all 
aspects of chemistry, wherever it was taking place and whoever else was 
taking part. 

In addition to generational and geographical differences, there was 
also a marked difference in the role that chlorine played in the two 
debates.  In the British debate, the atomic weight of chlorine barely 
played any role at all, except in helping to determine the atomic weight of 
barium.  Chlorine was not considered to be of any greater or lesser 
importance than other elements.  Berzelius’s table of atomic weights —
the single greatest impediment to the acceptance of Prout’s hypothesis 
during the first period of debate — proved such a difficulty not merely 
because his measurement of chlorine disagreed with the notion of integer 
multiples of hydrogen, but because the vast majority of his measurements 
did.  Chlorine was nothing special. 

In the second period of debate, however, chlorine was recognized 
as being one of the most important elements to investigate accurately in 
order to verify or refute Prout’s hypothesis.  Ironically, though he was the 
first to explicitly state that a great deal depended upon the weight of 
chlorine, Marignac did not accept that Prout’s hypothesis was false even 
when it became well established that chlorine did not fit.  Instead, he used 
the fact that many of the measurements, including his own, were close to 
35.5 to modify the hypothesis so that all elements were made up of 
integer multiples of half the weight of hydrogen.  Later, Stas used his 
measurement of chlorine to refute Dumas’s further modification of the 
hypothesis which proposed one-quarter hydrogen as unity. 

2.3. Twentieth-century aftermath 
We have seen that the debate on Prout’s hypothesis reached a 

stalemate by the late 19th century: it had too many exceptions to be 
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regarded as a true generalization, but it was so close to the mark in too 
many cases to be dismissed completely.  In the early decades of the 20th 
century, unexpected developments from microphysics would revive the 
interest in Prout’s hypothesis, and it eventually became “the corner-stone 
of modern theories of the structure of atoms.”59

The rejuvenation of Prout’s hypothesis was most of all due to the 
work of the English physicist Francis William Aston (1877–1945), whose 
mass spectrometer allowed a direct and precise measurement of the 
weights of individual atoms (positive ions, to be precise) by electro-
magnetic deflections.60  Aston’s measurements revealed the existence of 
chemically identical atoms that had distinct masses, which the English 
chemist Frederick Soddy (1877–1956) called “isotopes” in 1913.61  
Aston’s measurements seemed to indicate that the atomic weights of 
individual isotopes obeyed Prout’s hypothesis, while the atomic weights 
determined by macroscopic-chemical methods were merely “fortuitous 
statistical effects due to the relative quantities of the isotopic 
constituents”.62 For example, in a case closely investigated by Aston early 
on, neon was shown to be a mixture of two isotopes with atomic weights 
of 20 and 22, giving an average atomic weight of 20.2 simply because 
neon-20 happened to be about 9 times as abundant as neon-22 on earth.  
In the case of chlorine, there are two isotopes with atomic weights 
approximately 35 and 37. Chlorine found on earth is a mixture of these 
isotopes roughly in the ratio of 3:1, giving the average atomic weight of 
35.5. By 1919 Aston was ready to declare the truth of a reconstituted 
Prout’s hypothesis. 

Further experimental investigation by Aston, however, revealed 
that even for isotopes “the whole number rule” was not exactly true, 
which was understood in later physics by reference to the interconversion 
of mass and energy.  Perhaps the most egregious exception to Aston’s 
version of Prout’s hypothesis was hydrogen itself.  Aston had inferred the 
truth of his whole-number rule by taking the atomic weight of oxygen as 
16.  On that basis, however, precise measurement gave the value of 1.008 
to hydrogen.  Aston’s measurements led to the system of atomic weights 

                                           
59 Frederick Soddy, quoted by Lakatos (1970), p. 140. 
60 On Aston’s work and its implications, see Brock (1985), pp. 201–216; Aston’s own 
retrospective account can be found in Aston (1960). 
61 See Brock (1985), p. 200. 
62 Aston, quoted in Brock (1985), p. 210. 
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currently in use, in which the atomic mass unit is defined as one-twelfth 
of the mass of carbon-12, not as the mass of hydrogen.  It is effectively 
the mass of one half proton, plus the mass of one half neutron, plus the 
mass of an electron.  It also turns out to be almost exactly one-sixteenth 
of the average mass of oxygen in its naturally occurring mixture of 
isotopes. 

All of that should give us a good pause before we make any 
retrospective celebrations about how modern values on the weights of 
isotopes vindicate Prout’s hypothesis.  If the weight of the lighter isotope 
of chlorine is very nearly 35 in the modern system, then it is not 
anywhere near 35 times the atomic weight of hydrogen, since 35 times 
1.008 is 35.28.  In modern physics we say that weights of protons and 
neutrons are not exactly additive when they are put together to make 
atomic nuclei. 

Table 1 shows some selected modern atomic weights, in column a.  
On the right-hand side (column b), we give the same numbers expressed 
in the system in which the weight of hydrogen is taken as unity.  The 
results in the table confirm T. M. Lowry’s point that “integral atomic 
weights are much more common when O=16 and H=1.0078 than when 
H=1 and O=15.876.”63 If Prout’s original hypothesis were correct, integer 
values would appear in column b of our table, not in column a.  We can 
see that the values in column b are mostly quite far away from integer 
values.  In effect, the modern system of atomic weights based on carbon-
12 was designed to make the maximum number of isotopes have atomic 
weights that are closest to whole numbers. 

Let us take a closer look at several selected elements and the 
evolution of their accepted atomic weight values, shown in Table 2.  This 
overview gives us a rather humbling lesson: none of the four sets of 19th-
century measurement stand out as particularly close to or far from the 
modern values, and it seems that it was a vain hope that any of these 
values would give a conclusive experimental proof or refutation of 
Prout’s hypothesis. 

                                           
63 Lowry (1936), p. 483. 
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Table 1. Selected elements with modern values for atomic weights64

Element (a) Modern atomic weight 
(with 12 for C-12) 

(b) Modern atomic weight 
(with 1 for H) 

Hydrogen 1.0079 1 (by definition) 

Carbon 12.011 11.9169 

Nitrogen 14.0067 13.8969 

Oxygen 15.9994 15.8740 

Sulphur 32.06 31.8087 

Chlorine 35.453 35.1751 

Potassium 39.098 38.7915 

Manganese 54.938 54.5073 

Iron 55.874 55.4361 

Copper 63.546 63.0479 

Silver 107.868 107.0225 

Barium 137.34 136.2635 

 

Table 2. Experimental values of atomic weights of selected elements, 
expressed on H=1 scale (including modern values)65

 Prout 
(1815) 

Thomson 
(1825) 

Berzelius 
(1827) 

Turner 
(1832/3)

Modern 
value (M)

M/2** 2M** 

Lead 104 104 107.458 103.5 205.57 102.785  

Nitrogen 14 14 14.186 14 13.8969   

Iron 28 28 54.363 28 55.4361 27.7180  

Barium 70 70* 137.325 68.7 136.2635 68.1318  

Silver 108 110 216.611 108 107.0225  214.045 

Manganese 56 28 57.019  54.5073 27.2537  

Chlorine 36 36 35.47 35.45 35.1751   

* In Thomson (1831), he revises this to 68. 
** Atomic weights were frequently out by a factor of two, because the number of atoms in the 
compounds that were being tested was not always known.  For this reason, the final two 
columns — half and double the modern value — are included where relevant. 

                                           
64 The values in column a have been taken from Ohanian (1985), p. 561. 
65 These values were compiled from Ohanian (1985), Freund (1904), Turner (1832), 
Turner (1833b) and Thomson (1825). 
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3. Lakatos, Prout and historiographical controversy 

3.1. Lakatos and rational reconstructions 
In this section we analyze and evaluate Imre Lakatos’s “rational” 

approach to the history of science, with reference to the case study on 
Prout’s hypothesis. In his paper on “The History of Science and Its 
Rational Reconstruction”, Lakatos makes a distinction between internal 
and external history, and argues that the historian of science should be 
primarily concerned with internal history. Lakatos does concede that “any 
rational reconstruction of history needs to be supplemented by an 
empirical (socio-psychological) ‘external history’.”66  However, “external 
history is irrelevant for the understanding of science.”67  Lakatos’ defini-
tion of internal history is not the standard one.  As Ian Hacking notes: 

Internal history is usually the history of ideas germane to the science 
and attends to the motivations of research workers, their patterns of 
communication and their lines of intellectual filiation. Lakatos’s 
internal history is to be one extreme on this spectrum.  It is to exclude 
anything in the subjective or personal domain.  What people believed 
is irrelevant: it is to be a history of some sort of abstraction from what 
is said.68

What Lakatos is aiming for then is a history of the growth of impersonal 
knowledge. He proposes that if a particular episode in the history of 
science does not quite fit with a rational interpretation of it, then actual 
history should be altered in our account in order to render it rational: 
“internal history is not just a selection of methodologically interpreted 
facts: it may be, on occasions, their radically improved version.”69 As 
Tomas Kulka summarizes: 

Lakatos first argues that each methodology implies normative guidance 
for historiography, for rational reconstruction. [Lakatos says:] ‘The 
basic idea of this criticism is that all methodologies function as 
historiographical (or meta-historical) theories (or research pro-
grammes) and can be criticized by criticizing the rational 
reconstruction to which they lead.’  The content of the rational 
reconstruction . . . is to be contrasted with the actual history.70

                                           
66 Lakatos (1971a), p. 91. 
67 Lakatos (1971a), p. 92; emphasis added. 
68 Hacking (1981), p. 138. 
69 Lakatos (1971a), p. 106. 
70 Kulka (1977), p. 337.  The quotation within this quotation is from Lakatos (1971a). 
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It is Lakatos’s view that the best historiographical methodology is the one 
that manages to internally account for the most history of science.  This 
desire to internalize the historical account stems from Lakatos’s view of 
rationality; this rationality, in turn, defines what is internal.  Thus, 
internal history “provides a rational explanation for the growth of 
objective knowledge.”71  Lakatos then argues that his own “methodology 
of research programmes” produces an account in which the most history 
of science can be seen as internal, compared to other philosophies of 
science that serve as historiographical frameworks. 

Lakatos’s idea of rational reconstructions has been criticized 
widely and harshly by many historians and even philosophers.  We will 
advance our own critique later in the chapter, but for now we want to start 
by defending Lakatos’s view against some common yet misconceived 
attacks.  The most obvious criticism that can be aimed at Lakatos is that 
the job of a historian should be to write history as honestly as possible.  
Lakatos’s rational history would seem to prevent this from the outset, 
since he wants to account for the history of science in an entirely rational 
way. Where historical events do not happen to fit his conception of 
acceptable scientific methodology he simply rewrites history to fit with 
his philosophy.  When Lakatos writes history he seems dishonest, and 
what is worse, intentionally dishonest.  It is one thing to write a poor 
history through ignorance, but it is quite another to change historical fact 
to support a particular view.  As Larry Laudan puts it, Lakatos is making 
the claim that “the ‘rational historian’ should construct a priori an 
account of how a particular episode should have occurred.  There need be 
no resemblance whatever between the ‘internal’ account so constructed 
and the actual exigencies of the case under examination.”72

There is something too easy about this kind of criticism.  Lakatos is 
not saying that the historian should lie about what actually happened.  
Famously he states: 

One way to indicate discrepancies between history and its rational 
reconstruction is to relate the internal history in the text, and indicate in 
the footnotes how actual history “misbehaved” in the light of its 
rational reconstruction.73

                                           
71 Lakatos (1971a), p. 91. 
72 Laudan (1977), p. 168. 
73 Lakatos (1971a), p. 106. 
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Furthermore, Lakatos’s particular objective must be remembered: he is 
trying to chart the growth of objective knowledge and is proposing a 
particular historiographical approach in order to do this.  While it may 
seem obvious to most people that there is something fundamentally 
wrong with consciously falsifying history, we must find a more 
substantive criticism.  It is not enough to say “well you can’t just rewrite 
history.”  We must find a reason for saying this. 

A more serious criticism is that Lakatosian history cannot teach us 
anything that we didn’t already know.  Thomas Kuhn insists: “data can, 
and must be permitted to, react back on expectations, make trouble for 
them, play a role in their transformation.”74  This cannot happen when 
Lakatos re-writes history.  As Kuhn explains, Lakatos’s point is “not 
simply that the historian selects and interprets, but that prior philosophy 
supplies the whole set of criteria by which he does so. If that were the 
case, however, there would be no way at all in which the selected and 
interpreted data could react back on a methodological position to change 
it.”75  Lakatos’s method seems to leave no room for an alteration of 
philosophical position.  According to Kuhn, the Lakatosian requirement 
to make history fit with methodology is so strong that it prevents any 
change in historical outlook: 

If ‘internal’ were an independent term unequivocally applied, as it is 
for the historian, then one could hope to learn something about rational 
methodology from the study of internal history.  But if ‘internal 
history’ is simply the rational part of history, then the philosopher can 
learn from it about scientific method only what he puts in.  Lakatos’ 
meta-methodological method is in danger of reducing to tautology.76

Kulka makes a similar point, in the continuation of the earlier passage: 
How could a history serve as a test of the methodology on the basis of 
which it has been reconstructed?  A historical test so conceived has a 
very strong circular element.  For it is obvious that history interpreted 
according to a specific methodological criteria [sic] would always tend 
to vindicate that rational reconstruction which is explicitly based on 
this methodology rather than any rival one.77

                                           
74 Kuhn (1980), p. 182. 
75 Kuhn (1971), p. 142. 
76 Ibid., p. 141. 
77 Kulka (1977), p. 338. 
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This criticism is not quite cogent. We must recall that the 
reconstructionist has a grasp of actual history when he is altering it to fit 
his rational reconstruction.  It just so happens that this actual history is 
written in the footnotes.  This means that we can put Lakatos’s historical 
research programme to the test.  We can examine a particular historical 
episode and see how well Lakatos’s method can account for it.  We can 
see how much of the history has to be rewritten in order to fit the 
methodology.  If a large amount of history has to be altered, then we can 
start to have doubts about this particular historiographical approach.  
Lakatos himself made this point very clearly: 

If in the light of a rational reconstruction the history of science is seen 
as increasingly irrational without a progressive externalist explanation 
(such as an explanation of the degeneration of science in terms of 
political or religious terror, or of an antiscientific ideological climate, 
or of the rise of a new parasitic class of pseudoscientists with vested 
interests in rapid ‘university expansion’), then historiographical 
innovation, proliferation of historiographical theories, is vital.78

3.2. Lakatos’s reconstruction of the Prout case 
Let us see, then, how well Lakatos can handle the history of 

Prout’s hypothesis. One clear reconstruction that Lakatos makes is 
Prout’s view on the atomic weight of chlorine: 

Prout, in an anonymous paper of 1815, claimed that the atomic weights 
of all pure chemical elements were whole numbers.  He knew very 
well that anomalies abounded, but said that these arose because 
chemical substances as they ordinarily occurred were impure: that is, 
the relevant the ‘experimental techniques’ of the time were unreliable, 
or, to put it in our terms, the contemporary ‘observational’ theories in 
the light of which the truth values of the basic statements of his theory 
were established, were false. 

Only in a footnote does he tell us that this is not true: 
Alas, all this is rational reconstruction rather than actual history.  Prout 
denied the existence of any anomalies.  For instance, he claimed that 
the atomic weight of chlorine was exactly 36.79

Hacking notes this, and wonders what Lakatos’s aim is in altering Prout’s 
belief: 

                                           
78 Lakatos (1971a), p. 119. 
79 Lakatos (1970), p. 138. 
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Lakatos made Prout into a significant figure who knew that chlorine 
has a weight of 35.5 but still promulgated his hypothesis of integers.  A 
footnote corrects this by saying that Prout thought Cl was 36.  Prout 
had so fudged the numbers that he got 36 and believed it. . . .  
Lakatos’s point would have been perfectly well served by the facts 
rather than his fiction, for many able analytic chemists, especially in 
Britain, did persist in Prout’s hypothesis after it was ‘known’ that Cl 
had to be about 35.5.  It was unnecessary for Lakatos to spruce up the 
example by distorting the facts.80

Although Hacking thinks that Lakatos has no reason to “spruce up the 
example”, Lakatos always has a reason for such things.  By implying that 
Prout did not think that chlorine had a value of 36, Lakatos is able to put 
forward his rational methodology more strongly.  With Prout knowing 
that Cl is 35.5 Lakatos is showing us an example of someone holding on 
to the “hard core” of his research programme despite apparent refutation.  
Thus in Lakatos’s reconstruction, Prout’s behaviour was rational 
according to the methodology of scientific research programmes.  
Generally the Proutians, Lakatos argues, held onto their hypothesis not 
through irrational acts such as distorting experiments,81 or ad hoc 
hypotheses,82 but merely because they had a progressive research 
programme generating new experimental techniques and results. 

The problem is that Lakatos actually misses certain “irrational” 
acts that were committed to help prevent the refutation of Prout’s 
hypothesis. He also neglects the role of irrational factors in the 
acceptance or rejection of the hypothesis. The acceptance of Prout’s 
hypothesis was contingent upon external factors, for example geo-
graphical location.  As Stas noted:  

In England the hypothesis of Dr Prout was almost universally accepted 
as absolute truth.  The work executed by Professor Thomas Thomson 
of Glasgow in order to base it on analytic experiments, greatly 
contributed to this result.  Nevertheless, the same thing did not hold for 
Germany or France.  The immense prestige which surrounded the 
name of Berzelius and legitimate confidence inspired by his work on 
the weights of atoms were incontestably the cause of this.83

                                           
80 Hacking (1981), p. 140. 
81 As suggested by Klosterman (1985), p. 77. 
82 As suggested by Kendall (1949), p. 4. 
83 Stas [1860] (1932), p. 42. 
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Another important external factor that we miss in Lakatos’s account is the 
role of scientific communities. We have already noted the influential 
positions that both Thomson and Dumas occupied in British and French 
chemical communities. From Lakatos we may well learn that these 
communities were engaged in a specific “research programme”, but we 
would not take into account the sociological factors that surely impacted 
upon acceptance. Indeed, Lakatos’s admission that “the history of science 
cannot be fully understood without mob-psychology”84 becomes par-
ticularly pertinent at this point.  “Mob-psychology” seems to have played 
a significant role in the case of the Proutians, and we need this kind of 
external explanation to fully understand the episode.  

If we look at the historical details we see that the episode is highly 
irrational, under a Lakatosian definition. Belief in the hypothesis was 
determined by community, geographical location, and personal factors; 
furthermore, the whole episode has elements of dishonesty, uncertainty, 
and ad hoc modification of theories.  To fully understand the episode we 
must have an external account. While it is possible for Lakatos to account 
for the episode by way of rational reconstruction (Proutians held on to 
their research programme in a sea of anomalies because it was still 
progressing), it is hard to avoid the impression that Lakatos only goes for 
this explanation because we now know that Prout’s hypothesis is more or 
less correct when we consider isotopes and avoid making hydrogen the 
unit of atomic weights (see Section 2.3).  Suppose that Prout’s hypothesis 
was entirely false but had been thought to be correct at that time; in that 
case Lakatos would probably endorse an external account telling us that 
people only stuck with the programme because of their irrational acts 
such as the “correction” of results.  In any case, the Prout episode cannot 
be fully understood “without a progressive external explanation.”85  

Without such an explanation we do not understand why many scientists 
decided to abandon the programme, or why some held on to it despite 
strong evidence that, at the time, contradicted the hypothesis. 

An even more serious point of criticism may be raised: does the 
history of Prout’s hypothesis fit with Lakatos’s model of a research 
programme which continued to be used because it was more progressive 
than the alternatives?  The evidence suggests that it does not.  First, there 

                                           
84 Lakatos (1970), p. 140, footnote 3. 
85 Lakatos (1971a), p. 119. 
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is scant evidence to suggest that the Proutian research programme was 
progressive at all in the British phase, at least in terms of how Lakatos 
understands progressiveness.  For Lakatos, it is the generation of novel 
predictions, confirmed by experiment, which defines progressiveness.  
Where are the confirmed novel predictions that Proutians made?  
Thomson’s experiments that confirmed Prout’s hypothesis were often, as 
we have seen, in effect rigged to give results supporting the hypothesis — 
hardly the sort of confirmation Lakatos would have wanted.  Second, in 
terms of the rationality of theory-choice, Prout’s hypothesis, if it was a 
Lakatosian research programme, was not actually competing against a 
rival research programme.  Prout’s opponents did not have a rival theory; 
they simply doubted that Prout was correct. This means that the alter-
native could not possibly have been “progressive” in Lakatosian terms, as 
a non-existent theory cannot produce novel predictions. Therefore, in 
Lakatos’s framework, it was not possible to rationally choose anti-Prout 
over Prout, even though the rational reasons for defending Prout had 
disappeared by 1840. 

3.3. Critique of Lakatosian historiography 
Having made a sympathetic exposition of Lakatos’s historio-

graphy, and examined the quality of the rational reconstruction that 
Lakatos makes of the Prout episode, we are now in a good position to 
attempt an informed general critique of Lakatos. 

By rewriting history Lakatos is showing science to be a rational 
pursuit unhindered by personal belief and human subjectivity.  He argues 
that if we do not employ his notion of research programmes when writing 
history we are condemned to Kuhnian or other similar irrational accounts 
of scientific progress.  Lakatos’s account aims to show how science has 
been a rational activity, with choice governed by whether a research 
programme is progressive or not.  Progress is defined by whether there is 
an increase in the empirical content of a research programme, which in 
turn hinges on whether there are corroborated novel predictions.  This 
also provides the meta-criteria by which to judge rival historiographical 
research programmes, which can be rationally compared and evaluated: 
“Thus progress in the theory of scientific rationality is marked by the 
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discovery of novel historical facts, by the reconstruction of a growing 
bulk of value-impregnated history as rational.”86

There are some problems with using novel predictions as criteria of 
progress and rationality.  It is not straightforward to define “novel”, and 
there are well-known quandaries about whether successful novel pre-
dictions should be given greater significance than the accommodation of 
known facts.  And as Laudan points out, the amount of empirical content 
is a difficult thing to measure: 

Because comparisons of content are generally impossible, neither 
Lakatos nor his followers have been able to identify any historical case 
to which the Lakatosian definition of progress can be shown strictly to 
apply.87

All these problems, however, are something of a side issue, 
compared to the fundamental objection to the employment of a timeless, 
a priori conception of rationality.  Even Lakatos himself seems to object 
to a fixed concept of rationality: “is it not then hubris to try to impose 
some a priori philosophy of science on the most advanced sciences? . . . .  
I think it is.”88  But this is exactly what Lakatos does when he employs 
his notion of rationality.  This problem of fixed rationality threatens the 
very purpose of Lakatos’s philosophy of science, as Alan Chalmers 
argues in relation to Lakatos’s treatment of Newton: 

There are two reasons why I regard this position I here attribute to 
Lakatos as untenable. Firstly, having granted that it is perfectly 
intelligible to present methods and standards as progressively changing 
in the light of practice on one occasion, as Lakatos does with his study 
of Newton’s physics, it is implausible to assume that similar changes 
cannot happen on other, subsequent occasions.  Secondly, it is possible 
to provide examples of changes in standards within physics after 
Newton. For instance, a standard implicit in nineteenth-century physics 
involved its determinist character.89

Lakatos asserts that Newton did in fact change scientific standards, 
admitting the possibility of change, but then says that the standards intro-
duced by Newton are unchangeable.  Chalmers’s objection to this claim is 
surely valid. 

                                           
86 Lakatos (1971a), p. 118.   
87 Laudan (1977), p. 77.   
88 Lakatos (1971a), p. 121.   
89 Chalmers (1990), p. 21. 
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Even if we grant that there could be a timeless form of rationality, 
Lakatos provides surprisingly scant defence of the particular conception 
of rationality that he adopts.  As Peter Machamer and Francesca di Poppa 
point out: 

an argument is needed to prove that rationality is in fact constituted by 
theory choice that increases empirical content. Such an argument 
would have to be analytic, a priori, transcendental, or somehow based 
on premises that are detached from history’s actual happenings, 
separated from any empirical basis.90

Lakatos does not provide such an argument.  In fact he does not even 
make an argument for the superiority of rationality over irrationality.  
When it comes to historiography, Lakatos states that internal explanations 
are better because they concern the rational aspects of science, but the 
superiority of a “rational” as opposed to an “irrational” explanation is 
merely assumed, not argued for.  Lakatos does say that the history of 
science should be internal as this is what reveals the rationality of 
science, but he still does not argue for why such a rational history should 
be preferred.  We may grant him that it is internal history that defines 
what is external; “internal history is primary, external history only 
secondary, since the most important problems of external history are 
defined by internal history.”91  It is not necessary, however, to go along 
with Lakatos’s next step, which is to declare that internal history is more 
important than external history. 

It is impossible to argue that Lakatos’s historiography is wholly 
incoherent or illegitimate, despite all the objections we have articulated.  
Yet it is still possible to make the plea that history should not be falsified 
in order to fit a particular conception of rationality.  Lakatos himself 
states that if the external account is the only way to make sense of history 
then we must look for alternative historiographical theories.  Our discus-
sion of the Prout case has shown that Lakatos’s rational reconstruction 
does not fully explain the episode, and that an external account is needed.  
Lakatos’s account does not consider the complexities of the case, and 
therefore misses out on some fundamental insights into the workings of 
science, such as the effects of scientific communities on acceptance of 
theories. A rationalist historiography sterilizes history. As Laudan puts it:  

                                           
90 Machamer and di Poppa (2001), p. 467. 
91 Lakatos (1971a), p. 105. 
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once an episode has been so re-cast by the rational reconstructionist, he 
proceeds to appraise its rationality, according to an appropriate model 
of rational choice. Whatever the outcome of the appraisal, however, 
the historical episode itself remains untouched and unexplained.92

Lakatos’s methodology does have its benefits: it is useful for 
determining what should be internal and what should be external in an 
historical account.  That is to say, Lakatos’s criteria enable us to 
recognize when science has slipped out of the bounds of a particular type 
of rationality, and thus allows us to examine what may have been the 
cause of this.  In this way we are able to understand the scientific process 
better, and that is exactly what Lakatos’s method should be used for.  
However, Lakatos’s suggestion that we should alter historical facts if they 
do not fit can be dropped, and within historiography there is no 
compelling reason to give internal explanations a higher status than 
external explanations. 

4. Conclusion 
Through most of the 19th century Prout’s hypothesis was in a kind 

of limbo, being neither fully accepted nor fully rejected at any point.  The 
complexity of this period in the history of chemistry is far too great to be 
fitted into Lakatos’s philosophical framework.  Kuhn’s model may be a 
better framework for understanding the Prout debate, as it allows for 
historical changes in the notion of rationality itself. But it is not 
illuminating to identify Proutians and anti-Proutians as followers of 
competing paradigms (or indeed, research programmes). While there 
were some fairly serious differences of basic assumptions between 
Thomson and Berzelius that clouded some of the debate between them 
and made direct comparison of their experimental data difficult, this stops 
short of the full incommensurability we would expect if they belonged to 
competing paradigms.  Moreover, the breakdown of belief in Prout’s 
hypothesis in the 1830s does not look like the breakdown of a paradigm.  
Large parts of the chemical community still retained the hypothesis; there 
was no period of extraordinary science; and Prout’s hypothesis was 
resurrected shortly afterwards in France. 

It is more instructive to regard the debate over Prout’s hypothesis 
as a debate within the paradigm of atomic chemistry.  Proutians and anti-

                                           
92 Laudan (1977), p. 169. 
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Proutians alike used the same terms, and carried out the same sort of 
experiments. Experiments were carried out with particular types of 
outcomes in mind, under the assumption of fixed proportions in chemical 
combinations. Prout’s hypothesis went in and out of fashion and 
remained a subject of considerable debate; however, at no stage did this 
debate threaten the fundamental tenets of the paradigm of atomic 
chemistry. In this context we can also see that Berzelius’s robust criticism 
of Thomson’s approach was somewhat unfair.  Thomson’s manipulation 
of the figures is best seen as an example of “puzzle solving” within a 
paradigm, rather than as deception or fraud.  Proponents and opponents of 
Prout’s hypothesis were not entirely dogmatic. Berzelius was at least 
prepared to countenance changing his views about Prout’s hypothesis.  
Thomson, to his credit, was also prepared to acknowledge his mistakes; 
when Berzelius and Turner questioned his experimental method with 
regard to barium chloride, he accepted their criticism and published a 
retraction and detailed correction. What all this suggests is that the 
Proutian and anti-Proutian camps were actually able to agree on a great 
deal.  Their disagreements were on a fairly minor aspect of the broad 
atomist paradigm, within which they were all engaged in subtly different 
forms of problem-solving activity. 
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1. Introduction 
In 1967, a chlorine-based neutrino detector went online deep inside 

the Homestake gold mine in the town of Lead, South Dakota in the 
United States.  The Homestake apparatus was an unlikely contraption: a 
gigantic tank containing more than 400,000 liters of dry-cleaning fluid 
(perchloroethylene, C2Cl4) buried over 1,500 meters underground.  The 
main aim of the experiment was to measure the flux of neutrinos from the 
sun, which were understood to be bombarding the earth in unimaginably 
great numbers1 but mostly passing right through it without a trace, due to 
their very minimal interaction with ordinary matter.  The design of this 
experiment was based on the theoretical prediction that a particular 
isotope of chlorine would be effective in capturing neutrinos. 

The Homestake experiment was apparently successful in detecting 
the elusive neutrinos — so much so that physicists started speaking 
confidently of “looking directly into the core of the sun” by means of 
neutrinos.  The light we see from the sun originates from its surface 
layers.  Neutrinos, on the other hand, come from the core of the sun, so 
they can give us information about the nuclear reactions taking place in 
those hidden depths.  The result of the Homestake experiment, however, 
presented a problem: not enough neutrinos were found, not nearly as 
many as predicted by the most trusted astrophysical theory of the sun and 
the basic physics underlying the mechanism of neutrino detection.  This 
was dubbed the “solar neutrino problem”. 

                                           
1 The estimate given at the time by John Bahcall (1969, p. 28), one of the architects of 
the Homestake experiment, was 1011/cm2sec. 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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As both the experiment and the basic physics involved were highly 
complex, it was not at all clear what had gone wrong.  Some took the 
result as a refutation of the standard model of the sun; others distrusted 
the experimental setup; yet others reasoned that there must have been 
something inadequate about the physicists’ previous understanding of 
neutrinos.  This fascinating episode has also engaged the attention of 
scholars in science studies.  Some sociologists of science, most notably 
Trevor Pinch, have taken the indeterminacy in this whole episode as 
further evidence that science was socially constructed and knowledge was 
only an outcome of social negotiations.  Some philosophers of science, 
taking Dudley Shapere’s lead, have taken the solar neutrino case as an 
instructive example to help them re-think the very concept of observation. 

In this chapter we aim to provide a critical account of this episode 
which is broad-ranging yet concise, and detailed yet accessible to the 
non-specialist.  In Section 2 we begin by retracing the history of neutrino 
detection, paying attention to not only the Homestake experiment itself 
but also the developments that came before and after it.  We have drawn 
from contemporary and retrospective accounts given by the physicists 
themselves, as well as secondary sources, including Allan Franklin’s 
comprehensive and detailed narrative in his 2000 text, Are There Really 
Neutrinos?  In Section 3 we start with a review of Pinch’s sociological 
treatment of this episode; and then we give an up-to-date account of how 
the solar neutrino problem has now been resolved, and examine the 
character of that resolution.  In Section 4 we take a closer philosophical 
look at neutrino detection, to see whether and how it can help us in 
reaching a better understanding of the nature of observations in science. 

2. The road to Homestake, and beyond 

2.1. The elusive neutrino 
For readers unfamiliar with the relevant physics, it is necessary to 

recap briefly the origin of the neutrino concept, and the initial difficulty 
of its detection. (Those already familiar with this history can skip to 
Section 2.2.) In the early twentieth century physicists began to gain an 
understanding of the structure of atomic nuclei. One key source of this 
knowledge was the spontaneous decay of radioactive atoms. Two com-
mon types of radioactive decay were recognized: alpha-decay, which 
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produced α particles (helium nuclei), and beta-decay, which produced β 
particles (electrons).  The common understanding was that the alpha and 
beta particles were contained in the nuclei before their disintegration, and 
simply departed the nuclei in the process of radioactive decay.  This 
understanding seemed to work well enough for alpha-decay, but there 
was a serious difficulty regarding beta-decay: the “continuous beta-ray 
spectrum”.2  In alpha-decay, all the alpha particles from a given type of 
nucleus were emitted with the same characteristic energy.  In contrast, 
there were unpredictable variations in the energies of beta particles 
(electrons), and this seemed to pose a threat to the long-held belief in the 
principle of energy conservation. There seemed to be no way of 
explaining where the more energetic electrons acquired their excess 
energy, or where that available energy went in cases when less energetic 
electrons were produced.  The other products of beta-decay did not show 
any corresponding differences in their energies, so it was impossible to 
balance the equation of total energy before and after the beta-decay event. 

Many attempts were made to resolve the mystery of beta-decay, 
ever since James Chadwick identified the continuous energy spectrum in 
1914.  Chadwick’s observation was decisively confirmed by Charles D. 
Ellis and William A. Wooster in 1927, and the 1920s and 1930s saw 
much debate regarding the validity of the conservation laws. The problem 
became ever more interwoven with the development of theories of the 
structure of the atom and quantum mechanics.  Prior to this time theories 
were generally disregarded if they did not obey the laws of conservation, 
but now it began to seem that the conservation laws might be rejected.  In 
the late 1920s Niels Bohr became convinced that energy conservation 
was violated in beta-decay, and mentioned it on a number of occasions, 
for example in his Faraday Lecture given in 1930.3

What became dominant in the end, however, was an energy-
conserving solution by Wolfgang Pauli (1900–1958), advanced in the 
same year as Bohr’s Faraday Lecture.  Pauli postulated the neutrino in an 
ad hoc manner, as an attempt to save the laws of the conservation.  Pauli 
himself was not entirely certain about his suggestion, and its first 
announcement was made in a private letter in December 1930: 

                                           
2 Peierls (1980), pp. 1–2.  Franklin (2000, pp. 30–53) gives a detailed account of the 
history of beta-decay. 
3 Peierls (1980), p. 2. 
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there could exist in the nucleus electrically neutral particles, which I 
shall call neutrons [later re-named “neutrinos”], which have spin 1/2 
and satisfy the exclusion principle and which are further distinct from 
light-quanta in that they do not move with light velocity.  The mass of 
the [neutrinos] should be of the same order of magnitude as the 
electron mass and in any case not larger than 0.01 times the proton 
mass. ― The continuous β-spectrum would then become under-
standable from the assumption that in β-decay a [neutrino] is emitted 
along with the electron, in such a way that the sum of the energies of 
the [neutrino] and the electron is constant.4

Shortly after Pauli’s suggestion, two other major advances led to 
the birth of the neutrino as we know it.  In 1932 Chadwick found an 
electrically neutral particle with a mass very similar to that of the proton, 
and named the new particle “neutron”, and demonstrated it to be a 
combination of a proton and an electron.  However, the conservation laws 
once again seemed to be violated, as the mass of the neutron was greater 
than the masses of the proton and the electron combined.  Enrico Fermi 
(1901–1954) entered the scene at that point.  In his 1934 paper “A 
Tentative Theory of β-Decay”, Fermi adapted Pauli’s hypothetical neutral 
particle and incorporated it into what we now recognize as a very early 
version of the theory of weak interactions.  To distinguish Pauli’s particle 
from Chadwick’s neutron, Fermi called the former “neutrino”, which in 
Italian means the “little neutral one”.5   In Fermi’s theory, beta-decay was 
a process in which a neutron (n) disintegrated into a proton (p), an 
electron (e-) and a neutrino (ν): 

n → p + e- + ν 

The theory was revolutionary for its time, as it postulated the creation of 
elementary particles.6  It did solve the continuous energy problem: “By 
incorporating the neutrino, Fermi’s theory preserved the laws of the 
conservation of energy, momentum and angular momentum.”7  Fermi’s 
paper did much more than simply solving the energy-conservation 
problem.  As Nickolas Solomey puts it: 

it is generally regarded as a turning point that would eventually usher 
in a new field of study within the broader discipline of nuclear and 

                                           
4 See Peierls (1980), p. 3; the quotation is taken from Franklin (2000), p. 71. 
5 Peierls (1980), p. 5. 
6 See Pontecorvo (1980), p. 47, for further discussion. 
7 Franklin (2000), p. 77. 
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particle physics.  This new field was the study of the weak nuclear 
force; this force was first noticed in beta decay, and many advances in 
our understanding of it emerged from the study of the neutrino.8   

Now, it was one thing to postulate a new particle theoretically, but 
quite another thing to show its existence experimentally.  An experiment 
by Chadwick and T. D. Lee concluded that neutrinos had a negligible 
mass and no magnetic moment. That, together with lack of electric 
charge, implied that the only method by which a neutrino would react 
with anything else would be inverse beta-decay, first discussed by Hans 
Bethe and Rudolf Peierls in 1934.9 The basic idea was rooted in an 
assumption of symmetry prevalent in modern physics, according to which 
any process that “goes forward in time must have an inverse, which can 
be described as the identical process going in reverse”.10  In beta-decay, a 
neutron disintegrates into a proton and other particles.  In inverse beta-
decay, a proton turns into a neutron, by combining with a neutrino; the 
reaction also produces a positron (the anti-particle of the electron): 

p + ν → n + e+
. 

 (It turns out that the neutrino required in that reaction is an antineutrino, 
but that is not important at this stage of the story.)  In a similar process, 
we can have a neutrino hitting a neutron, producing a proton and an 
electron:11

n +  ν → p + e-

For many years physicists could not engineer inverse beta-decay, so they 
could only obtain very indirect evidence for the existence of the neutrino.  
As Rudolf Peierls put it:  

It seemed to us therefore that the most direct proof of the existence of 
the neutrino might have to be the observation of the recoil in β decay.  
If the momentum balance showed that the missing momentum 
correlated with the missing energy like the energy and momenutm of a 
particle, then this would be strong circumstantial evidence for the 
neutrino.”12

                                           
8 Solomey (1997), p. 18. 
9 See Pontecorvo (1980), p. 31. 
10 Solomey (1997), p. 64. 
11 See Arns (2001), pp. 315–316. 
12 Peierls (1980), p. 6 
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2.2. The detection of neutrinos 
Chlorine played a role not only in the Homestake experiment, but 

in two major preliminary steps leading up to Homestake. The first 
significant experiment explicitly designed to test the existence of 
neutrinos seems to have been that of H. Richard Crane and J. Halpern at 
the University of Michigan.  Crane and Halpern submitted their report, 
titled “New experimental evidence for the existence of a neutrino”, to the 
Physical Review in March 1938 (while Frederick Reines, the man often 
credited with first detecting the neutrino, was still an undergraduate).  
Crane and Halpern observed the beta-decay of a radioactive isotope of 
chlorine,13 which they produced by putting a sample of salt (sodium 
chloride) in a cyclotron.  The radioactive chlorine atoms were put into 
ethylene dichloride, which was in gaseous form and could be mixed into 
the water vapour contained inside a cloud chamber, in which the particle 
tracks were made visible.14 This experiment was notable in that it 
measured not only the momentum of the electron ejected in beta-decay, 
but also the recoil momentum of the remaining nucleus, in each instance.  
As Crane and Halpern reported: 

This is the first experiment which has given any information at all 
regarding the momentum relations in the individual disintegration 
event.  Although the results are of limited accuracy, they strongly 
indicate that momentum is not conserved between the electron and the 
nucleus alone.  Hence the laws of momentum, as well as those of 
energy, indicate that a third particle participates in the disintegration.15

Crane and Halpern’s results convincingly indicated the presence of a 
neutrino, although they were not able to give precise measurements of its 
momentum. 

                                           
13 Crane and Halpern used 38Cl in this experiment; see Section 1.4 for further 
explanation of isotopes and the technical notation for them. 
14 Crane and Halpern (1938), p. 790. 
15 Ibid., p. 789.  Crane and Halpern had an ingenious method of overcoming the 
difficulty that the nucleus did not produce a track long enough to be seen and 
measured like the electron: “The nucleus will, however, produce a number of ion 
pairs concentrated in a very small region of space, and the number of ion pairs will be 
a function of the kinetic energy of the nucleus. It occurred to the authors that if these 
ions could be allowed to diffuse into a cluster several millimeters in diameter before 
the condensation were brought about, the individual droplets could be counted, and 
hence the kinetic energy of the nucleus estimated.” 
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Shortly after Crane and Halpern’s work, James Allen at Kansas 
State College demonstrated a different technique for measuring nuclear 
recoils. Allen’s experiment, published in 1942, used a preparation con-
sisting of a single layer of beryllium atoms on a platinum substrate.  The 
beryllium underwent a transformation similar to beta-decay, turning into 
lithium and presumably emitting a neutrino.16  Allen measured the energy 
of the lithium atoms jumping off the substrate following the reaction.  His 
conclusion was similar to Crane and Halpern’s findings: 

Unless some new mechanism for the removal of the energy produced 
in the Be7 decay process can be discovered, it must be concluded that 
the recoils were caused by the emission of a neutrino of nearly zero 
rest mass.17

Another experiment worth mentioning was by C. W. Sherwin, 
military radar expert at the University of Illinois, who in 1948 studied 
properties of the beta-decay products of a phosphorus isotope.18  Sherwin 
set up his apparatus so that a Geiger counter set off by a beta particle 
(electron) triggered an electron multiplier that measured the recoil energy 
of the decayed phosphorous nucleus. The angle between the Geiger 
counter and the electron multiplier was varied between 45˚ and 180˚.  
This apparatus was designed to catch and record recoiling nuclei for a 
variety of angles of recoil.  The fact that any nuclei were caught at an 
angle less than 180˚ from that of the electron’s trajectory showed that a 
third body was involved.  At 180˚ the neutrino was emitted parallel to the 
electron, so the multiplier measured the whole component of its 
momentum; here a “striking” fit with the theory was obtained.  Raymond 
Davis, who will feature prominently later in our story as the main 
architect of the Homestake experiment, did some recoil experiments of 
his own at Brookhaven, presumably after reading a review of the state of 
neutrino-detection work published by Crane in 1948. These were 
described fleetingly in a Brookhaven annual report, which teasingly says 
that the recoil “strongly pointed to the emission of a monoenergetic 

                                           
16 The reaction here is 7Be → 7Li + νe; one of the protons in the beryllium nucleus 
captures an electron in its orbit, turning into a neutron and emitting a neutrino.  This is 
an unusual case as there is no overall emission or absorption of an electron by the 
atom. 
17 Allen (1942), p. 697. 
18 Sherwin studied 32P.  See Crane (1948), pp. 286–287, for further details. 
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neutrino.”19 But the experiment was part of a classified research pro-
gramme, and details were never published. 

Inverse beta-decay induced under laboratory conditions paved the 
way to the next stage in the observation of neutrinos. This provided a 
more direct proof of the neutrino, as physicists were now using neutrinos 
as a tool for manipulating other entities, in a way that would satisfy Ian 
Hacking’s “experimental realism”.20 The leaders in this development 
were Clyde L. Cowan and Frederick Reines of the Los Alamos Scientific 
Laboratory, the very same atomic-weapons facility where the Manhattan 
Project had been carried out in secret.21 Reines believed that however 
attractive the neutrino was as an explanation for beta-decay, “the proof of 
its existence had to be derived from an observation at a location other 
than that at which the decay process occurred — the neutrino had to be 
observed in its free state to invert beta decay or otherwise interact with 
matter at a remote point.”22 Such an experiment required a localized 
source of a large flux of neutrinos, which was not something one could 
expect to have.  However, during the Second World War, nuclear reactors 
were developed in tandem with atomic bombs, and now there were 
controlled nuclear reactions which produced neutrinos. As scientists 
started to turn their attention away from bomb design at the end of the 
war, Cowan and Reines launched “Operation Poltergeist”, aimed at a 
direct detection of the neutrino.23 The initial plan, for which Reines had 
actually got authorization, was to use an atomic bomb as a source of 
neutrinos for the experiment.24 Perhaps more sensibly, the Reines and 
Cowan team later settled on using neutrinos from a nuclear reactor 
instead.  The first experiments were carried out at the Hanford nuclear 
facility in Washington State in 1953, and later the experiment was moved 
to the Savannah River Plant of the U.S. Atomic Energy Commission in 
1955. 

                                           
19 Brookhaven National Laboratories (1951). 
20 Hacking (1983), esp. chapter 16. 
21 See Arns (2001), and Franklin (2000), pp. 165–179, for a detailed account of Reines 
and Cowan’s work; see Galison (1997), pp. 460–463, for a succinct summary. 
22 Reines (1980), p. 12. 
23 Solomey (1997), p. 64. 
24 Arns (2001), p. 317. 
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The essential part of the apparatus for these experiments was a 
large tank of liquid scintillator containing a cadmium chloride solution, 
which emitted short light pulses as the neutrinos interacted with the 
protons contained in it.  The reaction was that of an “anti-neutrino from 
fission products in the reactor . . . incident on a water target containing 
cadmium chloride.”25  The products of the reaction were a positron and a 
neutron.  The positron annihilated an electron, producing a distinctive 
burst of gamma radiation; the neutron, after a short delay, drifted over to 
a cadmium atom and became captured, releasing more gamma rays.  The 
data were two pulses on an oscilloscope produced by the scintillation 
counter’s detection of the gamma rays.  The results were encouraging, 
and the experimental techniques and the accuracy attained were 
continually improved.  When different trials were made with different 
rates of neutrino flux, the flux was shown to be proportional to the 
number of signals detected.  The experiment also checked that all the 
pulses represented “honest-to-god” particles by using known positron and 
neutron sources.  A telegraph was sent to Pauli on 14 June 1956: “We are 
happy to inform you that we have definitely detected neutrinos from 
fission fragments by observing inverse beta decay of protons.”26

2.3. Homestake: using neutrinos to “see” inside the sun 
After some time there was a general consensus among physicists 

that the Reines–Cowan experiment had observed neutrinos.27 As 
scientists felt more at ease with the concept of the neutrino, they started to 
consider how they could use it to observe other phenomena.  One obvious 
promise was based on the very elusiveness of the neutrino, as explained 
already: since neutrinos did not react much with anything, most of them 
would be able to escape from the inner depths of the sun and bring out 
some vital information about what goes on in there — if we could capture 
them. 

The nuclear physics of stars was in a promising yet nascent state 
when the experimental promise of the neutrino was becoming clear.  
Arthur Stanley Eddington became the “first astrophysicist”, with his 

                                           
25 Reines (1980), p. 17. 
26 Ibid., p. 25; also quoted in Arns (2001), p. 324. 
27 Arns (2001, pp. 327ff) tells a more nuanced story about the reception of the Reines–
Cowan work. 
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pioneering investigations into stellar structure.28  Eddington was greatly 
helped by his collaboration with Francis W. Aston, whose mass-
spectrometer enabled an extremely precise determination of the masses of 
atoms.  Eddington became sure that the generation of heat within a star 
was from the fusion of atomic nuclei.  Aston’s measurement had shown 
that a helium nucleus had a mass that was less than the combined mass of 
four hydrogen nuclei, although it was understood that the fusion of the 
latter would make the former.  Eddington deduced from his knowledge of 
relativity that it was likely that this missing mass would be converted into 
energy, providing fuel for the stars. Subsequently, much more 
sophisticated theories regarding such fusion mechanisms were developed 
by Hans Bethe and others. The most significant reactions include the 
proton–proton (pp) chain, and the carbon–nitrogen–oxygen (CNO) cycle.  
Both of those processes lead to the formulation of helium, which forms a 
core at the centre of the star.  The helium core would eventually ignite, 
forming heavier elements. 

By the end of the Second World War, theories regarding stellar 
evolution and the methods of energy-production in stars were firmly set 
in the lexicon of science; however, there was still no conclusive evidence 
by the end of the 1950s that these mechanisms were accurate.  While 
scientists had been very successful at the building of fission and fusion 
bombs, they could not get much information about the stellar interiors.  
They only had reasonable confirmation that the proposed reaction 
mechanisms had approximately the right amount of energy. Only the 
neutrino offered a potential means of observation that would yield direct 
information about the reactions taking place at the cores of stars. 

Many of the stellar nuclear reactions have a neutrino as one of their 
end-products.  As John Bahcall, a nuclear astrophysicist at the Kellogg 
Radiation Laboratory at Caltech, put it: 

Of the particles released by the hypothetical thermonuclear reactions in 
the solar interior, only one species has the ability to penetrate from the 
center of the sun to the surface (a distance of some 400,000 miles) and 
escape into space: the neutrino.  The massless particle, which travels 
with the speed of light, is so unreactive that only one in every 100 
billion created in the solar furnace is stopped or deflected on its flight

                                           
28 Gribbin (1998), p. 115. 
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to the sun’s surface.  Thus neutrinos offer us the possibility of “seeing” 
into the solar interior because they alone escape directly into space.29

The quantity and energies of the neutrinos created by the sun were 
considered to be dependent upon the types of elements fusing in the 
nuclear reactions.  Thus by observing neutrinos, it would be possible to 
test theories concerning not only the mechanisms of energy production 
but also the proportions in which the various mechanisms contribute to 
the total energy of the sun.  The concept of the neutrino telescope was 
born. 

Crucial in the observation of solar neutrinos was the work of the 
Italian physicist Bruno M. Pontecorvo (1913–1993), a former student of 
Fermi and a participant in the Manhattan Project, later notorious for his 
controversial move to the Soviet Union.  Pontecorvo suggested that 
chlorine-37, the heavier of the two common isotopes of chlorine, might 
capture a neutrino and transmutate to form a radioactive isotope of argon 
by inverse beta-decay.30  This reaction requires some explanation.   

The nucleus of chlorine-37 contains 17 protons and 20 neutrons.  
The chemical properties of the element are determined by its atomic 
number, namely the number of protons (equal to the number of electrons 
in the neutral state of the atom), 17 in this case.  The mass of the atom is 
roughly proportional to the total number of protons and neutrons, in this 
case 37.  The term “isotopes” designates chemically identical atoms that 
are different in mass, possessing the same number of protons and 
electrons (atomic number) but different numbers of neutrons.31  For 
brevity physicists use the notation in the form of 37Cl (sometimes written 
as Cl37); for those of us who cannot remember our periodic table, a fuller 
notation is in the form of 37Cl17, with the atomic number indicated as 
well.   

When one of the neutrons in the 37Cl nucleus interacts with a 
neutrino, it turns into a proton and emits an electron, by inverse beta-
decay.  So we end up with a nucleus consisting of 18 protons and 19 
neutrons, which is argon-37, or, 37Ar18.  This is an instance of the second 
type of inverse beta-decay noted in Section 2.1 above: 

                                           
29 Bahcall (1969), p. 29. 
30 Solomey (1997), p. 18. 
31 See Chapter 3, Section 2.3, on the history of isotopes, including a discussion of 
Aston’s work.  As explained there, the more common isotope of chlorine on earth is 
chlorine-35. 
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n + νe → p + e-
. 

When that happens within a 37Cl nucleus, we have: 
37Cl17 + νe → 37Ar18 + e-

.

In general, Pontecorvo believed that a neutrino could interact with 
an atomic nucleus and turn it into a different chemical element by inverse 
beta-decay. But why was chlorine chosen, from all the different 
possibilities?  There were several reasons.32  First of all, neutrino-capture 
by 37Cl to form 37Ar has a sufficiently low threshold energy.  A given 
type of inverse beta-decay will only occur if the incoming neutrinos 
possess energy over a certain value.  Solar neutrinos generally have low 
energies, predominantly below 1 mega electron-volt (MeV),33 so their 
detection requires a target material with a low energy-threshold.  The 37Cl 
reaction has the threshold energy of 0.81 MeV, which is just low enough 
to capture neutrinos generated in the reaction that produces beryllium-7 in 
the sun. Moreover, the neutrino-capture rate by 37Cl was theoretically 
known with some accuracy. There were also more pragmatic concerns.  
The main product of the reaction, 37Ar, is an inert gas and easily ex-
tracted.  It is radioactive in the most convenient way: in decaying it emits 
a single gamma ray, easy to observe and count, and besides has a very 
convenient half-life (35 days), not too short and not too long. To top all 
the advantages, chlorine was cheap and abundant, and about one-quarter 
of naturally occurring chlorine on earth is 37Cl. 

Pontecorvo’s description of his proposed experiment sounds 
remarkably similar to the Homestake experiment:   

The experiment with chlorine, for example, would consist in 
irradiating with neutrinos a large volume of chlorine or carbon 
tetrachloride for a time of order of one month, and extracting the 
radioactive Ar37 from such a volume by boiling.  The radioactive argon 
would be introduced inside a small counter; the counter efficiency is 
close to 100 percent. . . . .34

                                           
32 Gary Royle, private communication to Emma Goddard, 10 March 2003. 
33 An electron-volt (eV) is the amount of energy gained by an electron in being 
accelerated through a potential difference of 1 volt; it is equal to 1.60 x 10-19 joule.  
And 1 MeV is 1 million eV. 
34 Pontecorvo, quoted in Franklin (2000), p. 251.  It should be noted that Pontecorvo 
himself was not satisfied that there was sufficient scientific evidence on the existence 
of the neutrino.  Even after both the Reines–Cowan and Davis–Bahcall experiment, 
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Raymond Davis, a radiochemist at Brookhaven National Laboratory, 
followed the suggestion from Pontecorvo and the “careful unpublished 
feasibility study of Louis Alvarez”.35  In the 1950s Davis built what 
amounts to a prototype of the Homestake apparatus.  This experiment 
used 3,800 liters of carbon tetrachloride (CCl4) nineteen feet under-
ground.  The upper limit of the flux of neutrinos was recorded to be 
40,000 SNU (SNU stands for “solar neutrino unit”, 1 SNU indicating 1 
capture per 1036 target atoms per second).  The results were greatly in-
compatible with theoretical predictions, and met with scathing reviews.36

For the Homestake experiment Davis teamed up with John Bahcall.  
The latter was an expert on beta-decay rates in stellar interiors, and was 
excited by the prospect of a test of the theory of nuclear synthesis in 
stars.37  Bahcall and Davis in 1964 gave a new theoretical analysis, which 
supported the idea that an experiment such as Homestake would be a 
feasible test for solar models.  As Bahcall recalls: “we never discussed 
the possibility of using neutrinos to learn about particle physics”; the only 
motivation they had was “to see into the interior of a star and thus verify 
directly the hypothesis of nuclear energy generation in stars.”38  Bahcall 
described the rationale for the experiment as follows: 

The principal energy source for main-sequence stars like the sun is 
believed to be the fusion, in the deep interior of the star, of four 
protons to form an alpha particle…. No direct evidence for the 
existence of nuclear reactions in the interior of stars has yet been 
obtained because the mean free path for photons emitted in the center 
of a star is typically less the 10-10 of the radius of the star.  Only 
neutrinos, with their extremely small interaction cross sections, can 
enable us to see into the interior of a star and thus verify directly the 
hypothesis of nuclear energy generation in stars.39

                                                                                                                         
many physicists were still not convinced that there was any conclusive evidence 
regarding the existence of the neutrino. 
35 Bahcall (2001), p. 10. 
36 One referee remarked: “Any experiment such as this, which does not have the 
requisite sensitivity, really has no bearing on the existence of neutrinos”; quoted in 
Franklin (2000), p. 251.   
37 Pinch (1986), pp. 74–76. 
38 Bahcall (2001), p. 11. 
39 Bahcall, quoted in Franklin (2000), p. 253; emphases original. 
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The construction of the Homestake apparatus began in 1964 and 
finished in 1967.  Davis used perchloroethylene (C2Cl4) this time, just as 
effective as carbon tetrachloride (CCl4) but cheaper (and less toxic).  Four 
hundred thousand liters of CCl4 was placed in a tank, one thousand and 
five hundred meters underground. The apparatus was placed so far under-
ground in an attempt to eliminate background radiation, such as muons, 
which were also known to cause inverse beta-decays.  The apparatus was 
also made thoroughly airtight, to avoid contamination.  The extraction of 
the argon was a relatively simple process. As Bahcall and Davis 
described it: 

The neutrino capture process produces an 37Ar atom with sufficient 
recoil energy to break free of the parent perchloroethylene molecule 
and penetrate the surrounding liquid, where it reaches thermal 
equilibrium.  Initially the recoiling argon atom is ionized.  As it slows 
down, it will extract electrons from a neighboring molecule and 
become a neutral argon atom. A neutral argon atom behaves as 
dissolved argon, which can be removed easily from the liquid by 
purging with helium gas. These chemical processes are of crucial 
importance to the operation of the detector.40

The radioactive argon was allowed to build up over a period of a few 
weeks, and was then periodically removed from the tank.  Helium was 
circulated through the tank to sweep out the argon atoms.41

 Since 37Ar is radioactive, the number of its atoms can be counted 
exactly.  As Bahcall explained:  

The argon isotope produced by neutrino capture is unstable and reverts 
to 37Cl by capturing one of its own orbital electrons.  Fifty percent of a 
sample of 37Ar atoms will undergo such a transformation in about 35 
days.  The decay process shakes loose a low-energy electron from the 
argon atom, and this electron can be detected by counters placed 
around the sample.42

As each interaction of a neutrino with a 37Cl atom creates an atom of 37Ar, 
counting the number of the 37Ar atoms produced also gives the number of 
neutrinos captured. Combining that information with the probability of 
neutrino-capture, one can calculate the flux of neutrinos. 
                                           
40 Bahcall and Davis (1976), p. 265. 
41 For a summary of the argon-isolation process, see Franklin (2000), pp. 255–256.  
The recovery methods of argon were tested in two different ways.  Both mechanisms 
showed over 95% accuracy. 
42 Bahcall (1969), p. 33. 
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2.4. The solar neutrino problem 
The first results from the Homestake experiment were published in 

1968, and the observation was repeated many times.  Wolfgang Hampel 
summarizes the results of the 35 runs of the Homestake experiment 
between 1970 and 1979: 

There is some scatter in the data which has led to the suggestion that 
the capture rate may be varying in time, but the data are fully 
consistent with a constant production rate, the scatter being due to 
statistical fluctuations only.  The average 37Ar production rate is 0.50 ± 

0.06 atoms per day.  If the cosmic ray muon contribution, 0.08 ± 0.03 
atoms per day, is subtracted . . . . then the remaining rate amounts to 
2.2 ± 0.4 SNU.  This is the so-called “rate above known backgrounds” 
which may (or may not) be attributed to solar neutrinos.43

The predicted result from the standard solar model theory was 7.8 ± 1.5 
SNU.  That is to say, there was a significant discrepancy between the 
observed and the predicted values.  And this discrepancy was confirmed 
by further experiments.  According to Bahcall and Davis’s retrospective 
appraisal published in 2000:  

The initial results have been remarkably robust; the conflict between 
chlorine measurements and the standard solar model predictions has 
lasted over three decades.  The main improvement has been in the slow 
reduction of the uncertainties in both the experiment and the theory.44  

In Bahcall’s reckoning, the numbers from various experiments settled 
down to the following: “assuming nothing happens to the neutrinos after 
they are created, the measured rates range from 33 ± 5% of the calculated 
rate (for chlorine) to 58 ± 7%.”45  

Trevor Pinch relates from his interviews with Bahcall:  
“when he first got an indication that Davis’ result was out of line with 
his prediction, he fought long and hard to try and work out what had 
gone wrong. For some time Bahcall maintained that there was no 
serious contradiction between theory and experiment and, it was not 
until 1970, that he was finally prepared to state that there was such a 
conflict”46

                                           
43 Hampel (1982), pp. 62–63. 
44 Bahcall and Davis (2000), p. 3 (online version). 
45 Bahcall (2001), p. 11. 
46 Pinch (1986), p. 130. 
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By 1976 Bahcall and Davis were both convinced that the Homestake 
results were stable, and that it constituted “a scientific puzzle”: 

For the past 15 years we have tried, in collaboration with many 
colleagues in astronomy, chemistry, and physics, to understand and test 
the theory of how the sun produces its radiant energy (observed on the 
earth as sunlight).  All of us have been surprised by the results: there is 
a large, unexplained disagreement between observation and the 
supposedly well established theory.  This discrepancy has led to a 
crisis in the theory of stellar evolution; many authors are openly 
questioning some of the basic principles and approximations in this 
supposedly dry (and solved) subject.47

Michael Rowan-Robinson reports that afterwards four other neutrino 
experiments have “all detected electron-neutrinos from the Sun at a rate 
significantly lower than predicted by the standard solar model, typically 
by a factor of 2.”48

In other words, the solar neutrino problem was there to stay, and it 
had to be dealt with.  What could have gone wrong?  As Solomey puts it: 
“There were three possible explanations for the discrepancy: the 
experiment was incorrectly counting the neutrino rate, the neutrino had 
some still-hidden mysteries, or our Sun does not function as the solar 
model predicts.”49   

Initially it may have seemed that the solar model was the weakest 
link in the chain.  However, it withstood some serious critical examina-
tion. This came chiefly in the area of helioseismology, which is the 
“science [of] studying wave oscillations in the Sun.”50  It basically applies 
to the sun the seismological models developed for investigating tremors 
on the earth.  A study was made of the movement of gases at the sun’s 
surface; a recording of shifts in the spectral lines induced by Doppler shift 
revealed that these surface vibrations could be described in terms of 
sound waves moving through the sun.51  The sun can be thought of as a 
resonant sphere which, when perturbed, oscillates at frequencies corres-
ponding to its normal modes of oscillation; the predicted modes of the 

                                           
47 Bahcall and Davis (1976), p. 264. 
48 Rowan-Robinson (1996), p. 152. 
49 Solomey (1997), p. 73. 
50 “Helioseismology”, http://soi.stanford.edu/results/heliowhat.html (accessed most 
recently on 7 January 2007). 
51 Matthews (1990). 

http://soi.stanford.edu/results/heliowhat.html
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oscillations of the sun are worked out using models of the solar interior.52  
Thus by observing changes in the surface, size and brightness of the sun 
astronomers can deduce what is happening inside the sun, to the extent 
that they are now able to discover internal variations in temperature, 
composition and rotation! When the helioseismological analysis was 
carried out, it only served to lend further support to the Standard Solar 
Model.  As Bahcall put it in his retrospective account in 2001:  

Could the solar model calculations be wrong by enough to explain the 
discrepancies between predictions and measurements . . . ? 
Helioseismology, which confirms predictions of the standard solar 
model to high precision, suggests that the answer is ‘No.’53   

This result tended to shift the blame for the solar neutrino problem to 
either the basic physics of the neutrino or the experimental arrangements 
for neutrino detection. 

If the solar model was not to blame, perhaps it was more believable 
that there was something wrong with the new and complicated 
Homestake neutrino-detection method, rather than the fundamental theory 
of particle physics.  Therefore it is not surprising that physicists attempted 
several different experiments after Homestake in order to confirm the 
solar neutrino deficit.  Here we describe four of the most important: 
Kamiokande II, SAGE, GALLEX and BOREXINO.54

Kamiokande II operated from 1990 to 1996 in the Kamioka mine 
in Japan.55 It observed neutrinos by tracking their scattering with 
electrons in water.  If the incoming neutrino imparted sufficient energy to 
the scattered electron, the electron emitted Cerenkov radiation,56 which 
was carefully recorded in the Kamiokande apparatus.  Kamiokande II was 
targeted specifically at solar neutrinos produced from the third neutrino-
producing reaction in the proton–proton chain (“pp3”):57

                                           
52 Davies (1998), p. 120. 
53 Bahcall (2001), p. 11. 
54 There are many sources to consult on these experiments, but Filippini (2002) 
provides a convenient and accessible summary. 
55 Franklin (2000), pp. 272–281, gives a good summary of the Kamiokande 
experiments (which he spells “Kamiokonde” there). 
56 Radiation emitted by particles travelling faster than the speed that light has in a 
material medium, named after the Soviet physicist Pavel Alexeyevich Cerenkov (or 
Cherenkov). 
57 Joseph Lazio, “What is the Solar Neutrino Problem?”, Internet FAQ Archives, 
http://www.faqs.org/faqs/astronomy/faq/part5/section-5.html (accessed initially on 11 

http://www.faqs.org/faqs/astronomy/faq/part5/section-5.html
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8BB

                                                                                                                        

5 → Be8
4 + e  + ν+

e,  (pp3) 

in which a proton in boron-8 beta-decays into a neutron, a positron and a 
neutrino.  Kamiokande II had a threshold energy of 7.5 MeV, so it was 
not able to detect solar neutrinos originating from other reactions.  
Results from Kamiokande II confirmed the solar neutrino problem. An 
improved version of the experiment, called Super-Kamiokande, produced 
similar results from 1996 until it was severely damaged in an accident in 
2001. 

Kamiokande II was also able to tell when and from which direction 
the neutrinos arrived, in addition to the energy spectrum of electrons they 
produced.58  The broader potential of such a detector for astronomy was 
recognized when it recorded a blast of neutrinos hitting the earth from a 
supernova explosion several thousand light years away in another galaxy.  
Practically all the neutrinos passed straight through the earth but a few 
(just 19 out of a total of one billion billion) were stopped by the 
detector.59  The witnessing of this event was described as being “like 
pointing a conventional telescope at the ground and seeing a star on the 
far side of the world”.60

The SAGE (1988–92) and GALLEX (1991–97) experiments were 
constructed in order to detect the solar neutrinos that other experiments 
missed out.  Although chlorine-37 has a low energy threshold it is not 
sufficiently low to catch the most abundant types of solar neutrinos.  
Gallium-71, used in both GALLEX (“GALLium EXperiment”) and 
SAGE (“Soviet–American Gallium Experiment”), has a threshold energy 
of only 0.237 MeV.61  The process used in both detectors is the 
following: 

71Ga31 + νe → 71Ge32 + e-, 

in which gallium-71 turns into germanium-71 by inverse beta-decay.  
Crucially, the low threshold of this reaction enables the detection of 
neutrinos produced in the first reaction in the proton–proton chain 
(“pp1”), whose average energy is 0.26 MeV: 

 
November 2003, most recently on 6 January 2007).  See also Bahcall and Ostriker 
(1997), p. 196. 
58 Franklin (2000), pp. 272–273. 
59 Padamsee (2003), p. 459. 
60 Chown (1994), p. 40. 
61 Gary Royle, private communication to Emma Goddard, 10 March 2003. 
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p + p → D + e+ + νe,   (pp1) 

where D indicates a deuterium (heavy hydrogen) nucleus, consisting of a 
proton and a neutron.62  To illustrate how much more inclusive the 
GALLEX and SAGE experiments are in comparison with the other 
experiments, consider that the pp3 chain observed by Kamiokande II 
occurs in only 0.02% of the solar nuclear reactions involved in converting 
hydrogen to helium.63

The results from SAGE, in the North Caucasus Mountains of 
Russia, and GALLEX, in the Abruzzo region of central Italy, confirmed 
the solar neutrino deficit found in previous experiments.  However, these 
results were rather inconclusive, in terms of providing additional hard 
evidence.  As Bahcall put it: “If you believed new physics was required 
before GALLEX then you are not disappointed. If you did not believe 
new physics was required before GALLEX then you are still not 
convinced.”  The SAGE results were equally ambiguous; the size of the 
error on the first set of results was described as “so large that it was 
possible the experiment had detected no neutrinos”.64  Although this was 
improved on subsequent runs, it seemed that the desire to reduce 
background effects (by choosing to use metallic gallium instead of the 
gallium chloride solution used in GALLEX) had come at the price of 
increased error in the chemical extraction process.65

The BOREXINO detector at the National Laboratory of Gran 
Sasso in Italy is currently the only available low-threshold detector that 
employs a live-time counting method. Like Kamiokande, it is a scintilla-
tor device monitoring neutrino–electron scattering events. However, 
thanks to its low energy threshold, BOREXINO can detect neutrinos from 
the second neutrino-producing reaction in the proton–proton chain 
(“pp2”):66  

7Be4 + e- → 7Li3 + νe,  (pp2) 

                                           
62 Quoted as equation 1 in Bahcall and Ostriker (1997), p. 196.  See also Lazio, op. cit. 
(note 57). 
63 Sutton (1992).  In addition, the frequency of the pp3 reaction depends strongly on 
the temperature of the sun, which means that the deficit of pp3-neutrinos could have 
been resolved by a change in the estimate of the core temperature of the sun. 
64 Quoted in ibid. 
65 Filippini (2002). 
66 Lazio, op. cit. (note 57).  See also Bahcall and Ostriker (1997), p. 196. 
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in which a proton in a beryllium nucleus combines with an electron and 
turns into a neutron, transforming the whole into a lithium nucleus with a 
neutrino as a by-product.  A “strong suppression of the Be(7) neutrinos”67 
is suggested when the BOREXINO results are combined with those of the 
other experiments. 

In sum, the Kamiokande II, SAGE, GALLEX and BOREXINO 
experiments produced data which confirmed the Homestake results, and 
suggested that the neutrino detectors were most likely not responsible for 
the solar neutrino problem.  Now physicists were truly forced into the 
conclusion that there was something wrong with their understanding of 
the basic physics of neutrinos. 

3. The resolution of the solar neutrino problem 

3.1. Pinch’s social constructivist view 
The sociologist of science Trevor Pinch picked up the neutrino-

detection story as an illustration of the “strong programme” in the 
sociology of scientific knowledge (SSK), in his 1986 book Confronting 
Nature: The Sociology of Solar Neutrino Detection.  In line with Harry 
Collins’s “empirical programme of relativism”, Pinch believes that a 
scientific controversy does not reach closure through “better experimenta-
tion, more knowledge, more advanced theories, or clearer thinking.”68  
Rather, the course of science is determined by social causes. A contro-
versy lifts the veil of scientific consensus from taken-for-granted theory 
and methodology; a careful empirical study of controversies can thus 
reveal the rhetoric and social reality operating beneath.  The book that 
resulted from Pinch’s investigation is admirably detailed and well-
informed, containing a great deal of the relevant physics and a thorough 
step-by-step description of events that took place, as well as excerpts 
from over thirty interviews with the principal scientists involved. 

If Pinch is correct in his conclusions, the implications for science 
are profound.  While SSK and social constructivism do not necessarily 
entail relativism, Pinch clearly regards scientific knowledge as a cultural 
product: “By studying how scientists themselves can provide different 

                                           
67 “Borexino Solar Neutrino Experiment”, http://pupgg.princeton.edu/ 
~borexino/welcome.html (accessed most recently on 6 January 2007). 
68 Pinch (1986), p. 20; Collins and Pinch (1998), pp. 144–145. 

http://pupgg.princeton.edu/%7Eborexino/welcome.html
http://pupgg.princeton.edu/%7Eborexino/welcome.html
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interpretations of Nature, the truth or falsity of scientific findings is 
rendered an achievement of scientists, rather than of Nature.”69 Pinch’s 
and other similar sociological arguments have contributed a great deal to 
provoking the “Science Wars” of recent decades. 

To regard knowledge as socially constructed is to take the view 
that scientific facts are not inevitable, that if social conditions were 
different, the resulting knowledge would probably be different, too.  As 
Jan Golinski puts it, constructivism seeks to explain how knowledge is 
acquired, without assessing its truth or validity.70  It seeks to examine 
science purely in its social dimension, without engaging with issues of 
normative criteria of what makes “good” science.  A pioneer in the 
articulation of this approach to science studies was David Bloor, who 
articulated the “strong programme” in 1976.  He aimed to facilitate a 
“scientific” sociology of science, which would “embody the same values 
which are taken for granted in other scientific disciplines.”71  Bloor put 
forward four basic methodological tenets: 

(a) Causality: sociologists should explain the causal 
conditions that bring about scientific beliefs. 
(b) Impartiality: their investigations should be impartial with 
respect to rationality or irrationality, truth or falsity, success 
or failure. 
(c) Symmetry: beliefs on both sides of the above 
dichotomies should be explained by the same type of causes. 
(d) Reflexivity: the above principles should apply to the 
sociology of scientific knowledge itself. 

As Bloor and his colleague Barry Barnes put it, “all beliefs are on a par 
with one another with respect to the causes of their credibility”.  There 
are no absolute proofs which establish the superiority of one theory over 
another, only locally credible arguments.  All beliefs are equally in need 
of causal, social explanation.72

Pinch argues that rational epistemological and methodological 
rules are unable to account for the resolution of scientific controversies.  
Thus, the sociologist must offer some alternative to explain how 

                                           
69 Pinch (1986), p. 20. 
70 Golinski (1998), p. 7. 
71 Bloor (1991), p. 7. 
72 Barnes and Bloor (1982), pp. 22–23. 



126  AN ELEMENT OF CONTROVERSY 

agreement arises.  Pinch acknowledges his commitment to a Bloor-style 
symmetrical analysis, and declares that he will “capture some of the 
realities of research at the frontiers of modern science”.73  Pinch’s choice 
of the neutrino episode was partly motivated by the fact that it was not a 
case that had been closed and “black-boxed” yet, all the better to reveal 
the social forces at work in the process of shaping scientific beliefs.  In an 
episode like this, a number of different competing scientific views can be 
observed, providing an ideal starting point for a symmetrical study. 

Pinch uses four key concepts in his analysis. (1) Evidential context: 
this is the context in which results of an experiment are interpreted and 
given significance.74 (2) Interpretive flexibility: this is the degree of ease 
with which aspects of the evidential context can be altered.  For example, 
Bahcall’s interpretive flexibility included his “fiddling” of the parameters 
of his prediction after the experimental results emerged.  Pinch says that 
“if it can be shown that different views of the logical relationship between 
theory and experiment are possible and indeed are held by scientists then 
we can . . . say that logical decision making does not force the issue.”75  
Scientific agreement arises when interpretive flexibility “vanishes from 
scientific findings”76 and theory is “black-boxed”. (3) Negotiation: this is 
an instrument through which social causes operate, the “mechanism 
through which science works in cases of disagreement” as Martin Eger 
puts it.  Negotiation consolidates evidential contexts, and facilitates inter-
pretative flexibility.  Pinch says that Bahcall “negotiated” his theoretical 
prediction down to a closer match with Davis’s result, and “negotiated” 
with Maurice Goldhaber, the Director of the Brookhaven Laboratory, in 
order to convince him that the experiment was worth funding.  Pinch 
“assimilates very different kinds of activity under the same rubric”, 
labelling them all “negotiation”; any confirmations and refutations in 
science are “locally managed rhetorical achievements which are in-
separable from the particular social contexts in which they occur.”77  
Pinch says that all perceived logical relationships should be treated as 
“epiphenomena of underlying social relationships”.78 (4) Credibility: this 
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Looking into the Sun  127 

is something for which every scientist strives.  Pinch places particular 
emphasis on how Davis would relentlessly test any criticism thrown at his 
experiment, even when he himself believed his experiment to be perfectly 
in order.  He was rigorous and thorough, and soon built up a reputation as 
an extremely good experimenter possessed of openness, caution and 
modesty.79

Within the analytical framework formed by the above concepts, 
Pinch identifies a number of social causes behind the negotiations taking 
place among the neutrino scientists. Ambition is perhaps the most 
important source of social causes identified by Pinch.  He takes it as 
given that a chief motivation of each scientist is to further his career and 
raise his own prestige. The young astrophysicist John Bahcall, in 
particular, is seen as fiercely ambitious.  Initially, to make the experiment 
appear a “crucial” test of solar theory, which would place him at the 
forefront of research and bolster his reputation, he made his prediction of 
neutrino flux as high as possible.  Later, when the results failed to match 
his prediction, he became depressed and attempted to negotiate his 
theoretical prediction down to a closer fit.  However, it soon occurred to 
him that this may not have appeared professional, and he switched his 
stance to a declaration that it was impossible to match experiment with 
theory.  This was a calculated decision that would enable him to continue 
his career in solar neutrinos.  Bahcall’s interpretative flexibility was not 
forced by logical evaluation of the evidence; rather, it was guided 
strategically by his social aspirations. Because of the Homestake 
experiment’s supposed status as a crucial test, which Davis and Bahcall 
carefully engineered, more people became involved with the experiment 
than might have been expected, further elevating the significance of the 
whole episode. 

The experiment’s link with the evidential context is essentially the 
personal relationships between the scientists involved, according to 
Pinch.  Davis had a technique to detect neutrinos in 1954, but lack of 
support led him almost to give up the project.  In 1957 the cross-section 
measurement of a helium reaction provided cause for speculation that 
neutrinos created inside the sun could be detected.  Davis then teamed up 
with Bahcall. A bond of mutual trust and shared aims provided a 
consolidated base from which funding could be sought, and support 
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provided for any claims and decisions made.  Pinch sees this close 
relationship which developed between Bahcall and Davis, and 
subsequently between the two camps of theorists and experimenters, as 
responsible in large part for the sidelining of dissenting physicists such as 
Kenneth Jacobs, who suggested that the apparent solar neutrino deficit 
was an artifact created by the trapping of argon ions in polymerized 
C2Cl4.80 According to Pinch, both sides of the Davis–Bahcall 
collaboration were primarily concerned with helping and appearing 
trustworthy to each other, and less to the astrophysics community as a 
whole. 

To sum up, Pinch appears to regard the construction of science as 
taking place in the following way: a suitable evidential context is 
negotiated, the results of the experiment are produced, and then copious 
negotiation takes place based around the credibility and the interpretative 
flexibility of various actors, dealing with anything from the calibration of 
the instruments to the parameters of the theoretical predictions. He 
concludes that “the case documented here seems to add support to the 
view that contradiction and non-contradiction are social accomplish-
ments, and that scientists are not forced by nature to take one view or the 
other”.81  Pinch’s narrative makes sense, and the causes he postulates for 
the developments are plausible and consistent enough.  But does his case 
study of neutrino-detection really provide significant support for social 
constructivism? 

3.2. Critique of Pinch’s analysis 
There are several concerns we would like to raise regarding 

Pinch’s argument. The first point is an irony: at the time of Pinch’s 
writing, the solar neutrino problem had indeed not been resolved — that 
is to say, social causes had no more forced the issue than had nature.  
Even if we set aside that discomfort, and even if we accept Pinch’s 
explanation of the neutrino episode, there is another obvious problem: 
this is just one case.  Saying that some science is socially constructed is 
not the same as saying that there is no possible way that rational 
epistemic methods can ever apply.  Even in this particular case, if we 
accept social causes, we also need to know more about how the social 
causes operate.  In particular, we need a more convincing explanation of 
                                           
80 Ibid., pp. 157ff. 
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how scientific results are maintained, after the initial social conditions 
which brought about the consensus cease to be present.  Since Pinch 
regards logical relations as mere epiphenomena, they cannot have the 
causal power to continue to compel assent to a scientific fact from the 
next generation of scientists.  There is also a problem of reflexivity: if we 
accept that scientific facts have no special epistemic warrant, why should 
we treat social factors as phenomena about which Pinch can gain reliable 
and objective knowledge? He is surely selecting social causes that 
conform usefully to his hypothesis and narrative structure. Much of 
Pinch’s “evidence” comes from interview data, which are “not the royal 
road to the scientific minds, but on the contrary, data themselves in need 
of interpretation.”82  Pinch’s interpretations would have been negotiated 
to suit the tastes and interests of his sociologist colleagues. 

All of these points warrant a search for an alternative sociological 
framework of analysis, if we must have a sociological account. A 
possible alternative is the kind of “social functionalism” that Warren 
Schmaus defends, in which social facts are understood in terms of their 
functional relationship to other social facts, environmental conditions, 
and types of actions.83  (This social functionalism is defined in analogy to 
the functionalism about mental states that is discussed in the philosophy 
of mind.)  It could be that the behaviour of a scientist is influenced by 
social causes that affect him or her; however, as the behaviour of the 
scientist is characterized by its scientific functions, an exact analysis of its 
personal causes is irrelevant. The meaning of the action for the individual 
may not be the same as its functional meaning, and many different 
personal causes may lead to the same functional result. To take an 
example from Pinch’s analysis: Davis repeatedly tested his experiments.  
The motivation that Pinch identifies is that Davis wished to appear 
credible and keep his reputation gleaming in the eyes of the theoreticians, 
yet the wider function of Davis’s behaviour could be accuracy or 
openness, two key requirements of a rigorous scientific methodology.  
Functionally, it makes no difference whether or not Davis believed his 
experiment to be perfectly accurate before he performed the requisite 
tests.  The role of negotiations could also be understood in a functional 
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way.  The fact that this process operates through personal relationships 
located in a social nexus does not negate its scientific functions. 

In other words, even if we can give a credible sociological account 
of a scientific episode, it would be rash to assume that we have thereby 
killed off the possibility of an objectivist account that appeals to the truth 
or reliability of the consensus that scientists have reached.  As André 
Kukla writes: 

The most favourable data that constructivists can hope to obtain for 
their thesis are one-to-one correlations between types of scientific 
decisions and the social circumstances in which the decisions are 
made.  But such data will always be compatible with the non-
constructivist view that the social circumstances cause the decision to 
be made as it is, but that the decision is nevertheless correct or 
incorrect depending on the properties of an independent nature, and 
that it’s either warranted or unwarranted on the basis of absolute 
epistemic standards.84

Michael Friedman makes a similar point:  
why should the enterprise of empirically and naturalistically describing 
how beliefs become locally credible as a matter of fact compete or 
stand in conflict with the enterprise of articulating the non-empirical 
and prescriptive structure in virtue of which beliefs ought to be 
accepted as a matter of norm?85

Acknowledging that science is a social process is not tantamount to 
denying that epistemic evaluations are invalid or pointless. 

3.3. Neutrino oscillations 
At present, twenty years after Pinch’s pioneering sociological 

analysis, the dominant opinion among physicists seems to be that the 
solar neutrino problem has now been resolved in an objective way, on the 
basis of good theoretical and experimental arguments. The recent 
consensus revolves around the seemingly unlikely idea of “neutrino 
oscillations”.  In this section we trace the origin and growing credibility 
of this idea, and critically examine the assumption that it provides an 
unequivocal solution to the solar neutrino problem. 

The basic idea of the neutrino-oscillation hypothesis is that the 
observed neutrino flux is low because some of the solar neutrinos evade 
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detection by a feat of shape-shifting on their way to the earth.  There are 
three different types, or “flavours”, of neutrinos, called electron-neutrinos 
(νe), muon-neutrinos (νμ), and tau-neutrinos (ντ) — because they are 
associated with electrons, muons, and tau particles respectively. The 
neutrinos generated in the fusion reactions in the sun are electron-
neutrinos, and that is what the Homestake and other standard detectors 
are equipped to detect.  If, for some reason, the solar electron-neutrinos 
should change into muon- or tau-neutrinos in transit from the sun to the 
earth, then they would escape detection, because each type of neutrino 
interacts in a different way with other matter. 

When Dudley Shapere published his philosophical review of 
neutrino detection in 1982, which we will have further occasion to dis-
cuss in the next section, neutrino oscillation was only “the most serious 
possibility” among the “more extreme possibilities” that might resolve 
the solar neutrino problem:  

variation of the gravitational constant…over the lifetime of the sun…; 
neutrino decay or oscillation of neutrinos between the “electron” type 
and other types . . . ; the ubiquitous black hole, this time at the center 
of the sun; and even, perhaps at the very fringe of scientific speculation 
(but not for that reason necessarily incorrect), a rehauled weak 
interaction theory in which the existence of neutrinos is not assumed. It 
should be added that there is very little reason to accept any of these 
proposed non-standard solutions of the solar neutrino problem; indeed, 
many of them suffer from extreme difficulties.86

Neutrino oscillation may seem like an entirely ad hoc hypothesis, but it 
was initially postulated for independent reasons, in fact even before the 
solar neutrino problem arose. (See Appendix to this chapter for more 
details on the idea of neutrino oscillations and its origins.) 

Bahcall’s attitude to the prospect of proving the existence of 
neutrino oscillations as the solution to the solar neutrino problem is 
typical of the scientific community: though “research began with attempts 
to discover the properties of the sun with neutrinos . . . it now appears 
likely that a large community of physicists, chemists, astrophysicists, 
astronomers and engineers working together may have stumbled across 
the first observed manifestation of physics beyond the electroweak model 

                                           
86 Shapere (1982), p. 499.  Shapere added in a footnote that there were “grave doubts 
as to whether [the neutrino-oscillation] hypothesis could really reduce the predicted 
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. . . . we may have been incredibly lucky.” Bahcall concludes that “the 
marvellous lesson of solar neutrino physics is that work on the forefront 
of one field of science has the potential to lead to important and 
completely unanticipated developments in a different field of science. 
This seems . . . both humbling and beautiful.”87

Allan Franklin is rather more blunt and pragmatic, concluding that 
“there doesn’t seem to be any plausible way of modifying the SSM 
[Standard solar Model] to accommodate the solar neutrino results”,88 so 
the neutrino oscillation hypothesis “is the sole remaining plausible 
explanation of the deficiency in the number of solar neutrinos.”89  This is 
somewhat unexpected, given Franklin’s stated commitment to provide a 
historical reconstruction of “an argument that one might give for the 
reality of neutrinos”90 in order to persuade his audience “that science is a 
reasonable enterprise, which produces knowledge of the physical world 
on the basis of valid experimental evidence and reasoned and critical 
discussion.”91

A sceptic, or a non-scientist, might form the impression that 
scientists had simply run out of ideas to explain the solar neutrino 
problem; all other explanations had been refuted, leaving neutrino 
oscillations as the theory which the scientific world chose to believe, 
while congratulating itself on the incredible luck of having stumbled on 
the first instance of a new strand of physics.  Could it be that the 
shakiness of the neutrino-oscillation hypothesis is conveniently disguised 
by emphasizing the new field of study it generates?  Isn’t the idea of 
neutrino oscillations really an ad hoc hypothesis after all, designed only 
to reinforce accepted, well-established theories?  Pinch confronted 
scientists working in the field with these questions.  The responses ranged 
from agreement (“it is something that has been proposed merely to solve 
the problem that has no other observational consequences”), through a 
dismissal of the importance of the ad hoc status of a theory (“most 
hypotheses in physics are ad hoc . . . most physical theories, after all, are 
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invented in response to an experimental result”), to disagreement (“in fact 
Pontecorvo suggested it before there was any negative result”).92

In one sense, the theory of neutrino oscillations is definitely not ad 
hoc, as it was indeed proposed before the solar neutrino problem became 
known.  However, what was more ad hoc was the scientific community’s 
decision to accept and develop the idea of neutrino oscillations. There are 
always many little-known unconventional ideas around, and Pontecorvo’s 
original idea might have just remained in that category.  As we have seen, 
it only became widely accepted because it was convenient for solving the 
solar neutrino problem, when all other attempted solutions failed.  If we 
follow Karl Popper and Imre Lakatos, an ad hoc modification is defined 
as one which “has no testable consequences that were not already testable 
consequences of the unmodified theory”.93  The spirit of this definition is 
that “before it can be regarded as an adequate replacement for a falsified 
theory, a newly and boldly proposed theory must make some novel 
predictions that are confirmed”, as well as explaining everything that 
could be explained by the old theory.94 Does the theory of neutrino 
oscillations have to its name any confirmed novel predictions? 

There are currently various experiments aimed at verifying the 
hypothesis of neutrino oscillations. First of all, there are attempts to 
measure neutrino mass (e.g. ITEP, Bergkvist), since the oscillation hypo-
thesis requires at least some neutrinos to have non-zero mass.95  The mass 
estimates have steadily decreased over the years, and it is now generally 
accepted that the mass of the neutrino has a very low upper limit.  It was 
thought that proving that neutrinos have mass would constitute indirect 
yet significant evidential support for the oscillation hypothesis, but 
present methods for measuring the mass of the neutrino turned out to be 
insufficient.  The “long-baseline” experiments which hoped to measure 
neutrino mass indirectly mostly have yet to obtain conclusive results and, 
anyway, are still limited to measuring the mass difference between 
neutrino flavours, not the absolute masses.  It seems that the means for 
more accurate direct mass measurements are not yet available, so the 
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focus has turned instead to developing experiments which attempt to 
detect the oscillations themselves. 

Super-Kamiokande was important because it was one of the first 
neutrino experiments to provide data which was independent of the 
Standard Solar Model.96  The fact that it detected atmospheric neutrinos 
meant that its results did not rely on calculations made on the basis of the 
nuclear reactions assumed to take place in the sun.  It obtained measure-
ments which seemingly indicate that “muon-neutrinos are disappearing 
into undetected tau-neutrinos or perhaps some other type of neutrino”.  
These data could be taken as supporting muon–tau neutrino oscillations 
and hence could be considered as “evidence in favour of neutrino 
oscillations which is independent of the Standard Solar Model”,97 
although it could also be argued that without actually detecting the tau 
neutrinos we cannot rule out the possibility that some other mechanism 
might be at work.  The Super-Kamiokande team was candid about the 
limitations of interpretations of their results with regard to the mass of the 
neutrino: “the experiment does not determine directly the masses of the 
neutrinos leading to this effect, but the rate of disappearance suggests that 
the difference in masses between the oscillating types is very small.”98  
There have also been several long-baseline experiments (e.g. K2K, 
MINOS, Los Alamos) which are trying to measure the oscillation 
potential (how likely a neutrino is to oscillate) and oscillation length of 
neutrinos in a more direct manner.99

Attempts to gain independent evidence supporting electron–muon 
neutrino oscillations eventually resulted in positive data from the Sudbury 
Neutrino Observatory (SNO) in Ontario, Canada.100  The SNO detector is 
similar to the Kamiokande detector, except that SNO uses heavy water, 
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which allows the detection of muon- and tau-neutrinos as well as 
electron-neutrinos.  In 2001 the SNO team stated:  

Earlier measurements had been unable to provide definitive results 
showing that this transformation from solar electron neutrinos to other 
types occurs. The new results from SNO . . . now reveal this trans-
formation clearly, and show that the total number of electron neutrinos 
produced in the Sun are just as predicted by detailed solar models.101   

Later phases of the experiment over the next couple of years refined the 
accuracy of the results and made them even more reliable.  This “direct” 
evidence for solar neutrino oscillations lent credence to neutrino oscilla-
tions as a theory with previously unknown testable consequences. 

4. Neutrinos and the nature of observation 

4.1. Observation vs. detection 
Some philosophers of science have been captivated by the story of 

neutrino detection, and have used it as a striking example to illustrate 
their philosophical theories of observation.  In this section we make a 
critical examination of these works.  For philosophers, it remains an 
important consideration that neutrinos are unobservable, if “observation” 
means direct perception.  Even with today’s advanced instrumentation, it 
is still true that “no detector exists that can record the neutrino. Instead, 
physicists have to rely on stopping a neutrino and converting it to other 
particles that can be observed.”102  However, physicists do routinely talk 
about observing neutrinos, and this is one of the things that prompted the 
philosopher Dudley Shapere to write his pioneering 1982 paper on the 
philosophy of observation using a detailed case-study of neutrino 
detection.103

The first thing that Shapere emphasizes is that scientists have 
generally been sloppy in their usage of words like “observe”, “detect”, 
and “see”.104 That is, they have often been insensitive to the epistemo-
logical ramifications of their work.  This is even true of those, like Reines 
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http://www.sno.phy.queensu.ca/sno/first_results/


136  AN ELEMENT OF CONTROVERSY 

and Cowan, who were concerned with proving the reality of the neutrino 
when designing and describing their experiments. Our consideration of 
the primary sources will therefore require a layer of interpretation: 
philosophers must judge for themselves what counts as proof of realism 
for neutrinos. 

Shapere proposes and defends simple criteria of “observation” and 
“observability”: 

x is directly observed (observable) if: (1) information is received (can 
be received) by an appropriate receptor; and (2) that information is 
(can be) transmitted directly, i.e., without interference, to the receptor 
from the entity x (which is the source of the information).105

We hinted earlier that “observe” is a potentially problematic word, and 
thankfully, Shapere goes to great pains to qualify its usage.  He means by 
“direct observation” not that x is necessarily experienced by human 
sense-perception, but simply that there is reliable evidence that some 
form of informative interaction with x has taken place.  The value of 
sense-perception has been overrated anyway: sight, for instance, works 
only on a small part of the electromagnetic spectrum, which itself is the 
manifestation of only one of a number of fundamental forces in nature. 

If we are to believe that Davis or Reines–Cowan really observed 
neutrinos, we must accept that they did so in a highly theory-laden 
manner.  The path between source and detector in the Homestake 
experiment was dependent on theory as much as the Reines and Cowan 
experiment.  In the former case, we have neutrinos going from the centre 
of the sun through the outer layers of the sun, then through space, then 
through hundreds of meters of rock, into a tank of C2Cl4, very occa-
sionally reacting with a chlorine atom to produce a radioactive isotope of 
argon, which is extracted by bubbling helium through the tank, then 
collected atom by atom, measured, the data analyzed, etc.  In the latter 
case, we have neutrinos coming from a reactor core, through the shielding 
into the cadmium chloride target, interacting with a proton to produce a 
neutron and positron, which interact with other particles, expelling 
gamma rays of a characteristic energy and temporal separation.  So even 
though the existence of the neutrino became a scientific certainty with 
these experiments, belief in this entity must entail a belief in the theories 
that make the experiment work. 
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  In either case, it is clear that the burden of credibility rests on the 
theory. Scientists of course only use trusted theories in designing their 
observations, but theories change over time: Pauli postulated the neutrino 
and his postulate is now regarded universally as true, but for a time there 
were a number of possibilities about some of the qualities of the particle.  
For instance, it was not until Davis’s work that it became clear that the 
neutrino was distinct from its own antiparticle.106 Since then, further 
theoretical developments have revealed more than one sort of neutrino.  
Because we are scrutinizing experiments from a period of about 25 years, 
we must be sensitive to changes like these. Furthermore, it is necessary to 
properly consider the theoretical contexts in which the experiments were 
located (Pinch uses the notion of “evidential context” to refer to a similar 
idea). An easy mistake would be to impose later theoretical contexts onto 
earlier experiments, which would result in our defining any experiment 
involving what were later understood as neutrinos as a demonstration that 
they were real. 

Shapere gives observation two aspects: perceptual and epistemic.107  
Even when it is perception-based, observation includes “an extra 
ingredient of focussed attention”. An observer not only perceives data, 
but focuses attention on some aspect of the entity too. Epistemic 
observation relates to the evidential role of observation, where experience 
serves to provide evidence for existing beliefs. In the realm of entities 
imperceptible by human senses, says Shapere, the perceptual and the 
epistemic aspects have become disconnected and science has focussed on 
the latter. 

Shapere’s distinction is helpful, but we would prefer to make a 
different distinction, between observation and detection. Although 
observation and detection are often thought to be interchangeable, they 
are in fact different. One way of distinguishing the two terms is by 
linking them to different sorts of realism.  Observation as we are defining 
it here is connected with “truth realism”, which gives certainty about 
some specified quality of an entity.  When we observe, we are looking for 
something about our entity, some quality over and above its mere 
existence.  In contrast, “existence realism” is certainty about the existence 
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of something, a matter for “detection”.  In detection, we are concerned 
with whether something is actually there. 

In grappling with these issues, it is helpful to learn from Peter 
Kosso’s work on the nature of scientific observation.  Kosso works on a 
similar basis to Shapere, but he thinks that Shapere and many others are 
wrong to talk of an observable/unobservable dichotomy, or even a one-
dimensional spectrum between the “observable” and the “unobservable”.  
Instead, Kosso points out that observability has many dimensions. He 
defines observation as the flow of information like Shapere, but Kosso 
points out that there are other tests of quality of observation than 
directness.  A better test of observation is that it must tell us something 
about an entity rather than just being a report of the entity.108  This is in 
line with our distinction between observation and detection.  On the 
question of realism, Kosso again seeks to avoid a rigid dichotomy 
between reality and non-reality; instead, the question is reduced to 
degrees of reliability.  The most important measure of reliability for 
Kosso is “independence in the interaction-information account”, which 
means that the entity under test must provide information resolvable in 
more than one theoretical domain.  Therefore a single experiment where 
the only theoretical domain is, say, beta-decay may be unreliable, but an 
experiment or a set of experiments which reach across different 
theoretical domains would have more assured reliability.  Realism is not 
secure unless information about the entity in question is received via 
multiple theoretical channels.109

We are now ready to give a more precise statement of our own 
distinction between observation and detection: 

 
Entity x is shown to exist (it is detected) if information about 
x can be received by an appropriate receptor; the information 
may not be informative about any particular property of x. 
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Some quality y about x is shown to be true (it is observed) if: 
(1) information about x can be received by an appropriate 
receptor; 
(2) that information is transmitted reliably; 
(3) the information is informative about y. 
 

The first schema is similar to Shapere’s requirement for the passage of 
uncorrupted information; the second schema shows what extra criteria 
need to be fulfilled for the interaction to qualify as an observation.  These 
schemas might seem weaker than Shapere’s, but if we recognize that 
there is no real distinction between direct and indirect observation, and 
that observation is different from detection, then we think that it is a 
workable extension. 

But can our distinction really be defended?  Obviously observation 
implies detection — and doesn’t detection also imply observation?  How 
can we receive information about an entity without it being information 
about some property? The problem is a serious one. The detection– 
observation distinction can only be maintained if we can register the 
presence of a property without measuring it precisely.  A consideration of 
some older neutrino experiments shows that this is possible: some 
experiments were certain about the presence of a quantity (the momentum 
of an entity) without having any certainty about its magnitude. These may 
be regarded as successful at detection but unsuccessful at observation.  
More generally, having reliability as a requirement for observation but 
not detection gives us a possible way out: information about some 
property may be present but lack sufficient reliability to enable us to infer 
anything about it for sure.  Reliability here is a property of information 
transfer that could be assessed a number of ways, and Kosso’s approach 
is helpful: an information-transfer process could score variously on his 
various “dimensions”: immediacy, directness, amount of interpretation, or 
independence.110  It is possible that an experiment is quite reliable in 
some dimension, to indicate the presence of something, but not reliable 
enough overall to give us true observation. 

                                           
110 Ibid., part 3. 
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4.2. Who first observed neutrinos?  
Informed by the general discussion in the previous section, we now 

turn to the question of who first observed (anything about) neutrinos.  It is 
widely assumed that the first people to prove that neutrinos were real 
were Reines and Cowan, with their 1953 liquid scintillator, which showed 
the characteristic signals produced by neutrino interactions. Davis’s 
technique in the Homestake experiment was to collect an easily manipu-
lable product of a neutrino interaction.  When describing the history of 
the neutrino, commentators almost invariably see these two experiments 
as the first conclusive proof of the existence of the neutrino.111  There is a 
philosophical debate about how far these experiments could be regarded 
as “direct detection”.  It takes a loose definition of “direct” to include the 
Davis experiment as such, and under such a definition experiments that 
took place in the 1930s and 1940s could also be regarded as direct 
detection. 

In Reines and Cowan’s scintillation counter the information about 
the neutrino events was received by means of two pulses of the right 
magnitude separated by the right amount of time.  The pulses were said to 
be “characteristic” of a neutrino interaction, which means that they 
agreed with what theory predicts about the interactions going on in the 
target material.  So the information was received appropriately and it was 
reliable.  But the same can be said about a beta-decay reaction in which 
the energy of the neutrino is deduced from the observed energies of the 
other particles involved.  Reines and Cowan’s apparatus returned results 
that were compatible with theories of neutrino production in the reactor, 
so it was observing the energy of the neutrinos well.  Since the theory of 
neutrino-production in reactor cores is independent of the theory of 
inverse beta-decay, their observation of the core scores high on Kosso’s 
criterion of independence. 

When it comes to the observation of neutrinos, however, there is 
no clear-cut distinction between the original beta-decay experiments and 
Reines and Cowan’s experiments. In the latter, the reaction in the 
cadmium chloride could only be initiated by neutrinos of certain energy, 
so the specific property of the neutrinos that was being resolved was their 
energy. It is probably fair to say that all of these experiments detected 

                                           
111 See, for example: Trigg (1975), p. 191; Galison (1997), p. 460; Pinch (1986), pp. 
50–54; Solomey (1997), p. 64. 
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neutrinos, one way or another. But when was the line between detection 
and observation crossed? It could be argued that even some of the 
experiments described in Crane’s 1948 review fulfill all the requirements 
for observation, though they have typically been ignored in historical 
studies of neutrino detection.  In Crane and Halpern’s 38Cl experiment of 
1938, the information obtained was about an interaction.  The data took 
the form of clusters of bubbles that revealed the recoil momentum of a 
nucleus, showing it to recoil with more momentum than the emission of 
the electron alone would allow.  So this experiment was certainly detec-
tion, but could it also be observation? Was the information about the 
momentum reliable? The momentum could not be precisely assessed 
without data on the angle of emission, which suggests that it was not 
sufficiently reliable.  It could, however, be argued that reliable informa-
tion was present in as much as the data allowed the momentum of the 
neutrino to be placed between some maximum and minimum. 

It all depends on how one judges reliability and, again, Kosso’s 
“dimensions” may help us in gaining more clarity.  The Crane–Halpern 
experiment scores badly on immediacy because the data is not 
perceivable by human senses, and also on directness because the chain 
between the neutrino and the observer is long.  That much is perhaps the 
same for all neutrino experiments, but the Crane–Halpern experiment also 
scores very poorly on independence — the neutrino is detected by the 
same type of process that prompts the postulation of its existence.  On the 
amount of interpretation it scores rather better, because it requires very 
little interpretation to assume that something is carrying off the 
momentum.  But all in all, we can see that the Crane–Halpern counts as 
observation of neutrinos only as much as the original beta-decay 
observations.  Sherwin’s 1948 experiment is probably a better candidate 
for observation, because of the striking fit obtained for the 180˚ 
emissions.  Even though the data fell apart for the other angles, it seems 
that Sherwin had fleetingly achieved good observation.  In short, there is 
no black-and-white dichotomy between observation and non-observation.  
Rather, there is a multi-dimensional continuum of observability, along all 
of the dimensions of observability specified by Kosso. 



142  AN ELEMENT OF CONTROVERSY 

5. Summary 
We have followed the curious and multi-faceted history of solar 

neutrino detection, in which chlorine-37’s ability to interact with 
neutrinos played a crucial role. Chlorine provided scientists with the 
pleasing prospect of being able to detect the elusive neutrinos directly, 
but when that promise was finally fulfilled in the Homestake experiment 
it revealed a serious scientific puzzle, namely the solar neutrino problem. 
The controversy over the solar neutrino problem has now died down, but 
the character of the resolution of the controversy remains somewhat 
puzzling: it is in line with neither social constructivism nor simple-
minded objectivism.  In another direction, a careful consideration of the 
philosophy of observation reveals that neither the Homestake experiment 
nor any other single experiment constituted a completely unequivocal 
advance in making neutrinos observable. 

 

Appendix: Neutrino oscillations 

The originator of the idea of neutrino oscillations was Bruno Pontecorvo.  
Cosmic-ray interactions revealed the prolific production of a type of particles with 
rather unusual and seemingly contradictory properties.  They were named “strange” 
mesons and included the kaon (K), and the lambda (Λ) and sigma (Σ) particles.  There 
were two main reasons why these particles were considered to be so unusual: they are 
only produced in pairs, and they have unexpectedly long lifetimes.  Pontecorvo found 
a way to solve the conundrum by proposing a new quantum number, “strangeness”, 
which obeys a conservation law: “whenever a nuclear reaction or decay occurs, the 
sum of the strangeness quantum numbers before the process must equal the sum of the 
strangeness quantum numbers after the process.” Therefore, “the production of 
strange particles in pairs is explained by assigning S = +1 to one of the particles, S =  
–1 to the other and S = 0 to all non-strange particles”112  However, strangeness is not 
conserved in weak interactions: “this explained why the particles were copiously 
produced in pairs by the strong interaction, in which strangeness is conserved”, 
whereas the decay of a strange particle into non-strange ones were by the weak 
interaction, as it involved an overall change of strangeness.113

Considering the interactions of K-mesons, Pontecorvo postulated that the K0 
and anti-K0 were quantum-mechanical superpositions of short-lived and long-lived 
particles, K0

S and K0
L; K0 and anti-K0 had definite masses and K0

S and K0
L had definite 

lifetimes.  The most significant aspect of this theory for our present purposes was the 
                                           
112 Serway and Beichner (2000), p. 1524. 
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prediction of interference and oscillation between K0
S and K0

L particles.  Given that 
the masses and lifetimes of the K0

S and K0
L mesons differ, the probability of observing 

a K0 meson or an anti-K0 meson varies with time, where “the frequency of the beat 
oscillations depends on the mass difference between the K0

S and the K0
L”.  The 

phenomenon of beats in this context is similar to those “that occur when two waves 
closely spaced in frequency combine to produce a noise that pulsates between loud 
and soft”114 Essentially, the K0

S and K0
L particles can be thought of as mass 

eigenstates, particular combinations of which constitute the K0 and anti-K0 mesons at 
various points in time.  This means that the K0 and anti-K0 mesons are more of a fluid 
concept than simply solid, unchanging entities.  Pontecorvo began searching for other 
elementary particle systems which might echo the behaviour found in K-mesons, and 
suspected that neutrinos might undergo oscillations. As explained by a scientist 
working on the SOUDAN2 experiment, which measures the atmospheric neutrino 
flavour ratio, “each neutrino would consist of a mixture of matter waves; any 
difference in rest mass would give rise to ‘beats’ between them. The result would be 
that the nature of the mixture would change as the waves propagate”, meaning that 
neutrinos could change flavour.115 Pontecorvo continued to ponder the issue of 
neutrino oscillations and in 1967 published a paper considering the consequences of 
lepton number nonconservation on neutrinos.116   

The Homestake results emerged the following year, and shortly afterwards 
Pontecorvo and Vladimir Gribov published a paper proposing neutrino oscillations as 
a possible explanation for the deficit in the observed neutrino flux: “it is shown that 
lepton nonconservation might lead to a decrease in the number of detectable solar 
neutrinos at the earth surface, because of νe ↔ νμ oscillations, similar to K0 ↔ anti-K0 
oscillations”.117 Gribov and Pontecorvo noted that lepton nonconservation “would be 
in the right direction if the necessity should definitely arise of accounting for 
unexpectedly small values of detected solar neutrinos” since it “leads to virtual or real 
transitions between . . . neutrino states”.  The oscillations would have the effect of 
“decreasing the number of detectable solar neutrinos with respect to the number 

                                                                                                                         
113 Franklin (2000), p. 284. 
114 Brown (1997).  When waves with different wavelengths but similar frequencies are 
superposed and interfere with each other they are periodically in and out of phase. 
There exists between them a “temporal alternation between constructive and 
destructive interference” and “the amplitude and therefore the intensity of the 
resultant sound vary in time”.  This is the phenomenon of beating, which can be 
defined as “the periodic variation in intensity at a given point due to the superposition 
of two waves having slightly different frequencies”.  See Serway and Beichner 
(2000), pp. 564–566. 
115 “The Oxford Neutrino Experiment Home Page”, http://www.physics.ox.ac.uk/ 
Neutrino (accessed initially on 9 January 2004, most recently on 6 January 2007).  
See also Brown (1997). 
116 Franklin (2000), p. 286. 
117 Gribov and Pontecorvo [1969] (1994), p. 274. 

http://www.physics.ox.ac.uk/%20Neutrino
http://www.physics.ox.ac.uk/%20Neutrino
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expected theoretically under the assumption that lepton charges are strictly 
conserved”.118

Although the Pontecorvo–Gribov paper seems a very significant work in 
retrospect, the next ten years yielded few further developments along this line.  This 
“decade of silence” on the subject of neutrino oscillations probably reflected the 
necessity of working through the issues of the experimental technique and the 
implications of “the more formal theoretical assumptions which are contained in the 
complicated mixture of astrophysics, nuclear physics, neutrino physics and chemistry 
used to predict the events in Davis’ tank”, before jumping onto an entirely new 
idea.119 When other avenues of questioning had been exhausted, the neutrino 
oscillation hypothesis began to seem more attractive, although the idea of “changing 
fundamental physics as a result of an astrophysics experiment” was met with some 
trepidation by many physicists.120 As one of the scientists interviewed by Pinch put it: 
“every year, or every few years, somebody suggests some change in physics, the laws 
of physics as we know them . . . which are designed to explain puzzling astronomical 
facts. Roughly once every century one such explanation turns out to be correct.”121  
Bahcall and Davis recall, in their 2000 paper: 

Only one year after the first (1968) chlorine results were published, Vladimir 
Gribov and Bruno Pontecorvo proposed that the explanation of the solar 
neutrino problem was that neutrinos oscillated between the state in which 
they were created and a more difficult to detect state.  This explanation, 
which is the consensus view today, was widely disbelieved by nearly all of 
the particle physicists we talked to in those days.  In the form in which solar 
neutrino oscillations were originally proposed by Gribov and Pontecorvo, the 
process required that the mixing angles between neutrino states be much 
larger than the quark mixing angles, something which most theoretical 
physicists believed, at that time, was unlikely.  Ironically, a flood of particle 
theory papers explained, more or less “naturally”, the large neutrino mixing 
angle that was decisively demonstrated thirty years later in the 
SuperKamiokande atmospheric neutrino experiment.122  

A paper by Lincoln Wolfenstein in 1978 brought neutrino oscillations fully to 
the fore.  He specified conditions under which neutrino oscillations in vacuum could 
occur: (i) at least one flavour of neutrino should have non-zero mass; (ii) the masses 
of the different flavours of neutrinos should not all be equal; (iii) lepton number must 
not be conserved, “so that the different neutrino types as defined by the weak charged 
current are mixtures of the mass eigenstates.”123  The work of S. P. Mikheyev and A. 
Y. Smirnov in 1985 made a further advance, predicting the MSW effect named after 
them and Wolfenstein, in which the presence of ordinary matter can enhance neutrino 

                                           
118 Ibid., p. 273. 
119 Pinch (1986), pp. 156–157. 
120 Ibid., p. 194. 
121 Unnamed physicist, quoted in ibid., p. 193. 
122 Bahcall and Davis (2000), p. 4 (online version). 
123 Wolfenstein [1978] (1994), p. 294. 
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oscillations. Thus “the change of flavour of solar neutrinos may be spectacularly 
enhanced in the presence of solar matter”.124 This was applied to the solar neutrino 
problem to show that oscillations could indeed explain the observed neutrino deficit. 
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 Obstacles in the Establishment of          
Chlorine Bleaching 

                                                          
Manchi Chung, Saber Farooqi,                                        

Jacob Soper and Olympia Brown1 

1. Introduction  
The bleaching power of chlorine was already noted when Carl 

Wilhelm Scheele first isolated it in its elemental form in 1774: when 
suspended in chlorine, “blue litmus paper became almost white; all 
vegetable flowers―red, blue, and yellow―became white in a short time; 
the same thing also occurred with green plants.”2  The renowned French 
chemist Claude-Louis Berthollet in the 1780s took the lead in applying 
this knowledge to use chlorine as a bleaching agent for industrial 
processes.  By 1790 Berthollet’s procedure was formally endorsed by the 
Bureau du Commerce, the body responsible for national economic policy, 
which called for its industrial implementation.3  From these developments 
one might imagine it was a quick and straightforward matter to apply 
chlorine-based bleaches to all sorts of practical purposes, launching a 
practical tradition that continues down to our own use of chlorine-based 
household bleaches. However, as it turns out, the use of chlorine 
bleaching did not get established very quickly. This is puzzling especially 
for the textile industry, where the economic utility of a better bleaching 
process was obvious.   

                                           
1 Catherine Jackson carried out some additional research for this chapter. 
2 Scheele [1774] (1930), p. 31.  In Chapter 1, Section 2 we have discussed in some 
detail Scheele’s work on chlorine, which he called “dephlogisticated muriatic acid”. 
3 Berthollet [1789] (1790) was his first major publication relating to chlorine 
bleaching; we have discussed Berthollet’s view on chlorine (“oxymuriatic acid” for 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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Traditionally, the bleaching of linen was a long and drawn-out 
affair.4  The need for bleaching arose because of the natural oils in the 
flax that make up the linen.  Bleaching involved washing out this oil, and 
discharging it completely from the cloth.  The first step in the process was 
“bucking” (boiling to remove the fats).  The next step was washing with 
soap, then souring (acid treatment) to neutralize the alkali in the soap, 
followed by rinsing and water extraction.  Finally there was “grassing”, 
or “crofting”, which involved exposure to sunlight, which was the most 
time-consuming stage in the entire process.  Each of these stages required 
repetition up to four of five times, and the total length of time needed to 
get linen bleached was usually two to five months, and could be as long 
as 10 months for very heavy goods.5 Because the crofting process 
depended on the weather, the process was considerably extended when 
carried out during the winter months. It also involved considerable 
manual labour because the cloth had to be kept moist and turned to ensure 
that it was evenly bleached. The slow bleaching process created a 
significant bottleneck in the production of textiles in general.  It was also 
wasteful, as fields where the fabric was spread out were unavailable for 
agricultural production during the best growing season. As imported 
cotton began to replace linen and the production of cotton fabrics grew, 
the benefits to be gained from the development of a quicker and more 
economic method of bleaching also escalated. 

As it turns out, the application of chlorine to the bleaching of 
textiles was not a simple consequence of Scheele’s observation of the 
bleaching properties of the gas.  Even after Berthollet’s work, it was not a 
trivial matter to convert his experiments on the bleaching properties of 
chlorine into a practically useful procedure.  The development of a viable 
industrial process took many years and involved the scientific and 
commercial expertise of a large number of people.  Even more difficult to 
overcome than the technical problems was the challenge of making 
manufacturers adopt the new procedure.  Even the French government’s 
official endorsement of Berthollet’s work was not sufficient. Despite 
Berthollet’s very considerable efforts, chlorine bleaching did not become 

                                                                                                                         
him) in Chapter 1, Section 3, and also in Chapter 2, Sections 3 and 5.  For the 
Bureau’s endorsement of Berthollet’s process, see Smith (1979), p. 126. 
4 For a description of the traditional method of bleaching linen, see Pratt (1989), p. 23, 
and Home (1771), pp. 285ff. 
5 Smith (1979), p. 115. 
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widespread in France until after the end of the Napoleonic Wars in 1816.6  
That delay was partly a consequence of the upheavals of the French 
Revolution, but a similar time lag in Britain, albeit shorter, suggests that 
non-political factors were also involved. 

In this chapter we give an account of the origin and early 
development of chlorine bleaching in France and Britain, and attempt to 
answer the puzzle about its slow and erratic uptake. Our discussion builds 
on the extensive research by several historians, including Sydney Herbert 
Higgins (1924), Archibald and Nan Clow (1952), A. E. Musson and Eric 
Robinson (1969), and John Graham Smith (1979).  We begin in Section 2 
with some methodological considerations critical of the traditional 
accounts of the development of chlorine bleaching.  In Section 3 we tell 
the story of Berthollet’s development of chlorine bleaching and the 
obstacles to its adoption in France.  In Section 4 we trace the movement 
of that technology to rapidly industrializing Britain, where a close inter-
action of science and entrepreneurship led to easier acceptance. In the two 
contrasting stories, we will highlight the very different social, political 
and economic contexts in Britain and France in the last decades of the 
eighteenth century. 

2. The need for a new perspective on chlorine bleaching 
Traditional accounts of chlorine bleaching tend to be framed in a 

combination of the “linear model” of technological innovation, and 
technological determinism. The linear model conceives that new 
scientific knowledge, in this case the chemical understanding of chlorine 
that Scheele and Berthollet developed, directly causes the development of 
technology based on it.  Technological determinism sees the scientifically 
developed technology going on to determine changes in society.  
Historians of technology have, until relatively recently, considered that 
new technologies, notably the steam engine, were the main driving forces 
behind the creation of centralized manufacturing processes and the 
consequent generation of vast wealth in the Industrial Revolution.7  
Although this might be the most intuitive way to look at how science 

                                           
6 Smith (1979, pp. 159–160) describes the slow uptake of chlorine bleaching in 
France. 
7 Clow and Clow (1952, 1958) exemplify this view, as does Chapman (1972) in more 
specific contexts. 
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produces effects in society, it ignores important feedback loops, through 
which social, economical and political influences affect technology or 
even basic science in the “reverse” direction.  In traditional accounts, the 
development of chlorine into a usable bleaching agent by Berthollet is 
imagined to have been followed almost immediately by its practical 
application in the textiles industry. 

Higgins’s History of Bleaching, published in 1924, contains a 
whole chapter on “the use of chlorine as a whitening agent”, which gives 
an extensive account of the history of the industrial application of 
chlorine in the textile-bleaching industry.8 Higgins clearly favoured a 
linear and deterministic account, according to which advances in the 
chemical sciences led directly to improvements in technological applica-
tions, which in turn directly saw radical changes in industry: 

Chemistry has had its innings. It had completely revolutionised the 
industry and enabled it to turn out the quantity of material which was 
demanded of it.  The bleaching industry has been developed along with 
the chemical industry by such men as Tennant and Bealey, so that 
chemical knowledge has been brought fully to bear on it.9

Higgins criticizes other commentators who do not adhere to this tradi-
tionalist approach. For example, he quoted an unidentified “modern 
writer” as stating that “the chemist . . . has been somewhat apt to . . . 
think that all difficulties which arise in practice can be solved purely by 
the application of knowledge of the chemistry of the processes involved”.  
Higgins, siding with the authority of science, disagreed completely and 
gave this vehement reply: 

This statement conveys an entirely wrong idea of the development 
because we have seen above that every step taken by the chemists had 
the authority of chemical science. Before science was applied to 
industry, farmers were boiling down plant ashes, steeping it in 
buttermilk, and spreading it on the grass; but chemists introduced 
sulphuric acid, pure soda, chlorine compounds etc., into the industry 
and made the modern bleaching industry.10

Perhaps it is not surprising that Higgins’s account sounds methodo-
logically outdated, as it was written in the 1920s.  However, it is interest-
ing to reflect on the persistence of the linear model. While D. W. F. 

                                           
8 Higgins (1924), pp. 73–95. 
9 Ibid., p. 114. 
10 Ibid. 
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Hardie assured us in 1952 that “it is a facile and utterly false assumption 
that the history of chemical industry is merely that of the application of 
the discoveries and theories of pure chemistry and physics to 
technology”, the linear model of technological development has persisted 
in many histories of chlorine bleaching long after it was generally 
expunged from histories of the steam engine.11 Clow and Clow’s account 
of 1952 was quite explicit on this point.  To express their view on “the 
relationship between chemistry and bleaching”, they quote the 18th-
century chemist Thomas Henry: “Bleaching is a chemical operation.”  In 
the paper quoted by Clow and Clow, Henry lamented the lack of 
willingness on the part of industrialists to acquire knowledge of relevant 
chemical principles.12 In 1979, John Graham Smith considered that the 
introduction of chlorine had been a “revolutionary advance . . . 
establishing the bleaching industry on its modern basis” and was “rightly 
framed as one of chemistry’s chief contributions to the Industrial 
Revolution”.13 Smith’s revolutionary imagery was adopted by Alastair 
Durrie in an essay published in 1987, in which he sought to explain the 
“radical and rapid transformation of bleaching technology brought about 
by the discovery and development of chlorine” in the north-east of 
Scotland.14  Even economic historians Chris Freeman and Luc Soete have 
looked to emphasize the direct one-way influence of the science on the 
technology in bleaching: “The case of bleaching differs . . . since it was 
directly based on advances in chemistry”.15 S. D. Chapman similarly 
noted that the new bleaching technique required “specialised knowledge 
of chemistry.”16

It is questionable that the development of chlorine bleaching, any 
more than any other new technology, followed such a straightforward 
route from the laboratory directly into mass industrial usage, leading to 
technological applications which in turn caused dramatic changes in 
society.  Recent developments in the area of social studies of science and 
technology point to a more rounded picture of technological development 
in general.  As we will see, the development of the chlorine bleaching 

                                           
11 Hardie (1952), p. 606. 
12 Clow and Clow (1952), p. 198. 
13 Smith (1979), p. 113. 
14 Durrie (1987), pp. 14–15. 
15 Freeman and Soete (1997), p. 40. 
16 Chapman (1972), p. 25. 
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industry was shaped not only by the technical aspects of the processes 
involved, but also by social and economic factors. It was not a rapid 
advance from laboratory science to large-scale commercial success.  
There were many problems in its evolution, as well as a host of social and 
economic influences that helped to shape the development of chlorine as 
a widely used bleaching agent. 

What is the alternative to a linear and deterministic framework for 
understanding the development of the chlorine bleaching industry? A 
different perspective on the chlorine bleaching story is given through the 
lens of the “social shaping of technology” (SST). Here the historical 
context of technological development is understood as “patterned by a 
range of ‘social’ and ‘economic’ factors as well as narrowly ‘technical’ 
considerations”.17 This leads to a deeper understanding and a more com-
plex narrative in contrast to the relatively limited analysis that historians 
such as Higgins would give. The introduction of chemical knowledge 
may have been one of the more important contributing factors for the 
expansion of the chlorine bleaching industry, but it was not the only 
influence that was present in its development.  SST explores a range of 
organizational, political, economic and cultural factors, which form a web 
of understanding of how a technology is established.  Society influences 
the technology and arguably also the science involved.  But SST is also 
not another term for social determinism, in which society is seen as the 
sole determinant of technological outcomes.  Rather, SST draws a multi-
dimensional picture — neither technologically deterministic nor socially 
deterministic, but recognizing mutual influences between science, tech-
nology and society. 

3. Chlorine bleaching in France 
The story of industrial chlorine bleaching begins with Berthollet’s 

publication of his memoir on chlorine in 1785, which included an account 
of the bleaching properties of a solution of chlorine in water (called 
“chlorine water”).18 Smith suggests that Berthollet’s interest in the 
chemistry of chlorine was triggered by his election to the position of 

                                           
17 Williams and Edge (1996), p. 865; see also Mackenzie and Wajcman (1999). 
18 Berthollet [1788] (1897); we have discussed this paper in detail in Chapter 1.  See 
Lowry (1936), pp. 213–215, for a concise discussion of Berthollet’s work on chlorine 
water. 
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chemical advisor to the Bureau du Commerce and superintendent of the 
state dye-works in Gobelins in 1784,19 but Berthollet’s involvement in the 
debates surrounding chlorine’s elementary nature (discussed in Chapter 
2) suggests that his motivation was not solely utilitarian. Berthollet 
published the outcome of his research on bleaching in the Annales de 
Chimie in 1789, and published his treatise on the art of dyeing two years 
later in 1791.20 Even before this, Berthollet’s procedure had attracted 
attention from the Comité d’Administration de l’Agriculture, of which his 
close colleague Antoine-Laurent Lavoisier was a leading member, and by 
1790 it was formally endorsed by the Bureau du Commerce, which called 
for its industrial implementation.21

Berthollet explained the bleaching ability of chlorine in terms of 
oxygen transfer, a reference to Lavoisier’s new chemistry. Previous 
theories of bleaching had attributed the loss of colour to a loss of 
phlogiston, but Berthollet associated the loss of colour with the affinity of 
colouring particles for oxygen.  In his theory, the more easily a substance 
provided oxygen to the colouring particles, the more effective it was as a 
bleach.  Since Berthollet considered chlorine to be “oxygenated muriatic 
acid” (or, “oxymuriatic acid”), as discussed in detail in Chapter 2, it 
would have seemed a natural candidate as a bleach: “the [bleaching] 
properties of the oxigenated muriatic acid [chlorine] are owing to the 
oxygen that is taken from it by the substances on which it acts [so that] by 
a continued action, it destroys colour”.22 Berthollet’s practical work did 
not at any stage cause him to question this explanation of the scientific 
basis of bleaching. 

Despite its obvious technical promise and its promotion by a 
powerful scientist who provided both experimental and theoretical argu-
ments supporting it, chlorine bleaching was slow to be adopted in France.  
There were problems with new equipment, and the results were initially 
unreliable.23  The process was difficult to control: if the solution was too
  

                                           
19 Smith (1979), p. 118. 
20 Berthollet [1789] (1790), and Berthollet (1791).  Both of these publications were 
quickly translated into English, the Elements warranting a second edition to 
incorporate the practical instructions of a dyer. 
21 Smith (1979), p. 126. 
22 Berthollet [1789] (1790), p. 34. 
23 See Pratt (1989), pp. 25–27, for a description of these problems and their solutions. 
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weak, the fabric yellowed on later washing; if it was too strong, the fabric 
was damaged.  Moreover, the use of chlorine presented significant health 
risks to workers in the new industry. One major difficulty was that 
chlorine gas escaped from the chlorine-water, producing choking fumes.  
This made Berthollet’s original bleaching process dangerous and un-
pleasant.  C. Pajot Descharmes, one of those who attempted to develop 
Berthollet’s 1789 process, described the miseries he experienced: 

Running of the nose, asthmatic affection of the breast, headache, tears 
and smarting of the eyes, bleeding at the nose, the sensation known by 
the name of the teeth set on edge, pains in the small of the back, and 
even spitting of blood, are the ordinary inconveniences to be expected, 
when the pure oxygenated muriatic acid [chlorine] is used as is 
prescribed in the Annales de Chimie. 24

Berthollet’s key innovation at this juncture was to add potash to 
chlorine water, in an attempt to neutralize the toxic effects.  Not only was 
the intended effect achieved, but the bleaching action unexpectedly 
became more powerful.  Solutions to other problems also followed, such 
as protective gear for workers and the introduction of means of measuring 
the strength of the bleach.  The new chlorine–potash bleaching liquor 
became quite usable and Berthollet, with the help of François-Joseph 
Bonjour, was able to convince the Bureau du Commerce that chlorine 
bleaching could be developed for industrial use.  Berthollet demonstrated 
his methods to members of the Javelle Company, who then attempted to 
obtain a patent for their adaptation of Berthollet’s method.  The French 
government refused the patent once it had been shown that their product 
“Eau de Javelle” was not original.  It was in fact almost identical to the 
solution created by Berthollet when he added potash to chlorine water in 
order to alleviate the smell of chlorine gas escaping from the solution.25  
Berthollet inadvertently prepared this more effective bleaching solution, 
which the Javelle Company created by dissolving chlorine in a solution of 
potash. 

Technical difficulties were not the only kind of obstacles in the 
establishment of chlorine bleaching. Smith points out that the new 

                                           
24 C. Pajot Descharmes, The Art of Bleaching Piece-Goods, Cottons, and Threads of 
every description, trans. by William Nicholson (London, 1799), p. 64; quoted in 
Smith (1979), p. 143. 
25 Pratt (1989), p. 26.  According to Parkes (1815, pp. 57–58), Berthollet himself 
carried out the analysis that established the chemical similarity of the two solutions. 
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technique threatened to undermine the traditional artisanal nature of the 
French bleaching industry.26  Berthollet’s insistence that the practice of 
chlorine bleaching was “capable of execution only by people instructed in 
chemistry” was perceived to exclude the lay-artisans who constituted the 
majority of the industrial workforce at the time.27  Berthollet’s one-time 
assistant Bonjour tried to establish a chlorine bleaching plant at 
Valenciennes near the Belgian border, but faced overwhelming opposi-
tion from the local croft bleachers which eventually put him out of 
business.28  According to Roger Hahn, the high-handed attitude of scien-
tific innovators like Berthollet generally came up against the “grievance 
of the artisan”, who felt threatened by the apparent exclusivity of the new 
technology.  Lavoisier had recognized the nature of this grievance early 
on, and his “strategy for saving the Academy was founded upon the belief 
that the attacks of the artisans arose principally from their natural desire 
to participate in governing science and the arts”.29  In a similar way, the 
proponents of chlorine bleaching became increasingly careful to 
demonstrate that the new bleaching process was “destined to go 
absolutely hand in hand” with traditional methods.30

Berthollet was unflagging in his campaign for chlorine bleaching.  
In addition to publishing all his results and techniques, he also traveled 
around France demonstrating his procedures for all who asked to see 
them.  James Watt, who saw one of Berthollet’s demonstrations of 
chlorine bleaching during a visit to Paris, and he offered to secure a 
British patent for Berthollet on his return to England.  Berthollet refused, 
stating that he had no desire for personal gain but merely wanted science 
to advance.  Berthollet’s lack of interest in profiting from his science was 
well documented.  Dominique-François Arago wrote that Berthollet was 
“quite happy to see others profiting from his discoveries”, while his 
biographer Auger commented that “apart from his genius, Berthollet was 
best known for his lack of interest in money.”31 No doubt Berthollet’s 
occupation of what Fourcroy described as “one of the best paid scientific 

                                           
26 Smith (1979), p. 178. 
27 This comment, made by Berthollet in 1788, is quoted in Smith (1979), p. 143. 
28 Partington (1962), p. 507. 
29 Hahn (1971), p. 231. 
30 Le Journal de Normandie, quoted in Smith (1979), p. 142. 
31 Arago and Anger quoted in Crosland (1967), p. 99 and p. 101 respectively. 
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posts in the country” made it possible for him to communicate his knowl-
edge freely, without thought for the money to be made from the process.32

 
One might imagine that Berthollet’s considerable ingenuity and 

selfless dedication would have been enough for the establishment of 
chlorine bleaching.  On the contrary, the development of the new bleach-
ing technology came to an abrupt halt during the French Revolution.  
After Berthollet’s success in disseminating knowledge about chlorine 
bleaching in the short period since 1785, the Revolution presented 
considerable challenges to its further development. Many of the main 
figures in the French bleaching industry had their attention diverted to the 
fighting or in politics, and others ran out of supplies or had their 
equipment destroyed.33 Parisian science was highly centralized, taking 
place under the auspices of national bodies such as the Bureau du 
Commerce and the Académie Royale des Sciences.  While the Académie 
functioned as a “central collecting point for new scientific work”,34 the 
Bureau also fulfilled an important role in providing patronage to those 
involved in scientific activities.  As Roger Hahn comments: “In the face 
of the dominance of publicly sponsored institutions, the impact of 
voluntary associations of scientists and research in private industries 
[was] inconsequential”.35 Berthollet’s exploration of chlorine bleaching 
was well supported by the Bureau du Commerce; its sponsorship 
protected Berthollet from the pressures of commercial competition, and 
enabled him to disseminate knowledge of the new bleaching process to a 
wide audience. The Bureau received a large number of appeals concern-
ing chlorine bleaching throughout the 1780s and as late as 1790. 

Unfortunately for Berthollet, the French Revolution threatened the 
dominance of old central-governmental institutions, forcing the relocation 
of science in France from state-funded, centralized institutions into the 
private sector for a time. The Bureau du Commerce was abolished in 
September 1791. The Académie fared no better. Already in November 
1789 the Duc de la Rochefoucauld d’Enville addressed the Académie on 
the need for a new regime with greater proletarian involvement, away 

                                           
32 Fourcroy, quoted in Smith (1979), p. 118. 
33 Smith (1979), p. 134. 
34 Crosland (2002), pp. 242–243. 
35 Hahn (1971), p. 315. 
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from “arbitrary ministerial control”.36  This reaction against exclusiveness 
was a problem for the development of chlorine bleaching, which 
Berthollet argued was only operable by those knowledgeable about the 
relevant chemistry.37 No provision was made for any widespread 
instruction in chemistry during this period, and the majority of the 
industrial workforce therefore lacked the necessary skills to participate in 
the new bleaching industry. 

Although the Académie had always tried to “justify it existence in 
the public eye and to the state, its paymaster” by supporting projects with 
utilitarian value, the intellectual elite was believed to have used patronage 
to perpetuate their own views.38 Seen from this point of view, the 
Académie’s guidance of scientific activity constituted an unwelcome 
“imposition of theories”.39 Jean-Denis Lanjuinais even went so far as to 
describe academicians as a “literary aristocracy wielding a despotic 
authority that could not be tolerated in an age of liberty”.40 Lanjuinais 
particularly objected to the fact that French academicians were paid and 
he contrasted this situation with that in Britain, where “its academies 
receive neither tokens nor stipends; nevertheless they flourish, and their 
academicians are, I dare say, even more useful than ours”.41 This 
perception of “frivolous expenditure” by the Académie was heightened by 
the discovery in 1791 of anomalies in its accounts.42  The Académie was 
dissolved in October 1793, following a period of financial disorder during 
which it became increasingly difficult to provide support to the 
Academicians. 

It seems that during the Revolutionary period the only significant 
establishments involved in chlorine bleaching were privately funded.  The 
most successful bleaching company in France at this time was F. A. H. 
Descroizilles’s factory at Rouen in Normandy, north-west of Paris, which 
was supported by the patronage of the brothers de Fontenay, wealthy 
textile merchants with an interest in bleaching. By 1802, Descroizilles 

                                           
36 Quoted in Hahn (1971), p. 167. 
37 See Smith (1979), p. 143. 
38 Crosland (2002), pp. 324–325. 
39 Fox (1992), p. 134; see also Crosland (2002), p. 270.  
40 Hahn (1971), p. 198. 
41 Ibid., p. 196. 
42 Ibid., p. 227. 
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was running the “finest Berthollian bleaching works in France”.43  Even 
F. J. Bonjour and J. J. Welter, Berthollet’s protégés at the Bureau, pur-
sued their interests privately. Welter was decorated in 1819 with the 
Legion of Honour for his contributions to chemical industry, a significant 
part of which was his role in chlorine bleaching. Robert Fox describes the 
flourishing bleach industry in Mulhouse, a semi-autonomous region that 
was relatively unaffected by the Revolution.44 In 1801, two residents of 
the region, Nicolas Dollfus and Alexandre Jaegerschmid, patented a new 
method of making chlorine.45 This case illustrates two interesting points.  
First, during these times of turmoil, new ideas by relatively unrecognized 
individuals were not likely to receive funding from the government.  
Second, the use of patents (which were introduced in 1791) suggests the 
growth of a commercial culture, reflecting trends in other parts of Europe 
and contrasting with the spirit of publicly sponsored research, which 
Berthollet displayed. However, in the long-term French context, such 
private ventures were ineffective in establishing a whole industry. As 
Smith notes, even by the 1820s chlorine bleaching had by no means 
displaced traditional methods entirely in France.46

4. Chlorine bleaching in Britain 
Chlorine bleaching actually first took hold in Britain, rather than 

France where the basic technique was first developed and officially 
promoted.  At the height of the Industrial Revolution in Britain, which 
was in large part driven by developments in the textile industry, there was 
a clearly felt need for a more efficient method of bleaching.  Bleaching 
was needed not only to make white cloth, but to prepare properly any 
cloth to be dyed. 

The demand was high.  There is research to suggest “an increasing 
trend for the British consumer towards buying cotton clothing throughout 
the eighteenth century”.47 The mass market was fed by the thriving textile 

                                           
43 Descroizilles’s success was hard-won, as described by Smith (1979), pp. 128–129.  
One of Descroizilles’ innovations was the development of a system for measuring the 
strength of bleaching liquor using a device he called the Berthollimètre, a fore-runner 
of the modern burette. 
44 Fox (1992), p. 140. 
45 Smith (1979), p. 177. 
46 Ibid., pp. 177–178. 
47 Lemine (1991), p. 100. 
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industry already present in Britain.  Freeman and Soete report: “between 
1760 and 1790 there was a huge growth in Britain, specifically the cotton 
output”.  This was due to the significant effects of the mechanization of 
the textile industry, through important innovations such as the spinning 
jenny, the power loom and the water-frame.48 As the production of 
textiles increased, so did the need for a large-scale bleaching industry.  
This drive from the textile industry to develop chemical bleaching 
techniques is in keeping with the general observation by Clow and Clow 
that “during the Industrial Revolution, much of the expansion of the 
chemical industry was conditioned by the prodigious growth of the textile 
industry.”49

Before chemical compounds entered the bleaching industry, much 
of the cotton and linen that was manufactured in Britain was sent to be 
“finished” in Holland and Ireland.  Compared to England and Scotland, 
these two countries were producing a far superior product that was sought 
after throughout Europe. After an initial attempt to import skilled workers 
from Ireland, Scotland decided to take more radical measures to address 
the problem. The Board of Trustees for Manufacture, Fisheries and 
Improvements in Scotland recommended: “sending [Scottish] bleachers 
to Ireland to study Irish methods . . . , by subsidizing the laying down of 
extensive bleachfields and by awarding premiums to Scottish academic 
scientists for researches . . . on various bleaching processes.”50  This kind 
of state reward for research into more efficient bleaching methods was 
intended to make Scottish bleachers more competitive with respect to 
their Irish and Dutch counterparts. 

Cotton and linen manufacturers also had to contend with a different 
kind of dominance within the textile industry — the woollen and silk 
manufacturers.  Before chlorine compounds were utilized for whitening 
linen and cotton cloths, woollen and silk products were the textiles of 
choice for the finer items of clothing such as hosiery.  This was due to the 
fact that the bleaching techniques, before the introduction of chlorine 
compounds into the industry, favoured woollen and silk products giving it 
a whiter finish than the cotton and linen equivalents. 

The need for better bleaching methods was intensified by the 
severe increases in land rental prices that occurred just before and after 
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1800.51 Traditional methods of bleaching utilized crofting, where the 
cloth had to be exposed to the sun in expansive stretches of fields.  This 
created competition for land between the agricultural industry and the 
bleaching industry. This problem was amplified due to the dramatic 
increase in the amount of linen and cotton goods that needed to be 
bleached.  Therefore, a large and larger amount of land initially had to be 
given over to crofting. 

For all of these reasons, when a promising new process of bleach-
ing came to the attention of British industrialists, they were willing to see 
the process of development through the numerous difficulties that beset 
it. Even before chlorine had entered the picture, there had been steps 
taken to decrease the time needed to bleach linen and cotton goods in 
response to the increased output of the manufacturers. When cheap 
mineral acids became available, this “enabled bleachers to reduce the 
time of souring to about a twenty-fifth of that formerly required. But even 
this increased rapidity of bleaching was not adequate to cope with the 
output of the mills, soon to be increasing by millions of yards annually.”52

In the attempt to develop chlorine bleaching, there were many 
technical challenges to be overcome. Too high a concentration of chlorine 
inevitably damaged the cloth that was being bleached.  Bleaching liquor 
made using potash also damaged the cloth, which made many textile 
manufacturers resistant to its use. The poisonous nature of chlorine was 
all too familiar to the early pioneers of chlorine bleaching who tried to 
harness it in its volatile gaseous form.  Furthermore, although the use of 
chlorine compounds gave better results than traditional forms of bleach-
ing, it was more expensive due to the necessity of using costly alkalis.  
Finally, the difficulty and expense of transporting bleach in liquid form 
hindered its large-scale, centralized manufacture. Still, there were 
entrepreneurs willing to devote the resources and time needed to develop 
a commercially viable form of chlorine-based bleaching agents, because 
in part they could see that the traditional forms of bleaching were simply 
too slow to suit the “modern” demands of the cotton and linen manu-
facturers.  This is not to deny that the chemical knowledge employed for 
this purpose was impressive, but chemistry alone would not have 
sustained the strenuous work of developing chlorine bleaching. 
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In the last section we noted that having state support was initially 
not sufficient to establish chlorine bleaching in France, and that the state 
support diminished in any case in the midst of the Revolution.  In Britain, 
there never was much sustained support from the state for chlorine 
bleaching, or for most other technological innovations. As some of the 
early chlorine-based bleaching agents were quite expensive to produce, 
and as research was not funded by the state, scientists and entrepreneurs 
had to make their own investments, and be concerned about protecting 
these investments.  The lack of state support was a source of frustration 
for innovators.  Francis Home had lamented this state of affairs in his 
treatise on bleaching in the middle of the 18th century, with an admiring 
eye to France: “I look on it as a loss to Great Britain and to arts and 
manufactures that we have no academy instituted by Public authority. . . . 
[W]hat a trifling sum to France is the yearly expence [sic] of the 
Academy of Sciences and yet of what benefit has it been to the arts and 
manufactures of that country”.53 The Royal Society of London was 
separate from the government despite having a Royal charter, and was not 
in a position to fulfill key aspects of the role of the Paris Académie.  
Home presumably wished for the provision of substantial financial sup-
port for science.  He also envied the public discussion of technological 
innovation fostered by the Académie in Paris, arguing that “nothing 
promotes an art faster than the communication of those who practice it; 
nothing retards it more than a selfish spirit of keeping it a secret”.54  
Interestingly, the development of chlorine bleaching in Britain during the 
last quarter of the eighteenth century challenges Home’s belief in the 
greater productivity of co-operative scientific activity.  It was in Britain, 
in an atmosphere of intense industrial competition, that chlorine 
bleaching was transformed from a laboratory technique to a large-scale 
industrial process. 

The Royal Society of London was not the main meeting place for 
those whose interests combined science and industry, despite the 
willingness of Sir Joseph Banks (President from 1778 to 1820) to include 
working technologists amongst the fellowship, exemplified by the 
election of James Watt in November 1785.  Instead, provincial societies 
such as the Lunar Society of Birmingham and the Manchester Literary 

                                           
53 Home (1771), p. 394; in the first edition of 1756, see p. 329. 
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and Philosophical Society provided a forum for those interested in the 
systematic improvement of industrial products and processes.55 Although 
the need to preserve secrecy about the details of industrial processes must 
have restricted communication between the members of these societies, 
they provided access to the company of like-minded individuals and a 
useful network of connections.  In the British context, the development of 
chlorine bleaching was largely left in the hands of men seeking economic 
success, rather than academic accolades or the altruistic satisfaction of 
public service.  Instead of direct support, the British government only 
offered a system of patents, providing a legal safeguard for the 
innovators.  In terms of modern sociology of science, Berthollet may 
have been behaving according to the norms of communism and dis-
interestedness that Robert Merton attributed to scientists, but the 
behaviour of the British pioneers of chlorine bleaching were more in line 
with Ian Mitroff’s “counter-norms” of solitariness and self-interestedness, 
values that are the polar opposite of Mertonian norms, but which are 
institutionalized just the same.56

In the remainder of this section we trace the establishment of 
chlorine bleaching in Britain, focusing on the work of three key figures: 
James Watt (the same Watt so well known as the improver of steam 
engines), Charles Macintosh, and Charles Tennant. The work of these 
pioneers was characterized by a close interaction between science and 
entrepreneurship, which fostered the coordinated development of new 
technology and profitable commercial processes.  Practical techniques for 
the manufacture, distribution and use of chlorine-based bleaches were 
developed by chemists and industrialists working in close co-operation.  
As A. E. Musson and Eric Robinson state: “In bleaching . . . there is 
abundant evidence of close links between men of science and of industry, 
between laboratory and workshop — so close, indeed, that research and 
development were often almost merged together and there was hardly any 
gap at all.”57 Sometimes the fruitful interaction took the form of a 
partnership between scientists and industrialists. In other cases, the 
separation between the scientist and the entrepreneur (with the engineer 
somewhere in the middle) was not so clear, and we find it more con-

                                           
55 See Schofield (1957) on this aspect of the Lunar Society. 
56 Merton (1973); Mitroff (1974). 
57 Musson and Robinson (1969), p. 336. 



Chlorine Bleaching  169 

venient to think of some of the key figures in the story as “scientist–
entrepreneurs”. Many of the scientists involved had commercial as well 
as scientific expertise, and many of the industrialists had at least some 
knowledge of practical science.   

James Watt (1736–1819) is an interesting case.  He was clearly not 
lacking in scientific ideas, as evidenced in his well-founded claim to have 
arrived at the composition of water as a compound of hydrogen and 
oxygen.58 However, on many occasions he humbly sought advice from 
those who were more engaged with science (or rather, natural philosophy 
or chemical philosophy, in the terminology of his time). For example, 
Watt mentioned a chlorine-based bleaching liquor in a letter to Joseph 
Priestley written shortly after his return from Paris in late 1786, asking 
whether Priestley could enlighten him about how the liquor might work.  
As key members of the Lunar Society, Watt and Priestley routinely had 
this sort of scientific–technological interactions. And Watt was also 
actively engaged in the business side of his work, though certainly guided 
by his business partner Matthew Boulton, another key member of the 
Lunar Society. 

The story of chlorine bleaching in Britain begins with a letter from 
Berthollet to Charles Blagden, Secretary of the Royal Society, in March 
1785, describing his preliminary experiments on the chemical properties 
of chlorine, including its bleaching power.  This letter did not mention the 
potential for using chlorine to bleach textiles, but Musson and Robinson 
claim that Blagden and other British scientists probably “soon acquired 
knowledge of Berthollet’s subsequent proposals for its industrial applica-
tion, by reading his published papers or by personal contact”.59 It was, 
however, not until Watt visited Paris with Boulton in late 1786 that 
British scientists and entrepreneurs definitely witnessed Berthollet’s 
bleaching experiments.60

According to Samuel Parkes, Watt already had some interest in the 
technicalities of bleaching before this visit.61 Impressed by Berthollet’s 
demonstration, Watt wrote to his wife Annie from Paris, asking her to 

                                           
58 See Muirhead (1846). 
59 Musson and Robinson (1969), pp. 261–262. 
60 Ibid., pp. 262, 264–265. 
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pass the news on to her father, James McGrigor, a Glasgow-based dyer.62  
McGrigor worked together with James and Annie Watt from 1787 to 
1789 to improve the bleaching method, no doubt assisted by Watt’s 
continuing correspondence with Berthollet.63 By 1788, Watt had also sent 
his son to work in a printing and bleaching firm in Glasgow. Watt and 
McGrigor struggled to maintain a monopoly over the new process, in 
contrast to Berthollet’s own openness, which often threatened their 
attempts at secrecy.   

Watt and McGrigor were of course not the only people in Britain 
who recognized the commercial importance of bleaching.  Apparently 
“disappointed at their commercial prospects at home”,64 Bourboulon de 
Boneuil and others, formerly of the Javelle Company in France, set up a 
company in Liverpool.  But when they applied for an exclusive licence to 
manufacture Eau de Javelle in Britain, it was refused on the grounds that 
the product was not novel.65  When Watt learned of the Javelle 
Company’s plan to make public demonstrations of the new method in 
Liverpool, he suggested to McGrigor that they establish priority by 
making, demonstrating and, if possible, selling their own bleaching 
liquor.66  A British patent was also refused to the Javelle Company, 
largely on the evidence of Watt, who claimed that he had, “for more than 
a twelvemonth, been in possession and practice of a method”, which was 
“the very same” as the Javelle process.67  William Henry identified Watt 
as a “powerful auxiliary in preventing the monopoly of the foreigners”; 
this is a factor also recognized by Pratt, whose study of the Javelle 
Company notes “a rising tide of establishment thinking against anything 
French” just before the French Revolution.68 As it turned out, Watt and 
others need not have worried so much.  Eau de Javelle was expensive to 
make, and it was also rather impractical because its bleaching power 

                                           
62 Musson and Robinson (1969), p. 263.  His name is given as “MacGregor” by 
Partington (1962, p. 508) and Crowther (1962, p. 159). 
63 See ibid., pp. 265–273, for a description of the early stages of this collaborative 
effort. 
64 Partington (1962), p. 508.  Partington’s assessment of their motives may be 
generous.  According to Smith (1979, p. 131), Bourboulon was on the run from 
charges of embezzlement! 
65 Pratt (1989), p. 26. 
66 Musson and Robinson (1969), pp. 274–275. 
67 Letter from Watt, dated 23 February 1788, quoted in Henry (1815), p. 423.  See 
also Musson and Robinson (1969), p. 258. 
68 Henry (1815), p. 424, footnote; Pratt (1989), p. 27. 
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diminished over time.  Although it achieved some success in domestic 
use, it was never suitable for large-scale industrial applications. 

Meanwhile, in Manchester the physician and industrial chemist 
Thomas Henry (1734–1816) had been investigating the chemistry of 
bleaching.69 As early as 1781 he described bleaching as a “chemical 
operation”, and recommended the use of muriatic (hydrochloric) acid in 
place of vitriolic (sulphuric) acid in a joint paper with A. Easdon.70 By 
1788, he was attempting to develop a chlorine-based bleaching liquor but 
ran into technical difficulties, which led him to consult Watt.  As his son 
William (1774–1836), renowned chemist himself, explained in 1815: 
“next to Mr. Watt, Mr. Henry was at least equally early with any other 
person in applying the discovery to practice”.  William Henry went on to 
refer to a “number of letters” between Watt and his father in 1788, “in 
which each of those gentlemen disclosed, unreservedly to the other, the 
progress of his experiments in this new art”.71 However, Musson and 
Robinson suggest in their analysis of this correspondence that it is 
“doubtful whether Watt gave Henry much help on these problems”. In 
any case, Henry continued to work on the economic and chemical 
problems of developing the new bleaching technology, by now in partner-
ship with the Manchester dyer John Wilson.72

Before long, a large number of people were actively involved in 
attempting to produce bleach commercially, and competition was fierce.  
In April 1788 McGrigor had a perturbing visit from George Macintosh, 
the proprietor of a dyeing business. Macintosh reported that his son, 
Charles, “a very good Chymist”, had just written to him describing a 
bleaching process similar to the one developed by Watt and McGrigor, 
using hydrochloric acid to produce chlorine.  Charles Macintosh (1766–
1843), who would later go on to achieve fame for his invention of 
waterproof cloth, was indeed a well-trained chemist.  Having learned his 
chemistry from William Irvine in Glasgow and Joseph Black in 

                                           
69 On Henry and his family, see Farrar (1997). 
70 Thomas Henry, “On the Advantages of Literature and Philosophy in General, and 
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Edinburgh, Macintosh was particularly well placed to understand the 
relevance of chemistry to industry.73  McGrigor was concerned that 
Macintosh would quickly discover the advantages of using sulphuric acid 
and salt to prepare chlorine.  His fears were entirely justified — in July he 
wrote to Watt to say that Macintosh had done just that.74  Macintosh was 
motivated to explore the use of sulphuric acid by his existing connections 
with the sulphuric acid works at Prestonpans.  His interest in bleaching 
continued and in 1797 he entered into partnership with Charles Tennant, 
James Knox and Alexander Dunlop to exploit a new bleaching process 
based on the use of lime instead of potash. 

Charles Tennant (1768–1838) was quite a significant force in 
Macintosh’s partnership. Although not widely remembered now, Tennant 
was a very well-known figure in his time, and well into the 19th century.  
In William Walker’s Memoirs of Distinguished Men of Science 1807–
1808, published in 1862, Tennant was given 4 pages of coverage, quite 
comparable to the 6 pages given to Watt.  Of more general interest is the 
fact that Walker’s list of “men of science” did not exclude industrialists 
like Tennant and Watt.  Tennant was born in 1768, son of John Tennant, 
a farmer and Steward to the Countess of Glencairn.  He was educated first 
at home, by his mother, who was described by Walker as a “very able 
woman”.75 His education continued at a local parish school and after 
leaving school he worked as a bleacher in Wellmeadow.  Having learned 
this trade, he went on to establish a bleachfield at Darnley, near Glasgow, 
with a partner, Cochrane of Paisley.76 Tennant was convinced that the 
bleaching methods he had used in Darnley could be significantly 
improved using the study of chemistry, at the time very much in vogue 
both at home and across the Channel. He began studying chemistry in 
earnest, with a careful eye on uses for his Darnley bleachfield. 

The next part of the story is less clear. It seems that Tennant was 
inspired by a demonstration of bleaching by Watt in Birmingham in 1787, 
and began his own studies into the bleaching liquor.77 Quite how young
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Tennant in Scotland came to hear of the demonstrations of Watt in 
Birmingham is a little uncertain. We do know that Watt was working 
with his father-in-law, James McGrigor, who was then resident in 
Glasgow, and it may be that McGrigor and Tennant were in commu-
nication with each other. At any rate, Tennant’s initial innovation was the 
use of lime instead of potash, which dramatically reduced the cost and 
also minimized the damage sustained by the cloth.  The basic idea might 
have been obvious enough, but Tennant was, or at least claimed to be, the 
first to solve the technical problem of lime’s insolubility in water.78

One technical problem remained, however. The new product 
remained unsuitable for long storage, and thus for transport.  Tennant and 
Macintosh arrived at the idea of giving far-away manufacturers licences 
to use their process for a fee, instead of buying their product.  So in 1797 
Macintosh undertook a tour of Lancashire, giving demonstrations of the 
new liquor and offering licences for its manufacture at a cost of £200.  
The scheme worked very well, for the bleachers reported savings to their 
own industry of £1,000–£2,500 per year, with the bleach repeatedly 
proving successful.  This is an interesting example of a technical problem 
being solved by entrepreneurial skill; the licensing scheme was a simple 
and effective social method for circumventing the storage problem. 

Unfortunately for Tennant, Macintosh and company, their brilliant 
entrepreneurial solution was stymied by a new entrepreneurial problem.  
In 1798 a group of Lancashire bleachers began to use Tennant’s process 
without purchasing a licence.  They claimed that the process pre-dated 
Tennant’s licence, although it was clear that they had not used it 
themselves previously.79 Tennant took them to court, but lost. The verdict 
against Tennant was partly based on the evidence presented by some of 
the Lancashire bleachers, most notably Robert Hall and Hugh Foy, who 
had actually had a part in developing the process Tennant used.  Tennant 
pursued his case to the Crown Court in 1802, and lost again. But the legal 
battles do not seem to have left long-lasting bitterness between Tennant 
and the Lancashire bleachers, as they awarded him a commemorative 
plate for his work in the improvement of bleaching. 

The outcome of the legal appeal was somewhat immaterial at any 
rate, as Tennant and Macintosh had in the meantime come up with a 
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different solution to the basic problem.  Seeing that the licensing scheme 
was not as lucrative as they had hoped, they turned back to the 
application of science. In 1799 Tennant took out a patent for a dry 
bleaching powder, which was manufactured by the absorption of chlorine 
gas into dry lime. Therefore a number of historians assert that Tennant 
was the inventor of bleaching powder, but Macintosh subsequently 
claimed the invention as his own.  In Hardie’s view, given the innovative 
nature of the process (it was “the first gas–solid reaction to be technically 
exploited”) and Tennant’s record of somewhat dubious priority claims, it 
is more likely to have been the work of the highly trained chemist than 
the entrepreneur.80

Regardless of the accurate distribution of credit, the introduction of 
bleaching powder was a decisive moment in our story.  It was instru-
mental in breaking down the resistance of British bleachers to chlorine 
bleaching.  In order to develop the commercial potential of the new 
product Tennant established a new chemical works at St. Rollox, just 
north of Glasgow, which made him an extremely wealthy man. For a 
brief period (1802–03) Tennant even exported bleaching powder to 
France, where it was not manufactured until 1819.81 Bleaching-powder 
production also helped the revival of sulphuric acid manufacture, along-
side new chemical manufactures based on salt and chlorine, enabling 
Tennant and others to transcend their role as bleach manufacturers to 
found new chemical industries.82

5. Conclusion 
There were many difficult technical challenges involved in the 

transformation of chlorine bleaching from basic science to useful tech-
nology.  The major innovations included Berthollet’s addition of potash 
to reduce toxicity, Tennant’s replacement of potash with lime to reduce 
cost, and the Tennant–Macintosh invention of bleaching powder to solve 
the storage-transport problem. It would have been quite difficult for 
chlorine bleaching to be developed without a certain amount of chemical 
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knowledge, but the product that came out of Berthollet’s laboratory was 
very different from the product that bleachers such as Tennant were 
patenting for large-scale commercial use.  It should also be noted that the 
technological developments were made in the absence of any under-
standing of chlorine and its properties that modern chemistry would 
regard as correct. 

Our investigations of the origin of chlorine bleaching have also 
revealed significant and interesting differences between the British and 
the French contexts.  The oft-cited contrast between French state control 
and British private enterprise is indeed important.  However, during the 
turmoil of Revolutionary re-organization in France the centralized 
support structure for science and technology generally faltered, leaving 
the establishment of chlorine bleaching suspended despite Berthollet’s 
considerable efforts. Differences in the general shape of the two 
economies mattered, too.  Compared to Britain, France remained a more 
agrarian economy, and the Revolution also enhanced the power of the 
artisan class, which feared that industrialization would undermine their 
livelihood. Britain was already significantly industrialized, and its 
workforce adapted more spontaneously to new kinds of employment; new 
industries in Britain developed in response to consumer demand rather 
than government initiative. 

Overall, the case of chlorine bleaching fully exhibits the complex 
interactions between science, technology and society. Traditional ac-
counts of the development of chlorine bleaching based on the linear 
model and technological determinism are shown to be inadequate.  First 
of all, we should recognize that the great impetus for the development of 
chlorine bleaching was demand: the bleachers felt the push from the linen 
and cotton industries as their output increased significantly through the 
last half of the eighteenth century, with a growing mass-market eager to 
buy the goods produced. And it was scientific–entrepreneurial partner-
ships that proved successful in developing chlorine bleaching into a 
usable form, and these close collaborations also resulted in greater 
acceptance of the new technology amongst textile manufacturers. Such 
partnerships abounded in Britain during this period and, although not all 
were successful, they were powerful agents for change which operated 
substantially through informal provincial networks and not under the 
auspices of the government or metropolitan societies like the Royal 
Society. 
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 Chlorine Disinfection and Theories of Disease 
                                                          

Anna Lewcock, Fiona Scott-Kerr and Elinor Mathieson 

1. Introduction 
In the modern world, chlorine is widely used as a disinfectant.  Its 

distinctive smell has become familiar from numerous household cleaning 
products and swimming pools, and it is even present in our drinking 
water.  However, it was a long journey from the first fumigations carried 
out by Guyton de Morveau in 1773 to the familiar processes of dis-
infection used today.  Despite the early promise shown by chlorine-based 
disinfectants, it took them many decades to be accepted as reliable and 
effective means of preventing the spread of disease.  It was not until the 
beginning of the 20th century that chlorine was introduced as a dis-
infectant in water. Throughout the 19th century numerous individuals 
promoted chlorine disinfection, but these attempts were shrouded by 
controversy.  There were a wide variety of obstacles.  No one seemed to 
know how exactly the chemicals worked, until the germ theory of disease 
was established and the microscopic observation of bacteria became 
routine.  It was very difficult to measure the effectiveness of disinfection, 
so there were continuing controversies about how well various disinfec-
tants worked. At the same time, some harmful effects of the chemicals 
were also observed. Consequently, each time chlorine disinfection was 
introduced, disillusionment set in gradually after an initial burst of 
enthusiasm. 

We will begin, in Section 2, by tracing the rise and fall of some of 
the most salient episodes in the use of chlorine disinfectants before the 
20th century, made by Labarraque, Semmelweis, Nightingale, and many 
others.  In Section 3 we will give a more systematic and in-depth analysis 
of the theoretical debates surrounding the mechanism of contagion and 
the action of chemical disinfectants. That discussion will show the 
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enormous complexity of the debates, and indicate the impossibility of 
giving a completely general account. To illustrate what a truly full 
analysis might look like, we give a detailed analysis of one episode in 
Section 4, namely the use of chlorine in the attempt to battle the cholera 
epidemic of the early 1830s in Britain and the United States.  Many more 
detailed analyses like that will be needed before we can reach a full 
understanding of the long and tortuous history of chlorine disinfection; 
however, our admittedly incomplete discussion can already highlight 
some factors that may well have general relevance. 

2. A series of false dawns 
A defining moment in the history of chemical disinfection came in 

the year 1773 when the cathedral at Dijon, in eastern France, was infected 
with “putrid exhalations” given out from the bodies that had been left in 
the vault.  These exhalations, or smells, had become so powerful that the 
cathedral had been abandoned as unusable. Louis-Bernard Guyton de 
Morveau (1737–1816), a well-known local chemist, was called into deal 
with it.1  He believed that the miasma being given off by the bodies could 
be neutralized with the vapor of hydrochloric acid (then known as 
muriatic acid, as explained in Chapter 1), made from salt and sulphuric 
acid. The success of this operation established Guyton and the Dijon 
Cathedral as a legendary reference point in the subsequent history of 
chemical disinfection. Similarly, in England James Carmichael Smyth 
(1741–1821), physician to George III, used nitrous acid2 in 1780 in 
churches, prisons and hospitals to destroy contagion; he published this 
use of the disinfectant in 1795, and received an award of £5000 from the 
.. 

                                           
1 See Guyton (1801); for a brief English-language introduction, see Guyton (1809).  
See also Winslow (1943), pp. 239–242.  Guyton, soon to be one of Lavoisier’s most 
important colleagues, began his career as a prominent lawyer in Dijon.  Later he was a 
leader of the Revolution, serving as the first president of the Committee of Public 
Safety, until removed as a moderate; afterwards he was a senior statesman of French 
science, twice director of the Ecole Polytechnique among other things.  On Guyton’s 
life and work, see W. A. Smeaton’s entry on him in the Dictionary of Scientific 
Biography, vol. 5, pp. 600–604. 
2 Or nitric acid; the two terms were interchangeable at that time. 
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government for his contribution.3 After Smyth’s award John Johnstone 
claimed that his father James, a doctor in Kidderminster, had used acid 
fumigation as early as the 1750s.  Johnstone said of the fumigations: 
“Before mineral acid vapours no antidote was known to be capable of 
destroying the malignant influence which in the form of gaol fever has 
often depopulated nations and poisoned the intercourse of society.”4  
Guyton’s colleague Antoine-François de Fourcroy in 1791–92 used 
chlorine gas (known as oxymuriatic acid then) for fumigations, and it was 
admitted by Guyton himself as a superior disinfectant to muriatic acid.  
The use of chlorine was introduced to England by William Cruickshank, 
who used it to purify water in 1800.5  These initial successes, however, 
seem to have been short-lived. 

Some experiments carried out over a century after Guyton’s work 
shed further light on why his method was short-lived.  In the estimation 
of Frederick Andrewes:  

Chlorine gas, at least in the presence of moisture, is a more powerful 
disinfecting agent than sulphurous acid. However, once a room has 
been ‘chlorinated’, the air should be almost irrespirable (if the room 
has been sealed properly), producing severe bronchial spasms, after 
twenty four hours. Any animal left in the room during the operation 
will die . . . . Finally, metal objects may be tarnished and vegetable 
dyes bleached.6

It is highly probable that those employing Guyton-style fumigations in 
the late eighteenth and early nineteenth centuries also encountered these 
problems, and this may be why the fumigations were mostly 
discontinued. But there were other methods of utilizing chlorine that were 
more effective.  

A salient revival of chemical disinfection was made by Antoine-
Germain Labarraque (1777–1850), French chemist and pharmacist, who 
started using chlorides of soda and lime as disinfecting agents in the early 
1820s.  He claimed that chlorides diluted with water had many uses — on 
skin ulcers, in the toilet, as injections, for washing cloth dressings, for 
washing hands, and for applying to the nose when dealing with the sick, 

                                           
3 All of the secondary sources claim that Smyth received his award in 1796, yet 
Smyth’s own writing seems to suggest he must have received it in 1801 or 1802. 
4 Johnstone (1803).  Johnstone’s brothers Edward and James Junior were also 
advocates of acid fumigation. 
5 Smith (1869), p. 15. 
6 Andrewes (1907), pp. 103–104. 
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to name but a few.  He also recommended leaving plates of the solution 
in rooms and changing them daily, in order to destroy exhalations. “In the 
cases of asphyxia produced by the exhalations of vaults, sewers or any 
considerable masses of putrefying animal substances”, Labarraque re-
commended that the patient should breathe concentrated chlorides.  He 
also suggested that the chloride of soda diluted in water be used to stop 
the decomposition of dead bodies.7 He published the results of his 
experiments in various scientific journals, and his practical recommen-
dations gained broad official approval.  Labarraque boasted: 

After three years of uninterrupted success among the sick . . . , and, 
especially, after a considerable number of experiments on animal 
matters in a state of putrefaction, the Royal Institute of France 
proclaimed, in their turn, the beneficial effects of the applications of 
the chloride of lime and soda by decreeing me a first prize, at their 
public sitting on 26 June 1825.8   

It does not seem, however, that Labarraque had a theory of why chlorine 
had such healing powers.  Like the 18th-century pioneers, it appears that 
Labarraque had discovered the notable effects of chlorine disinfectant but 
had no idea as to why it was able to prevent disease. 

In December 1825, the Council of Health of the Lazaretto of 
Marseilles resolved that chlorides should be used for the fumigations in 
the lazarettos.9  This was found to be far more successful than the Guyton 
fumigations; in May and August 1826, when the quarantine physician and 
health officers attended sea typhus patients, the use of chlorides pre-
vented them from catching the disease from their patients.  In contrast, in 
1818 in the same place and under the same circumstances, “the typhus 
was communicated to the health officers and quarantine physician, 
notwithstanding the daily use of Guyton fumigations”.10 Intriguingly, 
Guyton’s method seems to have been in use, at least in Marseilles, half a 
century after his initial trial, but it was not as successful as in the iconic 
case of the Dijon Cathedral.  With Labarraque’s new discoveries, chlorine 
disinfection once again became an object of attention; however, we have 
not seen any evidence that it became a very general practice.  

                                           
7 Labarraque (1830), p. 6. 
8 Labarraque (1829), p. 4. 
9 Lazarettos were hospitals for the diseased poor — in this case, more precisely, ships 
used for quarantine. 
10 Labarraque (1830), p. 6. 
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The next phase of chlorine disinfection came in as a measure of 
general hygiene, as instructed by the sanitary reforms recommended by 
Edwin Chadwick (1800–1890) in Britain, as well as others across Europe 
in the 1830s and 40s. In this instance disinfection in general became very 
muddled with other procedures, such as providing good ventilation. 
Indeed, in such a context, there was clearly no particular theory of 
disinfection and how it operated in preventing the spread of disease.  In 
Austria, for those who were necessarily in contact with the sick (doctors 
or ministers for instance) there was an extensive list of instructions to 
safeguard against infection: 

Never visit on an empty stomach, but only after a stimulating drink 
(coffee, tea, wine or liqueur), and chew ginger, calamus, orange peel or 
peppermint cookies, or smoke tobacco while in the sickroom, taking 
care to spit out the accumulated saliva.  Do not visit patients if you feel 
ill yourself, if you have been up all night, if you are drunk or overly 
warm or cold or if you have just experienced strong emotions.  Wear 
an outer garment of waxed cloth, hold your breath while in the 
immediate proximity of the ill and avoid their exhalations.  Salve the 
hands with rose pomade before actually touching them.  Upon leaving 
a sickroom, wash hands and face in a chlorine solution and gargle with 
a mixture of vinegar or red wine and water, blow your nose, comb your 
hair, change your clothes and take at least one warm bath weekly.11

Apparently, the significance of chlorine as a disinfectant was not clearly 
differentiated from things like taking a bath. Nowadays these two 
practices are understood to be on completely different levels, for taking a 
bath will not kill microbes as disinfectant will. Indeed, disinfection 
became popular at this point in the nineteenth century as “an extra 
precaution”. Chlorine was particularly popular in Russia, where its gas 
was used in fumigations, chloride of lime was rubbed over furniture and 
food, and also used to line breastplates, gloves, hats and coats; bottles of 
it were also held to the mouth, and those in contact with the sick were 
advised to wash their entire bodies with chloride of lime (or vinegar).12   

By the time the Hungarian physician Ignaz Semmelweis (1818–
1865) entered the scene in the late 1840s, any focus on chlorine dis-
infection as a medical practice seems to have been lost completely.  
Puerperal fever was rampant in the obstetrical wards in the Vienna 

                                           
11 Baldwin (1999), p. 50, from sources dated in the early 1830s. 
12 Ibid., pp. 50–51. 
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General Hospital, where Semmelweis worked. He became convinced that 
this was due to infection carried on the hands of doctors and medical 
students into the medical wards from the dissecting rooms.13 In May 1847 
Semmelweis introduced the practice of hand-washing in chlorinated 
lime14 before examining patients, and the incidence of puerperal fever 
went down from 11.4% to 1.27%.15  The results were published, and the 
practice was recommended in Vienna over the next three years. How-
ever, Semmelweis and his co-workers did not have an agreed-upon idea 
of exactly what it was that they were destroying with chlorinated lime.16 
Without the support of a theory, many doctors may have been wary of 
this practice. Indeed, Semmelweis was not successful in spreading the use 
of chlorine disinfection on a large scale.  This may also be because he did 
not publish the presentation he gave on his doctrine at the Medical 
Society of Vienna in May 1850.  Semmelweis did eventually publish a 
book but by this time people thought they would already be familiar with 
its content so did not read it.  Semmelweis’s work was thus misunder-
stood and misrepresented, and there were also priority disputes with 
people like James Young Simpson, who had published a paper on the 
analogy between surgical fever and puerperal fever.17  In a minority of 
cases Semmelweis’s work did have an impact, for in the 1850s Murphy 
of Dublin, Routh of London and Yilanus of Amsterdam were all sup-
posed to have adopted chlorine disinfection because of Semmelweis.18  
However, on the whole Semmelweis became a bitter and neglected 
figure, his theory roundly rejected by the medical establishment. His 
appointment in Vienna was not renewed, and he died in an insane asylum 

                                           
13 There is a large and growing literature on Semmelweis.  Our account is taken from 
several sources, including Carter (1985), Carter and Carter (1994), and Hague (2002).  
Interestingly, the Semmelweis case has even drawn the attention of some philosophers 
of science, starting with its use in Carl Hempel’s classic textbook (1996, chapter 2); 
for an up-to-date and historically informed account, see Gillies (2005). 
14 Chlorinated lime is generally referred to as “calx chlorata” in 19th-century 
pharmacopoeia.  It was the name given to the dirty white powder obtained when 
slaked lime (calcium hydroxide) is exposed to the action of chlorine gas.  It was 
known as a bleaching powder, and in aqueous solution (“liquor calcis chloratae”) it 
was used in medicine as an astringent, antiseptic and disinfectant.  We thank Anna 
Simmons for this information. 
15 Clegg and Clegg (1973), p. 173. 
16 Carter and Tate (1991), p. 252. 
17 Carter (1985), pp. 42–45. 
18 Hague (2002), p. 28. 
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after returning to his native Hungary. For Semmelweis’s work to be ac-
cepted, the dominant concepts of disease had to be overthrown, as we will 
discuss further in Section 3.19

Chlorine disinfection was employed in the Crimean War (1853–
56), but with frustratingly little effect.  During the first winter it became 
evident that the British military had forgotten all lessons on hygiene 
standards that had been learnt at great cost of money and lives during the 
Napoleonic Wars earlier in the century. Following this, Florence Nightin-
gale played a crucial role in introducing general hygiene standards to the 
barrack hospitals, reducing the hospital mortality rate from 40% to 2%.  
However, it is difficult to discern to what extent the improvements were 
due to chemical disinfection.  Dr. Cruickshank, the senior medical officer 
in the barrack hospital, and Mr. Selkirk Stuart, the purveyor, indicated 
that chlorine-based solutions were used as disinfectant.  Stuart’s report on 
the hospital stated:  

I have placed a washing tub in each place [in the privies] with Sir 
William Burnett’s solution of chloride of zinc: I found, however, that 
the patients were in the habit of emptying them and employing the tubs 
for washing their shirts, so I placed another tub there that the might use 
that.  They now use both.20

It is possible that chlorine disinfectants were commonly known to people 
in official positions but not to the general public. Indeed, those reporting 
from the Crimean War Hospitals claimed that the orderlies were most 
unsatisfactory.  Drawn from the ranks without any regard to their aptitude 
or inclination for the employment, they were mostly men whose weak 
constitution made them unfit for the hardships of a campaign, or conva-
lescents who had not sufficiently recovered to return to service.21  

During the 1860s, it seems that chlorine disinfection in fact became 
less popular.  Robert Angus Smith commented in 1869 that disinfection 
was still “so little practised, and the theory so little developed, that we 
can scarcely fix upon any generally recognised modes of procedure”, 
though he did note that chloride of lime was the best known substance.22  
The manufacturer and chemical theorist Henry Bollmann Condy (1826–

                                           
19 Carter and Carter (1994), cited by Hague (2002), p. 46.  Gillies (2005, pp. 171–177) 
gives a detailed assessment of that point. 
20 Selkirk Stuart, cited by Coates (2000), pp. 111–112. 
21 Coates (2000), pp. 87–88. 
22 Smith (1869), p. 31. 
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1907) noted that the use of disinfection to prevent the spread of disease 
was not common practice in “modern investigation”.23  To evidence this, 
he highlighted the outbreak of malignant fever in the port of Liverpool in 
1861, the spread of which could have been prevented. Condy identified 
various substances that were in use as disinfectants prior to his own work, 
including chlorine, hypochlorite of lime, and nitrous acid. Of those, 
Condy considered nitrous acid as the most effective and least harmful, 
whilst chlorine was the most objectionable; therefore he lamented the fact 
that Smyth’s system of disinfection, using nitrous acid, was superseded 
with the almost exclusive use of chlorine.  Condy thought that chlorine 
was not a very good “neutralizer” (see Section 3.2 for a further discussion 
of this idea).  Condy also demonstrated how chlorine and the chlorous 
gases evolved from the hypochlorites, although undoubtedly effective, 
were open to serious objections on account of their irritating and cor-
rosive action on animal and vegetable life. As an alternative to chlorine, 
he proposed using a solution of alkaline permanganates, and marketed it 
as “Condy’s Patent Fluid or Natural Disinfectant”. 

Condy might have had an interest in denouncing chlorine, in order 
to promote his own product; however, there is much evidence to suggest 
that chlorine disinfectant was regarded as highly unsatisfactory by many 
others, too, in the 1850s and 1860s.  The renowned chemist August W. 
Hofmann (1818–1892) stated: “the chlorine evolved is frequently found 
objectionable by, and injurious to patients”.24 Edward Nicholson was 
more emphatic about the dangers of chlorine and chlorides: 

Chlorine, otherwise a most effective deodorising agent, especially in 
the convenient shape of chloride of lime, has the disadvantage of a 
most villainous odour. Burnett’s chloride of zinc, and the other 
metallic salts, require to be spread over a large surface to be of any 
benefit, and all are highly poisonous to man and beast.  I have seen two 
fatal cases of accidental poisoning by Burnett’s chloride of zinc [used 
in the Crimean War].  In the farm and in the kennel great care would 
be necessary to prevent accidents from bottles and saucers of this 
highly poisonous and corrosive fluid being left about.25

There were indeed incidents of poisoning by chloride of zinc, when 
people mistook the liquid preparation as fluid of magnesia or gin. The 

                                           
23 Condy (1862b), pp. 1–2. 
24 Quoted in ibid., p. 16. 
25 Quoted in ibid., pp. 25–26. 
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Family Herald reported in 1858: “a great number of accidents, even 
deaths, have occurred from the chloride disinfectors now in use”.26 The 
Social Science Review considered that the decline in the popularity of 
chlorine disinfections was perfectly understandable: 

There are several objections to the employment of chlorine; it has to be 
evolved by the frequent repetition of a chemical process; it is difficult 
to determine the quantity diffused; if introduced in very large 
quantities it is irritating to the lungs; and altogether it is uncertain and 
not practical.  For these reasons the employment of chlorine as a 
deodoriser and disinfectant, is by no means so common in these days 
as it were some ten or fifteen years ago.27

Chlorine disinfection evidently remained controversial, even almost a 
century after Guyton’s high-profile introduction of the practice. Al-
though it seemed to have some effect in warding off disease, its exact 
effect was difficult to ascertain.  And its misuse could cause ill-health and 
even death.  To understand why it was so difficult to develop it into a 
more reliable and verifiable process, we must understand the state of 
theories about contagion and disinfection before the establishment of the 
germ theory. 

3. Uncertainties in theories of contagion and disinfection 

3.1. Theories of contagion 
It is commonly said that before the modern germ theory of disease 

was established, there were two main theories of disease: the contagion 
theory, and the environmental theory (including the “miasma” theory).28  
This neat dichotomy, however, is quite artificial.  In the late 18th century, 
there were thought to be two types of contagion: specific and general.29  
Specific contagion arose from some particular origin, and caused a 
particular type of disease.  General contagion arose from the putrefaction 
or fermentation of plant or animal substances, including the effluvia of 

                                           
26 Quoted in ibid., p. 28. 
27 Social Science Review, 28 June 1862; quoted in ibid., p. 27. 
28 For the distinction between environmental and contagionist theories, see La Berge 
(1992).  On the blurriness of the boundary between the two theories, see Porter 
(1999), and Gillies (2005), p. 172. 
29 Smyth (1799) explains this distinction. 
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the lungs.30 In effect, it is difficult to see any real difference between 
general contagion and miasma. Ordinary practitioners like James 
Johnstone often attributed disease to both contagionist and environ-
mentalist causes; he thought that it was plausible for cold weather to 
cause a fever, or even kill patients.  Vernon Farrar maintains that before 
the nineteenth century contagion was a “purely philosophical question.”31  
There certainly were competing ideas as to what contagion actually was.  
For example, Latham Mitchell, a New York doctor, even thought that 
contagion was nitrous oxide; Humphry Davy and Thomas Beddoes 
refuted this claim by breathing the gas (which is, incidentally, how they 
first discovered the much-publicized effects of nitrous oxide). 

The transmission of contagion was thought to happen in three 
ways: firstly by simple contact, secondly by communication into a 
wound, and thirdly via air passing into the lungs and then the blood.  The 
latter mode of transmission could occur in two ways, either by inhaling 
effluvia directly from the sick, or by inhaling “fomes” or “fomites” 
(concentrated particles of disease, resulting from the repeated precipi-
tation of contagion into the atmosphere). These fomites could be 
precipitated on to clothes and blankets, where they remained dangerous 
for a long time; this explained how infection was spread even when no 
one appeared to be ill.  Fomites could be broken up by combustion and 
spread throughout the air, becoming more diluted and less potent.  James 
Carmichael Smyth shared the belief that contagion was diluted in the 
open air, and that disease was passed on either from direct contact with a 
sick person or from contact with their clothes.32

The most feared diseases were malignant or putrid fevers, which 
included diseases like jail and hospital fever.  The main symptom of these 
contagious fevers was that they caused the putrefaction of flesh.  
Johnstone believed that a mysterious agent of putrescence existed within 
bodies, which under certain circumstances would rot the flesh; in his 
view, “no one can doubt the existence of some degree of putrescence in 

                                           
30 See Alderson (1788). 
31 Farrar et al. [1976] (1997), p. 37. 
32 Smyth does not say how contagion is passed on by blankets etc.; that is, he does not 
mention fomites, but his ideas are generally in line with those of Alderson, so he 
might have had an idea very close to that.  
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living bodies”.33  Johnstone considered the action of putrescence to be the 
breaking down of the structures in the body, forming a melted mass of 
humours.  Living bodies could be protected from putrefaction by two 
means: the motion of the blood in the veins and arteries, and the removal 
of acrid fluids from the body by perspiration. These beliefs about 
contagion implied that ventilation and fumigation were required to 
remove effluvia from the rooms of the sick. The concern expressed by 
Johnstone was typical of medics at the time:  

The necessity of changing the air in the sick room, by successive 
ventilation, arises from the constant destruction of a certain property in 
that fluid of breathing, which renders it afterwards useless; likewise 
from the atmosphere being filled with the excrementitious steams 
which fly off from the patient’s body continually, and which putrefy in 
a stagnant un-renewable air, and render it truly poisonous, a pabulum 
morbid rather than of life.34

Generally, crowded and confined environments such as ships, prisons and 
the dwellings of the poor were identified as breeding grounds of con-
tagious disease.35  

Theories of disease became increasingly more important in the 
nineteenth century, when Europe was engulfed in various contagious 
diseases. The Industrial Revolution resulted in high population densities 
in towns and cities, causing a great increase in the number of the urban 
poor living in unsanitary conditions.  Populations grew considerably, with 
that of Great Britain and Ireland growing from 10 million in 1750 to three 
times that number by 1850.36 From the early eighteenth century, 
increased industrialization and the growth of giant ports and trading 
routes also meant that commercial contact with populations overseas 
increased dramatically. Diseases that had previously been confined to 
distant shores could now easily make their way across vast stretches of 
land and ocean thanks to the increasing use of new methods of 
transportation introduced by the Industrial Revolution.37 In the early 
decades of the nineteenth century, Britain was repeatedly hit by waves of 
pestilence; influenza, smallpox, typhus, dysentery and cholera were 

                                           
33 Johnstone (1758).  This is not to say that Johnstone did not believe in contagion, 
only that putrefaction could happen on its own as well. 
34 Ibid. 
35 Bynum and Porter (1993), p. 321. 
36 Barton (2005). 
37 Kohn (2001), p. 38. 
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common killers.38  Throughout Europe epidemics raged and mortality 
rates rose as the attempts to ward off sickness and disease simply 
appeared to fail.39     

Under these conditions, the contagion theory actually began to lose 
ground. Products of environmental putrefaction, particularly animal 
matter, were thought to spread disease, in contradiction to earlier ideas of 
contagion. This gave rise to a movement dubbed anticontagionism, 
particularly strong in the 1820s and 1830s. Anticontagionists regarded 
popular belief in contagion as unscientific and primitive, and followers of 
laissez-faire economics saw measures such as quarantine as politically 
suspect, inefficient and obstructive to trade. English sanitarianism drew 
heavily on anticontagionism, adopting a less causal and more correlative 
mode of reasoning.  English sanitarian theorists, led by Edwin Chadwick 
and Thomas Southwood Smith (1788–1861), avoided speculations on the 
causes of disease, in a manner influenced indirectly by the sceptical 
philosophy of David Hume. Chadwick, when writing his report on the 
sanitary condition of the labouring population of Great Britain, accepted 
the miasmic theory of disease, according to which disease was generated 
in the miasma given off by decaying organic matter.40 But Chadwick’s 
ideas were rejected, partly because his sanitary reform did not wipe out 
disease. 

The theory of disease in the middle of the 19th century was 
dominated by chemically influenced ideas about the pathological process, 
referring ultimately to the activity and selective affinities of organic 
molecules.  This idea was taken up by John Snow (1813–1858), who is 
normally regarded as a prototypical germ theorist. The repeated on-
slaughts of cholera between 1830 and the 1860s encouraged speculation 
about epidemic disease.  By the 1860s the position on “filth” had become 
relatively refined. Epidemic disease was now thought to be due to 
changes in organic material that had once been part of the animal body.  
This view accommodated the theories of Snow and the like, which 
suggested the specific role of choleraic or typhoid discharges in the water 
supply. Snow is most famous for his conclusion that water from a 
particular public pump was the cause of a cholera epidemic in the Broad 
Street area of London during the 1840s. Snow rejected the miasmatic 

                                           
38 Ibid., pp. 411ff. 
39 Conrad et al. (1995), p. 371. 
40 Pelling (2001), p. 25. 
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theory of disease, but Peter Vinten-Johanson et al. and Michael Worboys 
state that Snow’s ideas on disease were far from constituting a germ 
theory. In fact, his water-carrier theory for the spread of cholera was 
based upon his personal experience and his reading of Newton. Snow was 
“intellectually predisposed by Newton’s ideas to consider the intestines a 
primary site of infection and impure water a potential source of morbid 
poison”.41 That Snow’s ideas have been interpreted differently by 
different historians illustrates the extent of overlap between competing 
theories of disease.  Margaret Pelling argues that “even ‘germ theorists’ 
used the concepts of contagion, infection and miasma as if they were 
difficult to distinguish, overlapping or even interchangeable”.42   

In the second half of the 19th century, the theory of contagious 
diseases entered a phase that is more familiar to us today, due to 
developments most commonly attributed to the work of Louis Pasteur 
(1822–1895) and Robert Koch (1843–1910). This history is thoroughly 
covered in the standard literature in the history of medicine, so we will 
only highlight a few aspects of the story that are most relevant for our 
current purposes.  Early in the nineteenth century John Grove postulated 
that the ova of parasites and the spores of fungi normally circulated in the 
blood.43 Many investigators including William Farr and Justus von Liebig 
speculated that there was a living factor behind diseases, but this was a 
suspect idea since it seemed to be dredged up from the dim past, certainly 
linked with vitalism. Fermentation was often used as an analogy to 
explain the “multiplication” which seemed to characterize infectious 
diseases. Many scientists believed that fermentation and putrefaction 
were the result of some kind of spontaneous generation. By the 1840s 
enough was known about the properties of gases to rule them out as the 
direct agents of infectious disease, and many theorists were now in search 
of the materis morbi that generated contagion; it seemed likely that it 
would resemble highly organised particles of matter, like the pollen of 
flowers.44

Pasteur’s great contribution was to pursue the analogy between 
fermentation and disease in a concrete and productive manner, while 
ruling out ideas of spontaneous generation. Just as fermentation was 

                                           
41 Vinten-Johanson et al. (2003), p. 40; see also Worboys (2000), pp. 113–116. 
42 Pelling (1993), p. 310. 
43 Pelling (2001), p. 30. 
44 Ibid., p. 27. 
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caused by yeast and bacteria, so diseases could also be caused by micro-
organisms, and carried through the transfer of microorganisms. The 
British surgeon Joseph Lister (1827–1912) independently pursued similar 
ideas. Picking up the old familiar idea that bad air was responsible for 
contagion, Lister told his students at Glasgow University that “the 
something” carried in the air, the miasma, was probably not a gas or 
effluvium but more in the nature of a fine dust resembling pollen.45  F. G. 
Jacob Henle (1809–1885) in Germany was another pioneer of the germ 
theory. He did not so much state that contagion consisted of living 
organisms, as describe how this might be recognized in an ideal world.46  
Notably Henle taught Koch, who later established the germ theory 
through the isolation and microscopic identification of some key disease-
causing microorganisms, spearheading the “bacteriological revolution” of 
the 1870s and 1880s.47 Koch began his pioneering bacteriological work 
with his study of anthrax.  The techniques he employed were later used in 
his search for a bacteriological cause of tuberculosis. In 1884 Koch 
rediscovered, isolated and first cultured the cholera microbe.48

The practice of disinfection gained new impetus from bacteriology.  
Although German surgeons, following Koch, extolled the virtues of heat 
sterilization over chemical antiseptics,49  Koch’s discoveries also had the 
effect of reviving people’s faith in chemical disinfection.50  In the end, 
there was combined use of asepsis by heat, and disinfection by 
chemicals.51 During the late 1880s and early 1890s, public health 
authorities targeted particular channels of transmission and the points of 
passage between bodies where bacteria were vulnerable to disinfectants.  
This is not to say that sanitary practices ceased or were downgraded; 
indeed, attempts to solve problems such as water purity, sewage treatment 
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and food safety also gained new credibility from bacteriology.52 By the 
closing decades of the nineteenth century, chemical disinfection had been 
widely accepted, and the explanations of its disinfecting properties that 
had been wildly postulated by advocates earlier in the century, were now 
presented as fact. 

3.2.  Theories of disinfection 
Given the variety and intermingling of different theories of con-

tagious diseases just outlined, it will come as no surprise that there were 
also various competing ideas about how disinfectants produced their 
putative effects.  At one level, no theory of disinfection was needed, and a 
disinfectant was merely a substance that appeared to ward off disease.  In 
Europe it was fairly common knowledge that measures of quarantine and 
disinfection reduced the risk of disease being spread.53 Many of the 
successful disinfection measures were promulgated long before the 
association between microorganisms and disease.54 People had simply 
observed that under certain circumstances the spread of disease was not 
so rapid.  Therefore it is important to keep in mind that “disinfection” 
before the late 19th century did not mean the modern notion of killing 
disease-carrying microorganisms. Samuel Rideal,55 writing in 1895, 
commented that before the germ theory of disease became generally 
accepted, the term “disinfection” was “used to include the destruction of 
infectious matter and the removal of any noxious odours to which such 
matter gives rise.”56  

Perhaps fumigation was the earliest widespread method of dis-
infection. The idea of fumigating buildings as protection against disease 
was first established during the plague in Europe. At this time the London 
College of Physicians recommended employing sulphur, arsenic, charcoal 
and nitre.  These fumigations were not understood as means of destroying 
contagion, but as means of drowning out or keeping out the plague by 
using heat, smoke and powerful smell.57 As a result, fumigations were not 
entirely unknown to people of the later half of the 18th century, and it is 
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not difficult to see how the idea of using mineral acids or chlorine gas 
would have arisen.  No clear distinction between them and other (rather 
ineffective) fumigants seems to have been made. Johnstone and his 
contemporaries used fumes from amber, lemon, camphire and sulphuric 
acid in the rooms of the sick.  Smyth argued that all contagions were 
destroyed by extremes of hot and cold, and diluted in fresh air and water; 
however, where these physical means were unusable, he recommended 
chemical means such as fumigations by nitrous and muriatic acid for 
destroying the contagion. 

Theories of disease based on the notion of putrefaction did not 
make a formal distinction between an antiseptic, which prevented the 
rotting of flesh, and a disinfectant, which stopped the spread of the 
disease. Putrid fevers were caused by putrid effluvia, which caused 
putrefaction of the flesh. In this area of medicine there was little 
difference between what caused an epidemic and what caused symptoms 
in individuals, and no real separation between public health and the health 
of the individual.  As a result of this, there was a continuity of treatments, 
which assumed that whatever would prevent the flesh from putrescence 
should also prevent the spread of disease or the putrefaction of the air.  
This is one of the reasons that the introduction of disinfection by muriatic 
and nitrous acid was not met with greater excitement.  Muriatic acid had 
been sold in the street of London as a quack remedy since the time of the 
plague.58  In the late 18th century some regular doctors experimented 
with muriatic acid in the treatment of malignant and putrid disease, and as 
a means of inoculation.59  The introduction of muriatic or nitrous acid as a 
disinfectant would have not seemed any more novel than its use as a 
regular remedy. James Johnstone recommended that patients take 
muriatic, vitriolic and nitrous acids as antiseptics to prevent their own 
bodies from putrefying, in addition to recommending fumigation with 
muriatic acid.  It is feasible that other doctors in the mid-18th century 
would have used the same or similar medicines in this manner. 

Also strange to the modern eye is the widespread belief that smell 
was indicative of contagion.  Smell and contagion were rarely regarded as 
exactly the same thing, but it was believed that if you got rid of smell 
then you got rid of miasma or contagion. Smyth wrote that a powerful 
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smell and contagion were “from the same family” and arose from a 
common cause, and so if a treatment removed the smell in a building it 
will also have removed the contagion.60 Labarraque advised the Paris 
Prefecture of Police in 1823 to use a solution of chloride of lime on 
corpses to be examined; “the fetid smell will cease”. To “prevent the 
putrid odour from being reproduced”, Labarraque urged that the cloth 
covering the corpse should be sprinkled with the liquid chloride of lime 
often.61 When advising on the disinfection of vaults and vessels for urine 
and feces, the smell was again emphasized: “If the offensive smell is not 
quickly destroyed, repeat the operation at the end of eight or ten minutes. 
If the infection proceeds, in whole or in part, from urine or fecal matters 
spread on the ground, it will be proper to sprinkle this likewise with the 
same solution.”62

In all these cases, the practitioners had little concrete idea as to 
how the disinfectants actually worked. It was merely that the desired 
effects were observed. This was probably also true of Semmelweis, and 
those issuing Burnett’s solution and the like in hospital wards of the 
Crimean War. Some 19th-century theorists did attempt to construct 
theories of disinfection, but the results were mixed.  One popular line of 
thought was that disinfectants in some way neutralized the substances 
responsible for contagion. This idea may be traced back to Guyton: he 
believed that the contagion being given off by the bodies were rich in 
ammonia gas, and that if he could neutralize the ammonia with an acid, 
then the church would be purified. Beddoes believed that venereal disease 
and putrid disorders could be healed by highly oxygenated substances. In 
his publications on venereal disease he included testimonies from medical 
colleagues who had been trying out oxygenated substances in the treat-
ment of syphilis; these included John Johnstone and Edward Johnstone’s 
finding that hyper-oxygenated63 acids (muriatic, nitrous and sulphuric 
acid) destroyed putrid flesh in very small amounts, and that nitre would 
purify flesh.64
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Condy also described disinfection as a neutralizing process. He 
thought oxidization was a key to disinfection: “The researches of recent 
times on the composition and economy of the atmosphere, point clearly to 
oxygen, as the chief means by which natural disinfection is accom-
plished.”65 Citing George Wilson, Condy claimed that ozone (discovered 
by Schonbein in 1840) was “disinfectant par excellence”, as it was under-
stood to be a strongly oxidizing substance.66 Condy noted that there were 
two classes of disinfectants: “deodorisers”, and “true disinfectants”. He 
explained the inadequacies of chlorine: “chlorine only unites with hydro-
gen[,] and in the absence of moisture, from which it can liberate oxygen, 
it is a feeble neutraliser of the other elements of organic substances, such 
as carbon, nitrogen, sulphur, phosphorous etc.”67

Lister was probably the first person to develop modern-sounding 
notions of disinfection, coupled with the germ theory of disease.  Lister 
learned about Pasteur’s germ theory in 1865, and seized on it as a 
potential weapon to allow him to overcome his own problems: Lister 
worked in an overcrowded hospital, with bodies from the 1849 cholera 
epidemic buried four feet below his ward; nearby there was a burial pit 
for paupers, barely covered over.  Having read that carbolic acid was 
being used to control the decomposition of sewage in Carlisle, he began 
to use a crude carbolic (German creosote) in wound dressings.  Lister’s 
method successfully prevented hospital sepsis and he then applied the 
antiseptic principle to the preparation of germ-free ligatures and surgical 
materials.68 Though Lister himself did not use chlorine or chlorine 
compounds, the acceptance of his antiseptic system boosted the fortunes 
of chemical disinfection in general, and therefore aided in the acceptance 
of chlorine disinfection.69 What Lister did was to give “antisepsis” a new 
theoretical connotation, and as the germ theory carried the day, the terms 
“antiseptic” and “disinfectant” became more or less synonymous once 
again by the end of the century.70

The increasing popularity of the germ theory saw changes in 
official practices as early as 1865, when the British government’s General 
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Memorandum, advising local authorities on how to prevent cholera, 
recommended “disinfection . . . with regard to infectious discharges from 
the body of the sick”.71  According to the Parliamentary Papers of 1867–
68, disinfection was included in the measures taken to prevent the 
importation of disease and to limit its spread on arrival.72 Still, many 
remained uncertain about various issues linked with the germ theory, not 
least about the benefits of disinfection. The international congress in 
Weimar in 1866 heard mixed results of disinfection. The different 
preventative measures that had been carried out throughout the century 
gave rise to many debates, in which political factors played an important 
role.  Liberals opposed “exclusive” measures because they objected to the 
state interfering in personal affairs and introducing policies that damaged 
the economy.  Popular opinion was also wary of medical power, which 
was understandable especially since the medical profession itself was so 
uncertain about the theory of disease. Sanitarians suspected that dis-
infection was being promoted by chemical manufacturers, simply to boost 
the demands for disinfectants.73 In addition, there were difficulties in 
documenting whether disinfection had made any noticeable difference in 
the spread or virulence of epidemics.  This was made clear at the 1874 
Sanitary Conference, where the British stood almost alone in their 
defence of disinfection against attacks from the Austrian and German 
delegates.74

Even after the widespread acceptance of the germ theory of dis-
ease, how exactly chemical disinfection worked remained a contentious 
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issue. Samuel Rideal, writing in 1895, stated that chlorine in particular 
had three possible modes of disinfecting action: 

(1) By replacing the hydrogen in organic substances, thus forming 
innocuous compounds and poisoning bacteria. Such action would 
be slow, and “would scarcely occur at all except in sunlight” but 
would be the only possible action on dry matter.75

(2) Offensive gases caused by putrefaction would be decomposed 
by chlorine, as the sulphuretted hydrogen (hydrogen sulphide, 
H2S), which was always thought to be present, would be decom-
posed into sulphur and hydrochloric acid. Phosphuretted hydrogen 
from animal matter would be also decomposed, as the ammonia 
(and its compounds) present would first form ammonium chloride 
and nitrogen, and the ammonium chloride would then be further 
decomposed by more chlorine (which would, however, also 
produce intensely acrid vapours which attacked the eyes). 

(3) The most important action of chlorine was thought to be in its 
role as an oxidation agent.  Rideal explained: “In the presence of 
water, more especially in light, it [chlorine] combines with 
hydrogen to form hydrochloric acid, and liberates oxygen — 

H2O + Cl2 = 2HCl + O 

The oxygen so formed is far more active than atmospheric oxygen 
[O2], and is in a condition to burn up the putrescent matters and kill 
the organisms which accompany the putrefaction.”76

Some of these ideas (as well as others) were in fact circulating much 
earlier in the century.  They were now recycled, not much changed but 
presented as more certain with the backdrop of a universally accepted 
underlying concept of disease. 
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4. Chlorine in the cholera epidemic of the early 1830s 
Our discussion in the preceding sections has outlined the faltering 

steps of chlorine disinfection, and pointed to some of the factors which 
created obstacles for its acceptance.  But our account so far is relatively 
superficial, since we have not yet made an in-depth study of any 
particular phase of that long history spanning more than a century.  In this 
section we attempt a detailed study of one important episode, surrounding 
the cholera epidemic of 1831–32.  This study will reveal crucial contex-
tual factors that have some general relevance, and also illustrate the 
complexity of the web of factors that will need to be untangled in each 
situation if we are to reach a satisfactory understanding. 

4.1. Cholera and chlorine 
On Monday 6 February 1832, Londoners desperately observed a 

national day of fasting and penance in a final plea to be spared from the 
“fell destroyer of the human race” that was drawing ever nearer, the 
cholera morbus.77 One week later London’s first case of cholera was 
reported, and the disease began to cut an indiscriminate swathe across the 
capital. Cholera emerged from India, producing four devastating pan-
demics in the 19th century (1817–23, 1826–37, 1846–63 and 1865–75).78  
In June 1831 King William IV had announced the establishment of a 
central Board of Health, a body consisting of six doctors and five public 
servants, whose job was to keep cholera from Britain’s shores.  However, 
the Board itself only had advisory powers, and although it sponsored 
various experiments (including an investigation into the alleged dis-
infecting properties of chlorine) most of its members had absolutely no 
experience with the disease, and ultimately they could not prevent cholera 
from reaching the British Isles in October 1831.79 The disease landed on 
England’s northeast coast in the town of Sunderland and quickly spread 
throughout Britain. More than 21,500 people fell victim in England and 
Wales, and a further 9,500 in Scotland. By March 1832 Ireland was 
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struck, losing 25,000. London’s fatalities numbered just under 7,000 in 
that first outbreak.80

Reports of cholera from around the world during the pandemic 
generated a great deal of anxiety, and articles in medical journals such as 
The Lancet provided updates on the progress of “that dreadful scourge of 
mankind”, which did little to quell the unease: 

So rapidly destructive, indeed, has been its progress; so widely devas-
tating its career, that it has literally passed on like a flood, sweeping all 
before it; depopulating cities and annihilating armies, and realising to 
us, in modern times, those horrible pestilences which prevailed in days 
of yore.81

Part of the alarm caused by cholera was that it simply did not seem to 
behave in the same way as other diseases that had ravaged the globe in 
the preceding centuries. Quarantinist strategies that had been of use in 
previous attacks of pestilential disease did not seem to work when it came 
to dealing with this new menace. Medical opinion remained essentially 
undecided as it became clear that cholera was not as strictly contagious as 
the plague, and its incidence “varied by class, season, region, neighbour-
hood and person”,82 spreading capriciously and refusing to follow regular 
patterns of human intercourse or consistently respond to climatic or 
similar factors.83 A sense of desperation is apparent in medical corres-
pondence of the time; for example, Dr. Henry Bronson of New York 
declared in 1832: 

If I am asked the essential, non-contagious cause of cholera, I answer 
frankly — I do not know.  Every agent in nature, real or imaginary, has 
been accused. Electricity, magnetism, earth, air, water, sun, moon, 
planets, comets, have each been arraigned in vain.  There is a mystery 
which hangs over the origin and spread of epidemics, which will 
probably never be removed. The philosophers of the present day are no 
wiser on this subject than those who lived three thousand years ago.84

Treatment of cholera in the years prior to its arrival on Britain’s 
shores was confidently asserted to be achieved through doses of brandy, 
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opium and calomel,85 and bleeding by leeches.86  In the opinion of one 
Dr. Armstrong, “there is no cordial half so good in the apothecary’s shop 
as brandy”, and one may often save a patient from the collapse following 
an attack of cholera by administering a good dose of this cordial along 
with opium.87 Understandably, once cholera arrived in Britain, faith in 
these remedies began to waver and more reliable alternatives were 
sought.   

The sheer horror of cholera and the ineffectiveness of traditional 
remedies stimulated an investigation of potential preventatives and cures 
with renewed vigour. Around the early 1830s one notices an increased 
incidence of chlorine and its compounds in the medical literature, not 
only as a potential disinfectant, but also as a possible cure for disease.  In 
the pages of the Lancet in the years around the great cholera pandemics, 
chlorine is suggested for use in treating a wide variety of complaints, 
including everything from scarlet fever, gonorrhoea and consumption, to 
hydrophobia, bad breath, and ptyalism (excess production of saliva).  
Chloride of lime appears to have been quite widely used as a disinfectant, 
and also mixed with water to form a lotion that could be applied to the 
skin.88 Although it was recognized by at least some of the medical 
community that noxious smells were not always indicative of, or even 
necessarily associated with, disease or contagion, chloride of lime was 
also often used to eradicate odours emanating from putrefying vegetable 
or animal matter or the general smell of disease.   

In early September 1831, The Lancet published recommendations 
from the Board of Health on “Preliminary Steps to be Taken on the First 
Appearance of Cholera”.  It contained the instruction that once diseased 
persons have been removed and quarantined, rooms and houses should be 
“thoroughly exposed to a constant current of air, and recourse had to all 
well-known means of purifying houses, particularly the use of chloride of 
lime; and the bedding and clothing of the sick person after removal, 
should be soaked in a slight solution of the chloride in water, and well 
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washed.”89  This is evidence that the chlorides were indeed being used as 
disinfectants, though it is quite possible that their ability to destroy the 
putrid odours produced as a result of disease could have been the main 
incentive for their use.  When cholera did arrive in Britain, chlorides were 
put into use as part of a profusion of techniques and methods employed in 
an attempt to ward off cholera.90 Fumigations using chlorine gas were 
also employed in private houses to try and protect inhabitants against 
infection.91 However, there was a considerable amount of controversy 
regarding the use of chlorine and chlorine compounds as disinfectants.  
The controversy at this time was not limited to Britain, but quite active in 
the United States as well. 

We cannot give a complete account of this widespread controversy, 
but we can make a good start by examining two salient opponents of 
chlorine disinfection. One was Henry Bronson, a leading cholera expert 
in America and professor at the Yale University Medical School. His 
1832 text is the most extensive treatise we have found on the employment 
of chlorine against cholera. He claimed, after an in-depth study of cholera 
and various supposed treatments and preventatives, that chlorine 
disinfection was categorically ineffective.  He even declared that in more 
than one case an attack of cholera was “satisfactorily traced to the free 
respiration of chlorine.”  Bronson argued that the use of chlorine was not 
only dangerous in itself, but that by weakening the respiratory system it 
would make people more susceptible to disease.92  In his tirade against 
chlorine disinfection, Bronson also attacked the supposed scientific 
explanation of chlorine’s action, which was based on the idea that 
chlorine destroyed the harmful compounds by taking the hydrogen away 
from them.  He challenged the idea that all disease-carrying compounds 
contained hydrogen.  Even if they did, Bronson asserted, some of them 
might be based on substances that had a greater affinity for hydrogen than 
chlorine, and therefore there was no guarantee that chlorine disinfection 
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would work.93  He also reported a concern in the medical community that 
people were lulled into a false sense of security by the fact that chlorine  
masked the smell of “noxious effluvia” and other odours associated with 
sickness and disease.  Bronson was keen to point out the naiveté of this 
belief, and noted that some of the most deadly diseases, such as smallpox, 
measles and jail fever, had no perceptible smell.94  He also noted that with 
the advent of the so-called disinfectants, people’s general level of 
cleanliness and hygiene was falling. He complained that “the old and 
vulgar means of purifying, such as washing, and scouring with soap and 
water, ventilation, sweeping, scraping and removing, &c. were frequently 
abandoned, not only as costly, but as behind the improvements of the 
age.”95 Instead of using common-sense methods of cleaning and remov-
ing filth and muck, people were just sprinkling chlorides around, placing 
their faith in this new, seemingly scientific, method of keeping clean. 

The other striking opposition came from The Lancet.  On January 
21, 1832, a lengthy article on “Chlorine Gas” appeared in The Lancet, 
whose page headers announced “Proofs that Chlorine Gas Possesses No 
Anti-Pestilential Properties” against “Alleged Disinfecting Properties of 
Chlorine”. This article was presumably approved, or possibly even 
written, by the editor of The Lancet, Thomas Wakley (1795–1862).  The 
Lancet was founded in 1823, and was the premier journal–cum–medical 
newsletter in the English language.96 Its founder and editor for forty 
years, Wakley was waging a war against any kind of quackery, chicanery, 
nepotism and charlatanism; he was “utterly fearless and determined, a 
man who could crush an enemy as he would a wasp”.97   

The article reported the opinions of leading physicians on the dis-
infecting powers of chlorine. Dr. Tweedie of the Fever Hospital and Dr. 
Roupell of the Seaman’s Hospital in London were of the opinion that 
chlorine had no effect in preventing the spread of disease in their 
hospitals.  The eminent Dr. Cowper of Glasgow was “decidedly of the 
opinion that the chlorides possess no power or efficacy whatever in 
destroying infection”. Mr. Robertson of the convicts’ hospital ship 
Canada reported favourably on the chloride of lime in preventing the 

                                           
93 Ibid., p. 5. 
94 Ibid., p. 10. 
95 Ibid., p. 9. 
96 Froggatt (2002), p. 667. 
97 Ibid., p. 669. 



204  AN ELEMENT OF CONTROVERSY 

spread of infectious disease, but Drs. Latham, Bright and Elliotson of St. 
Bartholomew’s, Guy’s, and St. Thomas’s Hospitals had no observations 
to offer on the disinfecting properties of chlorine.98 After also consulting 
authorities with experience of the cholera in northern Europe, the Lancet 
endorsed the recent conclusions of the Board of Health: 

chlorine gas is utterly inefficient in preventing the spreading of 
contagious diseases in hospitals or other places, where there is a fresh 
supply of infection continually emanating from patients labouring 
under such diseases. . . . its employment . . . would be decidedly 
injurious, if interfering with that free and thorough ventilation, which 
is more essential than any other condition whatever, to the healthy state 
of these establishments.99

The Lancet bitterly dismissed the thought of wasting any more 
time on the fraudulent claims of chlorine disinfection: 

Taking all the preceding facts into our deliberate consideration, we 
cannot resist the conviction that this mischievous source of delusion is 
now fully and satisfactorily exposed; and we trust we shall hear no 
more of the disinfecting agency of chlorine, the chlorides, &c.  Their 
agreeable powers as correctors of stenches we do not deny, but we 
entreat the community not to be misled by the vulgar and most 
erroneous notion, that offensive smells and infectious miasms [sic], are 
either identical in their nature, or usually associated in their 
existence.100

After this editorial outburst, it is no surprise that very few articles regard-
ing chlorine or chlorides appeared in the Lancet for at least a year or so. 

4.2.  Physicians vs. chemists 
How can we make better sense of the vitriolic reactions against 

chlorine disinfection just mentioned?  At least part of the explanation can 
be found in an examination of the emerging medical–scientific commu-
nity, with clashing ideas of territory and rights over certain areas of 
intellectual investigation and authority. The most major fault-line was 
that separating physicians and chemists.  In the first quarter of the 19th 
century, the relationship between the medical and chemical communities 
appears to have been perfectly amicable. Indeed, in 1824 The Lancet 
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extolled the virtues of chemistry and the importance of its findings to 
medical practice, declaring that “there is not a more important or valuable 
branch of Medical education than Chemistry.” Not only that, but 
chemistry was “now justly regarded as the ground-work of all medical 
knowledge, and it is also indispensably a most important part of surgical 
education; for chemistry alone is the only key to physiological investiga-
tion.”101 In recognition of the importance of chemistry to medicine, the 
journal also initiated a weekly chemistry column to educate its readers on 
the basic principles of this new branch of scientific enquiry.  However, by 
the 1830s this fraternal relationship appears to have started breaking 
down.  The chemistry columns in The Lancet disappeared,102 and a rift 
between the two disciplines emerged with the physicians seeming 
distinctly antagonistic towards chemists. 

Chlorine disinfection seemed to be based on chemical rather then 
medical principles, which set it decisively on the chemists’ side of the 
fence; but its goal was to have a positive impact on health and disease 
prevention, which was the domain of the medical community. By blurring 
these boundaries, chlorine effectively set in motion a border dispute that 
played a part in its downfall.  When chemists amused themselves with 
investigations of heat or electricity, they were of little threat to medicine 
and its control over the loftier dominion of health maintenance and 
disease prevention. However, when chemistry appeared to be getting 
above its station and encroaching on the territory of those aristocrats of 
science, the physicians, it was not to be tolerated. Early symptoms of 
disquiet in the medical camp are discernible in a dispute over the 
prescribing powers of chemists in the early 1830s. Not only were a 
variety of “quack” remedies readily available in the 19th century, but 
chemists appear to have been freely prescribing genuine drugs and 
treatments to their customers. In the eyes of the physicians, who had 
undergone years of training to fully comprehend the functioning of the 
human body and its response to drugs and treatments, for an unqualified 
chemist to be able to prescribe medicines was simply unacceptable.  The 
fact that presumably physicians would be cut out of the diagnosis and 

                                           
101 “Chemistry”, in “Discussion”, The Lancet, vol. 1, issue 25, 21 March 1824, pp. 
384–385. 
102 The “Chemistry” columns in their original form only appear to have lasted until 
December 1824.  A series of “Lectures on Chemistry” by Professor Brande was 
published from October 1827, but this too seems to have disappeared by August 1828.  
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prescription loop, and lose out on any monetary recompense for their 
services, could also have provided cause for their outrage.   

A letter to the editor of the Lancet by an “Old Authorised Pre-
scriber” provides evidence of the antagonism brewing between physicians 
and chemists: 

In some of the late numbers of THE LANCET, I have observed several 
letters apparently written by persons belonging to that class of 
professional men, who have recently acquired the appellation of 
“General Practitioners,” complaining in bitter terms, against the 
druggists for encroaching upon their province, by prescribing for the 
sick. Now, Mr. Editor, I should be glad to know by what authority, 
except that of local custom and sufferance, they themselves 
prescribe.103

This correspondent noted that it was merely social convention that gave 
physicians any authority over prescribing for the sick, suggesting that the 
indignation felt by the medical community was based purely on an 
ingrained doctrine of medical authority and rights over certain activities.  
In another letter to the Lancet in June 1831, a person identifying himself 
as “A Chemist and Druggist” begged recognition for those people other 
than physicians who “live by medicine, [and] who . . . ought not to be lost 
sight of”, and requested that chemists be distinguished from “the mere 
retailer of drugs” by being awarded a certificate or diploma on producing 
an attestation signed by two doctors and paying a fee.104  Beneath this 
letter was printed a comment from Wakley in his characteristically merci-
less style: 

In inserting the above letter, we shall offer no other remark than this:— 
Neither chemists, nor druggists, nor any other persons, should be 
allowed to dispense prescriptions without undergoing a strict 
examination to prove their competency.  In a word, they should be 
licensed by some well-qualified authority. — ED. L.105

One can easily imagine which “well-qualified authority” the editor had in 
mind. 

The concern for professional prerogatives felt by the physicians of 
the nineteenth century has been highlighted by some modern-day 

                                           
103 “General Practitioners”, in “Correspondence”, The Lancet, vol. 13, issue 338, 20 
February 1830, p. 711; emphases original. 
104 “London College of Medicine. Chemists and Druggists”, in “Discussion”, The 
Lancet, vol. 16, issue 410, 9 July 1831, p. 476. 
105 Ibid. 
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commentators.   Margaret Pelling notes that “long reviews in the medical 
journals traced the progress of chemistry from its former alleged position 
of dependency on medicine, to its current claims to being a science in its 
own right; and discussed, usually with caution and sometimes with 
misgiving, its entry into areas of medicine other than the pharmaceu-
tical.”106 Pelling also notes unwillingness on the part of physicians to 
accept a relation between research and practice, so any suggestion that 
those whose primary interest was something other than medicine 
(chemistry or microscopy, for example) could contribute to solving 
medical problems was distinctly unwelcome.107 This became difficult 
when it came to disinfection, as chemists felt they had something to 
contribute but were actively excluded and discriminated against by the 
medical community. 

This is particularly evident in the vitriolic words of Dr. Bronson 
again, who seemed highly resentful of the “modern alchemists” as he 
repeatedly called them, and distinctly unwilling to accept them as 
scientific brethren.  With respect to chlorine disinfection, Bronson drew a 
sharp distinction between physicians and chemists with one particularly 
disparaging comment: “Nine-tenths of the medical world still go on 
doubting, while chemists continue their scientific reveries, publishing to 
the world their closet speculations, and anon repeating the stale story 
about ‘the cathedral of Dijon’.”108 Bronson’s assertion that a huge 
majority of the medical community doubted its worth was most likely 
poetic licence, but serves to vividly illustrate the perceived divide 
between the two groups.  Bronson went on to further demonstrate the 
hostile feeling towards the chemists from the medical community in 
claiming: 

Those who have appeared as the advocates for chlorine, have been 
almost to a man chemists, who have had no practical knowledge of the 
subject which they have handled.  Their facts have been gathered in the 
laboratory. Their conclusions have been the fruits of study. Their 
philosophy has been the result of speculation. How much, then, are 
their assertions and opinions worth?109

                                           
106 Pelling (1978), p. 132. 
107 Ibid., p. 156. 
108 Bronson (1832), p. 8.  This refers to Guyton’s fumigation of the Dijon Cathedral in 
1773, discussed in Section 2. 
109 Ibid., p. 10. 
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These comments categorically devalued any contribution made by 
chemists to the fight against cholera, or any other area of investigation 
where the medical community believed itself to have ultimate authority.  
In Bronson’s view chemists were only speculating in the laboratory, 
ignorant of actual practice.  Even Chester Averill of Schenectady, New 
York, a proponent of chlorine disinfection, seems to have felt the need to 
apologize for its connection with chemistry and defend it against any 
discredit by association: 
 

Chemists as well as others are liable sometimes to deduce too great 
inferences from particular facts; but there have been so many facts 
illustrating the action of chlorine upon contagious or infectious matter, 
as to lead them to conclude, that most if not all virus of vegetable or 
animal origin contains hydrogen which can be abstracted by the action 
of sufficient free chlorine, and thus the virus destroyed.110

4.3. Science: method and status 
In the debates recounted above, various protagonists invoked the 

notion of “science” and the “scientific” method, in order to strengthen 
their own positions.  This is worth examining in some detail.  Since the 
1830s was an important juncture in the professionalization and a self-
conscious mobilization of the scientific community, especially in Britain, 
it will be interesting to place the chlorine debate into that broader context.  
As science was trying to become recognized as a profession, it was 
important to present and defend a coherent and standardized method of 
research.  This resulted in an unwillingness to accept findings that were 
not the result of precise and meticulous adherence to the approved 
method.  However, a closer look reveals that there was no clear consensus 
on what exactly the scientific method was.  Therefore, the rhetorical use 
of the concept of science will also help us trace the tensions developing 
within this emerging scientific and medical community. 

In the early 1800s, there were essentially three types of medical 
practitioners: physicians (learned and university-trained), surgeons, and 
apothecaries.111  As John Harley Warner emphasizes, many of those who 
wished to reform medicine opposed the medical hierarchy of the day, 
which placed the physicians over all else. They accused institutional 

                                           
110 Averill (1832), p. 16. 
111 Haigh (1991), p. 189. 



Chlorine Disinfection  209 

leaders of favouring social qualifications over the scientific, thus 
devaluing science as grounds for professional recognition and removing 
incentives for scientific enterprise.112  By emphasizing science over social 
status, reformers hoped that those practitioners who lacked the advantage 
of high social standing or patronage could hope to elevate themselves by 
excelling in science.113

The debates on the reform of medicine in Britain often took place 
in the context of a widespread concern about the “decline of science” in 
English medicine. The worry was that English medical science was 
degenerating in comparison to the blossoming of science across the 
Channel.114  In the wake of the French Revolution, the reorganization of 
medicine in France established Paris as a “centre unmatched in its 
medical vitality”.  Medical students from all over the world swarmed to 
the hospitals and dissecting rooms of France to study, reporting back on 
the superior techniques, methods and clinical ideas found there.  Intense 
comparisons between French and English medicine led to the conclusion 
that England was decidedly behind France in “medical science”.115  In the 
United States there was similar concern with the backwardness of 
American medicine, and reformers looked to France and French science 
as offering a guide to professional and social uplift.  In the United States, 
the most promising aspects of French science were seen in its 
epistemology, a denunciation of rationalism in favour of a commitment to 
sensual empiricism. By adopting the French epistemology that was 
responsible for the country’s success in science, Americans hoped to 
attain comparable success in transforming medical practice.116  It appears 
then, that “science” in early 19th-century medicine was partly what mid-
status practitioners felt they could take from the French example to help 
them reform medical practice in the United States and England, in their 
attempt to encroach upon the territory of the more learned or gentlemanly 
physicians.117  

The defensive reaction of the established physicians against the 
chemists peddling chlorine disinfection makes better sense in this context.  

                                           
112 Warner (1991), p. 145. 
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Elizabeth Haigh observes that the gentlemanly physicians were already 
losing ground to the other classes of practitioners, as surgeons were 
allowed to treat patients with externally applied salves and lotions, and 
apothecaries were increasingly becoming medical advisers to the middle 
and even upper classes.118 Warner notes that the “institutionally en-
trenched elite” tended to dismiss complaints about the decline of English 
science in medicine and criticized the reformers’ “excessive zeal” for 
French science, focusing instead on the exceptional standard of English 
practice over what they considered scientific “speculation”.119 It was 
necessary for them to argue that an emphasis on medical science might 
not be entirely compatible with the aims and ideals of English medicine 
and the interests of the patients. One student, writing home from France, 
criticized the French system as seeming “to think that the perfection of 
medicine consists not so much in keeping patients alive as in foretelling 
with precision the appearances which will be found after death”.120 
Despite the acknowledged progress made by science, the conservative 
medical profession greeted comparatively revolutionary ideas such as 
chlorine disinfection with reluctance and apprehension.121 Such a simple 
answer to disease prevention as chlorine and chloride of lime seemed to 
suggest that disease and ill health could be easily reducible to only a few 
basic causes, which was more likely to be taken as quackery than a 
genuine theory of disease and infection.  Physicians tended to cling to a 
multi-factorial view of health and disease, and continued to view epi-
demics as “spawned by the ineluctable cosmic forces which had always 
absolved the doctor of responsibility for the fate of his patients.”122

At the same time, physicians could not afford to dissociate 
themselves from “science” completely, with its desirable connotations of 
objectivity, knowledge and control, on which they could base their claims 
of diagnostic expertise and therapeutic efficacy.123  Increasingly, it had to 
be a scientific outlook that distinguished the physician from the quack 
and the amateur. As a result, each side employed the rhetorical strategy of 
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claiming a superior scientific method for itself, rather than taking an anti-
science stance.  There was a vague general consensus on the inductive 
method during this period, as expressed by the chemist William Henry, 
who was experimenting on disinfection by heat during the cholera epi-
demics.  Henry observed that the business of science was to collect facts 
and investigate individual truths through observation and experiment, and 
then employ induction in order to arrive at general laws “more or less 
comprehensive in their extent, and serving, like the classes and orders of 
natural history, the purposes of an artificial arrangement.”124  However, 
there was still a great deal of latitude in the interpretation and employ-
ment of the inductive method in particular situations, and it is tricky to 
pin down precisely what was meant by an investigation or experiment 
being “scientific”, or a theory being “proven by” or “founded in” science. 

Some advocates of chlorine disinfection argued that its efficacy 
had been proven by science.  For example, Chester Averill recounted an 
experiment carried out in which the shirts of six cholera victims were 
soaked in a chloride solution.  The shirts were then left to dry and donned 
by six healthy men, who proceeded to exercise vigorously and work up a 
sweat, presumably to stimulate the infectious potential of any matter 
remaining on the shirts.  None of these six men became ill, and this was 
taken as distinct evidence of chlorine’s disinfecting powers.125 Further 
proof was presented in the fact that employees at bleachworks or in 
chlorine or chloride manufacture often had “ruddy healthy faces”126 and 
were less likely to fall victim to typhus and other diseases.127 Averill 
argued that, after reading all the opinions and facts that he had presented, 
no man “free from prejudice and willing to give the matter more than a 
superficial examination . . . can doubt that chlorine possesses energetic 
disinfecting powers — that its use is not at present empyrical — but is 
founded in science, and is the result of deduction from observation.”128  

                                           
124 Farrar et al. [1976] (1997), p. 42.   
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advice on whether chlorine could be used to deal with the latest outbreak of cholera in 
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Averill’s assessment echoed that of Andrew Ure (1778–1857), English 
chemist and geologist, who claimed: 

The remarkable power of chlorine, and its official compounds, chloride 
of lime and soda, in decomposing and destroying the fetid effluvia of 
animal and vegetable bodies in a state of putrefaction, has been so long 
known, has been verified in so many instances, and is susceptible of 
such direct demonstration, as to be beyond the cavils of medical 
pyrrhonism [extreme scepticism] in its most wanton mood.129

Averill also opined in support of chlorine disinfection that “the mode of 
its operation has been explained by science. There has been less blind 
experiment with it, than with, perhaps, any other agent that has 
contributed to our health and comfort.”130   

However, some other advocates of chlorine disinfection admitted 
that scientific evidence to support its claims may have been lacking.  For 
these figures, there was a dilemma — particularly with the constant 
pressure of cholera at their backs pushing them to find and use any 
possible treatment or preventative.  Richard Laurence, writing in 1832, 
provides a particularly good example of this quandary. Acknowledging 
that precisely how the disinfecting action of chlorine works was not yet 
known, he nonetheless entreated all medical men to freely administer the 
chlorides in cases of cholera.131 His plea to the medical community 
advocated bending the rules of science as he himself understood them: 

When we contemplate the mortality which has hitherto attended this 
disease, together with the rapidity of its progress, and the slowness of 
recovery in those whom it does not destroy, ought we not reasonably to 
conclude that no probable means should be left untried to counteract its 
virulency?  Theory, I well know, ought to follow experiment, and not 
to precede it; but when the properties of a remedy, producing a 
peculiar effect, are ascertained in one case, can it be deemed unwise or 
unimportant to prove or disprove the theory grounded upon the result 
of that case by trying it in another?132

Arguments such as Laurence’s would not have impressed the 
harshest critics, who denied in the first place that chlorine disinfection 
was effective.  Those critics were keen to argue that the seeming efficacy 
of chlorine was shown to be spurious, if analyzed according to proper 
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scientific method.  A striking instance of this type of criticism occurs in 
the 1832 Lancet article discussed above. The Lancet took pains to 
criticize the methodology employed in what was perhaps the most 
prestigious experiment in support of chlorine disinfection, carried out by 
no less than Michael Faraday.133 Faraday had prepared two parcels 
containing smallpox matter, one immersed for three hours in a vessel 
containing one part chlorine gas and twenty-four parts atmospheric air, 
and the other immersed for the same time in one part chlorine gas and 
forty-nine parts atmospheric air.  Three people were inoculated with the 
material from the first parcel, and none of them fell ill.  Four others were 
inoculated with material from the second parcel, and they only 
experienced slight inflammation around the inoculation site.  All seven 
people were then vaccinated and “had the disease in the most perfect and 
regular way, thus showing their susceptibility to have taken to small-pox, 
had not the virus134 been deprived of its contagious quality by the 
influence of chlorine gas.” 

Faraday’s experiment was categorically dismissed by the Lancet.  
First of all, the smallpox matter should have been divided into three 
parcels: “one exposed to atmospheric air alone for the same period that 
the second was acted on by dilute chlorine, and the third preserved in the 
usual way without any exposure.”  The suspicion here was that such an 
experiment with a proper control group would have revealed that the 
apparent action of chlorine was spurious, most likely attributable to the 
action of atmospheric air.  The Lancet also opined that a larger number of 
cases should have been tested, though it did acknowledge that a large-
scale trial with smallpox would be “objectionable in a legal and moral 
sense.”  The article stated that “on the whole, we feel perfectly satisfied 
that the experiments on small-pox matter . . . are perfectly useless with 
reference to the point at issue.”  Rather strangely, the article went on to 
describe approvingly a similar experiment by Bousquet in France on cow-
pock, in which inoculation with diluted chloride of soda solution did not 
appear to halt the spread of infection.135  This experiment was presented 
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as direct evidence of the inefficacy of chlorine in destroying infectious 
matter, although it seems to have involved much less rigorous testing than 
Faraday’s, and used cow-pock rather than a human disease. 

5. Conclusion 
The halting progress of chlorine disinfection was a many-splintered 

thing. There was not one simple cause-and-effect connection which 
prevented chorine disinfection from becoming a widespread practice, but 
a combination of factors all contributing to chlorine disinfection being 
overlooked or ignored.  The arrival of cholera in Britain in 1831 acted as 
a stimulant to push research in the area of disease treatment and 
prevention, including the use of chlorine and chlorine compounds as 
disinfectants.  However, despite numerous reports of successful trials, the 
practice never took root. Concern with a meticulous adherence to the 
scientific method, rather than madly trying anything that might work 
against the cholera, seems to have hindered the acceptance of chlorine 
disinfection. The friction between chemists and physicians provided a 
further obstacle. These factors, which were perhaps peculiar to that 
particular phase of history, worked in conjunction with others that were 
more general and enduring. Most prominent of the latter factors was the 
lack of a stable, reliable and well-articulated theory of disinfection, which 
also needed to be backed up by a credible theory of contagious diseases.  
Until the bacteriological discoveries of the 1880s and 1890s, attempts at 
disinfection were little more than “shooting in the dark”, in the words of 
Peter Baldwin, as “no one had any idea of what they were seeking to 
destroy, nor therefore how to do so. It was consequently impossible to 
know except indirectly which disinfectant substances were most effective 
and whether, indeed, the entire enterprise made any difference.”136 The 
full potential of chlorine disinfection could only be recognized with the 
maturity of the germ theory of disease. 
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 Chlorine as the First Major Chemical Weapon 
                                                          

Frederick Cowell, Xuan Goh,                                          
James Cambrook and David Bulley 

1. Introduction 
In standard accounts of the First World War (WWI), particularly 

those in works of fiction and popular history, the German use of chlorine 
gas at Ypres in April 1915 is portrayed as a dastardly action that 
terrorized soldiers, causing inhumane injuries and particularly agonizing 
death.  The British, meanwhile, were reluctant to use gas on moral 
grounds and this is why they did not retaliate with chlorine until the 
Battle of Loos in September 1915.  In this chapter we make a detailed 
examination of these two episodes and circumstances surrounding them, 
showing that the story of gas warfare is considerably more complicated 
than commonly suggested.  The use of gas in WWI raised complex moral 
and military questions that were not easily resolved by any of the 
combatant nations. As the discussion in Chapter 8 will make clear, 
attitudes to gas varied widely even amongst military men. Gas was one of 
a number of powerful new military technologies, including the tank and 
the airplane, and the use of gas in WWI cannot be considered in isolation 
from the introduction of these technologies as a group. 

In more recent military history, the German use of gas is now 
understood as an ultimately futile attempt to break the deadlock of trench 
warfare, which gave the defending side a significant advantage. Military 
tacticians hoped that gas would drive soldiers from their trenches, but 
such hopes were largely disappointed. Both sides quickly developed 
effective defensive strategies to limit the effectiveness of gas, and 
difficulties with its deployment meant that gas was rarely used to its full 
potential. The neglect of gas in general military histories of WWI 
suggests that many historians have concluded that gas was of no strategic 
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importance to the progress of the war.  The tank, which was a crucial 
strategic success, has received substantial coverage, whilst gas warfare 
rarely receives more than a mention.  Our study suggests that although 
gas was rarely decisive, it continued to be a significant element of 
military strategy on both sides after April 1915. 

This chapter presents a revised history of the use of gas in WWI, 
challenging two main assumptions found in popular historiography: 

(1) Gas was an immoral weapon of terror and British 
reluctance to use gas was driven by principally moral and 
ethical considerations. 
(2) Gas proved to be of little or no strategic importance and 
therefore does not warrant detailed treatment in military 
histories of WWI. 

We will start by reviewing, in Sections 2 and 3, the sequence of events 
leading to the first large-scale German gas attack at Ypres in April 1915 
and the British retaliation at Loos in September 1915.  In constructing 
this narrative, we have drawn on some archival sources as well as 
synthesizing various existing accounts.  In Section 4 we will discuss the 
strategic and tactical effects that the use of gas had in the remainder of the 
war.  In Section 5 we will provide an account of the British soldiers’ 
experience of gas, which is of interest in itself but also helpful in framing 
the questions about the ethical dimensions of gas warfare, which we 
consider in Chapter 8 more fully. 

2. The arrival of gas warfare 

2.1. The German use of gas at Ypres 
When war broke out in August 1914, Germany implemented the 

Schlieffen Plan.  Developed by the erstwhile Imperial Chief of General 
Staff, Alfred von Schlieffen, the plan was to ensure that Germany would 
be victorious in a European war fought simultaneously in both the east 
and the west.  It had two components: a swift drive through Belgium to 
encircle Paris, followed by a rapid mobilization of forces in the east to 
defeat advancing Russian armies.  The execution of the plan in 1914 by 
Schlieffen’s successor Helmuth von Moltke and Field Marshal Erich von 
Falkenhayn ran into difficulties almost immediately.  When the Germans 
marched into Belgium, they precipitated the British entry into the war in 
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response to a defensive treaty with France.  The scale of fighting on the 
Western Front increased dramatically, and Russian mobilization was 
much more rapid than Schlieffen had predicted.1  In the face of these new 
obstacles, the German General Staff deviated from the Schlieffen Plan.  
In September 1914 German troops approached Paris from the east, but 
their lines of communication were disrupted by the British Expeditionary 
Force (BEF).2  Following the German retreat from the “gates of Paris”, 
the Allied and Central powers tried unsuccessfully to outflank each other 
in a race to the northern French coast. 

By the end of 1914 there was a deadlock on the Western Front, 
with armies from both sides dug into trenches 475 miles long, stretching 
from the North Sea to the Swiss border. The mass deployment of machine 
guns had ended the era of cavalry charges supported by artillery, which 
had been the mainstay of European warfare for over fifty years.  As the 
Germans found out to their cost in 1914 at the Battle of the Marne and the 
First Battle of Ypres, machine-gun posts (or nests) and carefully aimed 
rifle fire could decimate advancing infantry in seconds.3  For any assault 
to stand a chance of success, it was vital to neutralize the machine gun 
posts that lay between the front line and the support trenches.4 The 
technique of “rolling” artillery fire was developed to deal with machine 
gun nests. This involved firing shells just ahead of the advancing infantry, 
but in the days before field radios these attacks were difficult to control 
and what are now termed “friendly fire” incidents were the norm of many 
battles of WWI. The “problem of the Western Front” was how to 
immobilize enemy fire during an attack, and it was in an attempt to 
overturn this advantage of defence over offence that gas, tanks and 
airplanes were used.5

Late in the afternoon of 22 April 1915, German commanders, in-
cluding the chemist Fritz Haber, gave the order for the release of around 
150 tonnes of chlorine gas from six thousand cylinders on a four-mile 

                                           
1 See Strachan (2001), pp. 164–173, on the origins and characteristics of the 
Schlieffen Plan; see pp. 211–224 on the early stages of the war on the Western Front, 
and p. 312 on the unexpected swiftness of Russian mobilization on the Eastern Front. 
2 Sheffield (2001, p. 90) and Strachan (2001, p. 245) describe the change of direction 
that led German troops to approach Paris from the east rather than encircling it from 
the west as originally planned. 
3 Keegan (1999), Chapter 4. 
4 Sheffield (2001), p. 99. 
5 See ibid., pp. 102–103, on the introduction of gas and tanks to WWI. 
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stretch of the Allied lines near Ypres in western Belgium.  As soon as the 
liquid from the cylinders had been released, it turned into a dense 
yellowish-green cloud which swelled over the Allied trenches. The 
German Army had waited for eleven days for the winds to turn in their 
favour before they dared release the gas.6 As the cloud drifted over 
French defences at Langemarck near Ypres that were being manned by 
the 45th (Algerian) Division and the 87th Territorial Division, soldiers 
noticed “strange white puffs of smoke”. Within an hour both units were 
retreating westwards, clutching their throats in agony and leaving a gap of 
8,000 yards in the front.7  The gas was quickly identified as chlorine by 
Canadian officers who had been chemists in peacetime.  As early as 24 
April, Canadian soldiers were ordered to improvise protective masks by 
soaking gauze in bromide or urine.8 When the Germans launched a 
second gas attack on 24 April on the Canadian sector of the line, its effect 
was limited by even these improvised precautions.  A third attack on 1 
May, just south of Ypres on trenches manned by the 1st Battalion Dorset 
regiment, presented a much more serious threat.  The gas attack in this 
case was followed by a massive infantry assault.  Only great courage in 
the face of enormously high casualties enabled the Dorset regiment to 
hold their ground.  An officer recalled that “200 men passed through my 
hands . . . some died with me, others on the way down . . . 90 men died 
from gas poisoning in the trenches; . . . of the 207 brought to the nearest 
dressing station 46 died immediately and 12 after long suffering”.9  The 
British estimated that as many as 5,000 men were killed and a further 
15,000 injured.10   

Sir John French, Commander-in-Chief of the BEF, sent the follow-
ing dispatch: 

What followed almost defied description. The effect of these poisonous 
gases was so virulent as to render the whole of the line held by the 
French Division practically incapable of any action at all.  It was at 
first impossible for anyone to realise what had actually happened.  The 
smoke and fumes hid everything from sight, and hundreds of men were 

                                           
6 Evans (2000), p. 21. 
7 Brereton (1915), p. 93; Spiers (1999), pp. 70, and 15. 
8 See Edmonds and Wynne (1928–47), pp. 215–220, cited in Spiers (1986), p. 16, on 
the first improvised gas masks used by Canadian soldiers.  Groom (2002, p. 107) 
describes the use of improvised gas masks on 24 April by Indian soldiers at Ypres. 
9 Keegan (1999), 215. 
10 Evans (2000), p. 21. 
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thrown into a comatose or dying condition, and within the hour the 
whole position had to be abandoned, together with about 50 guns.11

The Germans appeared to have executed the perfect surprise attack, but in 
fact the use of gas should not have been such a surprise. French 
intelligence reports received on 30 March and 15 April had indicated that 
the Germans were preparing an imminent gas attack.  On 13 April, about 
a week before the first gas attack at Ypres, a German private carrying a 
primitive respirator was captured by French infantry.  Aerial reconnais-
sance had already shown large cylinders being placed at the front line, 
and a joint intelligence report for both British and French forces had 
recommended that either troops from that sector of the line should be 
withdrawn, or the suspected gas emplacements bombed.  No action was 
taken.12  Moreover, the possibility of gas warfare was well-known to 
some high-level military figures including Winston Churchill, First Lord 
of the Admiralty at the start of the war and Munitions Minister from 
1917.13

It was the effectiveness of the first gas attacks that was far more 
unexpected than the use of gas.14  Many historians have commented that 
the German army had not placed an adequate number of troops at Ypres 
to exploit the breach of the frontline opened up by the gas attack.15 As the 
German chemist Walther Nernst commented, however, “It was only an 
experiment”.16  German troops advanced cautiously behind the gas cloud, 
and this allowed the Allies to regroup and begin a counter-attack.  Instead 
of resulting in a decisive victory for the Germans, the use of gas was 
resisted by the Allies, who held the Ypres salient. 

2.2. Early British responses to Ypres 
The British press was outraged by the use of gas.  On 30 April, The 

Times thundered: Germany had “devised an atrocious method of warfare 
which would fill all races with horror. . . . the question is no longer a 
question of right, but merely a question of expediency”.17 The German 

                                           
11 French (1917), pp. 362–363. 
12 Lloyd George (1938), p. 117. 
13 Churchill (1939), pp. 516–519. 
14 Cook (1998, p. 6) makes a similar point. 
15 See, for example, Spiers (1999), p. 70; Evans (2000), p. 22. 
16 Richter (1992), p. 8, footnote 10, refers to Nernst’s comment: “Es war nur ein 
Versuch”; see also Haber (1986), p. 34. 
17 The Times, 30 April 1915. 
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use of gas was portrayed in the most negative possible terms.  According 
to Punch, gas warfare was “an uglier outcome of the harnessing of 
science to the powers of darkness” than even the German poisoning of 
wells in south-west Africa. Meanwhile, individual heroism was cel-
ebrated as the British Tommy was praised for remaining “cheerful” in the 
face of “the odds with which our officers and men have to contend”.18  
However, the moral outrage about gas did not persist. The press 
continued to report “tales of German frightfulness”, but its coverage of 
gas warfare was substantially altered following the British decision to 
retaliate.  The Daily Express report of the Battle of Loos did not mention 
gas once, preferring to concentrate on the “piles of German corpses”.  
The German use of gas had been “frightful” and “atrocious”, but in 
British hands gas warfare was cloaked in the morality of the cause.  As 
Arthur Conan Doyle put it, gas became “that filthy treacherous ally” for 
the British.19

Defence against gas became a clear priority. The Daily Mail 
mounted a campaign, backed by the department store Harrods, to supply 
soldiers with respirators made from cotton wool in a gauze envelope.  It 
called on the women of England to make these masks to its own pattern.  
Harrods removed spring fashions from its Knightsbridge shopfront and 
instead displayed the respirators, for which it sold both materials and 
pattern.20  More than a million of these respirators were made and a large 
number were issued to troops at the front, but they were withdrawn by the 
British High Command a week later.  The Daily Mail’s design caused 
suffocation when wet and these masks were responsible for scores of 
British deaths during that week.21 A report to the War Office, dated 24 
May, described all men having respirators, “though few had the official 
War Office pattern”.22 In fact, casualty rates were exceptionally high 
among those not wearing the official War Office design, and it was not 
until the issue of the Standard Box Respirator as part of standard kit in the 
summer of 1916 that British soldiers were routinely and effectively 
protected against chlorine and the gases that followed it. 

                                           
18 Mr Punch’s History of the Great War, London, 1920. 
19 Haber (1976), p. 5. 
20 MacDonald (1993), p. 232. 
21 Harris and Paxman (1983), p. 6. 



226  AN ELEMENT OF CONTROVERSY 

Although the initial response to gas was ad hoc, more formal 
precautions developed quickly.  By the summer of 1915, the British had 
started setting up bells and issuing rattles to frontline positions so that the 
alarm could be sounded when gas was sighted.  In 1916, Strombous horns 
were introduced; these were klaxons attached to canisters of compressed 
air, issuing a piercing blast which could be heard up to a mile away.  (The 
gas alarms, however, became rather useless once the Germans began to 
use the invisible, odourless gas, phosgene.)  Within a month after Ypres 
respirator drills and gas watches were set up, and this began to 
incorporate gas warfare into trench routines.  By the end of 1915, each 
soldier had to don his hood within six seconds while exposed to a cloud 
of tear gas, having first repeated his name, battalion and serial number 
twice.  Such routine gas-mask drills were designed to give soldiers 
confidence under attack and to prevent panic.23  According to a report on 
gas precautions, “there is and was no panic over gas. I hope there will 
hardly be any excitement next time”.24  Gas inspections checked troops 
regularly to ensure that they were carrying their respirators, but as a 
dispatch rider recalled, “helmets were taken everywhere . . . no one 
wanted to die of gas”.25

Immediately following Ypres in April 1915, Sir John Boyd was 
appointed anti-gas officer for the 80th division.  He received a modicum 
of instruction, for the most part resorting to “common sense” measures 
for dealing with the effects of gas poisoning. These included the 
administration of cough mixture to deal with congested lungs.26 The 
following month, the Royal Army Medical Corps issued precautionary 
advice to all divisional Medical Officers concerning gas prevention.  
Most of this centered on the importance of gas mask drills, even though 
not all men had been issued with official gas masks at that point.  In 
October 1915, arrangements were made for all divisional Medical 

                                                                                                                         
22 TNA: PRO WO 32/5169.  In this and subsequent citations to materials held at the 
UK Public Record Office (PRO, now part of The National Archives), Kew, London, 
we make references using the Archive’s official classification system. 
23 IWM Photograph Archive Q.24770.  In this and subsequent citations to materials 
held at the Imperial War Museum (IWM), London, we use the Museum’s standard 
catalogue numbers. 
24 TNA: PRO WO 159/453. 
25 This and other similar recollections are preserved in the Sound Archive of the 
Imperial War Museum, London. 
26 Boyd, cited in Whitehead (1999), p. 167. 
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Officers to meet the Director of the central laboratory for official advice 
and training on handling gas casualties.  Five-day training courses were 
later set up to train Medical Officers “in how to deal with Boche vapours 
and stink pots”.27

3. The British entry into chemical warfare 
One major outcome of the first German gas attack at Ypres was to 

prompt retaliation in kind.  Sir John French cabled London the following 
day urging “that immediate steps be taken to supply means of most 
effective kind for the use by our troops”.28 The War Minister, Lord 
Kitchener, replied that “before we fall to the level of the degraded 
Germans, I must submit the matter to the government”.29 How did the 
British government make its decision on this matter, which was in the end 
to enter into the arena of chemical warfare, setting aside its moral and 
political qualms? 

3.1.  The situation before Ypres 
Despite Kitchener’s revulsion at the German use of gas, the British 

had previously considered employing chemical weapons. In October 
1914, the War Office rejected a proposal to drop bombs containing 
aqueous hydrocyanic acid on the basis that this violated the Hague 
Convention.30  Towards the end of September 1914, the War Office and 
the Admiralty had prohibited the use of shells filled with tear gas for the 
same reason.  Nevertheless, scientists continued to work on the develop-
ment of chemical agents for use in war.  Perhaps the most significant of 
these was the work of J. F. Thorpe and H. B. Baker at Imperial College 
London on tear gases.  Their studies of ethyl iodoacetate, which could be 
prepared using readily available materials, led to the development of a 
practical tear gas by January 1915, code-named “SK” after the college’s 
South Kensington location. Several tests of the new agent were conducted 
in a trench on college grounds, observed by Colonel Louis Jackson of the 
War Office, who declared it to be efficient.31  But nothing more was done 

                                           
27 G. Moore, letter of 4 June 1916, quoted in Whitehead (1999), p. 168. 
28 TNA: PRO WO 142/241. 
29 Palazzo (2000), p. 44. 
30 Haber (1986), p. 22. 
31 Ibid., p. 23. 
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in this area until after Ypres, so although the British had some experience 
of research with chemical agents, no organized research infrastructure 
was in place. 

Maurice Hankey, Secretary to the Committee for Imperial Defence 
and the War Council, was a key figure in coordinating early British plans 
for chemical warfare. He received input from independent individuals 
(many of them characterized as “cranks”), as well as powerful political 
figures, which he communicated to the War Office. The possibility of 
using non-asphyxiating gases was drawn to Hankey’s attention in January 
1915 by the Belgian doctor Smets-Mondez, who had identified amyl 
nitrate as being suitable to reduce the enemy’s fighting capabilities by 
inducing sleepiness.  Hankey recommended the use of chemical weapons 
to the War Office that month.  Smets-Mondez’s proposal was eventually 
rejected on the basis that, while it obeyed the letter of the Hague Conven-
tion, it betrayed its spirit.  The British were clearly considering the use of 
gas, but they were restrained by compliance with international law.32

Winston Churchill also played a major role in raising the profile of 
gas warfare inside the British government, largely in response to his own 
beliefs concerning German scientific capability and attitude to the con-
flict.  Churchill had discussed with Lord Dundonald plans to use smoke 
as a tactical weapon, designed to drive the enemy from their posts by 
using noxious, but not deadly, fumes.  These ideas had originated during 
the Crimean War with Dundonald’s grandfather, Admiral Cochrane.  
Despite their age, they interested Churchill and he was determined to 
preserve their secrecy.  He claimed that “there can be no question that 
Lord Dundonald had grasped at this time [that] the whole idea of gas and 
smoke warfare [was] explicitly prohibited by International Law”.  
Nevertheless, Churchill was so keen that these ideas should be pursued, 
that he not only suggested that Dundonald approach Hankey with the 
information, but referred to these discussions in his correspondence with 
the Prime Minister, Herbert Asquith.33

Before we enter into further details about the deliberations that 
were made within the British government on the question of using 
chemical weapons, we must make a brief detour to explain the structure 

                                           
32 TNA: PRO CAB 21/83. 
33 Churchill (1939), pp. 516–519, direct quotation from p. 519.  See also TNA: PRO 
CAB 41/36/18. 
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of British government at the time, since it has changed significantly in the 
last century. The present-day Ministry of Defence, for example, is a 
relatively new structure, which succeeded the more aggressively named 
Ministry of War.  Then, as now, the most powerful body in the govern-
ment, particularly with respect to decisions regarding military policy, was 
the Cabinet.  In the early 20th century, the Cabinet was supported by a 
large number of committees which were responsible for specific areas of 
governmental policy and coordinated the executive functions of govern-
ment departments. Defence was centralized within the Naval and Military 
Committee, created by Lord Salisbury in 1889–90.34

At the outbreak of WWI, the primary committee for defence and 
war was the Committee for Imperial Defence (CID). This body, which 
included the Prime Minister, was responsible for making military strategy 
and ensuring the preparedness of Britain for war.  In the pre-war period, 
the CID studied the coordination of military affairs between different 
parts of the Empire and planned to mobilize industry and the economy.  It 
also published the “War Book”, which was a manual outlining the roles 
of the different departments associated with the CID and setting out plans 
for action in various contingencies.35  The CID was officially in charge of 
the BEF when it was sent to France in the early stages of the war, but 
divided opinion over the decision to send forces to France attracted the 
attention of the entire Cabinet. The CID’s influence on the overall 
direction of the war went into further decline as it was increasingly 
consulted only in connection with matters of Home Defence, with its sub-
committees increasingly taking charge of forces in specific geographical 
areas overseas.36

The CID was superseded in November 1914 by Asquith’s forma-
tion of the War Council.  This body had rather indeterminate procedures 
and responsibilities.  Many of its members were also Cabinet ministers, 
with the result that important issues were often discussed outside its 
formal meetings.37  Churchill once told Hankey: “You must not suppose 
that the written records and formal meetings embody the whole 
discussion between members of the War Council. On the contrary, we 

                                           
34 Ehrman (1958), pp. 4–5, 28, 40–41. 
35 Keith (1952), p. 112. 
36 Turner (1982), p. 58. 
37 As in the case of the ill-fated Dardanelles expedition, which Kitchener, Churchill 
and Asquith discussed at length. 
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were always talking over the situation in twos and threes”.38 The War 
Council, moreover, had no executive power and concerned itself pri-
marily with a systematic review of Britain’s military position and enemy 
resources.39 On 13 January 1915 it agreed on a statement of strategic 
intentions for the new year, including an attack on the Western Front.40  
The French refused to support a new offensive in the West, and the War 
Council reconvened on 28 January to review alternatives. Meanwhile, 
strategic thinking was increasingly directed by the Cabinet towards the 
campaign in the Dardanelles, which offered the possibility of opening up 
a new front by attacking the enemy from the rear.  By February this was 
the main focus of the War Council, and its preoccupation with this issue 
signalled the end of its role as an advisory committee on strategy and 
policy for the war as a whole.  The Cabinet itself assumed this broader 
responsibility and, although the War Council might have been expected 
to participate in the decision to use gas, there is no record of its 
involvement.41 War Council minutes show that it met infrequently 
relative to the Cabinet during the relevant period, meeting on 6 April and 
then not until 14 May, a few weeks either side of the German attack at 
Ypres on 22 April.42

3.2. The decision to retaliate in kind 
The Cabinet decision to use gas in WWI appears to have been 

made in a series of three meetings which took place between 27 April and 
4 May 1915, although there is no explicit documentary evidence of the 
decision itself.  Cabinet meetings were the only regular occurrence at the 
highest level of government, and their main purpose was the overall 
supervision of governmental business, planning of legislation, and 
handling of diplomatic emergencies (such as that in Ireland). The Cabinet

                                           
38 Hankey (1961), p. 291. 
39 Turner (1982), p. 58, citing TNA: PRO CAB 22/1. 
40 Ibid. 
41 Searches of the Public Record Office catalogue do not show any discussions of 
poison gas in War Council meetings.  War Council minutes were kept as compressed 
debates within the main record, written by Hankey or an assistant.  This record was 
not circulated, in an attempt to preserve secrecy.  Instead, “conclusions” containing 
minimal information were extracted and sent to relevant departments.  See Turner 
(1982), p. 70. 
42 See Ehrman (1958), p. 56, and Turner (1982), p. 59, on infrequent War Council 
meetings. 
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often reviewed War Council discussions and retained control of such 
essential matters as the choice of military objectives, the raising of men, 
the production of munitions and the financing of the war.43 The only 
official record of Cabinet meetings before 1916 is contained in personal 
correspondence between the Prime Minister and the King.  These letters 
were written on the same day as the meeting, or the following day.  They 
were short, only providing a brief summary of discussions. 

As mentioned previously, Sir John French had cabled London 
immediately following the German gas attack at Ypres on 22 April 1915, 
requesting permission to retaliate in kind. Even though he shared 
French’s concern, Lord Kitchener had insisted on submitting the matter 
for government consideration. The reply was not speedy. Despite military 
perceptions that not to retaliate would be “suicidal”, issues of law, ethics, 
morals and public opinion had to be taken into account.44 The Cabinet 
met three times in the two weeks immediately following the attack at 
Ypres, on 27 and 28 April, and again on 4 May.  According to Asquith’s 
report on the meeting of 27 April to King George V: 

Some discussion took place on the recent resort by the enemy to the 
use of asphyxiating gases.  As the gases are apparently stored in and 
drawn from cylinders and not ‘projectiles’, the employment of them is 
not perhaps an infraction of the liberal terms of the Hague Convention.  
Our soldiers are being provided with face and mouth pads of cotton 
steeped in bi-chlorate of potash as a protection.  The Admiralty has 
been for some time past experimenting with a view to the production 
of smoke in large quantities for a screen.45

It seems clear that the Cabinet discussed whether Germany had broken 
any international laws, as well as how to deal with their actions. The 
meeting on the following day heard: “Inquiries and experiments are being 
made as to the best way of dealing with the resort by the Germans to 
asphyxiating gases”.46 The possibility that the British might use gas, 
however, only became explicit in the third meeting on 4 May, after which 
Asquith reported: 

                                           
43 Keith (1952), p. 128. 
44 Richter (1992), p. 17. 
45 Letter from Asquith to the King, 27 April 1915, TNA: PRO CAB 41/36/18. 
46 Letter from Asquith to the King, 29 April 1915, referring to the meeting of 28 
April, TNA: PRO CAB 41/36/19. 



232  AN ELEMENT OF CONTROVERSY 

Considerable discussion took place on Sir J. French’s request that he 
might be supplied with the means of retaliating on the Germans by the 
use of some form of poisonous gas. The respirators sent out to the 
troops have not so far proved an effective protection, and Dr [J. S.] 
Haldane has gone over to France to make further inquiries.  Meanwhile 
both the Admiralty and War Office are busy experimenting.47

There is no explicit documentary evidence as to when the authori-
zation to retaliate was given, but it seems likely that it was made on 4 
May, when Air Ministry records show that a committee appointed “to 
consider the use of asphyxiating and life destroying gases” held its first 
meeting at 3pm.48  The decision to use gas had certainly been made by 17 
May, when Lord Crewe (Secretary of State for India) wrote to Lord 
Kitchener on behalf of Lord Curzon (Lord Privy Seal) asking whether the 
use of gas against the enemy had been sanctioned.  He received a terse 
reply: “The govt. is not prepared to allow our troops to fight at such an 
enormous disadvantage as would be created if we did nothing to make 
use of these methods”.49  Lord Kitchener elaborated on British plans for 
retaliation in a note to the Cabinet on the status of the war during the 
period from August 1914 to May 1915, which was issued in late May or 
early June 1915: 

It was decided that immediate provision should be made for the use by 
our troops of gases which were as harmful and deadly, but not much 
more so, than those employed by the enemy, and also preparation and 
experiment with more deadly things should proceed with all speed.50

It is impossible to be certain of the detailed content of the discus-
sion, but the Cabinet considered two important issues concerning the 
German use of gas and British retaliation.  First, it attempted to establish 
the legal position connected with the German use of gas and any potential 
British retaliation, paying particular attention to the Hague Convention of 
1899 outlawing “the use of projectiles the sole object of which is the 
diffusion of asphyxiating or deleterious gases”.51 Second, the Cabinet’s 
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extensive discussions indicate that the decision to retaliate was not easily 
made and that it is highly likely that ethical and moral considerations 
figured in these discussions.  Kitchener had made no secret of his disdain 
for the use of gas in his appeal to the government, saying that “these 
methods show to what depths of infamy our enemies will go in order to 
supplement their want of courage in facing our troops”.52 Feelings that 
gas was “downright unsporting” were also common.  The indiscriminate 
nature of gas injuries, which were considered to affect soldiers without 
regard to their courage, experience or fighting skill, offended the British 
sense of fair play.53  As William Moore points out, “Britain was then still 
a country where it mattered very much just how you ‘played the 
game’.”54

The historian Richard Price argues that questions of legality were 
the primary concern for the British in these discussions, moral and ethical 
considerations occupying a subsidiary position. Asquith’s report of the 27 
April Cabinet meeting showed that the British government was unclear 
whether Germany had violated the Hague Convention. Price suggests that 
the absence of moral outrage in the early press response to the German 
use of gas at Ypres supports his claim.55  However, as we have seen, the 
press did condemn the German action very shortly afterwards.  When the 
use of gas was first reported, very little information would have been 
available concerning the effects of that attack on individual soldiers. As 
eyewitness descriptions of the painful and terrifying deaths suffered by 
unprotected troops exposed to chlorine at Ypres were published, they 
were indeed accompanied by outrage. 

When the decision to use gas was finally taken, it appears to have 
been driven by the overwhelming military need to maintain the morale of 
British troops and to ensure parity in fighting forces.  The British chose to 
retaliate with cylinder attacks using chlorine, exactly the method already 
employed by the Germans.  In this way, whatever the eventual decision 
regarding the legal status of these attacks, the worst the British could be 
accused of was retaliation in kind.  Charles Foulkes, who was later placed 
in charge of the British Special Brigade for the use of gas, was highly 
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critical of the decision not to employ deadlier weapons than those used by 
the Germans.56  But it is worth bearing in mind that the options for British 
response were also limited by practical factors in addition to the 
restraining effect of legal and moral considerations; chlorine was the most 
readily available chemical suitable for use in chemical weapons in 
Britain. 

Even in the case of chlorine, only one factory, the Castner Kellner 
plant in Merseyside, was capable of mass production in 1915.  Despite 
considerable pressure from the War Office, this factory only managed to 
produce one-tenth of the chlorine demanded of it.  The rate of production 
of chlorine in Spring 1915 was one ton per day, and at that rate it would 
have taken the British six months to manufacture the amount of chlorine 
released in a few minutes at Ypres.57  To respond in kind would require a 
massive mobilization of British manufacturing industry, diverting money, 
physical resources and manpower from other vital spheres, including a 
conventional munitions industry that was already failing to meet demand 
for shells.58  Thus the British decision to enter into chemical warfare was 
not without risk, especially given that the efficacy of gas as a weapon had 
yet to be established.  In these circumstances, it was by no means a 
foregone conclusion that the development and deployment of chemical 
weapons was the best available option, and the Cabinet decision is best 
viewed as a complex balancing of a large number of competing factors. 

3.3.  The British use of gas at Loos 
In June 1915, the War Office created four Special Companies 

(which later became the Special Brigade) to develop British gas warfare.  
Major Charles Foulkes was made the commanding officer. Foulkes 
admitted that when he was given this assignment, he knew nothing about 
gas.59  The British military on the whole was equally unprepared, as he 
explained in his 1918 Report: “nothing was known of the enemy’s system 
of discharge and no experimental ground was available; nor was there 
time for experimental work to be undertaken before the machinery of the 
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new Department had to be put into motion”.60 Foulkes understood the 
need for a rapid response, commenting: “We must not wait for further 
experiments, but must . . . organise a gas attack on a large scale at the 
earliest possible moment”.61 He was quick to learn in his new job. By 
July, his companies were capable of using 90lb cylinders of chlorine gas, 
and by September they were prepared for the new method of warfare.62

The Battle of Loos was a two-pronged attack coordinated by the 
French under General Joseph Joffre, and assisted by the British forces 
under General Haig. Joffre was determined to follow up on French 
successes at Vimy ridge, using a pincer movement with the aim of 
causing a rout in the central Artois region.63  The first prong of the attack 
was mounted by the French 1st and 10th armies in the Lens–Arras area, 
while the British 1st and 4th corps attacked between La-Bassée and Loos.  
Sir John French faced two major problems when planning the British part 
of the offensive.  There was a severe shortage of artillery shells.  The flat, 
unbroken terrain in the La-Bassée–Loos area was also unsuitable for an 
infantry assault, offering little cover and being overlooked at the 
furthermost northern flank by the large German hill fort known as the 
Hohenzollern Redoubt.64 The British and French general staffs met at 
Boulougne on 19–20 June to discuss these difficulties. The British argued 
that since their current shell production was only 5,000 per month, they 
would not be ready for an offensive of that nature until early 1916.65  
Joffre objected.  France had been occupied for over a year and launching 
a decisive attack was imperative for the French High Command.  Despite 
the lack of adequate cover available to the advancing infantry, Haig 
agreed to the offensive.  The result, as Philip Warner comments, was that 
British troops were “simply men being fed into a killing ground” as they 
advanced into enemy machine-gun fire.66

Acts like this earned for the British infantry their reputation as 
“lions led by donkeys”.  But was Haig’s decision simply irresponsible?67  
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Haig had been sufficiently impressed by gas trials in August 1915 to 
believe that gas could compensate for the lack of artillery, causing 
enough confusion to protect British troops as they advanced.68 The 
Special Companies started shipping gas cylinders to the front in great 
secrecy.  There was not a sufficient amount of gas to attack the whole 
length of the line, but the plan was to use the gas economically, with large 
numbers of smoke-creating candles to “thicken out the cloud”.69 A strict 
timetable was set for the release of gas by Haig and Foulkes.  Zero hour 
was 05:45, when gas cylinders were to be opened and mortar fire was to 
begin. At 06:30 the first wave of infantry would leave their trenches, 
heading into no man’s land.  Meteorological reports on the morning of 24 
September had predicted the southerly and south-westerly winds needed 
to spread gas towards the enemy lines, leading Haig to authorize the gas 
attack. 

By 04:30 the following morning, however, Haig noticed that there 
was a dead calm: the cigarette smoke of orderlies on his observation 
tower hardly dispersed.  At 05:00 he tried to countermand the order for 
the gas attack, but poor communications with the front meant that zero 
hour passed and the attack went ahead despite the unfavourable wind 
conditions.70  Some officers, noticing the still air, refused to open gas 
cylinders at zero hour, but such resistance was not tolerated.  When 
Captain Percy of the Black Watch sent the message, “The gas officer 
refuses to open the cylinders”, the response from General Hove was clear: 
“Then shoot the bastard”.71  Further up the line still, Lieutenant Graves, 
who had noticed the lack of wind to move the gas, messaged headquarters 
saying: “Dead calm impossible to discharge accessory [the gas]”. He 
received the reply, “Accessory to be discharged at all costs”.72  The cost 
of that decision was high. In the south of the line near the village of Loos, 
discharged chlorine hung in the windless air.  When soldiers of the Black 
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Watch and Caledonian regiments began their assault at 06:30, they 
immediately ran into clouds of chlorine. Men fell back into their trench, 
grabbing their throats as they were poisoned by British gas. Even where 
troops wore gas masks, such prolonged exposure to dense clouds of 
chlorine left many dead or incapacitated.73

By all accounts, the Battle of Loos was a failure for the British.  
They lost 8,000 men on the first day alone, while failing to gain even one 
mile of German territory. Some reports spoke of parts of the German 
front line being piled high with corpses and machine gun crews lying 
dead at their weapons, but in other parts of the line the gas simply hung 
over no man’s land, or blew back into the British trenches. A second 
attack on 27 September fared little better, since the Germans were 
prepared and had lit braziers around their machine-gun posts, creating an 
up-current of air to disperse the gas.74 Only a smaller-scale attack on the 
fortress at Hohenzollern was more successful. The Special Brigade 
mounted another cylinder assault, with more flexible timing and better 
communication between Foulkes and the gas officers allowing them to 
wait for favourable weather conditions.75  The attack, which took place on 
13 October, was a last-ditch attempt to destroy the northern flank as the 
assault floundered. In a battle lasting just over three weeks, 16,000 British 
troops were killed and 25,000 wounded to gain a stretch of land just over 
two miles wide. 

The analysis of whether and why gas failed at Loos is complex but 
very revealing.76 At Loos the British were deploying gas partly to 
compensate for the short supply of artillery shells, with the result that the 
initial artillery attack was severely curtailed and failed to meet its military 
objectives.  But it is not satisfactory to attribute the British losses at Loos 
simply to a failure of gas. More informative is an attention to the 
suitability of the specific gas technology used by the British.  The use of 
cylinders made the success of gas attacks highly dependent on wind 
conditions.  The construction of large cylinder emplacements took days 
and this, combined with inflexible battle planning, meant that the British 
were generally unable to deploy gas at the most effective time and 

                                           
73 TNA: PRO WO 32/5163. 
74 Richter (1992), p. 85. 
75 Ibid., pp. 95–96, and Horne (1963), pp. 285–287. 
76 See Groom (2002), pp. 133–135, and Sheffield (2001), p. 107, for standard 
accounts of the Battle of Loos. 



238  AN ELEMENT OF CONTROVERSY 

place.77  In the days before satellite reconnaissance and radio communica-
tion, it was difficult to coordinate such an assault.78  While the Germans 
had switched to the use of gas-filled shells by the summer of 1915, the 
British continued to rely on cylinders, partly because of the continued 
shortage of shells and partly because of Foulkes’s unexplained commit-
ment to cylinders.79  The British were locked into an inferior technology 
for gas delivery until relatively late in the war, and Haig continued to use 
gas as a method of compensating for shortages of conventional muni-
tions. As we shall see, these factors prevented Britain from developing 
strategies that made the most effective use of the special features of gas 
as a weapon. 

4. The strategic and tactical functions of gas 
Although gas failed to gain either side the kind of decisive strategic 

advantage that its most ardent advocates had hoped for, it was not 
abandoned.  Quite the contrary, during the course of the war there was a 
progressive escalation in the toxicity and damaging effects of the 
chemical agents employed. Germany was ready for the first use of 
phosgene at the Second Battle of Ypres in December 1915, eight months 
after the First Battle of Ypres and within a few months of the British 
retaliation with chlorine at Loos. Phosgene has similar effects to chlorine, 
acting on lung tissue in very much the same way and with equally lethal 
consequences.  The difference is that phosgene is invisible and odourless, 
and causes no spasm on inhalation. Many phosgene casualties were 
unaware that they had inhaled a lethal dose.80 Men often continued as 
normal for up to 24 hours after inhaling phosgene, as the following 
medical report on an officer who reported to a dressing station shows: 

He said he didn’t feel very well, but he did not look very bad.  I gave 
him a cup of tea which he drank and we talked for a little while.  
Suddenly he collapsed in the chair he was sitting on.  I gave him some 
oxygen but he died an hour afterwards.81
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Phosgene’s lethal qualities earned it the nickname “killer” among some 
troops.82 Phosgene (code-named Blue Cross) was followed by diphosgene 
(Green Cross), and mustard gas (dichlorodiethylsulphide, Yellow Cross) 
by July 1917. Unlike its predecessors, mustard gas did not immediately 
incapacitate its victims. Its early symptoms, which were generally not 
fatal if a respirator was worn, included acute conjunctivitis, temporary 
blindness, sneezing, nausea and vomiting, as well as blisters and burns.  
Mustard gas was extremely persistent, remaining toxic long after its use 
in an attack.83

There were also developments in the technology of delivery, and 
the most notable of these were in fact British inventions: the Livens 
projector and the Stokes mortar, for launching gas-filled projectiles.84  
The Livens projector was difficult to install and load, but it was cheap 
and could be used in massive numbers. The Stokes mortar, when operated 
by a well-trained crew, could fire fifteen canisters before the first of them 
hit its target, each canister containing more gas than any equivalent 
shell.85 The supply of these canisters was also not dependent on 
munitions supply, as shells would have been.  The Stokes mortar may 
have been the first weapon to break the letter of the 1899 Hague 
Convention, by carrying chlorine gas unaccompanied by explosives (see 
Chapter 8, Section 2 for further discussion of this issue).  In 1918, after 
the British started using mustard gas, Livens projectors were mounted on 
trains that moved parallel to the German lines, enabling a volley of 
tremendous force. 

After Loos, the British Special Brigade trained for six months to 
overcome some of the problems they had experienced in the handling of 
cylinders. Most of May and June 1916 were spent practising carrying 
cylinders to the front, checking their installation and training more men in 
their use.  Haig took over from French as Commander of the BEF, with 
important consequences for gas warfare.  French had become increasingly 
strained, taking long tours of hospital wards where he lingered over shell 
and gas casualties with tears in his eyes, wondering what had become of 
the “gentlemanly” wars he had fought against the Boers (see Chapter 8, 
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Section 3.2. for further discussion of French).86  One of Haig’s first acts 
was to reorganize the Special Companies.  He increased their numbers to 
Brigade strength, splitting the organization into offensive and defensive 
parts under a Director of Gas Services, Brigadier H. T. Thuilliver.  While 
Foulkes remained in charge of offensive operations, Major S. L. 
Cummins was appointed to head anti-gas operations. 

The summer of 1916 saw the British mount a large number of 
small-scale gas attacks at the Somme, beginning in June at Monchy-au-
Bois and continuing with a series of diversionary attacks at Ancre in July 
1916.  Between July 1916 and May 1917 the British used gas, principally 
chlorine and phosgene, in over 100 operations, employing nearly 40,000 
cylinders.87  Haig’s plan at the Somme was to rout the Germans by break-
ing their front line in two. He believed that a sustained artillery assault 
could flatten German dugouts and barbed wire, rendering German 
machine-gun posts ineffective. Gas was to be used in a largely 
diversionary role at the periphery of the designated battle area, although 
most machine-gun crews were issued with gas masks in the event of a 
German counter-attack using gas.  The Somme offensive was a disaster.  
The British artillery barrage went on for ten days, at the end of which 
inexperienced troops of Kitchener’s “pals” regiments were ordered out of 
the trenches and into no man’s land. The Germans, who had been 
sheltering in their concrete dugouts, noticed a lull in the shellfire and 
emerged to open fire on the advancing enemy.  The British troops were 
hopelessly exposed. After that single day of combat on 1 July 1916, 
21,000 British soldiers were dead or missing.88

Many historians agree that Haig relied unduly on artillery in plan-
ning the Somme offensive. It is tempting to speculate that more extensive 
use of gas would have provided cover for advancing British troops, while 
lessening the Germans’ ability to defend their positions. However, there 
was never any concerted effort in Britain to develop gas warfare in its 
own right, despite the additional resources that Haig committed to the 
Special Brigade. British battle plans were largely limited to the use of gas 
to substitute for conventional shells, or as a diversionary measure.  The 
shortage of cylinders, shells and gas left military strategists unable to 

                                           
86 Editors’ note: We have not been able to confirm the source of this description of 
French’s behaviour. 
87 Haber (1986), pp. 90–91. 
88 Howard (2002), p. 78. 



Chemical Weapon  241 

formulate effective battle plans incorporating gas.89  These supply prob-
lems, which had their roots in the underdeveloped state of the British 
chemical and munitions industries at the outbreak of WWI, were only 
solved by the entry of the United States into the war in 1917.90

Overall, 1915–16 can be seen as the crucial period for gas warfare.  
During this period, when the tank was in its infancy and the airplane had 
little direct impact on the ground, gas was the only weapon with the 
potential to break trench deadlock and solve “the problem of the Western 
Front”.  In fact, neither side realized the full potential of gas, relegating it 
to the status of a nuisance weapon whose effects were countered by 
increasingly effective gas masks.  In the German case, the military put up 
a resistance to gas warfare, which was seen as a suspect innovation 
introduced by civilian chemists headed by Fritz Haber (1868–1934).91  
Therefore the early opportunities for advance that were gained by the use 
of gas on an unprepared and unprotected enemy were not exploited 
fully.92  Once both sides were in possession of effective gas masks, gas 
became more effective in small-scale, attritional offensives.  Whereas the 
Germans exploited this capacity well, the British neither resolved the 
supply problems, nor developed successful strategies for gas warfare. 

Let us now take a closer look at the factors contributing to the 
British failure to use gas successfully.  Many historians have argued that 
the problem was technological: the British were technically less adept at 
using gas, and they introduced new gas weapons far more slowly than the 
Germans. The British continued to use weather-dependent cylinder 
attacks long after the Germans had switched to gas-filled shells.  This was 
partly due to an extreme shortage of shells.  In May 1915, only 5% of the 
shells requested were delivered.93 This problem inevitably delayed the 
development of gas-filled shells in Britain.  The British were also short of 
chlorine and, later, phosgene and mustard gases. For example, poor 
mobilization of industrial resources left Britain (and France) largely 
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dependent on a single manufacturer for the supply of phosgene. A French 
contractor named De Lair promised to build a plant capable of supplying 
both armies with all the phosgene they needed, but his plant failed to 
produce anything like the required amount.  British stocks of the gas fell 
drastically low.94  The shortages were not limited to gas-related supplies.  
Gary Sheffield describes how “trench mortars had to be improvised from 
jam tins and water pipes” during the early years of the war.95  Even when 
new weapons were introduced, the problems of production and the 
difficulty of obtaining replacement parts restricted battlefield effective-
ness. Malcolm Brown notes: “Field commanders and staff officers had 
little scope for trying out new ideas since they lacked the material to do 
much more than sit and wait”.96

British technological disadvantage is perceived to have been a 
direct result of its industrial inferiority, particularly in the crucial chemi-
cal sector.  The problem was not only a shortage of materials, but also a 
shortage of knowledge and skills.  L. F. Haber believes that the highly 
developed state of the German industry in general and the German chemi-
cal industry in particular was crucial to its success in chemical warfare: 

In 1915 such specialists [chemical engineers and experienced 
craftsmen] were even rarer in Britain and France than academic 
chemists, and the lack of pipe fitters, welders, workers in lead and 
competent charge hands caused delays at all times. What had taken 
German dye makers many years to learn and improve had now to be 
acquired in months.97

In such a situation, Britain suffered from technological immobility, un-
able to utilize new developments to the full due to lack of resources and 
inadequate technical support. 

This comparative industrial argument is supported by Hew 
Strachan, who notes that the British were highly dependent on simply 
increasing orders to private firms to meet their needs.  He claims that 
most of Britain’s munitions industry was geared up for equipping the 
Royal Navy rather than providing for the modern Army.98  Germany, by 
contrast, rarely suffered from munitions shortages after 1915, largely due 
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to its better-mobilized industrial facilities.99  Germany was also able to 
call upon existing scientific facilities for development of military science 
and technology, including the Kaiser Wilhelm Institute for chemistry in 
Berlin where Haber and others investigated the use of chemicals as 
offensive weapons and the best means of defence against those agents.100

Another important aspect of the comparison between the British 
and the German uses of gas is connected to the very different ways in 
which the two sides conducted their offensives in the crucial early parts 
of the war.  The Germans realized much more quickly the potential of gas 
as a nuisance weapon, used to “bleed their enemies white”. One well-
known illustration of this was the German attack on the French fort at 
Souville during the Verdun offensive.  The German assault was flounder-
ing because of artillery fire from the fort. Crown Prince Ruprecht, 
commander of the assault forces, gave the order for phosgene shells to be 
fired at the fort as the French were eating their evening meal.  Caught off 
guard, the French soldiers were for the most part unaware that they were 
inhaling phosgene. Their primitive respirators proved unable to withstand 
the seven hours of phosgene shelling. Horses went wild and bolted, 
carrying supplies and ammunition with them. When the gas attack was 
followed by a fierce artillery barrage and dawn infantry assault, the fort 
was overrun.  Small-scale gas attacks like this could be devastatingly 
effective and the Germans learnt this lesson well.101 In contrast, there 
were continued expectations among the leading figures of British gas 
warfare, including Foulkes, that gas would revolutionize warfare, which 
met with disappointment.  That outcome was not a necessary one, as we 
have already argued, but resulted from lack of investment and under-
standing in gas technologies and their effective deployment.  

An interesting comparison can be drawn with another major 
technological innovation introduced in WWI, namely the tank. Tanks 
were first used by the British at the Somme in 1916, but all 30 became 
bogged down only a few hundred yards into German front lines.  
Undeterred by this failure, Britain continued to develop tanks and 
methods of their use.  At the Battle of Cambrai in November 1917, more 
than 300 tanks supported by close formations of infantry achieved a 
dramatic breakthrough, gaining a section of line a mile deep with only a 

                                           
99 Strachan (2001), p. 1070. 
100 Stoltzenberg (2004), pp. 138ff; Harris and Paxman (1983), pp. 9–11. 
101 Horne (1963), pp. 285–287. 



244  AN ELEMENT OF CONTROVERSY 

fraction of the casualties that usually occurred from comparable opera-
tions. As the tanks overran machine-gun posts, British military strategy 
evolved around them. By late summer 1918 huge tank formations were 
combined with airplanes and artillery to break the German front line at 
the Battle of Amiens, a victory that eventually led to the collapse of the 
Hindenburg line.102 The introduction of the tank was pursued despite 
early problems until the new weapon acquired sufficient “technological 
momentum” to shape military institutions, while itself being shaped by 
them in return.103

How can we explain the different fates of gas and the tank? One 
crucial factor is the difference in the attitude of the British military 
establishment to the two technologies. Whereas the military was origi-
nally resistant to the use of gas, the tank was perceived from an early 
stage to be a useful addition to the technologies of combat. After the 
failure of gas at the Battle of Loos, Britain did not deploy gas on a large 
scale until 1917.  Even after the invention of the Livens projector and the 
introduction of mustard gas into the British arsenal, gas continued to be 
“the accessory”.  Throughout WWI, Britain was almost entirely reactive 
to German developments in gas warfare, mainly using gas as a substitute 
for conventional weapons.  Although large volumes of mustard gas shells 
were used by both Britain and Germany during the later stages of the war, 
this fact does not in itself suggest a strategically significant role for gas, if 
we consider the general escalation in the use of all weapons.  At no time 
during WWI did Britain undertake a thorough and systematic examina-
tion of gas warfare technologies and the military strategies necessary for 
their successful implementation. 

5. British soldiers’ experience of gas 
Whether or not gas had much effect on the outcome of the war, it 

has often been portrayed as a uniquely horrific weapon which completely 
altered the way in which war was fought. The negative image of gas 
warfare clearly survives to this day. But was chemical warfare in WWI 

                                           
102 Keegan (1999); Childs (1999), p. 174. 
103 The concept of “technological momentum” from the historian of technology Thomas 
Hughes reflects the view that “technology and society drive each other”.  See 
http://www.msu.edu/~kirkman/Courses/LBS_332_Summer_2001/notes/momentum.htm 
(most recently accessed on 18 January 2007). 

http://www.msu.edu/%7Ekirkman/Courses/LBS_332_Summer_2001/notes/momentum.htm
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such a uniquely terrible experience?  We are not able to give a compre-
hensive answer to that question, but we would at least like to examine the 
experience of British soldiers, on which we have some accessible sources.  
We shall argue that it was not gas warfare itself but the ways in which 
Britain managed gas warfare that resulted in some exceptionally painful 
experiences.  It seems that gas eventually became simply another routine 
horror of trench warfare which existed alongside the dangers from high 
explosives, sniper fire, mud, and disease. In anthologies of personal 
recollections after 1915 there is only scant mention of gas, while photo-
graphic evidence shows that the wearing of gas masks became routine by 
the end of the war.104 Gas merely made a bad situation worse, rather than 
completely altering it.  In the earlier phases of the war, however, it seems 
that gas did constitute a special horror for the soldiers. 

One important aspect of the less-than-ideal management of British 
gas warfare was the slowness and inadequacy in the provision of gas 
masks.  The first official British gas mask was the “tube helmet” which 
was issued to troops from late August to early September 1915.  It was a 
long canvas bag dipped in sodium phenate, with two eye-holes protected 
by plate glass.  It was similar in design to the hypo helmet which was 
issued later in 1915 for use by artillery regiments and machine gunners, 
rather than front-line infantry.  Both masks worked on the same principle: 
the chemically treated canvas prevented the wearer from inhaling 
chlorine, provided that the loose bottom of the bag was tucked into the 
tunic collar or another item of clothing at the neck.  These masks proved 
inadequate during prolonged exposure to gas because the treated fabric 
actually prevented the passage of oxygen and carbon dioxide as well.  
Unable to breathe properly, soldiers were suffocating and fainting. In 
desperation they sometimes undid their collars to allow some circulation 
of air, and took in the poison gas.  Luther Mitchell, a member of the 
Special Companies at Loos, reported that he and his mates found 
themselves “half suffocating with our own gas. We all had gas helmets 
on, but they got so stuffy that the temptation is to remove them for a 
breath of air, which proves to be a breath of chlorine”.105  In addition, the 

                                           
104 For example, in Arthur (2002), a collection of transcripts of personal accounts 
from the Imperial War Museum’s Sound Archive, gas does not figure prominently, 
except at Ypres.  For the photographic evidence, see the Imperial War Museum 
Photograph Archive, Q.2999.  See Ashworth (2000) on the trials of trench life. 
105 Quoted in Richter (1992), p. 73. 
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glass eyepieces were prone to crack or shatter in action and, due to the 
enveloping nature of the bag-like design, vision was extremely restricted 
while wearing these masks. Not only did the skull-like appearance of 
these helmets contribute to the nightmarish quality of a gas attack, but 
wearing them significantly reduced the soldiers’ fighting capability.106

This was in sharp contrast to the German provision of gas masks, 
which was based upon extensive research carried out alongside the 
development of new chemical agents. The German masks were more 
complex than the British ones, incorporating a respirator attached to the 
face which contained chemical filters including charcoal. By January 
1916 such respirators were standard kit for all German infantry troops, 
and their design was so effective that they remained the standard issue in 
Germany even in the Second World War. The British experience did 
improve finally, as a respirator based on the use of charcoal filters was 
developed.  The Standard Box Respirator (SBR) was issued to many 
troops in time for the Battle of the Somme in 1916 and became part of 
standard kit by January 1917.  It was highly effective in reducing the 
number of gas casualties. According to War Office statistics, of the 4,587 
gas casualties between July 1916 and May 1917, only 319 died, while 
80% returned to active service within three months. Official directions 
issued to commanding officers stated that “box respirators afford 
complete protection against all gas”; they “should be worn as soon as 
shelling commences and even when used continuously will provide 
complete protection for forty hours”.107 Only with the introduction of 
mustard gas did this “complete protection” fail, as a result of the extreme 
persistence of mustard gas. 

Medical treatments available for gas casualties were also initially 
very inadequate, and improved only gradually.  Early gas attacks caused 
mass casualties, overwhelming the casualty-clearing stations, which were 
only equipped for basic surgery, pain relief and the treatment of minor 
injuries.  Many minor gas casualties were simply given liberal doses of 
brandy to ease their pain and dressings for their burnt eyes.  More severe 
cases were left to stabilize or die.  According to autopsy reports between 
April and June of 1915, the men exposed to a fatal amount of gas died 
within 14–48 hours, usually after coughing several pints of “bloody bile” 

                                           
106 Dunn (1938), p. 211. 
107 TNA: PRO WO 142/101. 
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from their irreparably damaged lungs into the bowls left by their side. 
With less severe exposure, the wounded coughed up yellow bile from the 
damaged walls of the trachea and, although many with such injuries 
survived, their respiratory systems were permanently damaged.108 The 
two major treatments for chlorine and, later, phosgene, were ammonia 
capsules and therapeutic oxygen.109 A medical officer’s report from May 
1915 describes the use of ammonia to relieve milder cases of gas at 
dressing stations.110 Oxygen treatment (discussed further in Chapter 10, 
Section 2), developed by the physiologists Joseph Bancroft and Leonard 
Hill in 1915, was used for more severe gas casualties.  Gentle doses of 
pure oxygen were administered to calm the swelling of inflamed lungs.  
By the end of 1916, it was common practice for field hospitals and 
ambulances to have oxygen equipment.111

Another important aspect of the soldiers’ experience of gas warfare 
was the way the military authorities treated the victims of gas attacks. As 
effective protective helmets and masks began to afford soldiers better 
protection from the effects of gas, an official perception arose that gas 
casualties were the fault of the individual. In a report which concluded 
that gas masks were highly effective in reducing the casualty rate, the 
Medical Officer of the Royal Irish also described a frustrating incident: 

Two men of the RIF suffering badly from gas came to my dressing 
station[.]  I saw they did not have on their masks and when asked why 
they replied “we have them round our necks” — evidently they had 
been too stupid to wear them over their mouths and noses.112

Tim Cook argues, in his study of Canadian troops in WWI, that simply 
providing protective clothing was not enough to protect soldiers, who 
needed extensive training in the correct wearing of gas masks.113 As gas-
mask drills were incorporated into routine training, this also resulted in a 
harsh regime of discipline surrounding gas injuries. Official reports in 
September 1915 recommended that courts of inquiry be set up to 
ascertain whether gas injuries did not result from carelessness or delib-

                                           
108 Medical Research Committee (1918). 
109 TNA: PRO WO 142/101. 
110 TNA: PRO WO 32/5169. 
111 Sturdy (1998). 
112 TNA: PRO WO 32/5169. 
113 Cook (1998). 
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erate exposure.114 Anyone found guilty of carelessness had to wear a 
wound stripe to show others how inept they had been in allowing 
themselves to inhale gas. 

According to Ian Whitehead, officials were also concerned in late 
1915 by growing numbers of men who seemed to be using the presence 
of gas as “an excuse for malingering either by feigning or exaggerating 
the symptoms of gas poisoning”.115 The offence of “gas malingering” was 
created in early 1916 in response to these concerns. Dressing stations 
were also ordered to make it a priority to return gas casualties to active 
duty as soon as possible, in an attempt to discourage soldiers from 
believing that fake or self-inflicted gas injuries would provide them with 
a means of escaping from the trenches.  In case this sounds extreme, it is 
worth pointing out that tales of “golden” or “lucky” wounds were rife 
along the Western Front.  Large numbers of men were court-marshalled 
on cowardice charges after receiving gunshot wounds to the foot or leg 
prior to or early in a battle. In a particularly striking case, one medical 
officer recalled seeing a group of Sikh soldiers with self-inflicted 
wounds: “They all had wounds through the palms of their hands . . . . we 
came to the conclusion they must have held their hands up above the 
trench so that they could be shot through the palms and invalided 
home.”116  It is unclear how many men were taken to courts of inquiry 
and punished for their gas wounds.  The number of courts of enquiry 
declined after the introduction of mustard gas in the later stages of the 
war.  Given the persistence of mustard gas leaving the trenches and 
landscape poisonous long after its use, it became much more difficult to 
treat injuries as the fault of the individual. 

The British drive to reduce gas casualties was also reflected in 
ambitious targets for reductions in admissions to clearing stations, and 
shorter turn-around times for hospital treatment. Casualty figures were 
often over a thousand per week and gas attacks could double those 
figures. At a time of stalemate on the Western Front, with few ways of 
measuring success, this offered a way of showing tangible progress: 
reducing the number of gas casualties meant that the impact of gas 

                                           
114 Harris and Paxman (1983), p. 16.  A court of inquiry, created under the Army Act, 
had more limited sanctions at their disposal than a court martial. 
115 Whitehead (1999, p. 242) describes gas malingering and the improvement of 
treatment, citing TNA: PRO WO 95/90, DDGMS diary, 4 October 1915. 
116 Captain Maberly Esler, RAMC, in Arthur (2002), p. 88. 
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warfare had been reduced.  This approach was connected with the system 
of discipline surrounding gas injuries in which gas injuries were 
perceived as being preventable and therefore the result of carelessness or 
deliberate self-injury. 

To summarize: despite believing gas injuries to be preventable, the 
British authorities were slow to develop effective gas protection.  The 
early gas helmets were poorly designed and uncomfortable to wear, and 
during 1915 there was little serious effort made to develop an improved 
gas mask.  This slow response makes a stark contrast with the German 
gas research programme, which right from the start had placed equal 
emphasis on protection and attack. The British gas drills tended to 
emphasize discipline and courage rather than imparting knowledge and 
skill.  As the use of gas became more frequent, soldiers adjusted to it and 
the fear of gas became part of the routine. Gas injuries in themselves were 
no more horrifying than those caused by conventional weapons.117 Thus, 
while gas added to the horror of warfare and intensified the strain of 
surviving in the trenches, it did not constitute a danger of an entirely 
different magnitude. What contributed most to the monstrous “unfairness 
of gas” was the thought that gas injuries could be taken as evidence of 
incompetence or cowardice, for which the British Army exacted the most 
severe punishments.118

6. Conclusion 
Although the rapid development of gas defences rendered gas 

attacks less devastating, gas remained a weapon with considerable tactical 
power.  Following their initial use of gas at Ypres, the Germans continued 
to make effective use of gas in attaining military objectives. We have 
explored the reasons why Germany was consistently able to exploit gas as 
a tactical weapon in far superior ways to Britain. This superiority resulted 
from two main factors. First, as Germany had a significantly better 
industrial, scientific and technological infrastructure,119 German use of 
gas was not hampered by supply and technical difficulties to the same 
extent as British attempts.  Second, with a greater military commitment to 

                                           
117 See Prentiss (1937), p. 680, for the main statistical analysis of gas casualties and 
fatalities. 
118 Harris and Paxman (1983), p. 16; Winter (1978), p. 125. 
119 Moore (1987), pp. 16–19. 
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using gas, Germany developed a better understanding of how to use gas 
effectively. We believe that the use of chemical weapons in WWI 
warrants more serious consideration within the context of military 
strategy and effectiveness than it has so far received. 

The British decision to enter into offensive chemical warfare was 
driven principally by principally military concerns, moderated by legal 
scruples. Moral considerations did not provide a real deterrent to the 
British use of gas. The widespread emphasis on the horrors of gas warfare 
in Britain had more to do with the public demonization of the enemy than 
the substance of policy debates surrounding the use of gas. Gas as a 
weapon did not induce absolute terror amongst soldiers for long.  From 
the soldier’s perspective, gas was increasingly perceived as only one of 
the many hazards of trench warfare. Certainly by the later stages of WWI, 
increasingly effective gas masks and gas drills considerably reduced the 
number of gas casualties and fatalities.  Popular and literary accounts of 
the horrors of gas are not reliable indicators of soldiers’ experiences of 
gas warfare, especially after the introduction of adequate gas masks. 
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1. Introduction 
The Geneva Protocol was the first international treaty banning the 

use of all chemical and biological weapons. It was agreed on 17 June 
1925, and it remains binding today. The development of gas warfare 
during the First World War (WWI) occupies a key role in the standard 
story of the origins of the Geneva Protocol.  According to that story, gas 
warfare was clearly inhumane and unethical, and widespread public 
antagonism to the use of chemical weapons was instrumental in the 
adoption of the Geneva Protocol.  In this chapter we will raise a number 
of questions about that common view. 

First of all, we examine the question of who first broke the spirit 
and later the letter of the Hague Conventions of 1899 and 1907 during 
WWI.  Then we consider the views of some key protagonists in the Allied 
forces’ adoption of chemical weapons during the course of WWI.  As we 
have seen in Chapter 7, Section 3, the British decision to retaliate in kind 
following the German use of chlorine at Ypres was only reached after a 
protracted debate at the highest levels of government. The decision to use 
gas, we have argued, was principally based on military considerations 
including troop morale, with legal and ethical factors playing only a 
subsidiary role. How were these concerns reflected in the beliefs and 
opinions of the military and scientific leaders involved in the deployment 
of chemical weapons?  And what effect did first-hand experience have on 
their outlook? 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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In the aftermath of WWI, horror at the scale of destruction and loss 
of life has generally been considered to be highly influential in prompting 
international discussions on disarmament.  How did this play out in the 
case of chemical weapons?  We ask whether public opinion was, in itself, 
such a powerful impetus for the control of chemical weapons agreed in 
the Geneva Protocol of 1925.  In comparison, how important was the role 
of the League of Nations, and how did the U.S. political and military 
establishment influence disarmament negotiations from their position 
outside the League of Nations?  By considering contemporary attitudes to 
chemical weapons in Britain and the U.S. and by examining international 
attempts to control their future use, we show that the origins of the 
Geneva Protocol are by no means as straightforward as often imagined.  
Expert opinion about the morality of chemical weapons was extremely 
divided, and the public received conflicting messages as a result.  Even at 
the governmental level, there was little agreement about the best means of 
controlling chemical weapons. 

2. Who first violated the Hague Conventions? 
Before discussing the morality or legality of chemical warfare in 

detail, one point needs to be cleared up: we need to get away from a 
simplistic demonization of Germany. Standard secondary texts on the 
history of WWI attribute the initiation of chemical warfare to the 
Germans for their use of chlorine gas at Ypres in April 1915. Such 
accounts frequently insinuate or even state that Germany was guilty of 
breaking the 1907 Hague Convention, which both the Allied forces and 
Germany had ratified. However, the question of who first broke the 
Hague Convention warrants a more subtle examination. The Convention 
was an attempt to limit the development and use of new and horrific 
forms of warfare, aimed at preventing unnecessary suffering.  But it had 
failed to specify sufficiently precise definitions of the types of the 
prohibited forms of warfare, leaving a great deal of room for interpre-
tation. As a result, we need to distinguish the question of who first broke 
the spirit of the Convention, and who first broke the actual letter of it. 

Following the 1874 Brussels Conference, the first Hague Conven-
tion of 1899 was convened by Tsar Nicholas II in an attempt to make 
future warfare more humane. The terms of this Convention were 
redefined and expanded in the second Hague Convention of 1907. At the 
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outbreak of war in 1914, all European belligerents except Italy had 
ratified this version of the Convention.1  The spirit of the Hague Conven-
tion was a humanitarian one, as encapsulated in Article XXIII, which 
prohibited the use of weapons “calculated to cause unnecessary suffer-
ing”.2  While this article embodied the ethos of the Convention, it lacked 
any precision — both “necessity” and “suffering” were terms very much 
open to interpretation.  In the context of actual war, these terms became 
quite meaningless, as any act of war entailed some degree of “suffering”, 
but could almost always be justified by its perpetrator as “necessary”.  
This makes it difficult to be definite about who first broke the spirit of the 
Hague Convention, but the German gas attack at Ypres in April 1915 
constituted a clear infringement. 

If we consider the letter of the Convention, the most specific 
prohibition of chemical weapons was the following: “The contracting 
Powers agree to abstain from the use of projectiles the sole object of 
which is the diffusion of asphyxiating or deleterious gases”.3  Unfortu-
nately the terms of even this statement are open to interpretation, 
particularly in relation to the terms “deleterious” and “asphyxiating”.  For 
example, it could be argued that this agreement precluded the use of tear 
gas or irritant projectile weapons, such as those used by the French as 
early as August 1914. Such weapons were, however, used to harass rather 
than kill the enemy and we propose a more reasonable interpretation of 
this clause as prohibiting the use of projectile weapons, the sole purpose 
of which is to liberate toxic or potentially lethal gases.  As we shall see, 
the first projectiles used solely for liberating such gases were fired by the 
British at Loos in September 1915. 

At the outbreak of war in 1914, although there was an increasing 
awareness of the potential of chemical weaponry, the only country 
actually to possess any was France.4 Two French chemists, Kling and 
Florentin of the municipal laboratory of the City of Paris, had investi-
gated lachrymatory agents for their potential to aid police in subduing

                                           
1 Haber (1986), p. 19. 
2 Best (1983), p. 161. 
3 Scott (1920), p. 266, gives the text of the Convention.  “Poison and poisoned 
weapons” were also prohibited, but as a separate clause existed specifically dealing 
with toxic gases, this agreement was taken to pertain to the deliberate poisoning of 
food or water; see Trumpener (1975), p. 468. 
4 Haber (1986), p. 21. 
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civilian rioters.  The result of their research was the tear gas ethyl bromo-
acetate. The police did not adopt this tear gas, but supplies of cartridges 
and hand grenades filled with it were prepared for the French military at 
the outbreak of war. These 26mm cartridges (cartouches suffocantes), 
which could be fired from a special rifle, were first used against the 
Germans in August 1914. The grenades (engins suffocantes) may have 
also been brought into play at this point, but there is no conclusive 
evidence of their use in battle until March 1915.5 As stocks of these 
grenades were used up the French command placed an order for fresh 
supplies, which were manufactured with an upgraded filling (chloro-
acetone).  The employment of these chemical agents could be seen as an 
infringement of both the letter and the spirit of the Hague Convention, but 
that seems extreme in light of the fact that the tear gas was initially 
developed for civilian use and was a rather mild weapon. Indeed, a 
confidential French circular issued on 21 February 1915 classified the 
effects of their tear-gas weapons as “irritant . . . [but] at least in small 
doses . . . [not actually] deleterious”, suggesting that the French certainly 
did not consider that they were breaking the Convention.6

Meanwhile, following their setback at the Battle of the Marne in 
September, the Germans were also contemplating the use of chemical 
weapons as a response to “dwindling stocks of powder and shell, coupled 
with complaints about the ineffectiveness of high explosive shells”.7  The 
next chemical weapon to be introduced to the conflict was the Ni-shell, 
the first product of the German chemical weapons research programme, 
which was (ineffectively) used in the battle for Neuve Chapelle on 27 
October 1914.8  This projectile was constructed from a modified 105mm 
Howitzer shell, containing both high explosive and an irritant chemical 
(dianisidine chlorosulphonate).  Unfortunately for the Germans, the shell 
was poorly designed — its dispersal area was so small and the irritant 
action so short-lived that Allied troops were unaware that such an agent 

                                           
5 See Spiers (1986), p. 14; also Spiers (1989), p. 69.  It is suspected that they were 
used before this date, however, despite Colonel Hubrin’s statement that the grenades 
were “not used” before the German forces unleashed their first chlorine weapons.  See 
“Notice” of the French Ministère de la Guerre, quoted in Trumpener (1975), p. 462 
(footnote 8). 
6 Trumpener (1975), p. 462. 
7 Spiers (1986), pp. 14–15. 
8 Trumpener (1975), p. 465. 
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had been deployed at all.9 The Ni-shell did not contravene the Hague 
Convention for two reasons.  First, the chemical agent was not its sole 
payload; the shell also contained high explosives. Second, the fact that 
the Allied troops had no idea that they were being shelled with irritants 
suggests that the chemical agent delivered by these projectiles was neither 
deleterious nor asphyxiating. The British chemist Harold Hartley reported 
that “this shell was abandoned after [Field-Marshal Erich von] Falken-
hayn’s son had won a bet of a case of champagne by remaining un-
protected in the cloud for several minutes”.10

On 31 January 1915 Germany introduced a new irritant weapon, 
the T-stoff shell. These were larger than the Ni-shell, being 150mm 
Howitzer shells specially adapted to contain 1.5 kilos of high explosive 
and a liquid tear-gas core (a mixture of aromatic bromides, including 
xylyl bromide, xylylene bromide and benzyl bromide).  This shell was 
initially fired against the Russians at Bolimów, but this failed when the 
cold temperatures on the Eastern Front prevented the liquid from 
vapourizing. By March the problem was rectified by the addition of 
bromoacetone to the T-stoff’s tear-gas filling, aiding the vapourization of 
the agent.  This so-called B-stoff shell was first utilized against the French 
at Nieuport. Despite their somewhat improved effectiveness, these 
projectiles also did not break the Hague Convention, as they contained 
high explosives as well as the chemical agent. 

At this point, therefore, the Hague Convention had not been broken 
by any of the belligerents, at least in its letter.  This was to change on 22 
April 1915, when the Germans first released a cloud of chlorine gas from 
about 5,500 cylinders (codenamed F-batteries) over a four-mile front in 
the vicinity of Langemarck, near Ypres (see Chapter 7, Section 2.1 for 
further details on this event).  The first cloud attack was quickly followed 
up by a smaller discharge on Canadian troops at Saint-Julien on 24 April.  
Over the coming weeks, the Germans discharged chlorine on four further 
occasions. 

The Allied reaction was outrage.  In a telegram to Sir John French, 
the Commander of the British Expeditionary Force, dated 24 April, the 

                                           
9 Sir Harold Hartley, “German Chemical Warfare Organisation and Policy”, p. 2.  
TNA: PRO WO 33/1072.  In this and subsequent citations to materials held at the UK 
Public Record Office (PRO, now part of The National Archives), Kew, London, we 
make references using the Archive’s official classification system. 
10 Ibid. 
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British War Minister Lord Kitchener wrote: “The use of asphyxiating 
gases is contrary to the rules of war . . . . These methods show to what 
depths of infamy our enemies will go in order to supplement their want of 
courage in facing our troops”.11 However, Prime Minister Herbert 
Asquith rightly explained to King George V: “As the gases are apparently 
stored in and drawn from cylinders, and not ‘projectiles’, the employment 
of them is not perhaps an infraction of the literal terms of the Hague 
Convention”.12  Nevertheless, the Germans were clearly perceived to 
have given up all rights to a fair and lawful war, and the British War 
Office was entreated to allow the troops respond in kind.13  As we have 
seen in Chapter 7, Section 3, the British retaliation with chlorine was 
slow in coming and, meanwhile, in August 1915 the Germans introduced 
their new K-stoff shell containing monochloromethyl chloroformate, 
which was considered by Sir Harold Hartley to have been designed “with 
the idea of providing a toxic filling”.14  In this emotionally charged 
climate, a “chemical arms race developed, in the rush of which there was 
no time to worry about ethics”,15 and so the terms of the Hague 
Convention came to be ignored by the Allies in their desire to command 
equally frightful weaponry. 

On 25 September, the British Special Gas Brigade, a newly formed 
elite corps, released the first Allied chlorine gas cloud upon the German 
forces at Loos.16  This counterattack, co-ordinated by Charles H. Foulkes, 
largely relied on the cylinder method for the dispersion of chlorine gas.  
However, the attack was also fortified by the use of the newly developed 
4-inch Stokes mortar. The use of this weapon marks a most significant 
event, for with its use Britain became the first signatory nation to contra-
vene the literal terms of the Hague Convention. The Stokes mortar was 
explicitly intended to deliver chemical projectiles over a range of 1,000 

                                           
11 Correspondence between Sir John French at the Front and Lord Kitchener in the 
War Office, 23–24 April 1915.  TNA: PRO WO 142/241. 
12 Asquith to George V, reporting details of the meeting of the Cabinet on 26 April 
1915.  TNA: PRO CAB 37/127/40. 
13 Correspondence between Sir John French at the Front and Lord Kitchener in the 
War Office, 23–24 April 1915.  TNA: PRO WO 142/241. 
14 Sir Harold Hartley, “German Chemical Warfare Organisation and Policy”, p. 5.  
TNA: PRO WO 33/1072. 
15 Harris and Paxman (2002), p. 21. 
16 See Chapter 7, Section 3.3 for more discussion of the British use of gas at the Battle 
of Loos. 
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yards; it was a weapon unarguably ruled out by the Convention. Yet 
strangely this military innovation has received astonishingly little atten-
tion in the historical literature. The accounts of this weapon are at best 
brief, but conclusive. For example, Edward Spiers notes that the Stokes 
mortar “was the first weapon specifically intended to deliver a chemical 
projectile . . . . It was mobile, comparatively silent to operate, and could 
establish very heavy concentrations of gas over a target in the minimum 
of time”.17 From this point on, the use of gas projectiles of ever 
increasing potency became a central aspect of the war. 

In identifying Britain as the first nation to use chemical weapons 
explicitly forbidden by international convention, we are not suggesting 
that this action was not justifiable.  L. F. Haber argues:  

The [Hague] agreements were negotiated and signed at a time when 
statesmen were supposed to have moral standards, and it was generally 
accepted that such declarations of principles (agreed to without duress) 
would be respected by all belligerents in a future war.  The events of 
August–September 1914 dented these illusions; the German use of 
chlorine the following spring shattered them, and set a precedent.18

The German chemical warfare programme thus both inspired and 
provoked the British into retaliating with illegal weaponry, thereby 
opening the door to a virtually unlimited chemical warfare.  The humani-
tarian ethos of the Hague Convention had been long forgotten. 

3. Various opinions concerning chemical weapons 
In this section we explore ethical questions concerning the use of 

chemical weapons through the views of four key figures in WWI: Peyton 
Conway March, American General and the founder of the U.S. Chemical 
Warfare Service; J. B. S. Haldane, the British physiologist; Charles 
Howard Foulkes, the leader of the British gas warfare service; and Sir 
John French, Commander of British Expeditionary Force during the early 
stages of WWI.  Our aim here is not to consider the ethics of war itself, 
but to examine the political and ethical debates about what was 
permissible in the choice of targets, the amounts of force used, and the 
types of damage inflicted.  The four figures we have chosen represent a 
spectrum of belief, but they are not intended to make a fully repre-

                                           
17 Spiers (1986), p. 24. 
18 Haber (1986), p. 290. 
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sentative or comprehensive sample. Our intention is to illustrate how 
people’s views were affected by some widely accepted principles, even 
though they may not have realized it. All four figures were guided 
explicitly or implicitly by moral principles arising from custom and 
tradition. But even when the principles were shared, personal experience 
and character traits strongly influenced the conclusions reached by the 
individuals. Our case studies illustrate the personal nature of ethical 
views, which are shown not to be the result of logical deduction from 
underlying principles, but shaped by differences in interpretation. 

3.1. Peyton Conway March (1864–1955) 
General Peyton March, American artillery commander and staff 

officer, was the creator of several new technical branches of the U.S. 
Army including the Air Corps, the Motor Transport Corps, the Tank 
Corps, and the Chemical Warfare Service (CWS).  Surprisingly little has 
been written about March. The only biography of him, by Edward 
Coffman, characterizes March as “tough, incisive”, a man who “curried 
no favours and suffered the consequences”, and who was also rather 
lacking in insight.19 Despite the active role he played in chemical warfare, 
he was led to condemn chemical weapons after an experience in France 
where he “saw 195 small children brought in from about 10 miles from 
the rear of the trenches who were suffering from gas in their lungs, 
innocent little children who had nothing to do with this game at all”.20 He 
reasoned: “war is cruel at best, but the use of an instrument of death 
which, once launched, cannot be controlled, and which may decimate 
non-combatants — women and children — reduces civilization to sav-
agery”.21  March was so distressed by what he had seen that he suspended 
anti-gas training in 1919 and advocated the abolition of the CWS.22

If images and words affected public opinion of gas warfare, first-
hand experience exerted a powerful influence on soldiers. Dislike of 
chemical weapons was widespread on both sides of the conflict, and 
many of the reasons for this were practical.  The equipment was cumber-
some and hard to aim; gas frequently blew back on one’s own troops; and 
the new weapons only invited retaliation in kind. One assistant chief of 

                                           
19 Coffman (1966), p. 2. 
20 Bourne (2001), p. 195. 
21 Quoted in Russell (2001), p. 40. 
22 Spiers (1999), p. 167. 
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staff commanding U.S. troops in France refused to use gas unless the gas 
officer would state in writing that it could not possibly result in the 
casualty of a single American soldier.23  But some soldiers also hated gas 
for ethical reasons.  Their general conception of themselves as warriors 
fighting for the people did not sit well with a weapon that by its very 
nature could not be controlled enough to guarantee civilian security.  
March was just such a soldier, the epitome of the “just war” doctrine. 

The CWS had been created, with March’s help, as a temporary 
wartime organization. The executive order from President Woodrow 
Wilson establishing the service in 1918 also ordered its termination six 
months after the end of hostilities.24 March and Newton D. Baker, the 
Secretary of War, were ready to put this order into effect.  General Amos 
Fries, the postwar director of the CWS, whom we shall meet again in 
Chapter 9, was astonished by March’s negative view of chemical warfare.  
Fries found it inconceivable that “a military man will advocate abolishing 
a service that is at one and the same time the most powerful and the most 
humane method of warfare ever invented.”25  Fries declared that this must 
be due to the fact that March thought it would detract from the prowess of 
infantry, cavalry and artillery, which historically had always been the 
backbone of the army.  March protested that his objections were based on 
ethical grounds, that gas endangered entire communities, and that 
chemical warfare was cruel and inhumane.26

At the end of the War, March and Baker formulated a bill for the 
reorganization of the Army based upon principles approved by the 
President. But the bill was returned from the War Plans Division in a 
form that March found completely objectionable. He thought that it 
would militarize the country to an extent unacceptable in a time of peace, 
and that it did not conform to the fundamental Constitutional principles.  
March therefore rejected the bill and wrote an alternative of his own, 
which he offered up for discussion in Congress.  March recollected this 
discussion and its outcome as follows: 

                                           
23 Russell (2001), p. 40. 
24 The provisions of the Overman Act allowed the creation of new bureaux and arms 
of the Army that were not included in the National Defence Act of 1916.  See March 
(1932), p. 330. 
25 Russell (2001), pp. 53–54. 
26 Ibid., p. 54. 



264  AN ELEMENT OF CONTROVERSY 

We all wanted to do what was best for the country, and none of us was 
influenced by any other motive.  One important thing I got through this 
conference was the abolition of the use of poison gas in war.  We had 
the use of gas forced on us in the war by the action of Germany, and in 
self-protection had to organise the CWS.  And no soldier can say that 
he prefers to be killed by being torn to pieces by a shell rather than to 
be gassed.  But the use of poison gas, carried wherever the wind listeth, 
kills the birds of the air, and may kill women and children in rear of the 
firing line . . . . So in my bill for the reorganisation of the Army I 
abolished the CWS.  I recognized the possibility of the use of gas by 
some other country, however, and provided for such an eventuality by 
organizing a section in the Engineer Corps which should be devoted to 
the study of the composition of such gases and to the invention of 
suitable safety appliances for the protection of our soldiers, such as gas 
masks, in case an enemy power should make use of gas . . . . The use 
of poison gas in war was not only repugnant to the Administration, but 
was in opposition to the best sense of the civilized world. 27

When the Five-Power Naval Conference met in Washington in 
1921–22 (which will be described in more detail in Section 4.3 below), 
the representatives of Britain, France, Italy, Japan, and the U.S. agreed to 
a resolution to abolish the use of poison gas. The resolution was 
unanimously adopted by the conference on 1 Feb 1922, and on March 22 
was ratified by the U.S. Senate.28 But Congress did not keep to the 
ratification, and in the reorganization of the Army the CWS was re-
instated, with responsibility for U.S. plans for fighting with chemical 
weapons, in addition to scientific research into offensive and defensive 
gas warfare.  An outraged March declared: 

Dropping a bomb full of high explosive upon a city is bad enough, but 
at least non-combatants in such cases can be assured a measure of 
safety by taking refuge in cellars and dugouts.  But the same bomb, 
filled with poison gas, which seeps down through crevices and 
interstices to the depths where innocent people are undercover, and 
destroys the lives of women and children, presents a picture of ruthless 
barbarity repugnant to the conscience of the civilised world. 29

For March, the crux of the argument against chemical weapons was that 
they did not guarantee non-combatant immunity, which is the first of two 
tenets of jus in bello, or the principles of fighting a war justly: 
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28 Ibid. 
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The requirements of non-combatant immunity: civilians, as non-
combatants, must not be attacked or killed. The fighting must be 
directed solely against the armed forces of the enemy. 

The requirements of proportionality, applied now to means rather than 
to ends: the means adopted in fighting the war must not be so harmful 
and destructive as to outweigh the good to be achieved.30   

A number of moral philosophers have examined the principle of 
non-combatant immunity.  Richard Norman raises two problems with this 
principle: first, it assumes that combatants are guilty; second, the assump-
tion that non-combatant immunity should be honoured above all else is 
open to question.31 But Thomas Nagel justifies the principle, in a way that 
March would have approved of: one should only aim hostility or aggres-
sion at the subject, and whatever one does intentionally to the subject 
should be done with the intention that he receive it as the subject, i.e., it 
should manifest an attitude to him rather than the situation.  The same 
reasoning can be seen in Marshall Cohen’s argument about one-on-one 
fire. If you fire a machine gun at someone who is throwing a hand 
grenade at your emplacement, you establish a direct “I–thou” relationship 
with that person. You could attack his wife and children who are standing 
nearby, and your actions would most likely make him stop, but since they 
are not threatening your life you would be treating them as a means to an 
end. Weapons of mass annihilation are indiscriminate, and therefore 
disqualified as legitimate instruments for the expression of hostile 
relations.32

3.2. John Denton Pinkstone French (1852–1925) 
Sir John French, Commander of the British Expeditionary Force in 

France in the early phase of the war, was almost as outspoken in his 
hatred of chemical warfare as March. But his main concern was the 
soldier, rather than the non-combatant. As we have discussed in Chapter 
7, Section 3, French telegraphed his account of the first gas attack at 
Ypres to the War Office on 23 April, requesting a supply of suitable 
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respirators and an authorization for immediate retaliation.  It might seem 
a moral contradiction that one who was principally against gas warfare 
should urge for retaliation in kind.  According to French’s diary, his main 
concern at that time was to preserve the morale of his troops: 

It is reported to me that there is a strong feeling amongst the troops that 
we should employ some form of reprisal against these gas attacks.  Our 
failure to do so sooner is causing dissatisfaction and will have a bad 
effect on the morale of the troops.33

French was known as a courageous and concerned leader of men, whose 
formative military experience was gained in charge of the cavalry during 
the Boer War. According to his biographer Cecil Chisholm, French was 
“essentially English”, although he “never accepted social life in this 
country on its face value”.34  He esteemed the professional, and despised 
the “drawing-room” soldier.  Edgar Wallace described him as follows: 

A man of singular charm, he was beloved by his men, for French had 
no side, was keenly interested in the welfare of his squadron, and did 
not know the meaning of the word fear . . . . [He] never asked his men 
to do that which he himself was not prepared to do, to go to any place, 
into any danger, where he himself was not ready to lead.35

According to Friedrich Bernhardi, French was an ardent supporter of the 
cavalry, whose experience in Africa had left him with a highly pragmatic 
outlook on warfare: 

One reaches the bedrock of French’s curiously sane conception of war 
when one asks him to define war.  In dealing with those gentlemen 
who tell us that the Boer War was fought under such abnormal 
conditions that it is useless as groundwork for conclusions as to future 
wars, he uttered a memorable retort.  “All wars are abnormal”, he 
observed, “because there is no such thing as normal war.”  There we 
have one of the axioms both of his theory and of his practice.  There 
can be no fixed conditions, and so there can be no final theories as to 
the conduct of warfare.  Theory is simply a means to an end.  And the 
successful general is he who most ably adapts the general body of 
theory suitable for all cases to the particular campaign on which he is 
engaged.36

                                           
33 French (1931), p. 296. 
34 Chisholm (1915), p. 122, and pp. 128–129. 
35 Wallace (1914), p. 3. 
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French was prepared to advocate the use of chemical weapons if he 
believed it to be in the best interests of his own men.  However, he 
denounced the Germans for introducing the “mean and dastardly 
practice” of gas warfare, complaining that man was no longer pitted 
against man “but against material”.37  French’s first-hand experience led 
to a moral abhorrence of chemical warfare, as is clear from an article 
which he wrote for the Manchester Guardian: 

The effect of this poison is not merely disabling, or even painlessly 
fatal, as suggested in the German press.  Those of its victims who do 
not succumb on the field and who can be brought into hospital suffer 
acutely, and, in a large proportion of cases, die a painful and lingering 
death.  Those who survive are in little better case, as the injury to their 
lungs appears to be of a permanent character, and reduces them to a 
condition which points to their being invalids for life.38

The indiscriminate nature of gas injuries was deeply offensive to French’s 
appreciation of the skills of the professional soldiers.  His views on this 
matter were widely shared.39 Gas warfare was not gentlemanly or chival-
rous. Although conceptions of chivalrous behaviour inevitably changed 
over time, for French it was essentially like the knightly rules, which held 
that battle was carried out by men of honour and face to face.40 Thus 
French regarded as abominable a weapon that eliminated a chance of 
survival even for the most skilled and courageous soldier. He abhorred 
the idea that a great soldier should become a victim destined for the 
slaughter, and that all his training and courage should not even come into 
reckoning. 

French’s personal convictions, deeply rooted in his views on 
soldiering and the role of a good military leader, produced a paradoxical 
mixture of attitudes toward chemical warfare.  Although he deplored the 
indiscriminate nature of gas warfare, he did not shy away from urging 
retaliation in kind, because he understood the need to use necessary force 
in achieving military objectives.  Fighting a just war after Ypres meant 
using chemical weapons so that his own troops were not disadvantaged, 
and French did not hesitate to support his men in that way, despite his 
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39 See, for example, Crutwell (1936), pp. 152–154. 
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revulsion at the fatalistic new weapon that robbed soldiering of its 
dimension of skill. 

3.3. John Burdon Sanderson Haldane (1892–1964)  
J. B. S. Haldane is a compelling character, committed to socialism 

and the social responsibility of science.  His concerns mirrored those of 
French: both men considered the humaneness of weapons to be of para-
mount importance; however, they reached opposite conclusions on the 
question of gas warfare. Haldane’s experience of chemical warfare was 
no less comprehensive than French’s, albeit mostly from the perspective 
of the scientist.  Haldane was a key figure in British chemical weapons 
research; he also witnessed and suffered its effects.41  Like March, he was 
concerned with just war, and he regarded the principle of proportionality 
to be the most important.  Unlike March (or French), he found chemical 
weapons to be less ethically objectionable than conventional weapons.  
How did Haldane arrive at his positive view of chemical warfare? 

Haldane, together with his father J. S. Haldane and Professor 
Douglas, was involved in very early British experiments into the effects 
of chlorine gas on people.42 In May 1915, about a month after Ypres, 
working in a small room in a converted school, they pumped known 
quantities of chlorine gas into a glass-fronted cabinet like a miniature 
greenhouse.  Haldane reported the outcome: 

We had to compare the effects on ourselves of various quantities, with 
and without respirators . . . . It stung the eyes and produced a tendency 
to gasp and cough when breathed.  For this reason trained physiologists 
had to be employed.  An ordinary soldier would probably restrain his 
tendency to gasp, cough and throw himself about if he were working a 
machine gun in a battle, but could not do so in a laboratory experiment 
with nothing to take his mind off his own feelings.  An experienced 
physiologist has more self-control.  It was also necessary to see if one 
could run or work hard in the respirators, so we had a wheel of some 
kind to turn by hand in the gas chamber, not to mention doing fifty-
yard sprints in respirators outside.  As each of us got sufficiently 
affected by gas to render his lungs duly irritable, another would take 
his place.  None of us was much the worse for the gas, or in any real 
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danger, as we knew where to stop, but some had to go to bed for a few 
days, and I was very short of breath and incapable of running for a 
month or so.43

Haldane’s 1925 book Callinicus44 expressed his conviction that 
chemical warfare was more humane than conventional warfare, supported 
by official medical histories of the war.45 Haldane felt it was his duty to 
educate the public about possible future uses of gas, choosing to do this 
directly rather than by influencing politicians. He believed that the Hague 
Convention was wrong to ban gas-filled projectiles, which were “the 
most humane weapon ever invented”, while allowing the use of cylinders, 
which was “an exceedingly cruel practice”.46 Haldane also described 
what he considered the best way to prevent the escalation of chemical 
warfare: the use of gases that would stupefy enemy soldiers, rather than 
kill them.  He believed that there were two straightforward rules that 
would ensure that all future wars were humane: first, no goggles or other 
eye protection should be worn; second, only lachrymatory (tear-inducing) 
compounds should be used. Haldane admitted it was certainly “unlikely 
that such rules will ever be adopted, but I do contend that to forbid the 
use of such substances is a piece of sentimentalism as cruel as it is 
ridiculous.”47

Ronald Clark, in his biography of Haldane, describes how he “trod 
lightly but perceptibly on the toes of politicians, military authorities, 
officials, pacifists, journalists and newspaper proprietors”.48  He saw the 
avoidance of unwarranted emotion as part of his duty to prepare the 
public for possible future uses of gas. In a public lecture Haldane 
explained to his audience that one of the gases suggested to the War 
Office during the war was produced by heating cayenne pepper. It did not 
kill and therefore, Haldane claimed, the authorities turned it down. But 
from his point of view it was certainly useful enough.  Producing a spirit 
lamp and a spoonful of pepper, he held the spoon over the lamp and 
without warning suddenly vaporized the pepper; within a few seconds 
almost the entire audience was coughing and rubbing their smarting eyes.  
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But Haldane was unconcerned. “If that upsets you”, he remarked, “how 
would you like a deluge of poison gas from an air fleet in real war?”49

Haldane was deeply concerned by the apparent ignorance of both 
military and political leaders. Speaking about the views expressed by 
politicians at the Washington Conference for arms reduction (discussed in 
Section 4.3 below), he declared: 

Their ideas of gas warfare were apparently drawn from descriptions of 
the great German cloud-gas attacks of 1915, which killed at least 1 in 4 
of their casualties, and were written up on a large scale for recruiting 
and political purposes . . . . To this ignorance, however, there was 
joined one of the most hideous forms of sentimentalism which has ever 
supported evil upon earth — the attachment of the professional soldier 
to cruel and obsolete killing machines.50

He also recognized that the common aversion to chemical and biological 
warfare stemmed in part from its unpredictability and sheer novelty. As 
he explained: 

Fighting with lances or guns, one can calculate, or one thinks one can 
calculate, one’s chances.  But with gas or rays or microbes one has an 
altogether different state of affairs.  Poisonous gas had a great moral 
effect, just because it was new and incomprehensible.51

In Haldane’s view, the Army resisted the adoption of the most humane 
weapon because chemical warfare was not “sporting” (this view is borne 
out by our examination of French’s position in Section 3.2). He also 
resented the fact that gas warfare was not developed until after the 
Germans had proved its effectiveness, taking this as an indication of the 
backwardness of British military thinking. 

The core of Haldane’s unpopular argument was that gas was not 
fundamentally different from other weapons ethically, and that its effects 
were in fact more humane.  He summed up the experiences that led to 
these beliefs as follows: 

Apart, however, from the extreme terror and agitation produced by the 
gassing of uneducated people, I regard the type of wound produced by 
the average shell as, on the whole, more distressing than the 
pneumonia caused by chlorine or phosgene.  Besides being wounded, I 
have been asphyxiated to the point of unconsciousness.  The pain and 
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discomfort arising from the other experiences were utterly negligible 
compared with those produced by a good septic shell wound. 52

To the crucial question of whether chemical weapons differ in kind or 
only in degree from conventional weapons, Haldane’s answer was clear:  
“If it is right for me to fight my enemy with a sword, it is right for me to 
fight him with mustard gas: if the one is wrong, so is the other.”53 Yet 
Haldane’s claim warrants further clarification. It is hard to imagine him 
substituting mustard gas with torture, for instance. It was not that he 
considered all weapons to be equally corrupt or permissible, but that in 
this particular instance, he did not conceive how gas could be thought of 
as less humane than conventional weaponry: 

Perhaps the greatest tragedy of our age is the misapplication of science.  
It is notorious that the principal result of many increases in human 
power and knowledge has been either an improvement in methods of 
destroying human life and property, or an accentuation of economic 
inequality. This is largely the fault of the confused thinking of 
‘advanced’ politicians.  I refer to mental processes such as that which 
led to our forgoing the use of ‘mustard gas’, the most humane weapon 
ever invented, since of the casualties it caused, 2.6% died and 1/4 % 
was permanently incapacitated.  No one at Washington ever suggested 
abandoning H. E. [high explosives] and shrapnel, which kill or maim 
about half their casualties.54

Perhaps Haldane’s thinking is best viewed in the context of the 
utilitarian principle of promoting the greatest good for the greatest 
number. Chemical weapons were humanitarian in that it could be non-
lethal and thus achieve victory in battle without causing unnecessary 
deaths. This is the reason why Haldane spent his life striving for their 
acceptance by politicians and the military. 

3.4. Charles Howard Foulkes (1875–1969)  
Major Charles Foulkes was Gas Advisor in charge of the Special 

Brigade for most of WWI, becoming Brigadier-General in command of 
the British Expeditionary Forces Gas Services by its end.  After the war 
Foulkes wrote a book charting the history of the Special Brigade, which 
was eventually published under the title Gas! (after Frightfulness and 
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Retaliation were rejected by his publisher).55  It is difficult to determine 
Foulkes’s moral position on gas warfare, since he seems to have been 
more concerned with highlighting the fact the Germans used it first and 
persuading the public of the vile nature of the enemy.  Following British 
retaliation, Foulkes became an outspoken supporter of gas warfare, 
motivated by a deep love of his chosen profession rather than strong 
moral convictions.  Donald Richter explains: 

Foulkes had little patience with sentimentality or moral hand wringing 
concerning the ethics of particular weapons.  In a speech in late 1916 
the commander of the Special Brigade brushed aside the view that gas 
warfare was a new type of warfare which was subject to moral debate. 
“We are not concerned with the ethics of the use of gas in civilised 
warfare.”56

Indeed it seems that neither Foulkes nor most of his “Specials” had any 
moral qualms about their gas mission.  If they admitted it was atrocious, 
it was only to say that it was “less atrocious” than other forms of warfare.  
One of the Specials, Gale, declared: “we feel no humanitarian scruples on 
the subject.”57  Foulkes continued to advocate the use of gas after the war.  
In a series of lectures he noted its potential usefulness especially against 
the Afghan rebels, where it would kill or severely incapacitate those up to 
15 miles around. He disposed of the morality issue in an off-hand 
manner, saying that gas was now “openly accepted” and recognized as a 
fair weapon.  Tribesmen were not bound by the Hague Convention and 
“our commanders consider the tribesmen as vermin only fit for extermi-
nation, and the troops regard them as bloodthirsty, treacherous 
savages”.58

Foulkes appears to have been unconcerned by the Hague Conven-
tion in any case. According to Richter, “the Machiavellian Foulkes, of 
course, deprecated all international pledges on the subject as patently 
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Geneva Protocol  273 

worthless”.59  Foulkes’s own writings give plenty of support for this 
view.  In his book Gas!, he pointed out that during the whole period of 
the war, no enemy or neutral state protested officially to the German 
government against the use of gas weapons. Like Fritz Haber, he was 
happy to conclude “that all the enemy governments preferred to adopt, as 
well, the new chemical methods of warfare rather than protest against 
their introduction”.60 Later, in an article in The Times titled “Violation of 
the Treaties”, Foulkes made his opinions even clearer: 

The German armies had been trained and equipped for a short war of 
movement, and when their attack failed against the weak British line 
during the first battle of Ypres — an attack pressed with the utmost 
vigour and supported by overwhelming numbers of men and guns, as 
well as by the presence of the Kaiser in person — they resorted to the 
gas cloud in disregard of all moral considerations, solely because it 
promised a military advantage.  And in order to make some pretence of 
placating world opinion and their own gullible public they alleged that 
this action was forced on them as a measure of retaliation for the prior 
use of gas by the British and French . . . . In each case, of course, the 
decision to use gas and the preparations long preceded the incidents, 
which provided the excuse.  These two examples give abundant 
support to the opinion I expressed in my book on the gas war . . . on 
the danger and the folly and the futility of forbidding by international 
agreement the use of any particular weapon in future warfare.61

But Foulkes’s assertion that the Germans “resorted to the gas cloud 
in disregard of all moral considerations” begs the question of which 
moral considerations he thought they had violated.  Foulkes’s use of such 
evocative language was also not without precedent. An account of the 
German cloud gas attacks found among his personal papers stated: 

Although the use of asphyxiating or poisonous gases had often been 
proposed as a weapon, which would certainly give good results if 
applied to modern battle conditions, civilised nations had always 
refused to consider the proposal.  The Germans, however, appear to 
have had no such scruples, and for several months deliberatively 
carried out elaborate experiments with various gases.62

It appears that Foulkes considered the first use of gas to have been 
immoral and uncivilized, before he arrived at his declared position in 
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which “we are not concerned with the ethics of the use of gas in civilised 
warfare”.  In Foulkes’s view the “appearance of gas on the battlefield . . . 
has changed the whole character of warfare”, and he considered it im-
possible that “its continued use can be prevented by agreement”.  Foulkes 
gave his reasons for that opinion as follows: “The stark truth is that the 
application of science and discovery to warfare cannot be restricted . . . . 
No nation fighting for its existence will deny itself the free use of aviation 
and chemicals.”  Instead, Foulkes argued, “it seems far more profitable to 
make whatever progress is possible towards the abolition of war itself”.63

Foulkes dismissed the question of whether chemical weapons had 
any place in a just war. Instead, a chief concern for him was the avoid-
ance of public panic surrounding the use of gas.  He explained: 

By taking the public into its confidence and explaining the real nature 
of the menace, without minimising it and without exaggeration, and by 
inviting them to co-operate in their own defence, THE CHIEF DANGER, 
THAT OF PANIC, would be averted.  Personally I am convinced that not 
only would fewer casualties result from the use of gas than from high 
explosive bombs, but that they would also be of a far less severe 
nature. 

I fully believe that when confidence has been established after their 
first experience of it, people exposed to a gas bombardment will ex-
claim, as our soldiers often did in France, ‘Thank God, it’s not H.E. 
[high explosive]!’ 64

Like Haldane, Foulkes believed that gas, in sufficient quantities, cor-
rectly delivered, could be decisive in battle.  But unlike Haldane, Foulkes 
did not wish to restrict chemical warfare to the use of lachrymatory 
compounds. Foulkes made a number of recommendations about the 
future of gas warfare, including: 

(1) Take steps to ensure that no further public mention is made of gas 
retaliation . . . . 

(4) The attack to be made (a) by cloud, and (b) by projectiles: the latter 
to be large, so as to produce appreciable effects; long-range, to safe 
guard our own men; and filled with the deadliest gases available.65
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As his acceptance of the use of chemical agents in war was not 
shared by everyone, Foulkes sought to convince people, both in Britain 
and abroad, of the effectiveness and usefulness of chemical warfare. His 
first task was “a simple one — namely, to remove the impression that the 
presence of gas cylinders in a trench was a source of great danger”.66  
Foulkes arranged demonstrations of “every form of ‘frightfulness’ (by 
which name the Special Brigade was known in the army) which we were 
capable of undertaking in a spectacular manner”.67 While some military 
exponents of gas warfare were apologetic for considering “chemical 
warfare to be the warfare of the future”, Foulkes was proud of his beliefs, 
and continued to champion chemical weapons long after the main 
discussion had died down.68

Instrumental rationality can provide a reasonable philosophical 
framework for understanding Foulkes’s position.  An action is judged to 
be instrumentally rational provided that is an effective and economical 
means to a given end.  Foulkes’s ultimate aim was victory in war, which 
demanded utilizing any new weapon that he perceived to be effective for 
that aim.  His conclusion in favour of developing and using chemical 
weapons was therefore entirely rational in view of his objective. 

3.5. Summary 
We have examined four major figures, whose beliefs range from 

being completely against to emphatically for chemical warfare. While 
March’s objections rested on the central distinction between combatant 
and non-combatant, French did not believe that the use of gas in war was 
desirable even when only soldiers were affected. On the other hand, 
Foulkes, the soldier with perhaps the most extensive first-hand experience 
of gas warfare in Britain, was deeply committed not only to the necessity 
of using gas, but also to its superiority to conventional weapons. The 
scientist Haldane reached similar conclusions to Foulkes’s, although his 
reasoning differed in important respects. Taken as a whole, these case 
studies show that battlefield reactions to gas were not universally hostile, 
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reminding us that we should take care not to impose our own views of 
what is morally and ethically acceptable on historical figures, who existed 
in different circumstances and faced challenges that we can only imagine. 

4. The origins of the Geneva Protocol 
The Geneva Protocol of 1925 (not to be confused with the Geneva 

Conventions of 1949 or their additional Protocols69) is a treaty prohibiting 
the use of chemical and bacteriological agents in war.  It is the oldest 
surviving international treaty aimed at the control of chemical and 
biological warfare. As Julian Perry Robinson notes, “the immediate 
origins of the Geneva Protocol lay in the Great War of 1914–18”.70  
However, it would be erroneous to infer that the Protocol was an inevi-
table reaction against the use of gas in WWI. First of all, it had 
antecedents, namely the Hague Conventions of 1899 and 1907, which 
banned the use of asphyxiating and deleterious gases in war. Thus the 
Geneva Protocol was not an unprecedented and singular endeavour to 
outlaw gas warfare arising from its horrors in WWI.  Also, the novelty of 
a weapon does not necessarily condemn it to prohibition, so it is not im-
mediately obvious why objections to chemical warfare (CW) persisted.71  
Why was the Geneva Protocol formulated and agreed upon when it was?  
Our analysis of the events leading to the establishment of the Protocol 
suggests that it was not a direct and straightforward consequence of 
WWI.  We suggest that the significance of public opinion has been over-
emphasized in popular accounts, and that the politics surrounding the 
League of Nations was of pivotal importance. 

4.1. Public opinion in the aftermath of WWI 
It is generally considered that the response of the British press to 

the German use of chlorine at Ypres on 22 April 1915 was one of horror 
and moral outrage, portraying it as an illegitimate and inhumane act.72  
For example, The Times on 29 April published a commentary condemn-
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ing Germany’s “deliberate resort to this atrocious method of warfare . . . 
this diabolical contrivance”: 

There is manifestly no limit to their contempt for the laws and for the 
usages of civilised warfare. . . . The wilful and systematic attempt to 
choke and poison our soldiers can have but one effect upon the British 
people and upon all the non-German peoples of the earth. It will 
deepen our indignation and our resolution, and it will fill all races with 
a new horror of the German name.73

A few months later, in a report titled “The Inhuman Enemy”, The Times 
asserted: “The use of poisonous gases by the Germans involving as it 
does far-reaching suffering, promises to present one of the blackest pages 
in the world’s history.”74

Moral outrage at the nature of the new weapon, however, was not 
the only component in the press reaction.  The Daily Mirror, for example, 
mentioned the contravention of the Hague Convention, but emphasized 
the “knavish tricks” of the “Huns”.75  A later report suggested that the use 
of chemical weapons revealed the enemy’s cowardice: “The Germans are 
still putting their faith in poison gas and burning liquids. They dare not 
trust themselves, apparently, in a straight fight.”76  Rather than mobilizing 
moral arguments, the Daily Mirror wished to contrast the cowardice of 
the Germans with the superior bravery and gallantry of British troops.  
Instead of encouraging outright, bitter “Germanophobia” these reports 
seemed to wish to promote a sense of British solidarity and a feeling of 
confidence that British troops could deal with whatever new forms of 
warfare were pitted against them.  In this context, gas was portrayed as 
just another type of weapon that the British must overcome. 

If it is difficult to find uniformity in the attitudes of the news-
papers, that is only a small indication of the difficulty in identifying and 
characterizing the opinion of the population at large, and how it might 
have shifted by the end of the war. A complete answer to the question lies 
well beyond our investigation. By the close of the war some 113,000 tons 
of chemicals had been used, causing at least 1.3 million gas casualties, 
including 91,000 fatalities.77 Robert Harris and Jeremy Paxman claim that 
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fear of gas was still rife forty years later, and “virtually every-one in the 
country knew someone who had been gassed in the First World War”.78  
But does this collective memory of gas warfare reflect the reality in the 
early 1920s when the Geneva Protocol was formulated?  Not all wartime 
literature concerning the use of gas focused on moral and ethical ques-
tions. Public opinion was not necessarily homogeneously hostile, and 
probably encompassed a range of views. 

It has been argued that by 1919 members of the general public may 
have adopted any of a number of views about CW — from gas as a terror 
weapon, to gas as just another weapon.79 Public response would have 
depended on what was recalled from wartime publications, leading to a 
wide variety of possible assessments.  During the later years of the war, 
as the use of gas gathered momentum on both sides, published material 
concerning CW was largely restricted to propaganda about who had first 
used it.  It has also been suggested that public opinion was first mobilized 
after the war, stimulated by fears of powerful new poisons and airborne 
gas bombs.80  According to this argument public opinion at the end of the 
war was fragmentary and indifferent, and only came to be mobilized 
against CW later.  However, a letter to the editor entitled “A Weapon to 
be Abolished” from a group of respected members of the medical profes-
sion published on 29 November 1918 in The Times suggests that attempts 
to mobilize public opinion began somewhat earlier: 

The use of gas is self-condemned for the following reasons: —  
It is an uncontrollable weapon, whose effects cannot be limited to 
combatants. It is an ‘unclean’ weapon, condemning its victims to death 
by long drawn-out torture. It opens the door to infinite possibilities of 
causing suffering and death, for its further development may well lead 
to the devising of an agent which will blot out towns, and even nations 
. . . . Surely in the coming Comity of Nations [League of Nations] it 
ought to be decided to abolish for ever such a malignant weapon.81

This statement indicates that even before the Treaty of Versailles came 
into effect, pleas for CW prohibition were being expressed in the public 
arena and the threats to civilians in future wars were being discussed. 
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During the Versailles peace negotiations, the question of German 
CW capability was addressed. It was agreed that Germany should be 
forbidden to manufacture chemical weapons, under Article 171 of the 
Treaty of Peace with Germany, concluded at Versailles on 28 June 1919: 
“The use of asphyxiating, poisonous or other gases and all analogous 
liquids, materials or devices being prohibited, their manufacture and 
importation are strictly forbidden in Germany.”82 In addition, it was 
feared that in the event of future conflict Germany would quickly be able 
to re-establish its CW capabilities, since it had a strong chemical industry.  
Britain therefore proposed that an article should be included in the treaty 
obligating Germany to disclose details of the manufacturing process they 
had used for the production of war materials.  This, however, would have 
meant the loss of commercial secrecy for Germany, and the proposal was 
rejected by the U.S. President Woodrow Wilson, who suspected that 
military negotiations were being exploited for economic ends.83

The vigorous British campaign on the issue of German chemical 
industry failed to move President Wilson, but it had the effect of bringing 
the issue into the pubic domain.  Arguments focused on the importance of 
a strong chemical industry to the development of CW capabilities in a 
future war.  These arguments continued to circulate as part of a publicity 
campaign for the dyestuffs industry, which was pushing for protective 
tariffs.  For example, an article in the Times on 7 August 1920 lamented 
the virtual monopolization of the dyestuffs industry by Germany in recent 
years, and argued that our future safety was “only to be found in a strong 
home dye industry.”84 (This argument was not as preposterous as it might 
sound to the non-experts, as many of the materials and processes used in 
the dyestuffs industry did find direct applications in the production of 
CW agents during WWI.) Later that month Major Victor Lefebure, 
formerly of the Chemical Warfare Liaison unit, and likely the “Special 
Correspondent” who composed the above report, sent a letter to the editor 
of the Times explaining that it was impossible to prohibit CW.  He argued 
that control could only be achieved through precaution, by establishing a 
dye industry, and that the “League of Nations must recognise this point 
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faible, this impossibility of direct control, and encourage precautionary 
measures”.85

In the meantime, alarmist reports about the “terrors of future war-
fare” were spreading in the press, warning of a new, “especially deadly” 
poison discovered in the U.S.86  Thanks to the publicity campaigns of the 
U.S. Chemical Warfare Service (CWS), in particular those of its director 
Amos Fries (as discussed in detail in Chapter 9, Section 3.2), information 
spread widely about new poisons, their ease of production and their 
adaptability to aircraft delivery. The CWS campaign emphasized the need 
for greater CW preparedness, in a bid to perpetuate its own existence 
during peacetime. However, as the reports reached Britain, their main 
effect was to increase anxiety.  In response, pro-CW lobbyists maintained 
that CW capabilities were necessary for national security and began to 
give support to the claim that CW was a relatively humane method of 
warfare. These views came under attack from scientific organizations, 
however, and in September 1921 the British Association for the Advance-
ment of Science pressed for an international ban on CW.87 These 
conflicting arguments were followed by calls for objective appraisals. 

Adding to the public fears of CW was the spectre of aircraft 
delivery of chemical and even bacteriological weapons.  The thought of 
any kind of aerial attack on innocent civilians elicited strong reactions, as 
we can gather from press reactions during the war.  For example, while 
reports in the Daily Mirror in 1915 had been somewhat indifferent to the 
use of gas against combatants, the bombing of civilians in the Zeppelin 
raid on London caused moral outrage.  The “murder of helpless non-
combatants” and the death of an infant — an “innocent victim of fright-
fulness”—were unacceptable atrocities.88 The Times also condemned the 
Zeppelin raid as an illegitimate attack and further suggested that the 
Germans would stop at nothing to fulfill their objective of killing as many 
people as possible.89  The rise of the airplane later in the war created the 
belief that in future wars it would become very easy to use gas to attack 
large civilian populations, potentially whole cities. One of the pamphlets 
published by the Carnegie Endowment for International Peace explained: 
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If airplanes can and will sprinkle whole areas (cities or towns) with, 
one hopes, a slight concentration of mustard gas, whole populations 
will be reduced to the condition of real suffering, if not suffocation in 
subways, homes will be tenantless, and factories and all the appurte-
nances of civilization will be useless.90

This turned out to be an inaccurate prediction of what happened in 
following decades, but the fear was real at that time and played an 
influential part in the campaign to ban chemical weapons. 

4.2. The League of Nations 
If public sentiments on CW were not uniform and consistent, the 

view of the leaders of the League of Nations was. Disarmament in 
general was a major item on the League’s agenda especially in its early 
days, with a desire to act immediately after the war while the horrors of 
battle were still fresh in people’s minds. A clause for disarmament 
(Article 8) was written into the Covenant of the League, and this helped 
to keep the case for disarmament alive even after the shock of the war 
began to subside.91 The Covenant had been drafted in 1919 during the 
peace negotiations, and the League came into official existence on 10 
January 1920, when the Versailles Peace Treaty came into effect. The 
mission of the League was to promote international co-operation for 
resolving conflicts and keeping armaments in check to avoid any repeti-
tion of the kind of destruction experienced in WWI.  The question of CW 
was considered from early on in the League’s life. In May 1920, the 
League asked its Permanent Advisory Commission (PAC) on Military, 
Naval and Air Questions to examine the issue of CW “with a view to 
some agreement being reached”.92 On 20 October the PAC provided a 
report condemning the employment of gas against non-combatants but 
also arguing that gas was no more cruel than any other methods of 
warfare against combatants.  The PAC report further argued that it would 
not be possible to prohibit the manufacture of chemicals or laboratory 
experiments with them.  The question of international regulation was not 
addressed. 

The Council of the League, adamant in their condemnation of the 
use of poison gas, decided to refer the matter to the Permanent Commis-
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sion, raising the question of penalties that should be imposed upon states 
making use of poison gas.  The International Committee of the Red Cross 
also mobilized support for a CW ban, appealing to the member states of 
the League to agree on an absolute prohibition of poison gas in warfare.  
A policy of openness was suggested by Lord Cecil, representative of 
South Africa, in order to abolish secrecy about chemical weapons and 
appeal to scientists to disclose their research; the reasoning was that if all 
states had chemical weapons, they would refrain from use for fear of 
retaliation in kind.93  The Assembly of the League referred the proposal to 
the Temporary Mixed Commission (TMC) on the Reduction of 
Armaments for examination in consultation with the PAC. In October 
1921 the TMC delivered a report concluding that a policy of openness 
would be impractical, since complete disclosure could not be guaranteed 
and governments would continue to conduct secretive research.  Further, 
they argued that disclosure could have the opposite effect of controlling 
CW since it would increase the distribution of chemical weapons.  Lord 
Cecil then suggested that the effect of the new methods of warfare upon 
the civilian population as well as combatants should be explored through 
an authoritative collection of data and expert opinion.94  The TMC 
appointed a special subcommittee to investigate the issue. After this, no 
further significant action on the matter was taken by the League for 
almost three years. 

The stalling of the CW ban seems quite characteristic of the 
general difficulties that the League was having.  The League spent quite a 
long time in political limbo after the U.S. Senate failed to ratify the treaty 
establishing it. As F. P. Walters has argued, “the immediate loss in power 
and influence of the Council and Assembly, due to the absence of the 
United States, was great”. The tension caused by this rift between the 
League and the U.S. also had an effect on how well negotiations could be 
carried out between these two powers: “In later years the American 
Government joined fully and generously in the League’s social and 
economic undertakings; but in the formative period there was not merely 
refusal to co-operate, but actual opposition.”95  In addition, disagreements 
between European countries, in particular a strong French opposition to 
many of its policies, dogged the League throughout this post-war period.  
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The behaviour of its major signatories showed lack of respect for the 
League. At the Genoa conference of 1922, the British Prime Minister 
David Lloyd George attempted to emulate the success of the naval nego-
tiations in the Washington Conference (discussed in the next section).  
However, French opposition and secret deals between Germany and 
Russia undermined the spirit of the Conference.96 According to Walters, 
“the breakdown of the Genoa conference, followed soon by the fall of 
Lloyd George, had important consequences on the international situation. 
It brought an end to the active existence of the Supreme Council. Britain 
and France had now spent the last reserves of the authority derived from 
victory and of the power derived from unity”.97 Yet this episode actually 
encouraged the growth of the League, allowing the Assembly to negotiate 
for disarmament without interference from the Council, which “had in 
fact been a rival and an obstacle to the League”.98

4.3. The Washington Conference and U.S. domestic politics 
The first post-war international agreement banning chemical 

weapons was made not at the League of Nations, but at the Conference on 
the Limitation of Armaments, convened by the United States, which took 
place in Washington, D.C., from November 1921 to February 1922.  Prior 
to that, moves for CW disarmament had referred to Germany specifically, 
which tends to undermine the retrospective idea that there was general 
moral abhorrence of these weapons. The Washington Conference was 
convened by the U.S. primarily in response to the arms race that was 
taking shape between the three main naval powers at the time, namely the 
U.S., Japan, and Britain. The U.S. was particularly worried about the 
aggressive nature of Japanese imperialism in the Pacific, where the 
Japanese sphere of influence had increased sufficiently to include several 
islands that were U.S. territories at the time.99  However, naval armament 
was not the only concern of the Washington Conference.  The invitation 
to the conference stated: “It may also be found advisable to formulate 
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98 Ibid., p. 168. 
99 Thomas and Thomas (1970), pp. 62–63.  Buckley (1970, p.111) suggests that the 
U.S. only became pro-disarmament once it had gained the upper hand.  President 
Warren Harding, Wilson’s successor, “favoured a reduction in armaments only after 
the American government had completed its naval programme and could lead from 
strength in an international conference.” 
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proposals by which, in the interest of humanity, the use of new agencies 
of warfare may be suitably controlled”.100 When Britain and France asked 
for further articulation of this point, the U.S. Secretary of State Charles 
Evans Hughes said it included submarines, airplanes and poison gas.101

The CW debate at the Washington Conference clearly exhibited the 
fault-lines in U.S. domestic politics.  At this time there was a clear divi-
sion between isolationist and internationalist factions, although neither 
side was particularly vocal on the topic of disarmament.102 A decisive 
battle between them was fought when the Senate was considering the 
ratification of the League of Nations Covenant, with President Wilson 
leading the pro-League side and Henry Cabot Lodge leading the anti-
League side.  The Covenant was defeated in the Senate, not due to a 
majority of anti-League supporters, but as a result of clever manoeuvrings 
by Lodge, made worse by Wilson’s stubbornness.103 While the triumph of 
the isolationists on the issue of the League of Nations almost certainly 
hampered the U.S. disarmament movement, it did not bring it to a halt.  
Although Wilson was no longer President after 1921, those interna-
tionalists who advocated arms control did attempt to carry on Wilson’s 
legacy. 

There was no united front against CW among the American 
politicians involved in the Washington Conference. The American 
delegation initially did not have any suggestions as to what to do about 
them, and so the view of the General Board of the Navy was sought.  The 
advice from the Board was that “it would be sound policy to prohibit gas 
warfare in every form and against every objective . . . . [T]he Board . . . 
condemned a practice which it felt caused too much human suffering. The 
Board was sure it was expressing the opinion of the average American. 
Besides, poison gas could not sink battle ships.”104  Meanwhile, Secretary 
Hughes had appointed an Advisory Committee to the U.S. Delegation to 
the Washington Conference, which also urged for the total prohibition of 
CW. This recommendation seemed to reflect the views of the U.S. 
population at large. A national public opinion poll conducted by the 

                                           
100 From the original invitation to the Washington Conference, cited in Hughes 
(1924), p. 7. 
101 Buckley (1970), p. 40. 
102 See “World Affairs: The Senate and Ratification 1919–1921”, http://www.u-s-
history.com/pages/h1338.html (most recently accessed on 12 June 2007). 
103 Walters (1969), p. 71. 
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Advisory Committee found that of those sampled, 366,975 were in favour 
of a complete ban on CW, while only 19 were in favour of retaining 
restricted use.105 This particular survey may be somewhat suspect, but 
there was indeed a campaign for a CW ban, whose champions included 
even leading military men such as General Peyton March (as discussed in 
Section 3.1) and General John Pershing, who had been the commander-
in-chief of the American Expeditionary Force in Europe in WWI, and 
was a member the American Advisory Committee during the Washington 
Conference. The Advisory Committee’s report stated that the U.S. 
delegates “would not be doing their duty in expressing the conscience of 
the American people were they to fail on insisting on the total abolition of 
Chemical warfare”. Yet the American members of the Conference’s 
Subcommittee on Poison Gas strongly disagreed with these opinions.  In 
fact one member, the chemist Edgar F. Smith, described gas as a “perfect 
weapon”.106

The final report by the Subcommittee of Poison Gas neither con-
demned nor endorsed gas warfare, and concluded that it was not possible 
to limit the use of CW against combatants, but that the use of gases 
against non-combatants should be limited as far as practically possible.107  
When Hughes made his crucial speech to the Conference, he left out the 
last three paragraphs of the Subcommittee’s report. These paragraphs 
stated that American members of the Subcommittee thought gas was a 
more humane weapon than any other.  T. H. Buckley comments: 

To the public he displayed a front against gas warfare, even though he 
knew his Subcommittee subordinates disagreed. To this day few 
people realize that immediately after the World War, American 
Representatives at an international conference came out in favour of 
gas warfare.  Hughes must have realized that if this fact became public 
the criticism might prove enormous. 

In other words, Hughes went against expert advice because of his 
perception of what the public would think.  After this report by Hughes, 
another American delegate, Elihu Root, proposed a resolution calling on 

                                                                                                                         
104 Buckley (1970), p. 123. 
105 McElroy (1991), p. 145. 
106 Buckley (1970), pp. 123–124. 
107 SIPRI (1971a), p. 243. 
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the prohibition of gas warfare.  This resolution passed unanimously, and 
formed a basis for future prohibitions of the same type.108

 On 6 February 1922, due to the diplomatic efforts of the American 
delegation, the Washington Naval Treaty was signed by the U.S., Britain, 
France, Italy and Japan. Article V prohibited the use of “asphyxiating, 
poisonous or other gases and all analogous liquids, materials or devices”, 
as “justly condemned by the general opinion of the civilized world.”109  
The CW ban resolved in the Washington Treaty, however, ran into 
problems soon afterwards.110 First of all, the wording of the article 
referring to poison gas was rather ambiguous.  It did not ban all chemical 
weapons, but only specific types of chemical warfare. The section 
containing the prohibition of gas was a resolution rather than a treaty, 
implying moral rather than legal obligations on the part of the signatories.  
These factors undermined the authority of the resolution, and in any case 
it never became binding since France refused to ratify the treaty because 
of a clause on submarines. Nonetheless, the Washington Conference did 
constitute an important milestone in attempts to prohibit CW. 

4.4. The Geneva Protocol 
In September 1924, the League of Nations published the report of 

the special subcommittee of the TMC, which we have mentioned earlier.  
The report, based on contributions from chemists and bacteriologists, 
argued that aircraft delivery of gases was not technically impossible, and 
even considered the possibility of bacteriological warfare.  It concluded: 
“All nations should realise to the full the terrible nature of the danger 
which threatens them.”111 With visions of widespread use of gas in any 
future war, the TMC report paved the way for the Geneva Protocol. A 
draft convention drawn up by the TMC relating to the control of 
international trade in arms, munitions and implements of war was sub-
mitted to both member and non-member governments.  The Conference 
for the Supervision of the International Trade in Arms and Ammunition 
and in Implements of War convened in Geneva on 4 May 1925. 

At the conference the U.S. representative immediately placed on 
the agenda the restriction in trade of chemicals with potential CW 
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applications, suggesting that all international trade in toxic weapons 
should be prohibited.  However, the proposal was rejected on the grounds 
that it would discriminate against states unable to manufacture chemical 
weapons of their own. As the Brazilian representative pointed out, it 
would create an unfair gap between producing and non-producing states, 
especially as CW was an effective means of defence for weak countries.  
Alternative suggestions were discussed and it was finally agreed to sign a 
protocol appended to the final convention, outlawing the use of chemical 
weapons.  It was drafted similarly to Article V of the Washington Treaty 
discussed above, with the additional prohibition of the use of bacterio-
logical weapons proposed by the Polish representative. The Geneva 
Protocol for the Prohibition of the Use in War of Asphyxiating, Poison-
ous or other Gases and of Bacteriological Methods of Warfare was signed 
on 17 June 1925.  (See Appendix for the text of the Protocol.) 

The Protocol contained no provisions for verification, enforcement 
or penalties. Many countries including Britain and France ratified it 
between 1925 and 1930, but only with the qualification that it would 
cease to be binding if an enemy failed to respect it. Thus, since the 
Protocol banned the use of chemical and biological weapons and not the 
weapons themselves, it came to be seen as essentially no more than a “no-
first-use” agreement.  Also, the U.S., despite having played a large role in 
the 1925 deliberations, failed to ratify the Protocol because it disagreed 
with the prohibition on the use of tear gases in war. The Chemical 
Warfare Service (CWS), pointing out that tear gases were even employed 
in peacetime against the civilian population, made vigorous lobbying 
efforts against ratification. The U.S. did not ratify the Protocol until 1975, 
when it also approved a separate treaty on biological weapons (the 1972 
Biological and Toxin Weapons Convention). 

How should we understand the Geneva Protocol? Was it just an 
ineffectual treaty induced by public feeling? Or was it a victory for the 
League of Nations?  It has been suggested that the signing of the Protocol 
was “the high-water mark of the hostility of public opinion towards 
CW”,112 and that the Protocol was “the culmination of five years’ hard 
work . . . the high-water mark of the first period of the League’s life.”113  
To claim that the Protocol was a categorical success for the League would 
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be misleading, since it did not ban the weapons themselves, only their 
use. The League made continued efforts in this direction, but with no 
further success.  Still, the Protocol did go some way in achieving the aims 
of the League. From its conception the League had sought to reach an 
international agreement on CW.  An international law prohibiting the use 
of chemical (and bacteriological) weapons now existed. This law resulted 
from the resolve of the League as much as the hostility of public opinion, 
and without the League’s commitment international public concern might 
not have been effective in achieving even this limited success. 

We have already discussed the diversity of public opinion at the 
end of WWI, when the League first began to consider the question of 
CW.  It would therefore be a mistake to assume that a hostile public 
reaction to CW was solely responsible in creating the need for a Protocol.    
Undoubtedly, what Richard Price calls the “stigma of lasting moral 
opprobrium” contributed to anti-gas feeling, and the failure of the Hague 
Convention to prevent the use of gas in the Great War revealed the need 
for improved regulation.114  The persistent illnesses of gas casualties kept 
the horror of gas alive into peacetime, reinforcing the sentiments of many 
military men (such as French and March) who felt that gas was a 
dishonourable weapon.115 Nevertheless, a range of contrary opinions 
existed. The act of gassing the enemy was glorified by some. Some 
military men (such as Foulkes and Fries) actively campaigned for the use 
of gas, arguing that it was an effective and legitimate method of 
warfare.116  As we have seen, gas was also considered by some (such as 
Haldane) to be more humane than conventional weapons, with non-lethal, 
incapacitating agents and antidotes offering the prospect of the most 
humane form of warfare possible. 

Public opinion appears to have crystallized around 1924 following 
the publication of the TMC report, which reinforced the need for a 
Protocol by appending concerns for international public relations to the 
League’s concerns for international order.  The Geneva Protocol was the 
League’s attempt to deal with these concerns and was not merely an 
idealistic exercise: “The Geneva Protocol is not a sudden outburst of 
League idealism; it is an attempt to meet a grave and increasing practical 
danger, viz., the insecurity of European peace and, resulting therefrom, 
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116 For example, see Foulkes (1934), chapters 10 and 11. 



Geneva Protocol  289 

the rise of a new competition in armaments.”117  Even after the Protocol 
was signed, the League actively sought to mobilize public understanding 
in support of its own objectives. For example, a pamphlet was produced 
by Henry Wilson Harris of the League of Nations Union addressing to the 
public the question of The Meaning of the Protocol.  Harris claimed that, 
five months after it was signed, “nine people out of ten in this country 
[England] are still uncertain what the Protocol really means.”118 This 
pamphlet attested to the League’s continuing commitment to promoting 
public understanding and engagement with questions of warfare policy. 

But if public feelings did not dictate the League’s policy, what did?  
What made CW prohibition so important in the League’s agenda?  
Throughout this period many politicians appear to have been on an un-
relenting drive to ban chemical weapons, and this was a powerful force 
behind the League’s efforts.  Even though chemical weapons were not 
universally considered to be more horrific than conventional weapons, it 
was certainly politically incorrect (in today’s idiom) to advocate their use.  
It is useful to examine the extent to which chemical weapons had become 
“politicized”, even before chlorine was first released at Ypres. The Hague 
convention of 1907 had declared that it was forbidden to use gas 
weapons.119  According to Price, the introduction of gas warfare in 1915 
was a political as well as a moral issue: “To the extent that gas weapons 
were singled out and politicised above and beyond other new weapons, it 
was not solely because they were perceived as more cruel than other 
weapons but because it was understood that their use was a violation of 
the Hague declaration.”120 In this context, the League’s mission emerges 
as an attempt to assert the authority of the international community so 
flagrantly flouted and damaged by the contravention of the Hague 
Convention. Rather than expressing public opposition to CW, the Geneva 
Protocol represented an institutionalized antagonism towards an un-
usually politicized form of warfare. 

                                           
117 Some Questions on the Geneva Protocol (1925), p. 2.  TNA: PRO 30/69/1273. 
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119 Bailey (1972), p. 125. 
120 Price (1995), p. 90. 



290  AN ELEMENT OF CONTROVERSY 

5. Summary 
Contrary to common belief, our investigation of the response of the 

general public to gas warfare has revealed a series of complicated ethical 
dilemmas. Gas was dreadful, but so were many other weapons. Even 
those most intimately involved in fighting with chemicals did not agree 
about how to balance the various cruelties of war. A wide variety of 
views have been revealed in our investigation of both the press reactions 
to chemical warfare during and after WWI and the opinions of some key 
leaders in the Allied CW efforts on the ethics of chemical warfare.  
However, one overriding theme is the extent of continuity of both public 
and military perceptions of gas warfare as merely one component of an 
increasingly terrifying and uncivilized modern armoury that also included 
high explosives, tanks and airplanes. Moral resistance to the use of 
chemical weapons most strongly existed in a context where the 
development of a range of military technologies had the potential to 
expose civilians to unprecedented levels of risk.  Although the specific 
fear of civilian gas casualties was not realized as anticipated by the 
opponents of gas warfare, the exposure of civilian populations to direct 
attacks did indeed become a defining feature of 20th-century warfare. 

Far from reflecting straightforward moral revulsion to the use of 
gas, the Geneva Protocol was motivated by primarily political factors.  
The motives for chemical disarmament were complicated.  Gas warfare 
was not explicitly mentioned in Article 8 of the Covenant of the League, 
which dealt with disarmament. It was mentioned in the Treaty of 
Versailles, but only in reference to Germany.  The danger of chemical 
weapons was certainly known to the authors of these documents, but the 
experience of WWI did not lead to an immediate attempt to ban them.  
Attempts at CW control prior to the Geneva Protocol only ever took place 
under the larger umbrella of general disarmament. Either the anti-CW 
lobby was not strong enough to propose specific chemical disarmament, 
or there simply was not as much high-level interest in restricting chemical 
weapons as there was for disarmament generally. Despite much talk of 
chemical disarmament, therefore, action was only taken in the context of 
more general conferences. In the Washington Conference, the prohibition 
of gas warfare was placed under the more general category of “new 
methods of war”, which also contained submarines and airplanes. It 
seems that the desire to strengthen an international political system was a 
stronger impulse behind the Geneva Protocol than a straightforward and 
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specific moral condemnation of CW. The breakdown of the Hague 
Conventions of 1899 and 1907 left the international community unable to 
control CW development and use, and one of the first objectives of the 
Geneva conference was to restore international control of that situation. 

 

Appendix121

Protocol for the Prohibition of the Use in War of Asphyxiating, 
Poisonous or other Gases, and of Bacteriological Methods of Warfare. 

 
Geneva, June 17, 1925 
 
PROTOCOL 

The undersigned Plenipotentiaries, in the name of their respective 
Governments: 

Whereas the use in war of asphyxiating, poisonous or other gases, 
and of all analogous liquids, materials or devices, has been justly 
condemned by the general opinion of the civilised world; and 

Whereas the prohibition of such use has been declared in Treaties 
to which the majority of Powers of the world are Parties; and 

To the end that this prohibition shall be universally accepted as a 
part of International Law, binding alike conscience and the practice of 
nations; 

 
DECLARE: 
 
That the High Contracting Parties, so far as they are not already 

Parties to Treaties prohibiting such use, accept this prohibition, agree to 
extend this prohibition to the use of bacteriological methods of warfare 
and agree to be bound as between themselves according to the terms of 
this declaration. 

                                           
121 Original document available from the Sussex Harvard Information Bank, SPRU 
(Science and Technology Policy Research), University of Sussex. 



292  AN ELEMENT OF CONTROVERSY 

Bibliography 

Bailey, S. D.  1972.  Prohibitions and Restraints in War.  London: 
Oxford University Press. 

Bernhardi, Friedrich Adam Julius von.  1906.  Cavalry in Future Wars, 
translated by C. S. Goldman, with an introduction by Lieut. 
General Sir John French.  London: John Murray. 

Best, Geoffrey.  1983.  Humanity in Warfare: The Modern History of the 
International Law of Armed Conflicts.  London: Methuen & Co. 

Bourke, J.  1999.  An Intimate History of Killing.  London: Granta Books. 
Bourne, J. M.  2001.  Who’s Who in World War One.  Routledge: London 

and New York. 
Buckley, T. H.  1970.  The United States and the Washington Conference, 

1921–1922.  Knoxville: University of Tennessee Press. 
Chisholm, Cecil.  1915.  Sir John French: An Authentic Biography, with 

an introduction by Sir Evelyn Wood, V.C., and a portrait by J. R. 
L. French.  London: Herbert Jenkins. 

Christopher, Paul.  1994.  The Ethics of War and Peace: An Introduction 
to Legal and Moral Issues.  Englewood Cliffs, N.J.: Prentice-Hall. 

Clark, Ronald.  1984.  J. B. S.: The Life and Work of J. B. S. Haldane.  
Oxford: Oxford University Press. 

Coffman, Edward M.  1966.  The Hilt of the Sword: The Career of Peyton 
C. March.  London: University of Wisconsin Press. 

Crutwell, C. R. M. F.  1936.  A History of the Great War, 1914–1918, 
2nd ed.  Oxford: Clarendon Press. 

De Madariga, Salvador.  1929.  Disarmament.  London: Oxford 
University Press. 

Foulkes, Charles H.  1934.  Gas! The Story of the Special Brigade.  
Edinburgh: Blackwood. 

Fradkin, Elvira T. K.  1929.  Chemical Warfare — Its Possibilities and 
Probabilities.  Worcester, Mass.: The Carnegie Endowment for 
International Peace. 

French, Edward Gerald.  1931.  The Life of Field-Marshal Sir John 
French, First Earl of Ypres.  London: Cassell & Co. 



Geneva Protocol  293 

French, John Denton Pinkstone.  1915.  “Moral Aspects of 
Asphyxiation.”  Literary Digest, 12 June 1915: 1393.  Reprinted 
from the Manchester Guardian. 

Haber, Ludwig Fritz.  1986.  The Poisonous Cloud: Chemical Warfare in 
the First World War.  Oxford: Clarendon Press. 

“The Hague Convention”.  http://www.lib.byu.edu/~rdh/wwi/hague.html 
(most recently accessed on 12 June 2007). 

Haldane, J. B. S.  1925a.  Daedalus, or, Science and the Future (A Paper 
Read to the Heretics, Cambridge, on February 4th, 1923).  
London: Kegan Paul, Trench, Trubner. 

———.  1925b.  Callinicus: A Defence of Chemical Warfare, 2nd ed.  
London: Kegan Paul, Trench, Trubner. 

———.  1927.  Possible Worlds and Other Essays.  London: Chatto & 
Windus. 

Harris, H. W.  1925.  The Meaning of the Protocol.  A copy can be found 
at the National Archives (formerly Public Record Office) 
30/69/1273. 

Harris, Robert, and Jeremy Paxman.  2002.  A Higher Form of Killing: 
The Secret Story of Gas and Germ Warfare, updated ed.  London: 
Arrow. 

Hughes, Charles E.  1924.  Foreign Relations.  Chicago: Allied Printing 
Trades Council. 

March, Peyton C.  1932.  The Nation at War.  New York: Doubleday, 
Doran and Co. 

McElroy, R. J.  1991.  “The Geneva Protocol of 1925.”  In M. Krepon 
and D. Caldwell, eds., The Politics of Arms Control Treaty 
Ratification (New York: St Martin’s Press), pp. 125–166. 

Miller, David Hunter.  1925.  The Geneva Protocol.  New York: The 
Macmillan Company. 

———.  1928.  The Drafting of the Covenant.  London: G. P. Putnam’s 
Sons. 

Nagel, Thomas.  1988.  “War and Massacre.”  In Samuel Scheffler, ed., 
Consequentialism and its Critics.  New York: Oxford University 
Press. 

Norman, Richard.  1995.  Ethics, Killing and War.  Cambridge: 
Cambridge University Press. 

http://www.lib.byu.edu/%7Erdh/wwi/hague.html


294  AN ELEMENT OF CONTROVERSY 

Price, Richard.  1995.  “A Genealogy of the Chemical Weapons Taboo.”  
International Organisation 49:73–103. 

Richter, Donald.  1992.  Chemical Soldiers: British Gas Warfare in 
World War 1.  Lawrence, Kansas: University of Kansas Press. 

Robinson, J. P. Perry.  1993.  “Origins of the Chemical Weapons 
Convention.”  In Beniot Morel and Kyle Olson, eds., Shadows and 
Substance: The Chemical Weapons Convention.  Oxford: 
Westview Press. 

Russell, Edmund.  2001.  War and Nature: Fighting Humans and Insects 
with Chemicals from World War I to Silent Spring.  Cambridge: 
Cambridge University Press. 

Scott, James Brown, ed.  1920.  The Proceedings of The Hague Peace 
Conferences — The Conference of 1899.  Oxford: Oxford 
University Press. 

———.  1921.  The Proceedings of The Hague Peace Conferences — 
The Conference of 1907, vol. 3.  Oxford: Oxford University Press. 

SIPRI (Stockholm International Peace Research Institute).  1971a.  The 
Problem of Chemical and Biological Warfare. Vol. 1: The Rise of 
CB Weapons.  Stockholm: Almqvist & Wiksell. 

———.  1971b.  The Problem of Chemical and Biological Warfare. Vol. 
4: CB Disarmament Negotiations, 1920–1970.  Stockholm: 
Almqvist & Wiksell. 

Spiers, Edward.  1986.  Chemical Warfare.  London: Macmillan. 
———.  1989. Chemical Weaponry.  London: Macmillan. 
———.  1999.  “Chemical Warfare in the First World War.”  In Brian 

Bond, et al., ‘Look to Your Front’: Studies in the First World War 
by the British Commission for Military History (Staplehurst: 
Spellmount), pp. 163–178. 

Thomas, A. J., and Ann Vann Wynen Thomas.  1970.  Legal Limits of the 
Uses of Chemical and Biological Weapons.  Dallas: Southern 
Methodist University Press. 

Trumpener, Ulrich.  1975.  “The Road to Ypres: The Beginnings of Gas 
Warfare In World War I.”  Journal of Modern History 47: 460–
480. 

Wallace, Richard Horatio Edgar.  1914.  Britain’s Great Men.  London: 
George Newnes. 



Geneva Protocol  295 

Walters, Francis Paul.  1969.  A History of the League of Nations.  
London: Oxford University Press. 

Wells, Donald A., ed.  1996.  An Encyclopedia of War and Ethics.  
Westport, Conn.: Greenwood Press. 

Zimmern, Alfred.  1969.  The League of Nations and the Rule of Law, 
1918–1935.  New York: Russell and Russell. 



9 

 The Rise and Fall of “Chlorine Chambers” 
Against Cold and Flu 

                                                          
David Nader and Spasoje Marčinko 

1. Introduction 
The U.S. Chemical Warfare Service (CWS) announced the dis-

covery of a cure for influenza and the common cold in the Journal of the 
American Medical Association in March 1924.1  The treatment involved 
subjecting patients to one hour in a chamber filled with low-concentration 
chlorine gas, applying the sterilizing effect of chlorine on the respiratory 
tract. Chlorine-inhalation therapy became front-page news when Presi-
dent Calvin Coolidge submitted to treatment over three days in May 
1924. A Washington Post headline announced to the nation: “Chlorine 
gas, war annihilator, aids President’s cold”; Coolidge Much Relieved 
After 50 Minutes in Airtight Chamber” (see Figure 1).2  There was 
understandable anxiety about the President’s cold, as Coolidge had only 
inherited the presidency from his predecessor Warren G. Harding, who 
died after a brief illness starting with cold-like symptoms.3 But it was not 
just the President who submitted to this bizarre-sounding treatment. At 
least 23 senators and 146 representatives were gassed in the chlorine 
chambers installed in the Capitol building in Washington.4  There was 
also apparent desire by ordinary people to take advantage of this cutting-
edge advance in medicine, as reflected in the advertisement shown in 
Figure 2, announcing the arrival of “Chlorine Respirine”, an affordable
  

                                           
1 Vedder and Sawyer (1924).  It was claimed that the treatment could also cure many 
other diseases of the upper respiratory tract. 
2 The Washington Post, 21 May 1924, p. 1. 
3 For a report on Harding’s death, see The Washington Post, 3 August 1923, p. 1. 
4 Russell (2001), p. 63. 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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Figure 1. The Washington Post headline reporting on 
President Coolidge’s chlorine treatment.  
 

 

 
Figure 2. Advertisement for Chlorine ResprineTM, an 
economical version of the chlorine treatment for the cold.  
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version of chlorine therapy in the form of a handy little tube costing only 
50 cents but containing 50 doses of “the same Chlorine recommended so 
highly by Health Departments and U.S. Authorities.”5

Hardly anyone now remembers this episode, even among profes-
sional historians of science and medicine.  We only became aware of it in 
a 50-year-old text on the chemical elements,6 and have found only a few 
informative secondary sources even after an extensive search.7 Therefore 
a double-edged puzzle presented itself.  How did such a bizarre scheme 
become so well-established in the first place, and then, why did it dis-
appear without a trace? The whole episode may seem like a freak 
accident of history, but understanding how such an extraordinary event 
could have taken place reveals a great deal about the forces that shape 
more “normal” courses of events. 

In this chapter we trace the rise and fall of chlorine chambers. First, 
we provide a basic account of their initial development and showcasing.  
Then we explain the factors that enabled their rise, including the helpless-
ness of traditional medicine in the great flu epidemic, the widespread 
movement for arms control in the aftermath of the war, and the desperate 
attempts by the U.S. Chemical Warfare Service to prolong its own exist-
ence. After that, we consider the rapid demise of chlorine chambers 
following their high-profile introduction. One might expect that the 
scheme was dropped because it did not work. Rather, we argue that a 
stronger factor was the cessation of the promotion of chlorine chambers 
by the Chemical Warfare Service after it found a superior propaganda 
tool in other applications of poison gases, such as insecticides. 

2. The origin of chlorine therapy 
The initial idea of chlorine therapy for respiratory diseases came 

from some chance observations.8  Medical officers in the First World 
War had noticed that soldiers on the front lines had less chance of falling 
prey to influenza in comparison to soldiers in the rear.  It was also noticed 

                                           
5 The Washington Post, 2 March 1925, p. 8. 
6 J. Newton Friend (1961, p. 48) stated, rather matter-of-factly: “Very small amounts 
of chlorine in the air help to ward off colds and to relieve them when once they have 
gained a hold.” 
7 Most notable are Russell (2001) and Jones (1969). 
8 See Russell (2001), p. 62, for the following reports. 
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that few of the operatives at the Edgewood Arsenal in Maryland, the U.S. 
Army’s main chemical weapons plant, suffered from colds or influenza; 
this effect was especially pronounced in the years of 1918–19 when the 
world suffered at the hands of a severe flu epidemic.9  This observation at 
Edgewood was given credence by Colonel Walker and Major Vaughan.  
It seemed that the environment in which these individuals worked pro-
tected them from such illnesses.  Later it was heard from other sources 
that workers in chlorine plants up and down the country had always 
enjoyed a singular immunity to the common cold.  From these observa-
tions it was easy to infer that chlorine gas immunized against respiratory 
infections.   

The first person to take this idea seriously enough to make experi-
mental trials was Harrison Hale, professor of chemistry at the University 
of Arkansas at Fayetteville.10 Hale used chlorine during the influenza 
epidemic and believed that the students he treated suffered less than the 
general student body.  He also examined ways in which the treatment 
could be administered effectively and to large numbers of people.  Hale’s 
idea was not such a bizarre one after all, since chlorine and various 
chlorine compounds had been used as disinfectants fighting against 
numerous ailments including cholera and diphtheria, as we have 
discussed in some detail in Chapter 6. On 1 February 1920 the City Board 
of Health in Fayetteville ordered the closure of city schools and churches 
because of an influenza epidemic that was ravaging the region.  However, 
the authorities decided that the University should not suspend its work.  
This presented an ideal opportunity for Hale to try out his idea: “con-
ditions seemed unusually favourable to try the use of chlorine as a 
preventative of influenza, an indirect report of its preventative influence 
in the case of employees in a certain government plant during 1918 
having been received.”11

In a small chemical laboratory, Hale began daily tests of the effects 
of chlorine on volunteers from the college community on 2 February.  

                                           
9 The Edgewood Arsenal was established during the transfer of chemical weapons 
research from the civilian Bureau of Mines to the military.  It had proved difficult to 
find civilian firms willing to undertake such dangerous work.  See Whittemore 
(1975), pp. 149–151. 
10 Hale was aware of a report by Charles Baskerville made to the American Chemical 
Society in 1919, which noted that workers in chlorine factories seemed to be immune 
to influenza.  See Parsons (1919), p. 50, for a summary of Baskerville’s report. 
11 Hale (1920), p. 806.  
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Chlorine was generated by the usual laboratory method of treating 
manganese dioxide and sodium chloride with sulphuric acid. The vapours 
were confined in a small room; the air in the room was mixed using an 
electric fan, in an attempt to gain a consistent concentration of chlorine 
throughout the chamber.  Those undergoing treatment came into the room 
for 5 minutes, with the number of people in the room at any one time 
varying between 2 and 20. Altogether about 800 treatments were given to 
184 different individuals.  Hale’s results were sufficiently impressive for 
him to publish.  He recorded in his article in the Journal of Industrial and 
Engineering Chemistry that only one of the individuals treated developed 
influenza subsequently.  In contrast, the general population of the town 
was suffering one case of influenza in every 40 inhabitants. Hale con-
cluded, “our results tend to show that chlorine does act as a preventive of 
influenza, but the rapid improvement in the local situation, which led to 
the raising of quarantine on February 14, prevented their being conclu-
sive.”12 The experiments seemed extremely pregnant with the possibility 
of creating an effective preventative treatment against influenza.   

The promise of chlorine treatment as a prophylactic was obvious.  
It was believed that it could be used in numerous public places to avoid 
the spread and perpetuation of influenza and the common cold, therefore 
saving money, time and lives.  In the words of Edward Vedder, soon to 
take a leading role in the development of chlorine therapy: 

 [T]here is every reason for believing that chlorine may be used in 
schools, theatres, and other places where people congregate, for the 
purpose of preventing respiratory infections.  In any institution that has 
a ventilating system, chlorine can be introduced in such quantities as to 
set up the proper concentration in the rooms supplied.  This could be so 
used in schools for an hour, several times a week.13

Chlorine had a clear appeal as a preventative measure that did little to 
infringe on an individual’s day-to-day life. Chlorine treatment could be 
administered in any place with solid walls. (Producers of the individual 
chlorine respirators later attempted to illustrate the convenience of the 
treatment by showing photographs of patients reading newspapers and 
books whilst being gassed.) Hale’s experiments, however, also revealed 
many difficulties in trying to verify the effectiveness of chlorine treat-
ment. For example, it was realized that the chlorine concentration was not 

                                           
12 Ibid., p. 806. 
13 Vedder (1925), p. 303. 
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the same at different heights of the room into which the gas was pumped, 
and that the materials of the room itself affected concentrations. There-
fore any attempts to establish an optimal beneficial concentration of 
chlorine in the air faced serious difficulties.  Hale himself admitted that 
his initial results were encouraging but far from conclusive.14   

It was at this point that supporters of the U.S. Chemical Warfare 
Service (CWS) entered the scene, eagerly pointing out that the medical 
profession had not offered any effective defences against influenza.  
General Amos Alfred Fries (1873–1963), the chief of the CWS from 
1920 to 1929, decided to pursue further research.  Fries had organized the 
U.S. gas service in France during the First World War from 1917, and re-
mained an unflinching advocate of chemical warfare. In 1922 Fries 
appointed the renowned military physician Edward Bright Vedder (1878–
1952), to head a medical research team at the Edgewood Arsenal to carry 
out further investigations.  By appointing Vedder, Fries sought to bring a 
new level of prestige to the investigations. Vedder’s respected position 
within the medical profession was derived from his pioneering work on 
beriberi, and on ascorbic acid. Notably, Vedder had been a friend of Fries 
since they met a decade earlier during service in the Philippines.   

Vedder, quite simply, leapt to the task.  Unlike Hale, Vedder chose 
to focus on the cure rather than the prevention of respiratory diseases.  In 
collaboration with Captain Harold P. Sawyer of the Army Medical Corps, 
Vedder started by determining the concentration of chlorine needed to kill 
certain bacteria on agar plates. It was found that a concentration of 
0.021mg per liter would kill any bacteria in one to two hours.  As Vedder 
stated, “It was believed that when a constant stream of chlorinated air was 
passed over such a film of moisture, that the water absorbed sufficient 
chlorine to become actively germicidal.”15 After these initial facts were 
established, the effect of inhaling the chlorine on the bacteria of the naso-
pharynx was tested. For this purpose Vedder constructed an airtight 
chamber throughout which even amounts of chlorine were distributed per 
liter of air.  After numerous tests, Vedder arrived at an optimal concen-
tration of 0.013 to 0.015 mg per liter of air, and an optimal exposure time 
of one hour.16 Using the newly improved chambers and his optimal 
measurements Vedder was fully ready to make clinical tests, starting with 

                                           
14 Hale (1920), p. 806. 
15 Vedder (1925), p. 294. 
16 Ibid., p. 300. 
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patients suffering from coryza.17 The results obtained were positive, as 
illustrated in Table 1, showing a marked improvement among most of the 
ten cases (taken at random) that had undergone this treatment.18

 
Table 1. Results of chlorine treatment on coryza patients. 
 

Case no. Colony count (of 
bacteria) before 
treatment 

Colony count after 
treatment 

1 Uncountable Uncountable 

2 30 7 

3 Uncountable 8 

4 10 11 

5 202 7 

6 193 78 

7 642 340 

8 125 38 

9 214 41 

10 2500 500 

 
 
While it could not be expected that the mucous surfaces would be 

made entirely sterile by chlorine, Vedder believed that other factors 
helped to account for the treatment’s efficacy, as he went on to specify in 
some detail in his 1925 text, The Medical Aspects of Chemical Warfare.19

(1) Although complete sterilization is not achieved, Vedder had 
little doubt that the process did kill many bacteria.  In his writings 
he conceded that he did not know specifically which organisms 
caused colds or influenza.  However, “with many organisms killed 
and the remainder reduced in virulence, the ordinary defense 
mechanism of the body may be now able to deal with the 
remaining infecting organisms.” 

                                           
17 “Coryza” is a rather vague category, which can be understood roughly as a head 
cold, particularly resulting in runny or stuffy nose. 
18 Ibid., p. 297. 
19 The following physiological points are argued in ibid., pp. 297–299. 
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(2) As chlorine was also a powerful oxidizing agent, it possessed 
the property of decomposing toxins. At the time many chemists 
believed that oxidation was the main disinfectant action of 
chlorine. Vedder also stated that chlorine, as an oxidizing sub-
stance, stimulated phagocytosis20 that would help in the destruction 
of both endo- and exo-toxins. 

(3) The irritation caused by chlorine was also cited by Vedder as a 
beneficial effect because it stimulates the flow of lymph and 
mucus.  He pointed out that one of the first effects was a noticeable 
increase in bronchial and nasal secretion, resulting in what he 
called “productive coughing and blowing of the nose.” Chlorine 
was deemed beneficial because it was actively expelling the organ-
isms (even from the depths of glands and “crypts”) that caused 
influenza and the common cold.  Vedder stated: “Part of the ben-
eficial action in cases of whooping cough is undoubtedly to be 
attributed to the loosening of the masses of tenacious mucus which 
are then coughed up more readily, and to this cleansing of the 
mucous surfaces.” 

(4) The irritant action of chlorine also caused a dilation of the 
capillaries, following a brief initial constriction.  Such an effect led 
to an increase in blood supply (which had been identified as 
beneficial some years ago).  Dilation also allowed the number of 
leukocytes in the capillaries of the affected area to increase, which 
aided the immune response. 
 

Vedder was also careful to list which conditions the chlorine treatment 
would not benefit.  Hay fever, asthma, pneumonia and tuberculosis were 
not to be treated by chlorine.  He stated that offering chlorine treatment to 
individuals who suffer such conditions “can only result in discrediting the 
treatment by offering a false hope of relief.”21  It seems that from an early 
stage in the development of chlorine therapy Vedder was very careful to 

                                           
20 Phagocytosis is the process by which white blood cells engulf and break down 
foreign particles in the body.  It is an important element in the natural defence 
mechanism of most animals.  Experimental data at the time suggested that 
physiologically active oxygen stimulated such immunological processes.  Vedder 
supported this claim by referring to Loevenhart’s 1914 Harvey Lecture.  See ibid., p. 
299. 
21 Ibid., p. 302. 
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guard himself against criticism.  All of his arguments were reasonable, 
and well-founded given the medical knowledge of the day.   

By 1924 Vedder and Sawyer had produced a paper on chlorine 
treatment that was deemed worthy of publication in the Journal of the 
American Medical Association. The results seemed to speak for them-
selves, whatever the correct theory behind chlorine’s action might have 
been.  Table 2 shows the seeming efficacy of chlorine therapy for a large 
number of respiratory diseases.22

 
Table 2. Effect of chlorine treatment on various respiratory diseases. 

 

Diagnosis 
Number of 

Cases Cured Improved 
No 

Change

Coryza 388 288 91 9 

Acute laryngitis and pharyngistis 127 99 24 4 

Acute bronchitis 241 192 47 2 

Chronic rhinitis 106 33 41 32 

Chronic laryngitis 47 34 12 1 

Whooping cough 2 2   

Influenza 11 9 2  

 
The results obtained by Vedder sent ripples of excitement through 

the CWS.  Vedder’s statistics were widely quoted in the popular press, 
too, and to a large extent it was these impressive results that led to the 
dissemination and popularity of chlorine therapy. However, as the reports 
on healing power of chlorine became widespread throughout the United 
States, the medical establishment cried foul play, as it could not bring 
itself to believe that a quasi-scientific military outfit could possibly do 
something that modern medical science could only dream of doing.  The 
New York City Department of Health was quick to condemn chlorine 
therapy, and resisted demands to introduce chlorine chambers in the 
hospitals under its control.  In its health report the New York Department 
of Health deemed the use of statistics by the CWS to be fallacious.23  The 
Department’s own trials showed improvement in 52% of the cases, but 

                                           
22 Data taken from ibid., p. 295. 
23 See Harris (1924). 
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they believed that this statistic was meaningless because such a propor-
tion of the people would most certainly have recovered naturally even if 
they had not taken the treatment, as such was the nature of these diseases.  
(Fries rejected this attitude as defeatist, like saying “if the doctor had not 
been called the patient might have lived.”24) In Vedder’s research it was 
noticeable that no control experiments were undertaken. At the time 
control experiments were not deemed absolutely necessary in bio-medical 
experimentation as they are today, but contemporary criticism of the 
experiments did point out that a control was vital in this instance because, 
in the majority of cases, people would naturally recover from the illnesses 
in question. By neglecting this consideration, Vedder had made his 
statistical results look much more impressive than they should have been.   

Harold S. Diehl, physician at the University of Minnesota, gave 
further credence to the criticism.25  The character of Diehl’s critique is not 
surprising in retrospect, as he was later to establish himself as a pioneer 
of randomized controlled trias in medicine. Diehl conducted his own 
experiments on students suffering from colds at the university by dividing 
them into two groups.  One group of 425 students were given the chlorine 
treatment, while the other 392 students were given the standard medical 
treatment.26  It took both groups the same amount of time on average to 
recover.  Diehl also found the effects of chlorine to be temporary, being 
experienced only on the first day after the treatment was administered.27  
He even used a control group of students that were left without any 
medications and their recovery time was also equivalent to that of the 
previous two groups.  Diehl hoped to have proved that we were still a 
long way away from knowing how to treat ourselves against the common 
cold, not to mention more serious conditions.  He critically concluded his 
argument by saying that the “large percentage of recoveries within . . . 
seven days under such a variety of medical treatments is evidence only of 
the self limited character and short duration of most colds.”28   

                                           
24 The Washington Post, 15 February 1925. 
25 Diehl (1925). 
26 Jones (1969), p. 195. 
27 Interestingly, this was quite consistent with the widely reported experience of 
President Coolidge, whose condition was reported to have worsened by the third day 
of his chlorine treatment.  See The Washington Post, 23 May 1924, p. 1. 
28 Quoted in Russell (2001), p. 63. 
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Another problem was that Vedder and other experimenters who 
supported chlorine therapy had made no physical examination of the 
subjects they were studying. The evaluation of the recovery was therefore 
only self-assessed, as it was the patients who evaluated the results of their 
treatments. After these damning criticisms by Diehl, there would have 
been considerable difficulty in defending the scientific status of chlorine 
therapy.  The medical and scientific establishments quickly recognized 
the deficiencies of the chlorine claims, which could never be worthy of 
scientific status with such negligent procedures. There seems to have 
been no significant further discussion of this issue in the scientific and 
medical literature after 1925.   

3. Factors responsible for the rise of chlorine therapy 

3.1.  The flu epidemic and the helplessness of medicine 
So far our account reveals that chlorine therapy emerged as a 

promising potential new weapon against influenza and other respiratory 
diseases, but by 1925 its claims were hardly well-established.  How did 
such a shaky scheme gain such popularity and credence as to be applied 
to the President of the country and a significant section of the Congress?  
To answer this question, we must understand some important contextual 
factors. 

First of all, there was desperate willingness to look for any cure for 
influenza. At the Meeting of the American Chemical Society in 1919 
where the potential of chlorine therapy against influenza was debated, the 
favorite phrase of the day was: “Try it―It can do no harm.”29  In his book 
of 1929, Medicine, Its Contribution to Civilization, Vedder illustrates 
some of the frustration about influenza that must have been inherent in 
the age. Influenza epidemics seemed to sweep the world about every 
twenty years.  The magnitudes of these epidemics were easily comparable 
with that of the Great Plague of 1665–66. It is estimated that the influenza 
epidemic of 1918–19 resulted in at least 20 million deaths worldwide, 
some estimates putting the death toll at over 40 million.30 Indeed, Vedder 
pointed out that in England and Wales, the highest mortality rate for any 

                                           
29 Baskerville (1920). 
30 For further details on this influenza epidemic, see Crosby (1989) and Van 
Hartesveldt (1992). 
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epidemic since the registration of deaths began had been 3,033 per 
million in a cholera epidemic in 1849.  The mortality rate from influenza 
in 1918–19 in a period of 46 weeks was 4,774 per million.31 The medical 
establishment was acutely aware of the fact that historical records showed 
a repeating pattern of flu epidemics, with 22 epidemics starting with the 
first recorded outbreak in Massachusetts in 1627. The enormity of the 
epidemics and the pressure that the medical establishment was under 
cannot be stressed too strongly.32 Thus, when it was announced that 
chlorine could bring about the end of influenza the reaction was a mixture 
of both disbelief and excitement.33

Medical literature prior to the development of the chlorine treat-
ment serves to illustrate the ineffective handling of influenza and cold in 
the early twentieth century. An old measure against any contagion was 
isolation, recommended by many doctors in order to prevent an epidemic.  
The main problem with isolation in the case of influenza was that most 
strains of influenza only showed outward symptoms when the illness was 
past its most virulent and contagious stage.  As for flu vaccination, it was 
mired in a plethora of conflicting evidence at the time, and physicians 
were divided on its effectiveness.  A commonly used treatment was that 
of “nasal douching”, something which Leonard Hill and Mark Clement 
stated was “not only ineffective but dangerous” in their 1929 text on the 
causes and prevention of colds.34  Specific drugs, including many 
“quack” medicines, were also in existence for the treatment of colds, but 
the literature of the time suggests that none were recognized as 
particularly effective. As Hill and Clement put it: “the inefficacy of them 
is proved by the fact that the prevalence of ‘colds’ remains 
undiminished.”35 The traditional old-fashioned treatment involved the use 
of Dover’s powder, citrate of magnesia, or Epsom salts (to be coupled 

                                           
31 Vedder (1929), pp. 69–70. 
32 To put the scale of fatalities in perspective is a somewhat morbid task, but the death 
toll from the 1818–19 epidemic was in the scale of the number of all combatants who 
died in the Second World War, or in the order of the entire populations of New York 
and London combined. 
33 See Cecil (1925), pp. 89–92. 
34 This involved the inhalation of salt water or antiseptic solutions.  See Hill and 
Clement (1929), p. 112 
35 Ibid., p. 114. 
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with a hot mustard foot-bath).36 The physiological foundation for the 
latter treatment was merely the fact that it induced large amounts of 
sweating. It was also believed by many that alcohol could be used to 
avoid developing a cold or the flu.  However, it was discovered that 
attempts to stem illness by drinking heavily only served to weaken the 
immune system. According to Hill and Clement, the only known methods 
of avoiding developing the common cold were cleanliness and common 
sense. Therefore, they welcomed the innovation of chlorine therapy. 

One of the main reasons that chlorine therapy was not immediately 
discredited was the fact that very little was known about viruses at the 
time.  Diseases like influenza were an enigma to the medical community.  
Indeed, influenza was not even well-defined. Francis Graham Crook-
shank, a Fellow of the Royal College of Physicians in London, stated in 
his introduction to the book Influenza (1922) that “no one has yet 
succeeded in achieving either a satisfactory definition of what is meant by 
influenza, or a description, far less a regulation, of the usage of the 
word.”37  This ambiguity would allow no definite epidemiological testing 
of chlorine treatment.  Indeed, R. Donaldson, an influenza specialist, also 
stated: “the word [influenza] does not imply any definite symptom-
complex, but calls up merely a confused mental picture.”38   

Curing symptoms of a “confused mental picture” may have been 
difficult, but it was still much easier than explaining the exact bio-
chemical processes leading to a patient’s recovery; the mechanism by 
which chlorine therapy was meant to cure people was a matter of great 
controversy. The credibility of Vedder’s explanations of chlorine’s 
beneficial action was still being debated, and many physicians doubted 
the long-term influence of chlorine in curing patients. But Fries, an 
engineer by training, adamantly believed that the mechanism was not 
important because statistical tests showed the treatment to be an 
overwhelming success.  The Washington Post quoted him as declaring: 

I am not primarily interested as to whether chlorine kills a part of the 
germs or all of the germs or none of the germs.  I want to go on record 
definitely here and now that chlorine helps prevent the development of  

                                           
36 Dover’s powder was an opiate used in treatment for several diseases.  Citrate of 
magnesia is a laxative that is still used today. 
37 Crookshank (1922), p. 31. 
38 Donaldson, in ibid., p. 139. 
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certain respiratory diseases, decreases the danger and vigorous 
character of others and cures still others.39

3.2. The motivations of the Chemical Warfare Service 
Fries was a staunch advocate of chemical warfare. In 1921 he 

stated: “it is just as sportsman-like to fight with chemical warfare 
materials as it is to fight with machine guns.”40 (This is quite similar to J. 
B. S. Haldane’s utilitarian view discussed in Chapter 8, Section 3.3.) In 
his mind the science of chemistry had developed a powerful, humane 
method of warfare that was unsurpassed.  However, the general opinion 
of both the public and even the military seemed set against him.  Indeed, 
the executive order establishing the Chemical Warfare Service (CWS) in 
1918 also ordered its termination six months after the end of conflict.41  
Thus, General Fries and his fellow chemical-warfare advocates spent the 
postwar years trying to survive in a climate of alienation.  In Frederick J. 
Brown’s estimation, “with his dynamic personality and extensive contacts 
in Congress and the chemical industry, he [Fries] quite literally kept the 
CWS alive.”42

The opposition to the CWS within the military itself was consid-
erable. Fries made numerous appeals to his command in an attempt to 
perpetuate the existence of the CWS, but his requests fell on deaf ears.  
The military hierarchy publicly displayed its opposition towards any 
moves that might see this service become a permanent department of war.  
This opposition was led by no less than the Army Chief of Staff Peyton 
C. March, and the Secretary of War Newton D. Baker (we documented 
March’s ethical objections to chemical warfare in Chapter 8, Section 
3.1).43 Baker and March represented many in the Department of War who 
were somewhat ashamed of this dishonourable weapon that flouted the 
rules of war set by the Hague Conventions of 1899 and 1907, which 
clearly identified and protected the rights of non-combatants as neutral 
parties in any hostilities that may develop between nations. General 

                                           
39 The Washington Post, 15 February 1925.  There is an interesting echo here of the 
stance taken by the 19th-century advocates of chlorine disinfection, discussed in 
Chapter 6. 
40 Fries and West (1921), p. 372. 
41 Smart (1997), p. 25. 
42 Brown (1968), p. 130; see Jenkins (2002), pp. 9–46, for a more detailed discussion. 
43 Smart (1997), p. 25. 
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March’s views were clear and steadfast, as he later put forward in his The 
Nation at War: “the use of an instrument of death which, once launched, 
cannot be controlled, and which may decimate noncombatants ― women 
and children ― reduces civilization to savagery.”44

 When the time came for the dissolution of the CWS, Fries could 
hardly believe that such an important revolution in warfare could be 
abandoned.  The threat of ending chemical weapons research in the U.S. 
led him to launch a campaign in an attempt to drum up support. As 
Edmund Russell puts it: “If going up the chain of command failed, then 
Fries would go around it. That path led Fries and his allies to Congress 
and, less immediately important, to the public.”45 Congress held the 
power to save the CWS, so he convinced several chemical warfare 
veterans to lobby Congress and praise chemical warfare in public.  The 
only thing we could be sure of, Fries argued, was that the future 
possibilities of gas warfare would dwarf the use of gas in the First World 
War.  An example of Lewisite gas was often cited.  It was a new breed of 
gas developed by the CWS, whose toxicity was 55 times that of mustard 
gas. A popular poem by a young lieutenant who served in the CWS 
illustrates the sort of points these officers wanted to make: 

There is nothing in war more important than gas  
The man who neglects it himself is an ass 
The unit commander whose training is slack 
Might just as well stab all his men in the back.46

It was also argued that research on poisonous gases could not be con-
trolled, as “you may be carrying out a research to discover a new gas, and 
even the other chemist on the next bench can hardly be sure that you are 
not making some harmless dye or perfume.”47

The chemical warfare officers’ campaign paid off, and they man-
aged to prevent the abolition of the CWS in the Army Reorganization Bill 
of 1920. However, their battle was by no means over. As we have 
discussed in Chapter 8, there was growing public hostility to chemical 
weapons, and gathering strength in movements for international arms 
control. The Washington Conference of 1921, also discussed in more 
detail in Chapter 8, was the product of a large number of anti-war groups 

                                           
44 March (1932), p. 333. 
45 Russell (2001), p. 55. 
46 Quoted in Smart (1997), p. 26. 
47 Hall et al. (1925), p. 29. 
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that were demanding organized debates on matters such as chemical 
warfare.  The public sentiment was in favour of the anti-war groups, not 
just out of fear of new technology but also from worry about the large 
armed populations of Asia. At this conference the American delegation 
accepted a recommendation banning chemical weapons, and because of 
overwhelming public demand Congress ratified a treaty stating this in 
1922. The only reason why the treaty did not pass into international 
recognition was because France objected to the restrictions it placed on 
submarines. As a result the CWS narrowly survived.  However, there was 
serious fallout. The Appropriations Act of 1922 reduced the CWS’s 
funding from $4.2 million in 1922 to $1.5 million in 1923; funding level 
was cut further in 1924, down to $0.6 million.48

Clearly, the CWS again found itself fighting for its survival. The 
clear message given to the chemical warfare officers by their depart-
mental superiors was: publicize or die. Having failed to convince the 
public of the importance of chemical weapons in war, Fries changed tack 
and embarked on a public campaign to promote the peacetime uses of 
gas, while continuing to argue for the humanity of gas in war.  Research 
now focused on the peaceful uses of chemicals.  Sociologists of science 
have argued that the practice of turning destructive military technology 
into civilian technology is common after the end of a military conflict.49  
This is manifested in what has been dubbed the “spin-off paradigm”: the 
scientific community needs, in some way, to justify and validate the 
creations of war.  That pretty well describes the new strategy taken by 
Fries and his associates.  The CWS got into a whole variety of peaceful 
applications of its wartime knowledge, ranging from making gas masks 
for mines to killing gophers with chlorine gas.  These activities generated 
a considerable amount of publicity for the CWS, most of which was 
positive.  The New York Times reported: “General Fries declared that the 
Chemical Warfare Service might well be named ‘Chemical Peace 
Service,’ since its present activities are mostly of a constructive nature.”50

                                           
48 Brown (1968), pp. 90–91. 
49 One only has to look to the Second World War, the birth of the atomic age and the 
development of radiation therapy to furnish another example.  See Alic et al. (1992), 
pp. 8–9. 
50 See Russell (2001), p. 62, for a description of these activities, and also the 
quotation. 
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Of all of the CWS’s “peace works” in the early years, chlorine 
therapy was clearly the winner. In a brief and hard-hitting article dis-
tributed by the Chlorine Institute (then based in New York), Fries thought 
his pet project deserved a rhetorical flourish harking back to Isaiah: 

Modern times furnish no such graphic example of beating swords into 
ploughshares as that contained in the discovery that chlorine gas, 
introduced by the Germans, as a powerful weapon of war[,] is now an 
effective treatment for colds, influenza, whooping cough and other 
troublesome and injurious diseases.51   

It was not only the CWS chief who was keen to highlight the 
significance of the first poison used at Ypres now being used as a medical 
cure.  Journalists also felt that the irony was a positive one.  A New York 
World headline announced: “Fumes that Broke the British Front, Leaving 
Hundreds Dying, Now Cure Influenza, Bronchitis and Other Ailments.”52  
The Washington Post declared: “Chlorine to Save More Lives A Year 
Than Its War Toll.”53 Chlorine chambers proved to be a fruitful way of 
validating the recently created weapons of war. The fact that a gas 
immediately associated with the carnage of war was being used for 
medicinal purposes captured the public imagination.  This helped to raise 
the profile of the treatment and spread awareness of the many uses of 
chlorine gas.  It seems that General Fries was fully aware of the beautiful 
irony in chlorine therapy and was therefore keen to exploit its public-
relations potential. 

Chlorine therapy was one of the most popular CWS enterprises.  
From 1922 onward, victims of colds, influenza and other respiratory 
diseases were often treated with inhalations of chlorine gas. The 
Washington Post reported, quoting Fries, that 86% of subjects felt better 
after treatment.54 The efficacy of the treatment seemed astounding and 
created a great deal of interest. One noted physician was quoted as 
stating: “Few announcements in recent years have occasioned more hope 
in the minds of the medical profession and the laity than did the report on 
chlorin [sic] as a therapeutic agent.”55 One of the main reasons behind the 
spread of chlorine treatment was a concentrated media drive by Fries.  

                                           
51 Fries (n. d.). 
52 Quoted in Russell (2001), p. 63. 
53 The Washington Post, 15 February 1925. 
54 Ibid. 
55 Quoted in Russell (2001), p. 63. 
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The general made every effort to ensure that coverage of the treatment 
appeared in both the popular press and the academic journals. Once 
backed with Colonel Vedder’s glowing statistical success rate, Fries had 
enough to launch his campaign. 

3.3. The rise of chemistry 
 It would be a mistake to think that it was only the military sup-

porters of the CWS that promoted chlorine therapy. In fact, civilian 
chemists and chemical engineers were on the whole most enthusiastic 
supporters of the CWS, and they saw its imminent demise as a threat to 
the field of chemistry.56 Articles were published in Engineering News, 
The Journal of the American Chemical Society, and The Journal of 
Industrial and Engineering Chemistry that publicized the powerful and 
far-reaching effects that chemical weapons could have in war. This 
campaign by civilian chemists greatly aided the lobbying for the National 
Defence Act of 1920, which made the Chemical Warfare Service a 
permanent part of the Army. 

Why were the civilian chemists in favor of chemical warfare?  
Shortly after the Great War a great stimulus was given to scientists all 
over the globe, who had realized that the first organized use of science 
(which later came to be known as “Big Science”) by the Allies was being 
touted as a main reason for their victory.  Scientists could now see them-
selves as the special breed who were destined to elevate our societies.  
Such euphoria among scientists was especially dominant in the field of 
chemistry, a view generated by the magnified role that this field of 
science came to play in the First World War.  Since chemists had helped 
to win the war, their aim was now surely to help “win the peace”. After 
the war it became apparent that chemistry held the key to both national 
security and economic progress. The chemical industry had grown 
massively during the war years as a result of demand from home markets 
and the loss of many crucial chemical imports.  From this point on, 
chemists were to sustain a sense of indispensability that they had not 
previously enjoyed.   

Public consciousness of chemistry also underwent a change after 
the ravages of war.  Public feeling switched from indifference to patriotic  

                                           
56 See Jones (1969), pp. 173–191, for a detailed discussion of the American chemists’ 
general and organized support of the CWS. 
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approval of the science.  Indeed, according to the authors of Chemistry in 
America, “the chemical industry, long regarded as either a sort of 
glorified drug store or else the producer of cheap and nasty substitutes, 
became suddenly the creator of ‘new values’.”57 This was due to a 
number of what they dub “chemical boosters”, used to publicize the new 
position occupied by chemistry in modern science.  The father of chlorine 
chambers, Harrison Hale, was a prominent figure in the sphere of 
chemistry and a key player in much “chemical boosterism”. The in-
creased prestige of chemists allowed a much greater degree of leverage in 
political affairs. The majority of professional chemists adamantly 
objected to the plans to dissolve the CWS, and they played a key role in 
ensuring that it was not closed down. 

When General Fries was appointed as the director of the CWS in 
March 1920 he was keen to maintain the support of civilian chemists.  
Thus, he was greatly reassured when the American Chemical Society told 
him that he could continue to count upon “the whole-hearted and 
enthusiastic support of the civilian chemists of the country.”58  Fries was 
asked to give a speech at the 59th meeting of the American Chemical 
Society held in April 1920 in St. Louis.  At this meeting he attempted to 
cement relations between the CWS and the U.S. chemical community.  
He planned to maintain a small research organization at Edgewood Ar-
senal which was open to any suggestions or questions from the chemists 
of the country.  Fries also expressed a hope that academic and industrial 
chemists might participate in CWS activities. As a result the Relations 
Section of the Research Division was set up. This body was “charged 
with maintaining communication with chemists in academic institutions 
and industries throughout the nation.”59 In the Annual Report of the 
Relations Section in 1920 a policy of university cooperation was outlined.  
In return, the American Chemical Society also formed an official body to 
serve as an advisory board to the Chemical Warfare Service.  This board, 
which was later named the Committee for Cooperation with the Chemical 
Warfare Service, held its first meeting at the Edgewood Arsenal on 23 
April 1921. It was through this newly forged alliance that the work of 
Harrison Hale came to the attention of Fries.   

                                           
57 Thackray et al. (1985), p. 100. 
58 Clarence J. West, The Chemical Warfare Service (New York, 1920), p. 164; cited 
in Jones (1969), p. 174. 
59 Jones (1969), p. 175. 
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3.4.  Elitism in public relations 
It is also important to note the social contexts in which the publici-

zation of chlorine therapy occurred. From the start, it was a very con-
scious strategy on Fries’s part to gain the attention of the social elite. As a 
strategy for influencing legislation in Washington that was an obvious 
direction to take, and the treatment of high-profile figures also generated 
a great deal of media attention and created a chlorine-chamber fad.60 The 
publicity campaign began during the experimental stages of chlorine 
therapy, quite some time before Vedder and Sawyer’s first paper on the 
subject was published. 

The winter of 1922–23 was unusually cold and as a result there 
was a prevalence of bronchial troubles and colds among members of the 
Senate and House. John W. Weeks, the Secretary of War appointed in 
1921 by President Harding, suggested that a room in the Capitol building 
itself could be used as a gas chamber for the treatment of these problems.  
A room was set aside near the Senate Appropriations Committee, where 
the CWS gassed more than 750 people.  In January 1924 Weeks himself 
submitted to chlorine treatment.  Perhaps “submitted” is the wrong word 
here, as Weeks was more a co-conspirator in Fries’s campaign than one 
of its targets.  During this period of post-war downsizing of the military, 
Weeks was actively engaged in a campaign of military preparedness, 
lobbying for an increase in military spending after a period of drastic 
cuts.  Fries and Weeks had campaigned in tandem against the “insidious 
propaganda of pacifists”, which they saw as detrimental to the progress of 
chemical weapons research.61  After the Secretary declared himself much 
relieved, 2,632 people followed that endorsement from the top to receive 
treatment in the Army Medical Division in Washington. Chlorine 
chambers were also established in the offices of the Attending Surgeons 
of the Army and Navy, where nearly 3,000 people received treatment by 
February 1925.62   

The biggest public-relations prize for Fries and Weeks, of course, 
was the President, and this came their way when he conveniently caught a 
serious cold in May, as we have already mentioned.  Coolidge would not 
have taken the treatment lightly.  He was a quiet man who considered all 
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the implications of his actions; he would have realized in advance the 
importance attached to his submission to the treatment.63 He was aware 
that the treatment was being developed by the CWS, and he knew that 
support of the treatment would be an endorsement of the CWS.  Coolidge 
himself was against first use of chemical weapons and had pushed his 
government, in line with public opinion, to work toward an international 
treaty would result in consensus on his views.  However, contrary to 
public opinion he did not believe that all research on chemical weapons 
should be stopped, believing that no treaty could entirely rule out the use 
of chemical weapons in a future war. 

Capturing the president certainly had the desired impact. On 22 
May, the second day of front-page reportage in the Washington Post on 
the president’s chlorine treatment carried this curious sub-headline: 
“Slemp, Though Having No Cold, Tests Chlorine”. The article went on to 
explain: C. Bascom Slemp, the president’s personal secretary and an 
influential Southerner, also took the treatment, “not because he had any 
cold, but just to see what it was like.”64  Slemp’s treatment is indicative of 
the degree of curiosity that the President’s case had aroused about 
chlorine, which later created a great deal of demand. The Washington 
Post went on to state, “The President’s secretary said he wasn’t sure that 
chlorine gas is what is claimed for it, but he didn’t mind it. At any rate, it 
gave him some relaxation from the work of the executive offices.” A 
complete treatment required one-hour sessions on three consecutive days.  
This lengthy period allowed some time to relax, adding to the appeal of 
the cure. Wallace and Tiernan, the key manufacturer of devices used to 
administer the chlorine, exploited this element of the treatment in its 
marketing materials: brochures showed patients relaxing in a chair either 
reading a book or newspaper. Slemp was not alone. One media commen-
tator quipped: “President Coolidge has made the chlorine treatment so 
fashionable that members of the smart set who haven’t sneezed since 
Christmas are thinking of laying in a supply of germs.”65

This co-optation of the political elite in chlorine therapy did not 
only generate broader interest, but also served as a powerful rhetorical 
weapon in scientific debates about the merits of chlorine. We have 
already mentioned the critique of chlorine therapy promptly launched by 
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the New York Department of Health, in Section 2.  Dr. Louis I. Harris, 
who was the Director of the department’s Bureau of Preventable Dis-
eases, complained in a high-profile article in the New York Times: 
“Popular interest in the use of chlorin [sic] gas as a preventive and 
therapeutic agent was aroused when the President submitted to this 
treatment for a cold.”66 In an address to Army Reserve officers and the 
Washington section of the American Chemical Society, Fries rebuffed 
officials of the New York Department of Health by pointing out the 
success of the treatment in Washington.  The announcement was reported 
in the New York Times under the title “Gen. Fries Defends Chlorine 
Treatment; Replying to New York Officials, He Points to Test Made in 
Washington.”67 Fries argued that around one thousand individuals had 
been treated in the Capitol, including “clerical assistants and friends of 
the legislators”. Although precise statistics had not been compiled, Fries 
argued: “from the nearly unanimous approval of the treatment I am 
perfectly sure the record of cures and improved cases was the same as 
among the 1,970 treated in a room of the office of the chief of the 
Chemical Warfare Service.” For Fries the use of the treatment in the 
Capitol was seen as proof of chlorine’s curative properties.  Fries was 
always keen to highlight the social standing of the patients, who included 
“members of the U.S. Senate, the House of Representatives, the Diplo-
matic Corps, many other government officials and prominent people from 
all parts of the United States who came to Washington solely for the 
purpose of trying the chlorine treatment.”68 This thinking found at least 
some echoes in the minds of the decision-makers themselves. When it 
was mentioned that the New York Department of Health condemned 
chlorine as a therapeutic, a member of the Congressional committee con-
sidering the funding for the CWS retorted, “Oh well, you don’t need to 
tell me about chlorine; I know, I was cured.”69
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68 Fries (n. d.). 
69 Quoted in Russell (2001), p. 63. 
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4. The demise of chlorine chambers 
Just at the peak of its popularity, however, the drive in support of 

chlorine therapy began to collapse.  The first leg of the campaign to give 
was no less than Vedder. Although he did reply to the criticism from the 
New York Department of Health by arguing that the negative results 
obtained in New York were due to the fact that the trials were “half 
hearted and prejudiced”,70 he did not join Fries in appealing to the social 
authority of the CWS’s famous patients to win the argument. Vedder 
must have recognized the serious anomalies surrounding the exaggerated 
claims for chlorine therapy. His major work in 1925, The Medical 
Aspects of Chemical Warfare, included a mere eleven pages (out of more 
than three hundred) on chlorine chambers, and even that was in the very 
last chapter.  The chapter in question was also understated in comparison 
to previous euphoria, as Vedder outlined the many problems he faced in 
controlling the concentrations of chlorine, constructing the chlorine 
chambers, and so on.  This was to be the last time that Vedder mentioned 
chlorine inhalation in his publications. He left his position at the 
Edgewood Arsenal and went back to Manila in 1925. 

It may have been scientific reasons that forced Vedder himself to 
renounce his position.  However, these were ultimately not the main rea-
sons behind chlorine therapy’s sudden demise. We need to be reminded 
that scientists tend to have a thick skin and rarely turn their backs on their 
favorite ideas so easily, especially when they have a potential for a huge 
discovery and have some plausible basis.  Chlorine therapy satisfied both 
of these conditions, but its advocates crumbled with surprising ease in the 
face of criticism.  The fate of chlorine therapy was ultimately tied to an 
organization whose main interest was its own survival and which was 
ready to use any means possible in order to ensure this feat.  The CWS’s 
desperation made it seek all devices it could use in the hope of survival, 
and only focus on the most promising of such devices.  The CWS’s main 
aim was neither scientific knowledge for its own sake, nor the successful 
treatment of diseases. Therefore it was not interested in tenaciously 
developing chlorine therapy if there was an easier way of gaining 
favorable publicity for itself.  And it just happened that at the time when 
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chlorine therapy was running into scientific opposition, a formidable 
competition for the attention of the CWS emerged, in the form of insecti-
cides.  This story has been well-documented by Edmund Russell.71

A fear of insects, which threatened agriculture and spread diseases, 
began to grip America in the 1920s.  For example, the Century Magazine 
in 1922 announced that there was “warfare between man and the insects”, 
which was to be waged with “relentlessness and determination”. Harper’s 
Magazine published an article in 1925 which identified the “insect 
menace” as the main problem facing humanity: “The issue is vital: no less 
than the life or death of the human race. If man wins he will remain the 
dominant species on this earth. If he loses he will be wiped out by this, 
his most ambitious racial enemy.”72  Having realized that its first project 
of chlorine chambers had met a stern scientific wall that would have 
required an awful lot of work to breach, the CWS opted out, quickly 
seizing upon the peacetime project of waging war on insects.  Already by 
1924, at the request of the CWS, an agent from the Bureau of Entomol-
ogy was given the task of studying all the gases used in the war and their 
possible application to the insect problem.73 For the CWS, it was a 
rational move to go for a more promising option for gaining public 
attention, even though the insect threat might have been closer to science 
fiction than real science. 

Apart from the advantage of being in the public arena again, where 
the CWS advocates could work to allay the fears of chemicals and stress 
their necessity, insecticides also provided a more promising financial 
prospect, as this was indeed an area where companies smelled profits.  
Finding the right product, it was argued by several organic-chemistry 
firms, could unlock vast insecticide markets.  One only needs to think of 
household and agricultural problems caused by insects to see the 
rationality of this idea.  By 1928, Innis, Speiden & Co. was the first to 
successfully market an insecticide.74  This was in stark contrast to the 
uncertain financial possibilities offered by chlorine chambers. For 
example, The Wallace and Tiernan Company, which manufactured 
portable chlorine inhalators, had refused to sell their product due to the 
fact that different atmospheric conditions of the treatment room could 
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turn chlorine inhalation into a dangerous activity.75 The CWS also 
continued with various other peacetime projects, including the promotion 
of riot-control gases.  And soon Fries was able to support his claim about 
the peacetime usefulness of gas: “every week . . . gas is used by Police 
Departments [in] saving lives of policemen and innocent bystanders and 
in overcoming criminals in barricaded buildings without a shot being 
fired or without danger to anyone.”76

Unfortunately for Fries, the connection of the CWS with com-
mercial interests caught up with him in the late 1920s and early 1930s.  
Suspicions had arisen, further fuelled by the economic slowdown, that the 
chemical industry, with its tight connections with the CWS, had not only 
profited from wars but even started them. For example Norman Hopgood, 
in his Professional Patriots (1927), specifically identified Fries along 
with Eton Hooker (the president of the Hooker Electro–Chemical Co.) as 
examples of “professional patriots” whose “persistent propaganda” had 
degraded “the name of patriotism to the service of the dollar”. This was 
followed by Merchants of Death (1934) by Helmuth C. Engelbrecht and 
Frank C. Hanighen, which became a best-seller.77  Under these pressures, 
the CWS decided to stop its targeting of the public with its peace projects.  
That was still not enough to stop the U.S. Senate from appointing a 
special committee in 1934 that was empowered to investigate and curtail 
the power of the munitions industry.  The subsequent fate of “swords into 
ploughshares” projects is a fascinating subject that is beyond the scope of 
our discussion here. 

5. Conclusion 
Chlorine inhalation for the prevention and cure of respiratory infec-

tions was an idea with perfectly sound scientific potential, especially 
when compared with other available measures. However, as we have also 
seen in the cases of chlorine bleaching (Chapter 5), chemical disinfection 
(Chapter 6), and even gas warfare (Chapter 7), such scientific potential is 
not enough to create a working technology that is widely adopted.  In the 
present case of chlorine therapy for respiratory diseases, developments 
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were decisively swayed by political factors very nearly from the start.  
The main driving force behind the rapid and spectacular rise of chlorine 
therapy was its promotion by the Chemical Warfare Service, made 
possible by the helplessness of established medicine in the face of the 
influenza epidemic and assisted by the community of civilian chemists.  
General Fries and his collaborators launched a brilliant public-relations 
campaign, generating a fad of chlorine inhalation by convincing the 
political elite in Washington to adopt it. However, this campaign was 
abandoned with alacrity in the face of criticism from the medical 
establishment, as attention was shifted to more promising peacetime 
projects for the Chemical Warfare Service, particularly the promotion of 
insecticides. 
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Daisy O’Reilly-Weinstock 

1. Introduction 
In Chapters 7 and 8, we discussed how the introduction of chemi-

cal weapons changed the face of warfare. Yet warfare has changed 
science just as much.  In this chapter we present two instances in which 
the military uses of chlorine-based chemical agents had significant 
impacts on scientific communities and their relationship with govern-
ments.  During the First World War (WWI), the necessity to understand 
the physiology of chlorine and other poison gases brought physiologists 
out of their relative isolation, integrating them into the political decision-
making process and changing the structure of their own community.  Half 
a century later, the dispute over the use of chlorine-based herbicides in 
Vietnam by the U.S. military pitted scientists inside and outside the 
government against each other in a battle for public credibility. In the 
course of this episode, there was a major shift of perceived authority from 
the government to the civil scientific community. 

2. Chemical weapons research and physiology in WWI 
The development and use of chemical weapons during WWI con-

tributed significantly to its characterization as the “Chemists’ War”.1 As 
the chemist James Withrow wrote in 1916: 

There is little use in attempting to disguise the fact that the present war 
is a struggle between the industrial chemical and chemical engineering 
genius of the Central Powers and that of the rest of the world. Quite 
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irrespective of the war’s origins, aims, ideals or political circum-
stances, these are the cohorts from which each side derives its power.2

The 124,200 tons of poison gas used in battle may seem like a fairly 
small amount compared to the 2 million tons of high explosive and the 50 
billion rounds of small-arms ammunition,3 but the unconventional and 
indiscriminate injuries caused by gas created new horrors on the battle-
field, and presented politicians, military leaders and scientists with novel 
ethical dilemmas. (We have given a detailed discussion of these issues in 
Chapters 7 and 8.) 

Chemistry was in fact only one of the sciences heavily involved in 
WWI. Already by the autumn of 1915, the renowned British electrical 
engineer J. Ambrose Fleming declared: “It is beyond any doubt that this 
war is a war of engineers and chemists quite as much as of soldiers”.4  
Guy Hartcup’s characterization of WWI as the “war of invention” seems 
beyond dispute, when we consider the introduction of airplanes, tanks, 
torpedoes, wireless communication, submarine detection systems, syn-
chronized machine guns, incendiary weapons against aircraft, oxygen 
masks for airmen, and so on.5 Academic and industrial research were 
already well integrated before the outbreak of war in 1914 in several 
scientific disciplines, but the war intensified that tendency and brought in 
a very strong involvement of governments. 

In his study of the American chemists in WWI, David J. Rhees has 
argued that the chemical community was influenced in five important 
ways.  The war greatly accelerated the growth of the American chemical 
industry, thereby enhancing the financial importance of industry to the 
chemical profession. The war also strengthened the ties between the 
chemical profession and the military. It “jolted chemists out of their ivory 
tower”, caused them to abandon their “laissez-faire mentality and led 
them to engage in aggressive political lobbying for the first time”.  It also 
stimulated patriotism in the chemical community, which at times 
disintegrated into nationalism and nativism. Finally, the war brought 
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about a new self-consciousness among chemists as regards their public 
image, encouraging them to initiate a campaign to popularize chemistry.6

A similar pattern of increasing social involvement can be seen in 
the case of physiology in Britain. Although physiology was an estab-
lished scientific discipline by the early 20th century, it had only tenuous 
links to medicine and did not have such direct dealings with patients and 
field research.  In his study of British physiology during and after WWI, 
the historian of medicine Steve Sturdy has shown how physiologists 
moved “from the periphery of war-related research to its very core” 
during the war.7 He argues that “in many respects physiologists would 
come to play a more important role than their chemical colleagues . . . 
particularly in the field of chemical warfare”.8 WWI also exerted a 
profound influence on the discipline of physiology.  According to Sturdy, 
physiologists also “modelled their methods of observation and accounting 
on those used by the military, and thereby turned the laboratory into an 
experimental analogue of the battlefield.”9 In this way, physiology was 
transformed from a low-profile, marginal laboratory science into a 
powerful discipline that carried out its own clinical studies and had an 
independent public voice.  In the remainder of this section, we present a 
review of Sturdy’s work on the British physiological community during 
WWI, focusing on the following two papers by him: “War as Experiment: 
Physiology, Innovation and Administration in Britain, 1914–1918”, and 
“From the Trenches to the Hospitals at Home: Physiologists, Clinicians 
and Oxygen Therapy”. 

Two days after the first gas attack at Ypres on 22 April 1915, Lord 
Kitchener, the War Minister, summoned the respiratory physiologist John 
Scott Haldane (1860–1936) to the War Office, asking him and Herbert 
Baker, Professor of Chemistry at Imperial College, to visit France and 
report on the nature and effects of the German gas attack.  (J. S. Haldane 
was the father of J. B. S. Haldane, whose views on chemical warfare we 
discussed in Chapter 8, Section 3.3, and who collaborated with his father 
on the war work.)  In France, where they attended the post-mortem of a 
man who had recently succumbed to the after-effects of gas, Haldane was 

                                           
6 Rhees (1992–93), p. 40. 
7 Sturdy (1998), p. 66. 
8 Ibid., p. 67. 
9 Ibid., p. 74. 
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quick to identify the gas as chlorine, noting that it killed primarily by 
causing a massive inflammation of the lungs. On his return to England 
Haldane, with a number of his colleagues, began to assist the War Office 
“in designing and organising production of the first effective British gas 
masks”.  The introduction of gas warfare ended at a stroke the previous 
isolation of British physiologists from the war effort.10

According to Sturdy, physiology was not “particularly highly 
regarded even within the medical profession. Over the previous five 
decades it had come to be valued as part of the preclinical scientific train-
ing of medical students”, but remained “little more than a preparatory 
stage in the medical curriculum”, not having much to offer to medical 
practice itself.11 Physiologists were rarely given access to patients for 
research purposes and physiology was often seen merely as a “pre-
clinical” science.12 So, despite the fact that physiology was firmly 
established as an academic discipline by 1915, it was particularly remote 
from any areas of practical endeavour that might directly impact on the 
nation’s war effort.  Leading physiologists such as J. S. Haldane, Leonard 
Hill and Joseph Barcroft had all been conducting research into respiration 
and oxygen consumption before the war. However, their work was 
largely confined to the laboratories of medical schools, cut off from 
research in the field. Independence from medical practice gave 
physiologists the opportunity to further their research careers and to shape 
their own identities as scientists; they were able to mould their profession 
as they wished.  It seems that 19th-century physiologists thrived in this 
small, close-knit community, communicating their thoughts and ideas 
freely and making sure that they were always in touch with new 
discoveries that might help their own work.13

Initially, physiologists did not play an important role in the 
scientific campaign for official involvement in the war effort, which was 
dominated by physicists, chemists and engineers. In 1914 the Royal 
Society appointed a War Committee and a Chemical Subcommittee 
which conducted investigations in relation to the war, including research 

                                           
10 Ibid., pp. 65–66. 
11 Ibid., p. 66. 
12 Sturdy (1992), p. 104. 
13 Butler (1981) provides great insight into how physiologists existed within the 
medical community, specifically medical schools; O’Connor (1991) gives a useful 
view of the physiology community. 
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into the design and development of possible chemical weapons, but 
physiologists were not included in these committees. A handful were 
involved in war-related medical research under the auspices of the newly 
founded Medical Research Committee, but the War Office took little 
interest in these efforts.14  However, the devastating effects of the German 
gas attacks starting in April 1915 changed everything.  The government 
authorities soon realized that scientific knowledge of the effects of poison 
gases would help in developing a suitable defence against them.  
Kitchener quickly sent Haldane and Baker to France. On 12 May 1915 
Haldane and E. H. Starling, another physiologist, were co-opted onto the 
Chemistry Subcommittee. At the urging of the Subcommittee, Haldane 
began conducting animal experiments in order to evaluate the poisonous 
effect of various chemicals, and their potentials as weapons. 

At the same time government departments were trying to make the 
most of the nation’s scientific expertise. At the War Office Alfred Keogh, 
the scientifically minded Director-General of the Army Medical Service, 
established an Anti-Gas Department under the Army Medical Service, in 
order to carry out research into the design and production of respirators, 
and other defensive measures. Keogh also recommended that the Royal 
Society establish a separate section committee on physiology, the 
Physiology (War) Committee. Towards the end of 1915 Starling was 
recruited to the Anti-Gas Department to take charge and he brought with 
him several other physiologists. Under Starling’s direction the Anti-Gas 
Department was very successful in developing effective respirators.15  
And defensive work was not all that the War Office was interested in. 
The Anti-Gas Department, despite its name, was given the task of con-
ducting research into the offensive potential of various chemicals.  The 
department liaised with the Gas Services Central Laboratory in St. Omer, 
where the respiratory physiologist C. G. Douglas was working. 

In June 1915 the Ministry of Munitions was established in order to 
address the severe difficulties in supplying the Army with the huge 
number of artillery shells needed.  The minister in charge of the new 
department, David Lloyd George (later Prime Minister), turned to the 
Royal Society for advice. The Scientific Advisory Group was set up, with 
scientists from many different disciplines, including the physiologist W.  

                                           
14 Sturdy (1998), p. 67 
15 Ibid., pp. 67–68. 
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B. Hardy, the Biological Secretary to the Royal Society. Hardy undertook 
to collect detailed physiological data on the suitability of a wide range of 
chemicals for use as offensive weapons. As one of the chemists involved 
in chemical warfare research observed: 

Practically no accurate information was available as to the 
physiological effects, the toxicity, etc., of chemical substances.  
Experiments had therefore to be at once put in hand in order to 
ascertain the lethal doses and the action of the various compounds 
which at that time were known to possess offensive properties, and 
might probably be of value in chemical warfare.16

To meet this need, in June 1916 the Ministry of Munitions set up its own 
experimental station at Porton Down, run by the Special Brigade of the 
Royal Engineers, to field-test chemical weapons and carry out physio-
logical research under the directorship of Joseph Barcroft.17

So physiologists had managed to secure a very considerable degree 
of involvement in war-related research, but many remained dissatisfied 
with the way in which the official involvement with the war effort was 
being organized.  Sturdy observes that the “distribution of responsibilities 
reflected prevailing military suppositions about the different war fighting 
functions to be undertaken by different sections of the war machine.”18  
Officially the Anti-Gas Department was in charge of the defensive 
aspects of gas work, whilst the Ministry of Munitions primarily con-
trolled the offensive research, with some help from the Royal Engineers.  
Physiologists were perfectly qualified to advise on both offensive and 
defensive aspects of chemical warfare, but the strongly hierarchical 
structures of the military administration had a tendency to compromise 
the exchange of information between the various research groups. The 
Physiology (War) Committee, which had been set up by physiologists for 
physiologists, provided an unofficial means to coordinate research efforts 
across the military divisions, and it seems that some of the organizational 
rationality that the committee showed was reflected in the restructuring of 

                                           
16 J. Davidson Pratt, quoted in Sturdy (1998), p. 69.  This presumably refers to the 
research already underway in the Anti-Gas Department, but we know that research 
must have been going on in physiologists’ own laboratories.  Haldane had, since May 
1915, been conducting research using animal experimentation, and C. G. Douglas at 
St. Omer had embarked on similar research into the respiratory implications of certain 
gases. 
17 Sturdy (1998), pp. 68–69. 
18 Ibid., p. 69. 
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the Ministry of Munitions. In July 1917 Winston Churchill was appointed 
Minister of Munitions, with the specific aim of imposing a more rational 
and organized structure to the war effort.  By October the various offen-
sive and defensive departments, including the Anti-Gas Department in the 
War Office, were merged together to form a single Chemical Warfare 
Department of the Ministry of Munitions, with a single scientific advisory 
committee.  This re-organization presumed “that the exercise of scientific 
knowledge and skill should be freed from the constraints imposed by 
older operational assumptions about the proper distribution of offensive 
and defensive functions.”19 Scientists now became directly involved in 
determining what the needs were and how they might best be met. 

Often physiologists were rather ambivalent about their involvement 
in chemical warfare research, which tended not to be directly related to 
their peacetime work.  However, since Haldane, Douglas and Barcroft all 
had a keen interest in respiratory physiology, they found a great deal of 
interest in testing their hypothesis that the therapeutic administration of 
oxygen might help keep a victim of gas poisoning alive until the inflam-
mation of the lungs subsided and normal functions were restored.20  
Sadly, there was little opportunity for the physiologists to test these ideas.  
The Medical Research Committee funded Barcroft and Leonard Hill for 
brief visits to France in the second half of 1915 to investigate the effec-
tiveness of a new oxygen administration mask, but the treatment of gas 
victims was a relatively low priority at the time. In the autumn of 1916 
Haldane developed new apparatus specifically for the purpose of clinical 
administration of oxygen, which Douglas trialled at the laboratory at St 
Omer. The results were promising but Douglas was pulled back to his 
main responsibilities at St Omer.  In March 1917 Douglas was transferred 
to the front line, leaving his laboratory and his research behind.21

Military priorities were beginning to change, however, in the 
physiologists’ favour. As the war degenerated into attrition and the stale-
mate of trench warfare became more demoralizing to the troops and the 
nation, saving lives became a prime objective, a matter of urgent military 
and political concern. This was to prove the perfect atmosphere for 
physiologists to test their hypotheses and advance their knowledge and 
standing.  In May 1917 the Medical Research Committee began to fund 

                                           
19 Ibid., p. 70. 
20 Sturdy (1992). 
21 Sturdy (1998), p. 71. 
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Haldane and a young Canadian scientist, J. C. Meakins, to conduct 
research into the physiology and treatment of gas victims, many of whom 
had been transferred to military hospitals in England due to their con-
tinued disability.  In September 1917 the Physiology (War) Committee 
issued a pamphlet, Notes on the Effects of Pulmonary Irritant Gases, for 
circulation to military Medical Officers. This pamphlet proved to the 
authorities that physiologists could make a truly significant contribution 
to the war effort.  The Medical Research Committee was beginning to use 
all of the resources at its disposal to expand the programme of physio-
logical research into the therapeutic possibilities of gas warfare, and 
oxygen therapy at last had its chance to be tested. The Army Medical 
Service arranged for 4,000 cylinders to be made available to Medical 
Officers in France. It was a clear success.22

In the course of the war scientific research had been elevated to a 
new status within the state machinery.  In 1919 the old Medical Research 
Committee of the National Health Insurance Commission was dissolved, 
to be reconstituted as the Medical Research Council (MRC).  It was also 
made a committee of the Privy Council, free from the demands of 
particular administrative departments.  Scientists were as independent as 
possible in their choice of research programme, allowing scientific policy 
to take a subordinate role.  Sturdy argues that this was, in effect, “an 
official endorsement of the role that the physiologists of the Royal 
Society and the MRC had adopted in the development of gas warfare.”23

By the end of the war, many of the physiologists participating in 
the war effort had managed to integrate some of their pre-war research 
programmes with research carried out during the war, as in the case of 
Haldane, Barcroft and Hill and their oxygen therapy.  This integration 
allowed many physiologists to return to their civilian laboratories and 
simply continue their research at the end of the war.  Barcroft returned to 
Cambridge and, with support from the newly formed Chemical Warfare 
Medical Committee, constructed an oxygen chamber in which to investi-
gate the effects of longer-term oxygen treatment on chronic gas victims 
who suffered from disordered action of the heart (DAH).24 Barcroft’s 
research, and the work of many other physiologists who had been 

                                           
22 Ibid., p. 72. 
23 Sturdy (1992), p. 117. 
24 According to Howell (1998), DAH was a major cause of invalidity among troops 
and was already being investigated in military hospitals by MRC physiologists. 
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connected with the war effort, was greatly aided by the changes in the 
structure of medical schools.  Before the war, all clinical teaching posts in 
medical schools had been honorary appointments, normally occupied by 
leading hospital doctors on a purely part-time basis, and jealously pro-
tected from the involvement of physiologists.  However, proposals had 
been laid down in 1913 in the Final Report of the Haldane Commission 
on the University of London to create full-time salaried professors, who 
would not only take control of clinical teaching, but also conduct scien-
tific research.  Against very outspoken opposition from some sections of 
the medical profession the new University Grants Committee (UGC) 
adopted the advice of the report in 1919, and in the following year 
provided funds for full-time clinical professors in medical schools in 
London, Sheffield and Edinburgh. The new clinical research facilities 
owed a lot to the MRC, who augmented the UGC grants with additional 
research personnel and equipment.25

Sturdy argues that although there were only a handful of medical 
breakthroughs in physiology during WWI, the role of physiology in 
medicine and its position in society were irrevocably changed by the war.  
Before the war physiologists formed an isolated and closely knit 
community. The condescending attitude of the medical community meant 
that physiologists had little influence outside their own circle, but as early 
as the late nineteenth century, Haldane, Barcroft, Starling, Hill and others 
were no longer content to be on the sidelines.  Through their involvement 
with the war effort, these physiologists gained a higher profile within 
scientific circles, assuming prominent roles in committees such as the 
MRC.  They also occupied high-profile research positions at places like 
the Anti-Gas Department and Porton Down. By showing themselves to be 
a clear-headed and well-organized group blessed with initiative, the 
physiologists also gained endorsement from the state, largely retaining 
their freedom while receiving more resources.  War forced physiologists 
out from their laboratories and into the field, both physically and meta-
phorically, and catapulted those keen to gain greater involvement straight 
into the heart of the action.   

After the war, through the creation of clinical research pro-
grammes, physiologists had the chance to combine their skill at labo-
ratory research with clinical testing on patients. Even those physiologists 

                                           
25 Sturdy (1992), p. 118. 
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who did not gain those positions were helped by the higher profile that 
the profession gained through research into gas warfare. Physiology 
changed from a profession that hid in the laboratory into a group of 
professional scientists who combined skill in laboratory research with an 
ability to communicate and collaborate with colleagues not just in their 
own field, but more generally.  Through bodies such as the Royal Society 
and its Physiology (War) Committee they gained practical experience of 
organizing, and enhanced their public and scientific profile. Physiologists 
brought to the war their technical expertise but they gained from it a 
greater opportunity to advance their field. 

3. The U.S. herbicide programme in Vietnam 
Another case that highlights the interaction between war, science, 

and government relates to the extensive programme of defoliation and 
crop-destruction in Indochina undertaken by the U.S. military during the 
Vietnam War.  Known as “Trail Dust”, this programme also incorporated 
“Ranch Hand”, the U.S. Air Force’s herbicide-spraying operation.  Three 
main chemical compounds were employed: Agent Orange (a 50:50 
mixture of 2,4-D and 2,4,5-T) and Agent White (a mixture of 2,4-D and 
picloram) for defoliation; and Agent Blue (cacodylic acid) for crop 
destruction.26  With the exception of cacodylic acid, all of these chemicals 
belong in the class of “organochlorines”, namely chlorine-containing 
organic compounds.27  The defoliation and crop-destruction programmes 
elicited very strong adverse reactions, both within the U.S. and 
internationally. American veterans claimed that they or their families 
suffered a variety of side-effects, including birth defects.  The American 
scientific community also responded between March 1965, when the first 
detailed reports of herbicide use appeared in newspapers, and December 
1970, when President Nixon suspended Operation Ranch Hand. 

The U.S. government’s authority in relation to herbicide use de-
clined massively during that period, and we will attempt to explain why.  

                                           
26 The full chemical names for 2,4-D and 2,4,5-T are n-butyl 2,4-
dichlorophenoxyacetate and n-butyl 2,4,5-trichlorophenoxyacetate.  Picloram is 4-
amino-3,5,6-trichloro-2-pyridinecarboxylic acid.  Cacodylic acid is (CH3)2AsO2H. 
27 Thornton (2000) provides a thorough discussion of organiochlorines (including 
PCBs, dioxins, and DDT) and their environmental effects, advocating a 
comprehensive programme of phase-out. 
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It is instructive to view the events as constituting an authority shift: the 
authority of the scientific community rose to overtake the authority of the 
government, even though no significant new scientific knowledge was 
produced in the process. What we mean by “authority shift” is a re-
adjustment in the relative authority possessed by individuals, groups or 
institutions. Authority is a familiar concept, but it is hard to define 
precisely.  Here we take authority as a knowledge-based ability to affect 
decisions.  The authority of a given actor (person, group, institution) has 
three strongly inter-related characteristics.  First, authority is based upon 
knowledge, or, more accurately, the perception by others that one pos-
sesses some knowledge relevant to the circumstances.  Second, the ability 
to affect political decisions depends directly on this perceived knowledge.  
In other words, an authoritative person has a high degree of perceived 
knowledge and therefore affects policy decisions to a great extent.  Third, 
perceived authority is relative, the sum total of it remaining constant in a 
given situation. That is to say, when one actor gains authority, some other 
actor(s) must lose it. 

With respect to the events surrounding the U.S. herbicide pro-
gramme in Vietnam, we shall only focus on two players: the government, 
and the non-governmental (or, civil28) scientific community. This is 
clearly an over-simplification, but an instructive one. The government 
consists of all the machinery of the state, from the President down, 
through departments and agencies, and including the military.  The civil 
scientific community represents all scientists not in government employ-
ment, including independent scientific organizations such the National 
Academy of Sciences (NAS). The perceived authority of the civil scien-
tific community, defined in this way, is relative to that of the government, 
and the total perceived authority remains constant. 

3.1.  The government in authority (up to 1966) 
On 12 April 1961, White House advisor Walter Rostow sent a 

memo to President John F. Kennedy recommending that a research and 
development team be sent to Vietnam to investigate the potential useful-
ness of various technologies. Aerial defoliation was one of these tech-
nologies. In May Kennedy sent Vice President Lyndon B. Johnson to 

                                           
28 We do not use the term “civilian” here, as that would suggest a contrast with 
“military”.  In the dispute we are examining, the government-side scientists often had 
no direct link with the military. 
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Saigon to meet with the head of the South Vietnamese regime, President 
Ngo Dinh Diem, to discuss the potential for U.S. military assistance in 
counterinsurgency operations against the Viet Cong. One of these 
methods was herbicide use for the purpose of destroying enemy food 
supplies and tropical vegetation used regularly by guerillas for ambushes.  
The Americans were aware since the late 1940s and early 1950s that the 
British had sprayed 2,4,5-T onto “suspected [Chinese] guerrilla food 
plantations” in Malaya.  Picking up this research with great enthusiasm, 
American scientists at Fort Detrick investigated more than 26,000 
chemicals during the 1960s for their potential usefulness in war.29

In August 1961 the first defoliation test mission took place in 
Kontum, and in September the U.S. Secretaries of State and Defense sent 
a joint note to Kennedy suggesting that herbicides be used in an emer-
gency action in support of the South Vietnamese regime.30 In December 
vast shipments of herbicides were made to Saigon.  In January 1962 the 
first Ranch Hand defoliation mission took place, and in August approval 
was given for tactical defoliation missions. The spraying of crops and 
forest lands with herbicides in Vietnam increased from 5,700 acres in 
1962 to 1,700,000 acres in 1968.31 Civilian casualties peaked in Vietnam 
between 1966 and 1968, indicating that herbicidal warfare increased in 
line with the Johnson Administration’s wholesale escalation of military 
attacks. 

Newspaper coverage of the use of herbicides in Vietnam was not 
extensive until 1965. Prior to this date, articles concerning the herbicide 
project were little more than limited reports merely acknowledging the 
existence of the programme, primarily appearing in major newspapers as 
part of the continuing coverage of the conflict in Vietnam.32 Therefore the 
government was spared both the reaction of an informed public and 
demands for investigation from the scientific community, until well into 
the period when the air attacks peaked. One of the first articles on herbi-
cide use appeared in March 1965 in The New York Times. It described 
how “weed killers such as are used in many American gardens are 
employed to strip jungle areas of foliage to expose Vietcong insurgents 

                                           
29 Harris and Paxman (1982), p. 89 
30 See also SIPRI (1971), p. 164, concerning Kennedy’s authorization of herbicide use 
in 1961. 
31 Arison (1999), p. 6 
32 Cecil (1986), p. 158. 
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and to deprive them of possible ambush sites.”  This article also included 
military officials’ claims that only two agents had been used: 2,4-D and 
2,4,5-T, which were “not harmful to people, animals, soil or water”.33  
The first article giving details of U.S. involvement in anti-crop operations 
appeared nine months later, still containing the same assurance that the 
chemicals used were not poisonous: “officials say that any food that 
survives its deadening touch will not be toxic or unpalatable”.34 Interest-
ingly, these early reports gave no indication of any disagreement as to the 
purported harmlessness of the agents. 

In March 1965 the Federation of American Scientists (FAS) issued 
a statement in which it proclaimed that the use of herbicides would be 
“interpreted widely as ‘field-testing’ of these weapons among foreign 
people and will hurt our efforts immeasurably in good will and moral re-
spect all over the world . . . . We find it morally repugnant that the United 
States should find itself party to the use of weapons of indiscriminate 
effect”. They further claimed that the justification of the use of such 
weapons in warfare as “humane” would, in the long run, hurt the security 
of the United States, even if it was effective in the short run.35 Similarly, 
29 prominent scientists from M.I.T., Harvard and other prestigious New 
England institutions expressed their concern over the crop-destruction 
programme.  In a highly publicized protest, these scientists made clear 
that they considered the programme deplorable even assuming that the 
herbicides had no significant harmful effect on humans: 

We emphatically condemn the use of chemical agents for the destruc-
tion of crops, by Unites States forces in Vietnam . . . . Even if it can be 
shown that the chemicals are not toxic to man, such tactics are barba-
rous because they are indiscriminate; they represent an attack on the 
entire population of the region where crops are destroyed, combatants 
and non-combatants alike . . . . The fact that we are now resorting to 
such methods [after the restraint shown in WWII] shows a shocking 
deterioration of our moral standards.  These attacks are also abhorrent 
to the general standards of mankind . . . . Such attacks serve moreover 
as a precedent . . . . In the long run the use of such weapons by the 
United States is thus a threat, not an asset, to our national security.36

                                           
33 The New York Times, 28 March 1965. 
34 The New York Times, 21 December 1965. 
35 Quoted in full in Cookson and Nottingham (1969), pp. 41–42. 
36 “Scientists Protest Viet Crop Destruction”, Science, vol.  151, no.  3708 (21 January 
1966), p. 309. 
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These protests against herbicide use are noteworthy for their reliance on 
non-scientific grounds. They emphasized moral, ethical and political 
objections, engaging in a debate about the limits of just war and high-
lighting the political implications of the use of chemical and biological 
weapons. The use of the term “field-testing” implied scientific un-
certainty, but the main thrust of the protests would stand even if govern-
mental assertions of the harmlessness of herbicides proved correct. 

The responses to these protests tackled the same issues, concen-
trating on the moral and political considerations surrounding the use of 
chemicals in war, and particularly the question of whether or not they 
could be considered as humane weapons.  Many of the respondents sup-
ported the U.S. military policy and did not consider the use of herbicides 
to be unethical. Roger Jones stated in 1966: 

Only war is inhumane, not its methods.  If we can save one American 
life or liberate one South Vietnamese village from Viet Cong terror, by 
the use of this method, it is more than justified.  The protestors don’t 
want the U.S. in this war — that is their real reason.37

Along similar lines, W. A. Gallup wondered how many of the 29 scien-
tists had “sons or grandsons repelling Communist oppression in Viet-
nam”.  He believed that “it would seem far more humane to force people 
to surrender by crop destruction than by bullets”.38 Frederick Bellinger 
asked whether “these scientists know that their freedom of speech and 
freedom to pursue their vocations has been inherited through strong 
actions of their forefathers to secure freedom and right wrongs?” He 
continued: “I am perplexed and concerned that reputable scientists, in the 
name of humanitarianism, advocate unfounded and unfeasible steps that 
can only give comfort to those who wish to conquer us.”39 Scientists 
debated the use of herbicides in Vietnam in scientific journals, but the 
scientific aspects of the debate, for example the long-term ecological and 
human-health consequences of herbicide use, received little attention at 
this stage. Military officials were quoted as stating that the herbicides in 
use were harmless and, at this early stage, their authority was not 
challenged. In the debate during 1965–66, it was the government that 
commanded dominant scientific authority. 
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338  AN ELEMENT OF CONTROVERSY 

This first indication that governmental authority was no longer 
untouchable came on 15 June 1966 at a meeting of the Council of the 
Pacific Division of the American Association for the Advancement of 
Science (AAAS) — the largest of America’s scientific organizations, and 
one of the most respected.  Egbert W. Pfeiffer, an associate professor of 
biology at the University of Montana, put forward a resolution which 
called for an expert investigation into the effects of the chemical agents 
used in Vietnam on “all biological systems”.40  The Council decided by a 
narrow margin to refer the matter, without recommendation, to the 
national office of the AAAS.  The annual meeting of the national office 
of the AAAS in December 1966 adopted a heavily modified version of 
the resolution, and only by a relatively narrow margin of 125–95.41 The 
original resolution had specifically recommended that a group of experts 
study the use of chemical warfare agents in Vietnam, which would have 
been a direct, if implicit, challenge to the earlier assertions by the 
government.  In contrast, the modified resolution “dealt primarily with 
the issue of environmental impairment on a global basis, and only very 
secondarily with military use of herbicides.”42 All mention of Vietnam 
was omitted, and the emphasis shifted from an actual scientific investiga-
tion in the field to an expression of concern over long-range conse-
quences.  As Egbert Pfeiffer and Gordon Orians would later point out, the 
reluctance of the AAAS to deal with the issue was largely to do with 
wider considerations: 

The controversy within the AAAS over the military use of chemical 
defoliants and herbicides in Vietnam presented a difficult problem 
because the nature of the ecological impact was bound up with the 
political controversy surrounding the Vietnamese conflict itself.43

In 1966 Arthur W. Galston, a Yale biologist who had received his 
doctorate in 1943 for research on defoliation and was well aware of the 
damage that herbicides could cause to biological organisms, proposed to 
the American Society of Plant Physiologists (ASPP) that they send a 
letter to President Johnson outlining the potential hazardous effects of 

                                           
40 The full text of the Resolution is reproduced from Huddle (1969) as Appendix 1 to 
this chapter. 
41 This is reproduced in Appendix 2, from Wolfle (1967), p. 856.   
42 Huddle (1969). 
43 Pfeiffer and Orians (1972), p. 131. 
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defoliants on humans and plant life.  Galston’s proposal was rejected by 
the ASPP’s Executive Committee, much to his displeasure: 

As a past president of the Society (1962), I was somewhat indignant at 
this treatment as well as disappointed over what I interpreted as the 
group’s lack of social conscience.  My indignation grew when I 
learned later that the Society’s President in 1966, who guided the 
Executive Committee in its action, had held a research contract on 
defoliation from the Fort Detrick laboratories.44

Despite this setback, Galston was joined by about a dozen of his col-
leagues in drafting an independent letter of inquiry that was sent to the 
President: 

even the most specific herbicides known do not affect only a single 
type of plant . . . . Secondly, the persistence of some of the chemicals 
in the soil is such that productive agriculture may be prevented for 
some years.  Thirdly, the toxicology of some herbicides is such that 
one cannot assert that there are no deleterious effects on human and 
domestic animal populations.  It is safe to say that massive use of 
chemical herbicides can upset the ecology of an entire region, and in 
the absence of more definite information, such an upset could be 
catastrophic.45

A reply came from Dixon Donnelley, Under-Secretary of State, on 28 
September 1966.  This was the first response to be elicited from the 
government, and it was a robust one: 

Chemical herbicides are being used in Vietnam to clear jungle growth 
and to reduce the hazards of ambush by Viet Cong forces.  These 
chemicals are used extensively in most countries in both the Free 
World and the Communist Bloc for selective control of undesirable 
vegetation.  They are not harmful to people, animals, soil or water.46

3.2. The beginning of authority shift (1967–68) 
The AAAS Council’s 1966 resolution had some effect. It had 

called for a committee to be established to study the use of chemical and 
biological agents which modify the environment, including the effects of 
chemical and biological warfare agents. An ad hoc committee, chaired by 
Dr. René Dubos of Rockefeller University and including Pfeiffer as a 
member, was formed in March 1967 (hereafter “the Dubos Committee”).  
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The report of the Dubos Committee in May recommended the establish-
ment of a permanent Commission on the Consequences of Environmental 
Alteration, with the power to arrange for studies to be conducted by other 
organizations.  The AAAS Board of Directors decided upon two areas of 
investigation: the general question of the consequences of environmental 
alteration; and the more specific question of the use of warfare agents in 
Vietnam. Although the specification of Vietnam as a research site 
incorporated some aspects of Pfeiffer’s original resolution, the Board’s 
recommendation was cautious: 

With respect to “the more specific question of the use of chemical and 
biological warfare agents in Vietnam” the board recognized that “no 
effective study of the effects of such agents could be carried out in 
active theater of war without military or other official permission and 
sponsorship.”  It therefore instructed the AAAS president (Don Price) 
and the executive officer (Dael Wolfle) to urge appropriate officers of 
the Federal Government to arrange for a thorough study under official 
auspices.47

The AAAS President Don Price undertook extensive consultations 
on this matter, with the Chairman of the Defense Science Board (the 
highest science advisory board at the Department of Defense), the 
Director of the Office of Science and Technology, and various members 
of the Defense Department staff.  Then Price wrote to the Secretary of 
Defense, Robert McNamara, asserting that the potential long-term 
consequences warranted “study under the highest responsible political 
auspices”, although he also acknowledged that decisions must be made 
with military considerations in mind. He concluded by offering any 
assistance deemed necessary. He received a reply from Dr. John S.  
Foster, Jr., Director of Defense Research and Engineering, which stated: 

Qualified scientists, both inside and outside our Government, and in 
the governments of other nations, have judged that seriously adverse 
consequences will not occur [from the use of herbicides in Vietnam].  
Unless we had confidence in these judgments, we would not continue 
to employ these materials.48

Like Galston’s letter before it, this reply stressed continuing government 
confidence in their current knowledge. But according to William 
Buckingham’s official historical account, it also “acknowledged that 
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there were uncertainties about the effects, both beneficial and detrimental, 
of herbicides, and that the Department of Defense (DoD) had commis-
sioned a non-governmental research institute to conduct an assessment of 
the present state of scientific knowledge.”49

For the first time a government representative, although still pro-
claiming the harmless nature of herbicides, was admitting to a degree of 
uncertainty.  For example, when Price asked Foster how his conclusion 
had been reached, Foster said that it derived from a “consensus of in-
formed opinion” of some 50–70 individuals, in the absence of “hard 
data”.  His inability or unwillingness to identify the individuals concerned 
and to explain how the consensus had been arrived at resulted in a decline 
of governmental authority, so that the civil scientists’ authority was en-
hanced.  One consequence of such erosion of governmental authority was 
that numerous conferences on herbicide use in Vietnam took place during 
1967 and 1968, although civil scientists experienced considerable diffi-
culty in their search for evidence for the use of gases or toxic agents in 
Vietnam.50

The government was already aware of the potential problems, and 
sought to anticipate objections from the civil scientific community. On 
behalf of the DoD, Foster had already commissioned a non-profit, non-
governmental research institute, the Midwest Research Institute (MRI), to 
“thoroughly review and assess all current data in this field”. The MRI 
duly compiled its report, between 15 August and 1 December 1967. It 
was an impressive document: “a 369-page ‘state-of-knowledge’ survey... 
based on a review of more than 1500 articles in the scientific literature 
and ‘information contacts’ with more than 140 knowledgeable people in 
government, universities and the chemical industry”.51  Foster passed the 
MRI report to a committee formed through the National Academy of 
Sciences (NAS) and the National Research Council (NRC). In early 
February 1968 the NAS–NRC committee presented its analysis of the 
MRI report to the DoD, whose Advanced Research Projects Agency 
(ARPA) promptly issued a “summary digest” of the report. 

This maneuver by ARPA was regarded with suspicion by some 
members of the scientific community, partly because they believed that 
the conclusions of the MRI study had not been expressed in a sufficiently 
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clear-cut manner, and this ambiguity was exploited by the DoD in their 
summary. As John Cookson and Judith Nottingham explained: 

although [the MRI] did a good job in collecting data, their conclusions 
are of dubious value . . . [and] give the Department of Defense the 
benefit of the doubt.  When the MRI’s report was studied by the 
[NAS–NRC reviewers, they] had some reservations.  Firstly, they 
implied that the report was not comprehensive, and secondly, they 
made the point that much of the work reported had nothing to do with 
Vietnam . . . . Yet beside the Department of Defense’s summary report, 
the MRI document seems a masterpiece of scientific objectivity.52

Cookson and Nottingham proceeded to dispute the summary’s scientific 
conclusions one by one.  There were in fact some doubts raised regarding 
the impartiality of the NAS–NRC committee itself.  The NAS President, 
Frederick Seitz, was also the Chairman of the Defense Science Board.  
Geoffrey A. Norman, the Chairman of the NRC’s Biology and Agri-
culture Division, had worked as division chief for the Army Chemical 
Corps Biological Laboratories at Fort Detrick from 1946 until 1952. So 
the government–civil line within the scientific community was not as 
simple as it might appear in this case.  Pfeiffer had in fact stated in May 
1968, when the Dubos Committee made its report, that he did not believe 
that the NAS was a “truly independent organization of scientists” because 
it had been identified as “a source of advice for the biological warfare 
effort”.53

What we observe at this point, then, is that despite the significant 
challenge being mounted to the scientific authority of the government, the 
government remained in a dominant position.  This precarious situation is 
exhibited clearly in the events of mid-1968.  In response to the recom-
mendations of the Dubos Committee, the AAAS had established a perma-
nent Committee on Environmental Alteration at its annual meeting in 
December 1967. This committee, chaired by David R. Goddard, Provost 
of the University of Pennsylvania, eventually produced its own review of 
the MRI report and the NAS–NRC comments. Having received this 
report, the AAAS Board of Directors issued a statement signed by twelve 
of its thirteen members on 19 July 1968, calling for a suspension of herbi-
cide use in Vietnam.  They also reported: 

Our review leaves us with the conviction that many questions 
concerning the long-range ecological influences of chemical herbicides 
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remain unanswered . . . . The extent of long-term deleterious effects of 
the forest defoliation in Vietnam is one of these unanswered questions  
. . . . Therefore, on the basis of information available to us, we do not 
share the confidence expressed by the Department of Defense that 
serious adverse consequences will not occur . . .54

Here we witness a crucial moment, when leaders of one of 
America’s premier scientific organizations directly contradicted the 
scientific basis of the DoD’s policy statement. At the same time, the 
government’s reply to this challenge highlights the extent to which its 
authority was still intact.  As William Buckingham recounts: 

The State Department’s answer noted that there were differences of 
opinion even among the members of the AAAS concerning herbicides, 
but it acknowledged that ultimate effects could only be determined by 
a long term study in Vietnam.  State [Department] favored such a study 
and promised cooperation, but it also noted that, at present, research 
work in combat areas would be difficult.  The Defense Department . . . 
continued to be confident that herbicides would not have a long term 
negative impact . . . . On the subject of herbicides containing arsenic, 
Foster said that Malaysian rubber and oil palm plantations had 
employed them for more than 20 years with no adverse effects at rates 
five to six times greater than those used in South Vietnam.55

Although the MRI report did occasion the first shift of authority 
from the government to civil scientists, it is important not to overestimate 
the magnitude of this change. Foster had been directly challenged by 
leaders of the American scientific community, but the DoD’s policy 
remained unchanged. As Franklin Huddle pointed out a year later, the 
AAAS “had obtained assurances from the Department of Defense that 
herbicide usage would be continually assessed. A general policy had also 
been established that there should be no long-range and seriously adverse 
consequences of such usage”. A comprehensive, but internal, herbicide 
policy review conducted in Vietnam under Ambassador Elsworth Bunker 
reported to the press on 18 September 1968 that “in weighing the overall 
costs, problems and unknowns of the herbicide programs against the 
benefits, the committee concluded that the latter outweigh the former and 
that the programs should be continued”.56
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The battle-lines had been drawn, and there was now an open debate 
which no longer centered on the moral value, political consequences or 
military utility of herbicide use. Instead, a struggle for scientific authority 
began, as the ecological effects of the herbicides became hotly con-
tested.57 For instance Gordon Bixler, the editor of Chemical and 
Engineering News, was apparently convinced by the MRI report, which 
he found “refreshing”; he felt that “those who would dissent from the use 
of chemical control in Vietnam would do their cause more good were 
they to keep the discussion balanced scientifically rather than merely to 
wring scientific hands in public”.58  This comment elicited some strong 
reac-tions. Bixler’s “repugnantly pompous and inexcusably cynical”59 
editorial was considered by some to be “an entirely inadequate 
commentary on this issue”.60

3.3.  The civil scientists in authority (1968–70) 
Three events came together in 1970 to tip the balance between the 

relative authority of the government and the civil scientific community.  
First, a report from the Society for Social Responsibility in Science 
(SSRS) was released.  The SSRS had sent a scientific team on a month-
long trip to Vietnam in March 1969 in order to “learn as much as we 
could about the effects of defoliants”. Charged with this mission were 
Egbert Pfeiffer, whose 1968 AAAS resolution we have discussed above, 
and a fellow zoologist, Gordon H. Orians from the University of Wash-
ington.61 Orians and Pfeiffer’s report, released in the summer of 1970, 
concluded that “the ecological consequences of defoliation are severe”, 
and urged that long-term studies “be initiated now rather than be delayed 
until hostilities cease”.62

Even more crucial, and more complicated, were events surrounding 
the release of a report from the Bionetics Laboratory, commissioned in 
1966 by the National Cancer Institute. The remit of the Bionetic study 
was to research into the teratogenic (birth defect–inducing) properties of a 
variety of pesticides and herbicides, including 2,4-D and 2,4,5-T. The 
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Bionetics report described 2,4,5-T as producing “sufficiently prominent 
effects of seriously hazardous nature” in controlled experiments with 
pregnant mice to lead the authors to categorize it as “probably danger-
ous”. The report also found 2,4-D “potentially dangerous but needing 
further study.”63  If 2,4,5-T was seriously hazardous, it was problematic 
to use Agent Orange, as it was 50% 2,4,5-T; worse yet, if 2,4-D was also 
dangerous, both Agent Orange and Agent White were not usable, which 
meant that the defoliation programme would be left with no convenient 
chemicals to use. 

The conclusions of the Bionetics report were released in October 
1969, and were immediately followed by the announcement from the 
Deputy Secretary of Defense, David Packard, that the use of Agent 
Orange would be restricted to areas remote from populations.  Similarly, 
President Richard Nixon’s science advisor, Lee A. DuBridge, announced 
“a co-ordinated series of actions” to ban the agricultural use of 2,4,5-T.  
However, he also referred the question of the safety of the herbicide to 
the Weed Society of America, whose President, Glenn C. Klingman, 
reported on 22 December that there were several problems with the 
Bionetics study, which therefore “did not support the conclusion that 
2,4,5-T contributed to birth defects when used as instructed on the 
products label”.  Klingman “advocated a review of the restrictions which 
had been placed on the herbicide”.64

So far this episode seems to be similar in character to earlier 
debates. However, this time the result was very different. An AAAS 
resolution in December 1969 supported the Bionetics findings and urged 
the DoD to stop using Agent White and Agent Orange. On 15 April 1970, 
the use of Agent Orange was temporarily suspended as a direct result of 
these scientific proclamations, on recommendation from the same John 
Foster who had delivered such a robust rebuttal to the AAAS in his reply 
to Don Price’s letter in 1967.65 Whereas the earlier debates produced 
nothing from the government but a reaffirmation of its herbicide policy, 
the scientific debate surrounding the Bionetics report, which was equally 
hotly contested by both sides, led to an adjustment of the government’s 
herbicide policy.  The difference can be attributed to the increase in the 
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relative authority of the scientific community, which was now sufficiently 
strong to cause an adverse public reaction.  Although the basic nature of 
the scientific uncertainties remained the same, Foster had gone from 
having supreme confidence in the opinions of his “qualified scientists” to 
leading an argument which advocated a ban on the use of Agent Orange. 

Agent Orange was the cheapest and quickest of the defoliants.  
Although Agent White could form a substitute, there weren’t sufficient 
quantities of it in Vietnam, and defoliation took four months with White 
as opposed to three or four weeks with Orange.  Effectively, therefore, 
the ban on Agent Orange signalled the termination of the defoliation 
programme. And, as Buckingham notes, “it was only a matter of time 
before the political pressure also put an end to crop destruction, Ranch 
Hand’s remaining mission”.66 The pressure increased in August 1970, 
with the efforts of two Senators, Gaylord Nelson and Charles Goodell, to 
introduce a pair of amendments to the military appropriations bill for the 
fiscal year 1971, which were to cut off all funds for the defoliation and 
crop-destruction programmes. Although Nelson and Goodell’s amend-
ments were defeated, debate on them added to the mounting controversy. 

The crucial last push against herbicide use in Vietnam had its 
origin in the annual meeting of the AAAS at the end of 1968, which 
passed a resolution mandating the urgent formation of an ad hoc group to 
prepare plans for a field-study in Vietnam to examine the potential 
consequences of herbicides use, “with the expectation that the AAAS 
would participate in such a study within the reasonable limits of its 
resources.”67  The Harvard biologist Matthew S. Meselson was appointed 
to lead this investigation.  The team travelled to Vietnam for five weeks 
in August 1970, but were denied access to information they considered 
vital to the success of the study, such as the time and place of spray 
missions and the type and quantity of herbicide sprayed.  According to an 
article by Philip Boffey published in Science magazine at the time: 

Pentagon officials claim Meselson was told in advance that he would 
not have access to classified information including the classified spray 
mission reports.  One Pentagon source described Meselson as “naïve” 
and “impatient” and said he ran off to Vietnam to conduct his study 
before he had ironed out all the arrangements.  At one point Lee A. 
DuBridge . . . even told the AAAS that Meselson had either misunder-
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stood or ignored the information given to him by the Defense Depart-
ment prior to his departure for Vietnam. If Meselson could not perform 
a useful study without the information, DuBridge said, he would 
simply have to return empty-handed.68

The Joint Chiefs of Staff (of the U.S. military) reaffirmed their decision 
not to release to classified data to Meselson on 11 August, but Boffey’s 
account of the episode “added to the negative public relations fallout the 
herbicide program was generating”.69

The first signs that the civil scientific community was at last dictat-
ing U.S. herbicide policy were shown in the actions of Ellsworth Bunker, 
U.S. Ambassador to South Vietnam, and Admiral Creighton Abrams, 
Commander of the American forces in Vietnam. Whilst in Vietnam, 
Meselson claimed to have received Ambassador Bunker’s agreement that 
there was no valid reason for the information he required to be withheld.  
This claim caused a great deal of confusion in Washington.70 Moreover, 
in early December 1970 Bunker and Abrams stopped procurements of 
Agent White and Agent Blue without a public announcement, initiating a 
phase-out of the crop-destruction programme while maintaining the 
option to resume it if necessary.  This decision seems to have been made 
“on the basis of a report prepared by their staffs in Saigon”, although 
what this report said is not clear.71  The annual meeting of the AAAS in 
December 1970, where Meselson presented his findings, learned that 
several classified studies conducted under military auspices since 1967 
supported one of the Meselson team’s major conclusions — namely, that 
“precautions to avoid destroying the crops of indigenous civilian popula-
tions have been a failure and that nearly all the food destroyed would 
actually have been consumed by such populations”.72

Thus Bunker and Abrams quietly put a stop to the remaining herbi-
cide programme in Vietnam in the months immediately after Meselson’s 
mission, during which Bunker had supported Meselson to a surprising 
extent.  For a few years the military had been sitting on evidence that the 
crop-destruction programme was a failure. It seems that Meselson’s 
impending report prompted Bunker and Abrams to act on this evidence.  
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The AAAS team embodied the growing dominance of the civil scientific 
community’s authority, which affected policy in Washington as well as 
Saigon: 

On November 20, 1970, Dr. Edward E. David, Jr., President Nixon’s 
science advisor and Dr. DuBridge’s successor, wrote to Dr. [Henry] 
Kissinger and recommended the reconsideration of U.S. herbicide 
policies in Southeast Asia. David said that he had reason to believe that 
the AAAS Herbicide Assessment Commission would report to the 
Senate Foreign Relations Committee and to the public that the 
herbicide orange in Vietnam contained a level of dioxin higher than the 
level permitted for herbicides in use in the United States.  Dioxin was 
at that time known to cause birth defects in experimental animals, and 
researchers suspected the chemical was able to cause damage to human 
fetuses.73

On 26 December 1970, the very day that the AAAS meeting 
opened to discuss Meselson’s findings, the White House announced that 
authorities in Saigon were “initiating a program for an orderly, yet rapid, 
phase-out of the herbicide operations.”  President Nixon claimed that the 
order was given as a result of a study by Defense Secretary Laird that 
followed earlier studies within the government (by the U.S. Surgeon-
General’s Office and the Department of Agriculture).74  Others, however, 
suggested that bodies outside the government had played a more 
significant role. Boffey claimed in 1971, in another Science article: 

“Though the White House made no mention of the AAAS, several knowl-
edgeable Washington operatives . . . suggested that the AAAS study had 
been a major factor spurring the White House announcement.”75

The tables had almost completely turned during a period of five 
years, at the start of which the government’s authority had been supreme.  
There was a slow but steady growth in the authority of scientists, 
particularly acting under the auspices of the AAAS. This shift in the 
relative authorities of the two parties culminated in the dictating of U.S. 
foreign policy by the civil scientific community so that herbicide opera-
tions ceased altogether in the spring of 1971. 
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3.4. Authority shift without growth in total knowledge 
One might imagine that the shift of authority was caused by the 

production of new knowledge by the civil scientists. On the contrary, 
very little undisputed scientific knowledge was gained during this period.  
When one compares the conclusions of early reports, such as the MRI 
study, with Meselson’s conclusions, there does not seem to be much that 
was learned in the intervening period.  The MRI report emphasized the 
lack of information about the ecological impact of herbicide use in 
Vietnam, and the conclusions that it did draw were dismissed by those 
such as the government science advisor Fred Tschirley, who stated that 
“available information is so scanty that any prediction would have no 
validity and certainly no real meaning”.76  What did Meselson’s team 
discover?  They concluded, for instance, that up to half of all of South 
Vietnam’s mangrove forests had been “utterly destroyed”, and that the 
crop-destruction programme had been “a near total failure”.77  The former 
had been discovered three years before by a study conducted by 
Tschirley, and the latter had been known by the military since 1967. 

Cookson and Nottingham also identified the problem of timescale: 
“Defoliation has been practised in Vietnam for less than ten years. The 
effects of defoliants on the flora and fauna of the country may take 
decades or even centuries to become apparent.”78 Sufficient ecological 
knowledge could not be gained by short-term studies, especially when 
wartime restrictions meant that scientists did not have the freedom to 
investigate the areas most heavily and persistently sprayed.  As one NAS 
reviewer of the MRI report put it, the nature of ecological evaluations 
meant that “quantitative conclusions must in most instances give way to 
qualitative judgements based on past experience”.79 Thus, rather than 
provoking a change in policy by means of new, indisputable scientific 
evidence, Meselson’s study only resulted in debate among scientists, as 
previous studies had.  As Boffey pointed out: 

Not everyone who heard the data presented by Meselson and his 
colleagues was prepared to draw the same conclusions from the 
evidence . . . . Biologist Kenneth V. Thimann, a herbicide specialist 
and AAAS board member, said that nothing had changed his opinion, 
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expressed publicly in 1968, that the Army’s use of chemicals “for 
defoliation of forest cover probably represents a military device for 
saving lives that has an unprecedented degree of harmlessness to the 
environment.”80

If the study which prompted a change in U.S. herbicide policy contained 
a similar degree of uncertainty as the MRI report, the Bionetics report and 
all other studies, the authority-shift was not caused by an actual growth of 
scientific knowledge, but only a change in perceived knowledge. 

4. The competition for authority 
In this section, we take a broader view on the authority shift 

regarding herbicide use in Vietnam. There are two aspects to this 
broadening of view.  First, we place the debate on herbicides in the larger 
context of governmental authority.  Second, we locate the challenge to 
governmental authority within broader social changes after the Second 
World War, particularly what is identified by Ulrich Beck identifies as 
the process of “reflexive modernization”. 

Although the civil scientists clearly gained authority on the issue of 
herbicides, this was not a significant factor threatening the overall 
authority of the U.S. government.  There are a few important considera-
tions.  First of all, by the time the herbicide operations ceased, there was 
virtually nothing left to destroy: already the damage included a large-
scale devastation of crops, virtually irreparable damage to the inland and 
coastal forest ecosystems, and a huge number of victims with health 
effects continuing to this day.81 Therefore, by this point herbicide was not 
a very important thing for the military to give up.  Secondly, herbicides 
were only one type of weapon used in aerial operations. Other types 
included tear gases, napalm, and anti-personnel fragmentation bombs, 
none of which were banned until the end of the war.  Other weapons, less 
controversial at a time when controversy was costly to the Nixon Admin-
istration, could be employed to conduct warfare against what remained of 
the strategic and collateral targets in Vietnam. Finally, by the time that 
debates about herbicides began in earnest, a general de-escalation of the 
war had already begun for reasons that were unrelated to the herbicide 
controversy — such as the 1968 presidential elections, the peace move-
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ment, the business community’s growing aversion to the war, and the 
declining morale among troops. 

Although the government’s scientific view on the effects of herbi-
cides was successfully challenged by the civil scientific community, this 
may have been only because the government was no longer so committed 
to its herbicide policy.  In general, rapid advances in military technology, 
especially aerial technologies, meant that there was little scope for public 
debate about their use.  Raphael Littauer and Norman Uphoff asserted: 

The development of the air weapon to its present responsiveness to 
centralized control, its remoteness from the tides of the ground battle, 
and its vast destructive force have created the opportunity for the 
American President and the state machinery that serves him in the 
Executive Branch to conduct war with little reference to the wishes of 
the body politic at home.82

The specialized knowledge possessed by the government’s weapons 
manufacturers increased the knowledge gap between them and other 
interested parties, including the press, the academics, and the political 
activists. The geographical remoteness of warfare in Indochina also 
created institutional and legislative constraints on any effective push for 
policy change.83 The government retained overall control over most of the 
relevant information sources.  As late as March 1972, four years after the 
American nation had effectively voted against the war in the presidential 
election, a member of Congress asked the President for a breakdown of 
the tonnage of bombs that had been dropped in South Vietnam.  In reply, 
a high official at the Pentagon wrote to him that such was the sensitivity 
of the information that “it can only appropriately be discussed in an 
executive session of the committee on armed services.”84  This is indica-
tive of the level of secrecy surrounding the issue of military herbicide use 
at that time. The government did not allow disinterested scientific 
investigation of herbicides until late into the war.  Instead, it sanctioned 
scientific inquiries that safeguarded the official line by using experiments 
conducted away from the battlefields to confirm that the defoliants in use 
were harmless to humans.   
 The government’s concession on herbicide use should be viewed in 
its wider sociopolitical context. The work of the German sociologist 
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Ulrich Beck may be helpful in this wider consideration. Beck proposes 
two main theses in Risk Society, his study of post-modern society. He 
emphasizes the problems associated with the deployment of science and 
technology in society, in particular the emergence of temporally and 
geographically unlimited risks for which no individual or group could be 
held responsible. “Reflexive modernity”, which includes lay critiques of 
science and technology, is a consequence of this.  Beck claims, moreover, 
that risk production has overtaken wealth production as the dominant 
logic of post-modern, industrial society. The analysis of these risks in 
purely natural scientific terms is naïve and inappropriate, with the result 
that scientific and social rationality have become increasingly separated.  
According to Beck, science has become “indispensable and at the same 
time devoid of its original validity claims”.85

Beck’s ideas underpin the claim by Paul Heelas, Scott Lash and 
Paul Morris that since the 1950s forces of “detraditionalization” have 
been mobilized against the traditional forces aiming to maintain their 
authority — ironically, exemplified not by orthodox religion but by the 
secular scientific tradition.86  “Science,” Beck claims, “fails as a source of 
legitimation.”  It is no longer the case that “the uneducated . . . are warn-
ing of the dangers, but more and more these activists are people who are 
themselves scientists”. This suggests that “techno-economic develop-
ment is losing its cultural consensus.”87  This throws some useful light on 
the fragmentation of the scientific community along the governmental–
civil line, which we have witnessed in the herbicide debate. 

Beck’s framework of analysis allows us to formulate some interest-
ing questions about the workings of authority in the herbicide debate.  
Was the debate mainly an internal struggle for authority within the 
scientific community, between state-sponsored scientists and independent 
researchers? Was it purely a power struggle in which civil scientists 
rebuked their state-funded colleagues for compromising the disinterested-
ness required of scientific inquiry? Or was it an intense competition for 
the right to stabilize the volatile representation of biological and chemical 
weapons in use in Vietnam with respect to the American public?  It seems 
that the main outcome of the debate was that non-traditional centers or 
groups gained authority on the question of herbicides (which can be seen 
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as a case of “risk-intensive large-scale technologies”88). That is character-
istic of what Beck terms “reflexive modernization”, in which more and 
more centers/groups (including what he calls “alternative critical profes-
sional practitioners”89) compete for authority. As authority shifts take 
place in favor of non-traditional centers of power (e.g., civil scientific 
groups), the reflexive dimension of modernization is legitimated and the 
inherent plurality of knowledge is recognized. 

5. Summary 
Warfare has often created entanglements between science and the 

state. The relative autonomy or political disinterestedness that may be 
enjoyed by the scientific community during peacetime is apt to be re-
duced significantly as war disrupts normal routines and compels many 
scientists to engage in practical and political activities that may not 
interest them normally. There are a great variety of patterns of state–
science engagement that warfare produces, but in this chapter we have 
examined two particular cases that illustrate contrasting patterns.  British 
physiologists in the First World War took the necessities arising from 
chemical warfare as opportunities to make their field more influential and 
acquire more public support for it.  In contrast, many American scientists 
during the increasingly unpopular Vietnam War started to challenge the 
authority of the government by organizing their own inquiries on the 
effects of herbicides. In both cases a significant politicization of the 
scientific community took place, but the politicization assumed very 
different forms under these different circumstances. 

                                           
88 Beck (1998), pp. 202–203. 
89 Ibid., p. 195. 
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Appendix 1: Pfeiffer’s Resolution at the AAAS 

Whereas units of the U.S. Department of Defense have used both 
chemical and biological warfare agents (as defined by U.S. Department of 
the Army, TM3-216) in operations against enemy forces in Vietnam; and 

 
Whereas, the scientific community has a responsibility to be fully 

informed of these agents and their use in warfare because they are a result 
of scientific research: 

 
Therefore be it 
 
Resolved, That — 
 
The Pacific Division of the AAAS establish a committee of experts 

in the field of biological and chemical warfare to study the use of CW and 
BW agents in Vietnam with the purpose of determining what agents have 
been used, the extent of their use, and the effects on all biological systems 
that might have been affected. 

 
The above committee make a public report of their findings at the 

next meeting of the Pacific division of the AAAS. 
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Appendix 2: Revised AAAS Resolution 

Whereas modern science and technology now give man 
unprecedented power to alter his environment and affect the ecological 
balance of this planet; and 

 
Whereas the full impact of the uses of biological and chemical 

agents to modify the environment, whether for peaceful or military 
purposes, is not fully known: 

 
Be it 
 
Resolved, That the American Association for the Advancement of 

Science — 
 
Expresses its concern regarding the long-range consequences of the 

use of biological and chemical agents which modify the environment; and 
 
Establishes a committee to study such use, including the effects of 

chemical and biological warfare agents, and periodically to report its 
findings through appropriate channels of the associations; and 

 
Volunteers its cooperation with public agencies and offices of 

government for the task of ascertaining scientifically and objectively the 
full implications of major programs and activities which modify the 
environment and affect the ecological balance on a large scale. 
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 The Noisy Reception of Silent Spring* 
                                                          

Kimm Groshong 

1. The content and context of Silent Spring 
The publication of Rachel Carson’s Silent Spring in 1962 was a 

momentous event.  It was initially published as a series of articles in The 
New Yorker, and shortly afterwards in book form.  Within a year Carson 
had become a household name, and her book a best-seller.1 Silent 
Spring’s impact has been lasting, and it is often considered one of the 
most influential books of the mid-20th century.  It was a key text in the 
development of the environmental movement, and contributed greatly to 
the increasing awareness of the problems associated with technology.  
Carson used the example of the deleterious effects of DDT (dichloro-
diphenyl-trichloroethane) to argue that the public should demand more 
investigation into the long-term effects of pesticides.  Her purpose was to 
inform the general public about the disruption of nature resulting from an 
indiscriminate use of pesticides and herbicides, specifically chlorinated 
hydrocarbons, including DDT, and organic phosphorus insecticides.  In 
this essay, I examine the various responses to Silent Spring in order to 
discover the attitude of Americans to environmental issues in 1962 and 
the fluctuations in the authority of science.  My analysis is based on a 
study of materials found in the Rachel Carson archive at Yale University, 

                                           
* Groshong (2002) is a more extended version of this essay. 
1 Silent Spring made it on best-seller lists in newspapers from around the U.S., 
including the Chicago Sun–Times (21 October 1962), the New York Post (4 
November 1962), and the Michigan Free Press–Detroit (9 December 1962).  
Numerous best-seller lists featuring Silent Spring can be found in files 1283–1287 
(Boxes 72 and 73) of the Rachel Carson Papers, Yale Collection of American 
Literature, Beinecke Rare Book and Manuscript Library, Yale University (henceforce 
“Rachel Carson Papers”).  All of the sources cited in this chapter, except for those 
listed in the bibliography at the end, have been found in the Rachel Carson Papers. 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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as well as a survey of various secondary sources and a close reading of 
Silent Spring itself. 

The first chapter of Silent Spring, which attracted much of the 
criticism, was called “A Fable for Tomorrow”. It was a short narrative 
chapter in which Carson depicted an imaginary town that changed from 
one in which “all life seemed to live in harmony with its surroundings”, 
to one under “a shadow of death”.2 The town was ruined by pesticides: 
“No witchcraft, no enemy action had silenced the rebirth of new life in 
this stricken world. The people had done it themselves”.3 In the following 
chapter, Carson laid out the problem of increasing use of chemical 
pesticides: 

It is not my contention that chemical insecticides must never be used.  I 
do content that we have put poisonous and biologically potent 
chemicals indiscriminately into the hands of persons largely or wholly 
ignorant of their potentials for harm.  We have subjected enormous 
numbers of people to contact with these poisons, without their consent 
and often without their knowledge.  If the Bill of Rights contains no 
guarantee that a citizen shall be secure against lethal poisons 
distributed by private individuals or by public officials, it is surely only 
because our forefathers, despite their considerable wisdom and 
foresight, could conceive of no such problem. 

I contend, furthermore, that we have allowed these chemicals to be 
used with little or no advance investigation of their effect on soil, 
water, wildlife, and man himself.  Future generations are unlikely to 
condone our lack of prudent concern for the integrity of the natural 
world that supports all life.4

In later chapters, Carson described the various pesticides and herbi-
cides being used in America at the time, giving technical information 
about their chemical composition and known effects on humans and the 
environment, including the problem of gradual accumulation of pesticides 
in the food chain and the emergence of pesticide resistance. She also 
identified the extent to which these chemicals were being dispersed: “For 
the first time in the history of the world, every human being is now 
subjected to contact with dangerous chemicals, from the moment of 
conception until death.”5 Carson made a powerful case for biological 

                                           
2 Carson [1962] (1994), pp. 1–2. 
3 Ibid., p. 3. 
4 Ibid., pp. 11–12. 
5 Ibid., p. 15. 
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control as a desirable alternative to pesticide use. She reiterated and 
summarized her views in a “CBS Reports” television show shortly after 
the publication of Silent Spring: 

The balance of nature is built of a series of interrelationships between 
living things, and between living things and their environment.  You 
can’t just step in with some brute force and change one thing without 
changing a good many others.  Now this doesn’t mean, of course, that 
we must never interfere, that we must not attempt to tilt the balance of 
nature in our favour.  But when we do make this attempt, we must 
know what we’re doing, we must know the consequences.6

Ideas such as the “balance of nature”, bioaccumulation, and taking care of 
the environment are widely accepted today, but they were new to the 
majority of those people who made Silent Spring a best-seller in 1962.  
Peter Warshall suggests that until the 1960s ecological concerns were 
largely restricted to the elite upper classes in America.7  Carson’s literary 
talent sparked interest amongst the general public.  Her biographer Linda 
Lear argues that by the time of Carson’s death in 1964: 

she had set in motion a course of events which would result in banning 
the domestic production of DDT by 1972 and create a grassroots 
movement to ensure the protection of the environment through state 
and federal regulation. Most importantly, Carson’s writing and her 
courageous witness helped transform the relationship between humans 
and the natural world and led to an awakening of public environmental 
consciousness.8

Rachel Carson (1907–1964) was not the first person to write about 
the abuse of the natural environment through the use of pesticides, but the 
earlier works were mainly written for specialist audiences. As early as 
1945, the American Association of Economic Entomologists published a 
statement describing the “misunderstanding, over-optimism and distorted 

                                           
6 “CBS Reports: The Silent Spring of Rachel Carson”, transcript of broadcast over the 
CBS Television Network, Wednesday, 3 April 1963, 7:30–8:30 p.m. E.S.T., p. 30.  
See also Gartner (1983), p. 107. 
7 Peter Warshall, “A Whole Earth View of the Environmental Movement”, Global 
Business Network, March 2001, http://www.gbn.org/public/gbstory/articles/ 
ex_wholeearth.htm, p. 1 (last accessed in December 2001). 
8 Linda Lear, “Rachel Carson and the Awakening of Environmental Consciousness”, 
Wilderness and American Identity, http//www.nhc.rtpnc.us:8080/tserve/nattrans/ 
ntwilderness/essays/Carson.htm, part 1 (last accessed on 12 June 2007). 

http://www.gbn.org/public/gbstory/articles/%20ex_wholeearth.htm
http://www.gbn.org/public/gbstory/articles/%20ex_wholeearth.htm
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impressions” about DDT.9  This statement alleged that the large-scale use 
of DDT would not only kill beneficial insects along with the harmful 
ones, but also “might create problems which do not now exist”.10 As 
Carol Gartner notes, by the early 1960s “glimmers of concern” were 
developing as “promotion of pesticides by industry and the United States 
Department of Agriculture increased”.11 Carson’s Silent Spring provided 
the first comprehensive statement of the pesticide problem in plain terms 
for a large number of readers.  In doing so, she galvanized the fledgling 
environmental movement into action. 

Carson’s ability to write this scientifically provocative yet popular 
book was the result of her unusual training.  An early, avid reader, she 
entered Pennsylvania College for Women in Pittsburgh (now Chatham 
College) as an English major. Her professor Mary Scott Skinker recog-
nized Carson’s unusual curiosity and combination of analytical and 
creative abilities.  She encouraged Carson to change her major to biology 
and, after graduation, Carson followed Skinker to Johns Hopkins Univer-
sity, where she received her doctorate in zoology in 1932.12 Carson’s 
employment at the U.S. Bureau of Fisheries provided ample opportunities 
for “someone who knew marine biology and who also could write”.13  
She combined the knowledge of a scientist, including the laboratory 
experience to understand technical procedures, and the literary talent that 
scientists often lack. In 1937 the editor of the prestigious Atlantic 
magazine, Edward Weeks, accepted her essay “The World of Waters” for 
publication with a compliment for “the findings of science you have 
illuminated in such a way as to fire the imagination of the layman”.14 Her 
first book, Under the Sea-Wind was published in 1941, followed by The 
Sea Around Us in 1951 and The Edge of the Sea in 1955.  In these books, 
she developed her ability to present coherent summaries of large amounts 
of scientific material in a form that would be pleasing to the non-scientist.  
This would prove crucial to the success of Silent Spring. 

                                           
9 Such impressions would have been encouraged by the earlier U.S. Chemical 
Warfare Service propaganda campaign on the peacetime use of toxic gases, which we 
have briefly described in Chapter 9, Section 4. 
10 Quoted in Brooks (1972), p. 230. 
11 Gartner (1983), p. 21. 
12 Lear (1997), p. 74. 
13 Rachel Carson, “The Real World Around Us”.  See also Lear (1997), p. 78. 
14 Edward Weeks to Rachel Carson, 8 July 1937.  See also Lear (1997), pp. 86–87. 
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2. Responses to Silent Spring 
The response to Silent Spring was quite polarized. The fan mail 

Carson received immediately following the book’s publication was very 
appreciative. On the other hand, Silent Spring was also singled out as 
being “unscientific”, “alarmist”, and “hysterical” by people in certain 
sectors, including both the chemical industry and some U.S. government 
agencies.  These interests, who fought Silent Spring when it was pub-
lished, were aware that much more was at stake than a ban on DDT.  
They were trying to prevent an alteration in the way people thought about 
the role played by humans in the environment and the extent to which 
they understood how they affected everything around them.  They did not 
want people to inquire into the delicate balance of nature.  Looking at the 
responses to Silent Spring, we find that despite the negativity that 
emerged from interested scientists and members of the agro-chemical 
industry and its trade associations, the general public, disinterested 
scientists, and much of the popular press embraced the book. 

2.1. Negative responses 
Immediately following the initial serial publication of Silent Spring 

in the New Yorker magazine (beginning June 16, 1962), the pesticide 
industry in particular, and the agricultural and chemical industries in 
general, launched an extensive campaign against it, with the help of 
powerful governmental agencies such as the U.S. Department of Agri-
culture. Fearing a wave of dissatisfaction and decreased support for 
pesticide usage, the chemical industries spent hundreds of thousands of 
dollars on their attack. At the same time, the trade association, the 
National Agricultural Chemicals Association (NACA), spent over a 
quarter of a million dollars publishing a great number of pamphlets and 
newsletters explaining the necessity of pesticides, “to improve the image 
of the industry”.15  In an attempt to stop the publication of Silent Spring 
in the form of a book, representatives from the Velsicol Corporation of 
Chicago, one of the leading insecticide manufacturers at the time, 
approached the Houghton Mifflin Company in August 1962. They 
threatened to sue if the “inaccurate and disparaging statements” about two 

                                           
15 Brooks (1972), p. 295. 
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of their products16 were published as they had appeared in the New 
Yorker articles.  Since fact-checking carried out by an independent 
toxicologist showed Carson’s statements to be true, the publishers left 
them as they were and called Velsicol’s bluff.  No suit was ever filed.17

Examination of the primary sources shows that the chemical 
industry treated the dispute over Carson and her book as a public relations 
problem more than as a scientific argument. A meeting of the Manu-
facturing Chemists’ Association, Inc., held on 8 May 1962, discussed 
Carson’s New Yorker articles: 

The Association has the matter under serious consideration, and a 
meeting of the Public Relations Committee has been scheduled on 
August 10 to discuss measures which should be taken to bring the 
matter back to proper perspective in the eyes of the public.  An 
Association program is being evolved, to be handled as a cooperative 
venture with other interested industry groups . . .18

Carson was not surprised by this partisan response.  As early as 1958, she 
had anticipated the storm that would follow the publication of her book.  
In a letter to her friend Dorothy Freeman, Carson wrote: “I know you 
dread the unpleasantness that will inevitably be associated with its 
publication . . . . But it is something I have taken into account; it will not 
surprise me!”19 A flood of brochures, pamphlets, newsletters, reviews, 
and various other commentaries came pouring out from the chemical and 
agricultural industries and their affiliates, beginning in the summer of 
1962. 

The anti-Carson campaign “to bring the matter back to proper 
perspective in the eyes of the public” included some recurring elements.  
In one of her few public acknowledgments of these critiques, Rachel 
Carson laid out what she saw as the structure of industry’s attack on her 
work: 

One obvious way to try to weaken a cause is to discredit the person 
who champions it.  So — the masters of invective and insinuation have 
been busy: I am a “bird lover — a cat lover — a fish lover,” a priestess 

                                           
16 These were heptachlor (3-chlorochlordene) and chlordane (1,2,4,5,6,7,8,8- 
octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindane). 
17 Graham (1970), p. 47. 
18 M. F. Crass, “MINUTES of the one hundred eighteenth meeting of the Directors of 
the Manufacturing Chemists’ Association, Inc., held at the Union Club, New York 
City, on May 8 1962, at 11:00 a.m. p. 816”, emphases added. 
19 Rachel Carson to Dorothy Freeman, 28 June 1958, in Freeman (1995), p. 259. 
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of nature, a devotee of a mystical cult having to do with laws of the 
universe which my critics consider themselves immune to.  Another 
well-known, and much used, device is to misrepresent my position and 
attack the things I have never said . . . . Another piece in the pattern of 
attack largely ignores Silent Spring and concentrates on what I suppose 
would be called the soft sell — the soothing reassurances to the 
public.20

 I follow Carson in distinguishing different tactics employed by the 
critics of Silent Spring.  The first category of attacks sought to discredit 
Carson as a researcher. This covers all portrayals of her as a “non-
scientist”, a “hysterical woman”, a “fanatical naturalist”, a “science-
fictionalist”, and other such descriptors.  Critics also frequently grouped 
her with radical conservationists.  The editor of the trade periodical 
Chemical and Engineering News wrote an article immediately following 
the publication of the New Yorker articles.  The article quoted comments 
from the Director of New Jersey’s Department of Agriculture on those 
campaigning to put a hold on the gypsy-moth aerial spraying programme: 

In any large scale pest control program in this area, we are 
immediately confronted with the objection of a vociferous, mis-
informed group of nature-balancing, organic-gardening, bird-loving, 
unreasonable citizenry that has not been convinced of the important 
place of agricultural chemicals in our economy.21

Carson could be derided as part of this “unreasonable citizenry”, if not in 
fact its leader. According to P. Rothberg, President of Montrose Chemical 
Corporation of California, Carson was “a fanatic defender of the cult of 
the balance of nature”.22

A different category of attacks involved the use of parody.  
Monsanto Chemical Company, one of the leaders in DDT manufacture in 
the U.S., published an essay entitled “The Desolate Year” in their 
magazine in October 1962, when Silent Spring was the selection of the 
Book-of-the-Month Club.  Although it did not name Carson or her book, 
the essay mimicked her style of writing and told of the atrocities the 
world would suffer during “an extremely lively spring” resulting from the 
absence of chemical pesticides: 

                                           
20 Rachel Carson, speech to the Women’s National Press Club, 5 December 1962.  
See also Brooks (1972), p. 303.  
21 Chemical and Engineering News, 2 July 1962, quoted in Brooks (1972), p. 295. 
22 John M. Lee, “‘Silent Spring’ is now noisy summer”, The New York Times, 22 July 
1962, p. 11. 
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So went sweet corn, for that year hardly an ear from corner to corner of 
the nation brimmed with just its own sweet juice.  If its stalk and ear 
escaped the harsh attack of the borers, along came the earworm, 
hatching from eggs that a brown-gray moth slipped into the receptive 
silks alongside the life-giving pollen. Her worm-children ate and 
defecated and ate more, working from the tender small kernels down 
into the large firm ones. 

At the end of its narrative section, the article read: 
The terrible thing about the ‘desolate year’ is this: Its events are not 
built of fantasy.  They are true.  All of them, fortunately, did not take 
place in a single year, because so far man has been able to prevent such 
a thing.  But all the major events of the ‘desolate year’ have actually 
occurred.  They have occurred in the United States.  They could repeat 
themselves next year in greatly magnified form simply by removing 
the country’s chemical weapons against pests.23

The article continued by offering sixteen examples of the dangers insects 
presented to modern society, accompanied by startling statistics, such as: 
“Insects take a $500,000,000 annual toll on food and fiber storage and 
transit, even with controls used now.”  In conclusion, the article presented 
nine quotations from academic, industrial and governmental organiza-
tions focusing on the benefits of pesticide usage and suggesting that 
problems resulted from misuse and not from routine use, even on a very 
large scale. 

An editorial from the American Agriculturalist included a similar 
parody, in which a grandfather sits on a log with his grandson eating 
acorns, explaining that a book called Quiet Summer had brought a return 
to natural living that resulted in famine, malaria, blight and the death of 
his parents.24  Publications like these were attempts by interested parties 
to spread the idea that Carson advocated a complete ban on the use of 
pesticides.  This allowed them to admit the problems with pesticides 
while highlighting the mess in which humans would soon find themselves 
without chemical pesticides.  This widespread strategy was not based on 
an accurate reading of Carson’s views.  In chapter two of Silent Spring, 
Carson explained very clearly:  

All this is not to say there is no insect problem and no need of control.  
I am saying, rather, that control must be geared into realities, not to 
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mythical situations, and that the methods employed must be such that 
they do not destroy us along with the insects.25

Other critics portrayed Carson’s writing talent as introducing 
scientific error into her work.  They highlighted the literary skill she had 
displayed in her previous works in order to “disparage her science, or 
express fear that literary brilliance will blind readers to what these critics 
consider logical or scientific flaws”.26  “A Fable for Tomorrow” attracted 
particular criticism.  According to Lear, “The fable was almost uniformly 
derided by reviewers unable to understand its basis in allegory”.27  Two 
other common accusations were associated with this focus on the literary 
qualities of Silent Spring, typified by this excerpt from a September 1962 
review in The Cincinnati Enquirer: 

Miss Carson, a marine biologist, seems to have abandoned scientific 
disinterest and objectivity. Carried to their emotional conclusion, her 
arguments lead to a virtual abandonment of pesticides to save nature 
from the ravages of man. And man is dehumanized into giant chemical 
firms grasping profits at the expense of helpless and harmless insects, 
birds, squirrels, bunnies and other cute, cuddly forest creatures.28

These arguments, that Carson’s writing was overwhelmingly sentimental 
and not backed up by scientific findings, appear in some form in almost 
every negative publication about Silent Spring. Examples are too 
numerous to list exhaustively, but a small sample will give an idea of the 
variety of newspapers, magazines, and other publications that printed 
very similar statements across the U.S. and overseas. Even Carson’s 
obituary in Time magazine contained fragments of these arguments: 

Despite her scientific training, she rejected facts that weakened her 
case, while using almost any material, regardless of authenticity, that 
seemed to support her thesis.  Her critics, who included many eminent 
scientists, objected that the book’s exaggerations and emotional tone 
played on the vague fears of city dwellers, the bulk of the U.S. 
population, who have little contact with uncontrolled nature and do not 
know how unpleasantly hostile it generally is.29
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In the United Kingdom, an article by Ieuan Thomas, the Director of the 
Ministry of Agriculture’s Infestation Control Laboratory, entitled “An 
emotional book”, read: 

The biologist who has worked in this field for many years is left with 
the feeling that had this book been written more objectively, it would 
have met a real need and would have narrowed rather than widened the 
gap between scientist and layman.  There is a very real danger that the 
general public, knowing this book to be written by a biologist, will 
accept it as a genuine scientific version of this problem. This it 
certainly is not and was probably never intended to be.  In a highly 
emotional and over-emphatic way Silent Spring will draw the attention 
of the public to acute problems that biologists and chemists have been 
striving, and with considerable success, to solve for two decades or 
more.30

Similar arguments appeared in articles in various media such as the 
Birmingham (Alabama) News, Nutrition Reviews, and the American 
Chemical Society Publications.31  In the summer of 1963 a critical review 
appeared in the journal Perspectives in Biology and Medicine. The author 
of this review, Dr. William B. Bean of the State University of Iowa, 
considered Carson’s book unbalanced “banner-waving”: “The importance 
of Silent Spring thus does not derive from its scientific accuracy, of 
which it has little enough, or even from its lively style”.32 In another 
article, published in the Archives of Internal Medicine, Bean went further: 
“as science, [Silent Spring] is so much hogwash . . . . I was made curious 
again and again by her disregard of the rubrics of evidence, . . . for 
scientific validity, or of any feeling that what she presented should be 
unbiased”.33  Writing in a similar if milder vein, William Vogt’s review 
for Natural History accused Carson of being “all too vulnerable to attack 
because of a tendency to exaggerate and an occasional, uncritical accept-
ance of data”.34

                                           
30 Ieuan Thomas, “Silent Spring”, March 1963, p. 105. 
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According to these writers, Carson’s conclusions were invalid 
because she was inaccurate in her description of scientific data, and 
biased in selecting the data she reported.  James Westman, Chairman of 
the Department of Wildlife Conservation at the College of Agriculture at 
Rutgers University, associated “Carson’s propensity for unwarranted con-
clusions” with “what seems to be a mystical attachment to the ‘balance of 
nature’ myth”, and accused her of neglecting “the significance of man-
kind’s expanding population or the dramatic eruptions of other animal 
species”.35  Gordon Tullock was similarly critical of what he perceived to 
be Carson’s unbalanced approach: 

Her book is replete with examples of the damage which she believes to 
have been caused by various programs for the extermination of 
agricultural parasites.  There is only one paragraph where the fact that 
these programs increase agricultural output is discussed . . . . To solve 
difficult problems we need accurate information and serious thought.  
Dr. Carson’s new book provides neither; it is, instead, an obscurantist 
appeal to the emotions.36

 Another “well-known and much used device” in the attack on 
Carson was to misrepresent the content of her arguments, and criticize her 
for things she never said.  The NACA was quick to produce a thirteen-
page pamphlet entitled “Fact and Fancy”, distributed in August 1962.  
The pamphlet listed Carson’s “allegations” alongside refuting “facts” 
established by the chemical industries. The formulation of these 
“allegations” exhibited a typical biased reading of Silent Spring.  As for 
the “facts”, they originated from sources including Frederick J. Stare, 
author of one of the critical reviews described above, and George C. 
Decker, one of the most outspoken opponents of Silent Spring, a scientist 
who had been an advisor on insect control to the U.S. Department of 
Agriculture and a consultant to chemical companies.  All the reports and 
individuals cited in the pamphlet had close industry associations, and 
many of the “facts” were one-sided.  For example, one “fact” stated: 
“Despite the use of billions of pounds of pesticides on millions of acres of 
cropland, damage to wildlife has been relatively insignificant and in the 
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vast majority of cases undetectable.”37  The findings presented by Carson 
in Silent Spring were not taken into consideration. 

The final “fact” in this pamphlet listed for the public exactly which 
were the interested parties in this debate: 

The U.S. Department of Agriculture, the U.S. Public Health Service, 
the National Safety Council’s Farm Division, the National Agricultural 
Chemicals Association, and individual companies which make 
pesticide chemicals are continually warning users of the nature of 
pesticide chemicals and cautioning them to read the label for specific 
warnings and cautions.38

The education of the general public was an important objective of such 
publications.  Another NACA pamphlet published in the same year read: 

Because the general public has little knowledge or understanding of the 
creation, use and benefits of chemicals in the production and protection 
of our food and fiber and their resulting quality and abundance; and 
because lack of knowledge and understanding breeds questions, 
doubts, and outright attacks on chemicals, we submit for your infor-
mation and files, data and information based on scientific fact which 
we believe will be useful to you when the role of agricultural 
chemicals in the world today is under discussion.39

 Yet another strategy of attack was what Carson called “soft-sell”.  
As exemplified by Monsanto’s parody article discussed above, the 
strategy was not to mention Carson or Silent Spring by name, but simply 
to highlight the benefits that chemical pesticides bring to the world and to 
point out errors in the opinions of their opponents.  In September 1962 
the Velsicol Chemical Corporation, which had tried to prevent the 
publication of Silent Spring by challenging the veracity of its content, 
produced its own pamphlet called The Necessity, Value and Safety of 
Pesticides.  As usual with such “soft-sell” publications, Carson was not 
named and her work not cited, but the target of the pamphlet was clear: 

Throughout the centuries, however, the superstitious and the imprac-
tical, giving voice to their desires to escape from reality, have re-
peatedly misasserted a benevolence in nature and have stated that 
man’s efforts to bend nature to better serve man are themselves evil.40
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The nineteen-page pamphlet went on to quote statistics and opinions that 
supported the industry side of the argument.  For example: 

Insects annually kill and curtail more than 15.6 billion board feet of 
saw lumber in our forests and 2.8 billion cubic feet of other timber.  
This and the smaller losses of cover caused by fire each account for 
substantially greater losses of wildlife habitats than the small amount 
of incidental damage caused by pesticides.41

At no stage did the pamphlet discuss the possible long-term effects of 
pesticide use, one of the issues that most concerned Carson. 

These negative arguments against Silent Spring were extremely 
pervasive, traces of them appearing even in some of the book’s most 
positive reviews. A review entitled, “Upsetting Balance of Nature: 
Poisoning Ourselves” contained a deluge of praise for Carson and her 
book, yet right at its heart, the review accused her of inevitable bias: 

Miss Carson documents her denunciations almost to the point where 
her readers become dizzy.  Her evidence, including a bountiful list of 
source material, appears to be overwhelming.  Of course, in this kind 
of a book, the crusader takes pains to present only her side of the 
argument.  Coupled with that, she writes extremely well.  It is doubtful 
if anyone could do a better job of describing some of the biochemical 
effects of such toxic substances as DDT, chlordane, parathion, 
malathion and arsenic.42

Such infiltration of the negative message disseminated by industry and 
government agencies brought it to a much wider readership and led to its 
propagation in popular publications. 

2.2. Positive responses 
Despite the onslaught of critical reviews of Silent Spring, the 

general public’s reaction was resoundingly positive.  This enthusiastic 
endorsement of her work was completely unexpected by Carson: “The 
tremendous response that has come in letters to me and to the New Yorker 
editor has been beyond all expectations and seems to indicate a strong 
desire on the part of the public to bring about some improvement in the 
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situation.”43 Here is an example of the letters Carson received from her 
readers: 

Dear Miss Carson 

I have a city boy’s attraction to nature: this is, ignorant and un-
discriminating, but reverential. And I must say thank you for the 
brilliant beginning of your series in The New Yorker.  Not since I read 
The Sea Around Us years ago have I breathed so deep indoors. 

I’m sure that you have been told many times that you are a poet as well 
as a scientist, but I wanted to say it to you myself.  You are a poet not 
only because you use words so well, but because by describing non-
human life without pathetic fallacies you make us readers understand 
our place on earth so much better.  As I drive home along the Hudson 
tonight I’ll feel more human for having read your lovely, loving words 
today.  I know, too, that your great quiet eloquence will open many 
eyes and close many bottles.44

Generally speaking, the reviews of Silent Spring in the popular press were 
similarly congratulatory.  In sharp contrast to the criticisms described in 
the previous section, hundreds of articles across the U.S. and abroad 
pointed out the merits of Carson’s argument and expression.  Examining 
these articles together, it becomes apparent that there were three common 
emphases among the positive reviews. 

First, although Rachel Carson’s name was usually associated with 
poetical accounts of the sea, these reviewers recognized that the aim of 
her new book was not to mesmerize the reader with allegory and 
description.  They argued that Silent Spring was a serious account of a 
vital issue and was written in an appealing yet objective manner. The 
inclusion of this argument was especially common after the publication of 
attacks that used Carson’s literary talents as evidence for the unscientific 
nature of her book.  It seems that reviewers in the general press were not 
convinced by those arguments. On the contrary, Harry Hansen of the 
Chicago Tribune appreciated Carson’s “deliberation” and her ability to 
state “a startling fact unsensationally”.  Hers was “an example of the still, 
small voice that carries a long way”.45  The Memphis Commercial Appeal 
also appreciated the book’s sober tone: “This is no mouthing by a 
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Johnny-come-lately self-styled Cassandra. Rather, it is a series of serious 
questions about our effort to control the natural world about us.”46  When 
Silent Spring was chosen as Book of the Month for October 1962, 
William O. Douglas wrote: “The alarming story is calmly told, with no 
theatrics and in a sober, factual way.”47  Paul B. Sears, Professor 
Emeritus of Conservation at Yale University, compared Carson’s 
language with that used in the legal profession: “The result, over and 
above, her usual clarity of structure and presentation, is a brief of which 
any attorney might well be proud. If anything can convince the court of 
public opinion, this should do so.”48

A second, related vein of commentary frequently made reference to 
the scientific basis of Carson’s book, noting its accuracy and thorough 
documentation. Sometimes this took the form of reference to the 
extensive research and correspondence with scientists which Carson 
relied on for the development of the book.  The Sunday Times–Advertiser 
of Trenton, New Jersey, carried an article of this type in October 1962: 

Now, Miss Carson is a scientist and is not given to tossing charges 
around carelessly.  She is a marine biologist, the gifted author of “The 
Sea Around Us” and other books distinguished for their scientific 
accuracy as well as their literary grace.  When she warns us, as she 
does with such a profound sense of urgency, that there are grave 
dangers to human beings in the free use we make of chemicals in our 
eternal war on weeds and insect pests, we ought to take heed. 

Her book is based on four and a half years’ research.  She is careful to 
document her case with page after page of scientific data, with an 
extraordinarily long list of sources and with case histories that argue 
her point.49

These accounts accentuated Carson’s training as a biologist. Some 
scientists wrote positive reviews of Silent Spring, indicating that Carson’s 
work presented information with a sound scientific basis.  The chemist 
Mike Baker wrote in The Alembic: 

Miss Carson is not a faddist, she is not an anti-science “nut”. She is not 
a mere professional writer looking for a sensational topic which she 
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could parlay into a “best-seller.” She is instead a biologist, retired from 
government service, technically competent and qualified to discuss 
such matters as are discussed in Silent Spring. That she feels regulation 
. . . is needed to guard against misuse of chemical insecticides is a 
logical result of her training and of her experience. I found nothing I 
could disbelieve, little with which I could not agree in her review of 
how man uses and abuses chemicals as pesticides.50

The third emphasis in positive reviews of Silent Spring was on the 
service it was providing by alerting the public in the much-overlooked 
problem of human environmental impact. By provoking horror in its 
readers, the book was startling them into action.  Such articles argued that 
if Silent Spring achieved nothing else, it at least made people think a bit 
about their natural surroundings. The Nobel Prize–winning geneticist 
Herman Muller emphasized what would happen if Carson’s warning were 
not taken seriously. His review in the New York Herald Tribune described 
her work as “a smashing indictment . . . of the chemical mass-warfare that 
is being waged today indiscriminately against noxious insects, weeds, and 
fungi”. Muller continued: 

It is therefore urgently necessary for the case against the continuance 
of these practices in their present indiscriminate form to be understood 
as promptly and by as wide a public as possible . . . . Perhaps the most 
important service to be rendered by Miss Carson’s book will consist in 
the enlightenment it brings the public regarding the high complexity 
and interrelatedness of the web of life in which we have our being.51

As with the negative responses, most positive reviews presented a combi-
nation of these approaches. Loren Eiseley synthesized all three in the 
Saturday Review: 

It is a devastating, heavily documented, relentless attack upon human 
carelessness, greed, and irresponsibility . . . . All of these facts Rachel 
Carson has set forth sensibly in the quiet, rational prose for which she 
is so famous.  If her present book does not possess the beauty of The 
Sea Around Us, it is because she has courageously chosen, at the 
height of her powers, to educate us upon a sad, an unpleasant, an 
unbeautiful topic, and one of our own making.  Silent Spring should be 
read by every American who does not want it to be the epitaph of a 
world not very far beyond us in time.52
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3. Explaining the noisy reception 
It is clear that lay readers, scientists, and government officials alike 

were intensely interested in the topic discussed in Silent Spring. The 
impact of Carson’s work has been variously attributed to her writing 
talent and established reputation, the situation regarding pesticide use, the 
power of Houghton Mifflin’s advertising, the public perception of 
industry’s response as overkill, and an increasing public awareness of 
environmental problems.53  Yet, even taking all these factors into account, 
it remains unclear why Carson’s work was such a huge success while 
other similar works failed to interest a large readership. 

Ralph Lutts’s contention is that one of the most significant reasons 
for the public acceptance of Silent Spring’s message was that, by 1962, 
people had been living in fear of nuclear fallout for a decade.  Lutts notes 
in support of his argument that the radioactive isotope and long-lasting 
component of nuclear fallout, strontium-90, was the first pollutant 
mentioned by Carson in Silent Spring: 

Just as Strontium-90 could travel great distances, enter the food chain 
and accumulate in human tissue, so too could pesticides.  Just as 
radioactive materials may produce chronic rather than acute poisoning, 
so too with pesticides.  And just as exposure to radiation may produce 
cancer, birth defects and mutations, so might pesticides.  The public 
already knew the basic concepts — all it needed was a little 
reminding.54

Since the American public was already familiar with strontium-90 from 
discussions of nuclear holocaust, it served as a useful analogy for persist-
ent chemical pesticides. 

Carson’s description in “A Fable for Tomorrow” of white dust 
falling from the sky like snow followed by large numbers of plant and 
animal deaths was also designed to remind readers of nuclear fallout. As 
Lutts explains, an early draft drew attention to the dust that fell on the 
crew of the Lucky Dragon, a Japanese tuna boat that had found itself near 
the Bikini Atoll during the atomic bomb tests in 1946.  The crew did not 
realize they were in danger, so did nothing as white powder containing 
strontium-90 fell on them. All became very ill for several months and one 
crewmember died. The fish they brought back and sold to the public were 
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contaminated with radioactivity. Once this was discovered, Japanese fish 
consumption declined and the price of fish collapsed. These events had 
been covered in the U.S. media and Carson clearly expected her readers 
to be familiar with the story.  She used both direct and indirect analogies 
between pesticide pollution and nuclear fallout frequently in Silent 
Spring. Direct analogies included the following: 

We are rightly appalled by the genetic effects of radiation; how then, 
can we be indifferent to the same effect in chemicals that we dis-
seminate widely in our environment?55

The pollution entering our waterways comes from many sources: 
radioactive wastes from reactors, laboratories, and hospitals; fallout 
from nuclear explosions; domestic wastes from cities and towns; 
chemical wastes from factories.  To these is added a new kind of 
fallout — the chemical sprays applied to croplands and gardens, forests 
and fields.  Many of the chemical agents in this alarming melange 
imitate and augment the harmful effects of radiation . . .56

The new environmental health problems are multiple — created by 
radiation in all its forms, born of the never-ending stream of chemicals 
of which pesticides are a part . . .57

Carson used indirect analogy in her argument that the presence of chemi-
cals “casts a shadow that is no less ominous because it is formless and 
obscure, no less frightening because it is simply impossible to predict the 
effects of lifetime exposure to chemical and physical agents that are not 
part of the biological experience of man.”58

 A more recent article by Craig Waddell also presents cogent argu-
ments for the inadequacy of standard explanations of Carson’s success.  
For example, he points out the much more limited impact of other books 
including Murray Bookchin’s Our Synthetic Environment, Theron G. 
Randolph’s Human Ecology and Susceptibility to the Chemical Environ-
ment, and Robert Rudd’s Pesticides and the Living Landscape, all of 
which dealt with similar topics and were published around the same time 
as Silent Spring.   He also uses the less-than-impressive sales of Carson’s 
first book, Under the Sea Wind, to refute the suggestion that literary 
ability was solely responsible for her success. Waddell began his study 

                                           
55 Carson [1962] (1994), pp. 36–37. 
56 Ibid., p. 39. 
57 Ibid., p. 188. 
58 Ibid. 



378  AN ELEMENT OF CONTROVERSY 

believing that Carson’s rhetorical strategy and the apocalyptic quality of 
her writing might be sufficient to explain her success. After studying 
Carson’s archival papers, he was forced to conclude that “no one factor 
— either within or outside the text — can adequately explain the success 
of Silent Spring”.59

I think Waddell is correct to suggest that analysis of the public 
reception of Silent Spring “must consider not only multiple factors within 
the text but also the influence of other texts and of the historical 
context”.60 There is one major contributing factor that has been over-
looked, namely the shifts in the public’s view of science and scientists.  
In the period up to the early 1960s, science in America was viewed as a 
purely objective pursuit by both philosophers of science and the general 
public.  In addition, science was viewed as a panacea that would answer 
all the world’s problems.  It was thought of as a value-free endeavour, 
unaffected by the personal goals of researchers.  The scientist was seen as 
a superior individual, doing the kind of work that most people could not 
understand.  Public funding of science continued to increase after the 
Second World War, during which the government-funded Manhattan 
Project had developed the atomic bomb.  In his 1945 report Science, the 
Endless Frontier, Vannevar Bush, Director of the Office of Scientific 
Research and Development, famously promoted this view of science and 
scientists.  He explained the benefits that science could produce, adding 
that “the flow of new scientific knowledge must be both continuous and 
substantial” in order to create a secure, safe, and prosperous future for 
America and the American people.61

This attitude was reflected in newspaper articles on scientific topics 
from the 1950s and early 1960s.  Science was treated with awe, and little 
acknowledgement was made of possible adverse social consequences it 
might have.  Just as a small illustration, take John Finney’s 1959 article in 
The New York Times about a new nuclear engine, which mentioned none 
of its possible drawbacks.  The article was intended to dazzle its readers, 
impressing them with the engine’s technical capabilities.  Finney simply 
described the new “Ramjet”, which was being developed for the U.S. Air 
Force, as being able to “propel a missile around the world at supersonic 
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speeds”.62  Dorothy Nelkin has commented on the dangers of this kind of 
idealized public perception of scientists and the work they do: “Far from 
enhancing public understanding, such media images create a distance 
between scientists and the public.”63 The general public, persuaded to 
believe in the miraculous capabilities of science, trusted scientists to deal 
with the ethical consequences of their actions.  To make matters worse, it 
was only a small group of experts who shaped policy decision on scien-
tific questions. 

By the early 1960s, people were becoming increasingly ill-at-ease 
with the authority of science.  It is interesting to note that perhaps the 
most decisive academic event that would shake the common image of 
science also took place in 1962: the publication of The Structure of 
Scientific Revolutions by Thomas Kuhn. In this new context Silent Spring 
was able to arouse public concern despite the best efforts of government 
and industry to rebut its arguments. That these interested parties so 
frequently chose to attack Carson’s scientific credibility confirms the 
prominent position accorded to science and scientists up to that time: by 
belittling her science they hoped to diminish her authority. Carson herself 
was keen to make the public aware of the growing and frequently hidden 
power of the government–industrial complex: 

We see scientific societies acknowledging as “sustaining associates” a 
dozen or more giants of a related industry.  When the scientific organi-
zation speaks, whose voice do we hear — that of science? Or of the 
sustaining industry? It might be a less serious situation if this voice 
were always clearly identified, but the public assumes it is hearing the 
voice of science.64

The public’s increasing willingness to challenge the authority of the 
scientific establishment took place in the context of more general chal-
lenges to authority, such as the Civil Rights movement.65 It was also 
fuelled by a growing awareness that scientists and policy-makers were 
fallible human beings acting in particular social settings.  In Silent Spring, 
Carson highlighted exactly this theme: 
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Who has made the decision that sets in motion . . . this ever-widening 
wave of death that spreads out, like ripples when a pebble is dropped 
into a small pond?  Who has placed in one pan of the scales the leaves 
that might have been eaten by the beetles and in the other the pitiful 
heaps of many-hued feathers, the lifeless remains of the birds that fell 
before the unselective bludgeon of insecticidal poisons? Who has 
decided — who has the right to decide — for the countless legions of 
people who were not consulted that the supreme value is a world 
without insects, even though it be also a sterile world ungraced by the 
curving wing of a bird in flight?  The decision is that of the authori-
tarian temporarily entrusted with power; he has made it during a 
moment of inattention by millions to whom beauty and the ordered 
world of nature still have a meaning that is deep and imperative.66

By writing her book as a wake-up call, urging her readers to think about 
who provided information and why, Carson used the public’s growing 
questioning of all kinds of authority to her advantage. She looked at 
science, scientists and the science–industry–government complex with a 
critical eye, examining the validity of their claims and recommendations.  
She shook the public out of complacency and helped permanently to alter 
its view of the authority of science. 

4. Conclusion 
Rachel Carson was well-equipped for the task of writing Silent 

Spring. Her writing was fluid and captivating for a wide audience and 
this, combined with evidence from her research and professional corre-
spondence, resulted in an influential and society-transforming book.  
Placing her book in context within both the development of the environ-
mental movement in America and the growth of the agro-chemical 
industry is crucial to understanding the bifurcated response to Silent 
Spring.  With increased public awareness of such chemically related dis-
asters as the failure of the gypsy-moth eradication program, the tragedy of 
the thalidomide birth-defects, and the mounting fear of nuclear fallout, 
the public was quite prepared to learn the startling facts Carson offered.   

The American chemical industry, riding high after the Second 
World War, feared a change in public opinion of the industry as well as 
new federal regulations on the production, distribution, and utilization of 
their chemicals. Indeed, since Silent Spring’s publication, new federal 

                                           
66 Carson [1962] (1994), p. 127. 
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regulations on chemical manufacturing have caused companies to spend 
large amounts of money on clean-up and regulatory processes.  Industrial 
chemists and those governmental agencies concerned with helping the 
chemical and agricultural industries had good reason, then, to attack 
Rachel Carson and her book.  Failing to find character defects in Carson, 
and generally unable to find errors in her work, publications distributed 
by these groups resorted to unsubstantiated claims of scientific inaccu-
racy or bias, condemnations of emotionality in her work, and attention on 
the positive impact of their own products. 

Those supporting Silent Spring, including many scientists as well 
as naturalists and conservationists along with the majority of reviewers 
for the general press, rebutted these claims.  Carson’s research process, as 
described not only in her letters, but also by first-hand observers, was 
extensive and thorough, spanning a period of over four years.  She was 
objective, serious, and meticulous in her use of data.  My own experience 
of working through some of Carson’s research files at the Beinecke 
Library, looking at what she wrote in Silent Spring, and comparing it to 
the original sources, only confirms this view.  Her sources were reliable 
and appropriate. The information she conveyed was both important and 
controversial.  There was a sound basis to the profound influence exerted 
by Silent Spring on a wide variety of readers, from experts in the field to 
lay readers who were previously unaware of the idea of the balance of 
nature. 

Yet the question remains: why was the response to Silent Spring so 
strong?  I tend to agree with Craig Waddell that a variety of causes must 
be taken into account when considering this response.  Among these, the 
public’s increasing willingness to question authority, and particularly the 
authority of science and scientists, seems to me an important and pre-
viously neglected factor.  In addition, I suggest that many of those who 
criticized Silent Spring were enraged by Carson’s attempt to alert the 
public to the extent to which power was vested in the growing science–
industry–government complex.67  The bifurcated and vehement response 
to Silent Spring was therefore a natural consequence of the context into 
which the book was published.  Although the alarm that Carson sounded 
did not result in a complete overturning of scientific and political 

                                           
67 In Chapter 10, Sections 3 and 4, we saw a slightly later manifestation of resistance 
against this power by outside scientists. 
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authority, public attitudes towards science have certainly not been the 
same since the publication of Silent Spring forty-five years ago. 
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Epilogue 

 Turning an Undergraduate Class into a 
Professional Research Community1 

                                                          
Hasok Chang 

This book is the product of a unique educational experiment, a 
pilot project aimed at a full integration of teaching and research at the 
undergraduate level. The chief innovation was the mechanism of 
inheritance: each year students received a body of work produced by the 
previous group of students, and made improvements and additions to it; 
this process was repeated until publishable materials were produced.  
This is a system of learning that enables students to function as a real and 
evolving community of researchers, which I intend to develop and apply 
further in the years to come.  Here I describe the pilot project in more 
detail, and make a consideration of the pedagogical and methodological 
issues that have emerged in the course of it. 

1. Motivation and origins 
Having had inspiring experience of independent research during 

my own undergraduate years, I have always been in favour of making 
research an integral part of learning.2 When I started actively encouraging 
students to do original research in my courses at University College 
London, the outcome was very pleasant: no more tedium of marking large 
piles of predictable and uninspired essays churned out in response to 
standard questions! Even the unexceptional students often found out 

                                           
1 This is a significantly updated and revised version of an article by the same title 
published in Teaching in Higher Education, vol. 10, no. 3 (July 2005), pp. 387–394. 
2 At the California Institute of Technology, there was already a very successful 
programme of undergraduate research by the 1980s, called SURF (Summer 
Undergraduate Research Fellowships).  I also spent one year at Hampshire College, 
where all undergraduate students undertake extended research projects; there I 
attempted original research in theoretical physics, guided by Herbert Bernstein. 

Hasok Chang and Catherine Jackson, eds., An Element of Controversy: The Life of Chlorine in Science, 
Medicine, Technology and War (British Society for the History of Science, 2007). 
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some things that I did not know before, so assessment became a clear 
learning process for myself as well as the students. However, I also came 
face-to-face with a frustrating problem: after assessment, these valuable 
essays simply sat in piles collecting dust, then eventually got thrown out.  
I felt that there should be a way of getting them published, but the reality 
was that most students working within the confines of a course-unit or 
even a final-year dissertation were not quite able to bring their works to 
the publishable level.   

This frustration served as a catalyst around which a pedagogical 
experiment crystallized. I took a pre-existing course-unit for final-year 
undergraduates, called “Topics in the History of the Physical Sciences” 
(HPSCC313, Department of Science and Technology Studies), and I re-
shaped it in the academic year 2000–01 for this purpose.3  The basic idea 
was that each student taking the course would carry out an independent 
research project, but all the projects would share a common theme, and 
individual projects would be handed down from year to year.  The course 
ran for five years, until 2004–05.  In the final year of the course I was 
assisted by Catherine Jackson in all aspects of teaching and supervision. 

It was important to choose a theme that was focused yet flexible, to 
be conducive to building a community that could accommodate students 
with various interests and inclinations.  And “object biography” seemed a 
particularly appropriate genre, as it would be able to integrate approaches 
from the history, sociology and philosophy of science, technology and 
medicine.  This was especially important in our context, given the wide 
variety of inclinations among our students in the Department of Science 
and Technology Studies and also students from a variety of other 
departments who took the course.  Chlorine was a perfect theme because 
it has been involved in many interesting and important controversies 
throughout its life, the investigation of which promised to yield many 
interesting insights. 
 

                                           
3 For a full description of this course, see the course website from 2004–05: 
www.ucl.ac.uk/sts/chang/chlorine/C313.htm. 

http://www.ucl.ac.uk/sts/chang/chlorine/C313.htm


Undergraduate Research Community  385 

2. The directed community model 
Our project was based on a new model of teaching–research 

integration.  It will be helpful to contrast our model with the following 
common models.  (1) In the “budding genius” model, we recognize that 
the best of our undergraduate students are already capable of attempting 
professional-level research.  With such students, all that one has to do is 
to give them freedom and inspiration, and provide occasional guidance.  
(2) In the “graduate seminar” model, we introduce students to our own 
ongoing research, in order to expose them to cutting-edge work; they may 
also give valuable feedback. This is usually done with graduate students, 
but there is no reason why the model cannot be applied at the advanced 
undergraduate level.  (3) In the “graduate slave” model, students are put 
to work, performing time-consuming routine tasks that are essential but 
we prefer not to do ourselves; in this model students function as research 
assistants, not as independent investigators. 

In contrast to all of the above, what we have developed is a 
“directed community” model of research–teaching integration. In this 
model, students take ownership of their research projects, but they are 
strongly directed by the teacher and by their predecessors.  Students have 
individual projects and work independently, but they are formed into a 
community; the collaboration is both synchronic (on the basis of a shared 
overall theme), and diachronic (through the inheritance mechanism).  
Ordinary students are enabled to carry out original research through close 
supervision and guidance, not only on research methods but on the social 
norms and customs of academia.  Embodied in the directed community 
model are the following key ideals. 

(1) Learning is doing, not merely practice in preparation for 
something else that is “real”.  At present, much of university education is 
dedicated to the rote learning of things that do not benefit anyone 
directly.  The currently fashionable emphasis on “transferable skills” only 
reflects an underlying worry that the content of university education is 
useless for most students’ lives. Even students destined for academic 
careers are supposed to be in training, therefore not expected to produce 
new knowledge. But trainee doctors treat real patients, and trainee 
hairdressers cut real people’s hair (admittedly with less-than-ideal results 
sometimes).  There is no reason why students, who are trainee scholars, 
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should not learn their trade through a process of producing real knowl-
edge. Learning can take the form of knowledge-production, going beyond 
knowledge-acquisition. (Imagine just how much good work would be 
produced if a large group of bright, energetic young people would spend 
three years in an academic version of national service instead of going to 
university — even the “graduate slave” model dismissed above could 
serve a useful function.) 

(2) There is continuity between students and experts. One of the 
most innovative features of the directed community model is that stu-
dents treat their predecessors’ and peers’ works as pieces of secondary 
literature.  This enhances their confidence in doing original work, because 
it breaks down the imagined sharp barrier between themselves as students 
and “real” scholars as famous people. It also increases their confidence in 
engaging productively and critically with secondary literature. Students 
also gain a better sense of how expert knowledge grows in real scholar-
ship, by participating in the accumulation, extension and refinement of 
knowledge through the inheritance mechanism. In this way we do not 
merely simulate a research community, but build a real one that is con-
tinuous with the community of scholars “out there”. 

(3) Originality is relative.  Research at the undergraduate level (or 
any level) is often hindered by the idea that originality means coming up 
with something that nobody anywhere has ever said before in the whole 
history of scholarship.  This absurd idea has actually contributed to the 
desiccation of scholarship by driving researchers into esoteric details that 
are new and therefore easy to publish although they may lack interest or 
importance. Imagine that somewhere there is a book of Truth that has 
never been read, or that was once available but has been lost, or that is 
known to other communities but entirely unknown to us.  For any of us to 
discover things that are stated in that book would have to count as an act 
of original research; it would not be fair to dismiss the result as unoriginal 
just because somewhere someone has written it down before. What this 
imaginary tale illustrates is that originality is a relative concept: we must 
count as original whatever we cannot simply take from sources that are 
readily available to our epistemic community.  Depending on the situa-
tion, “our community” may be the group of most expert scholars in the 
whole world, or our own immediate social peers, or anywhere in between.   
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In the context of a class, the rule of thumb is that if students are dis-
covering things that are unknown to the teacher, then they are doing 
original work. 

3. Enabling and community-building methods 
We have employed various practical methods in order to facilitate 

the students’ work, and we are still seeking to develop them further.  
Several are worth highlighting here, since they point to insights and 
challenges with some general relevance.   

(1) Original research should be made to appear doable. It is impor-
tant to stress that research is merely the process of setting oneself a ques-
tion and going about finding an answer.  Students are also reminded that 
small contributions can be valuable.  It is important that students do not 
set themselves impossible tasks on the assumption that they are required 
to produce something earth-shattering. 

(2) A frank admission of ignorance on the part of the teacher can 
be a very effective empowering technique. Very often in this course the 
most useful thing I could say was: “I don’t know — can you find out?”  It 
works to choose a research area in which the teacher is less than a leading 
expert, which makes the teacher’s ignorance genuine, not feigned. But 
this technique is effective only if there is sufficient basic trust; otherwise, 
students may simply treat the teacher’s ignorance as incompetence.  The 
key is to give a message of confident humility: the field of learning is 
vast, and even the best experts cannot know everything. 

(3) Students can learn from each other. The inheritance mechanism 
ensures the building of a diachronic community. Synchronically, too, 
students are encouraged to use and cite each other’s work.  They are en-
couraged to share information and ideas with each other, and to hold 
small-group meetings on their own, especially when they are working on 
closely related topics. Students who prefer to go and “do their own thing” 
should be reminded of the community-based nature of scholarship, which 
does not have to interfere with their independence. 

(4) In addition to the final essay, students are required to submit a 
file containing all of their research records, including an annotated biblio-
graphy, reading notes, results of literature searches, photocopies, earlier 
drafts, work plans, results of free writing, and correspondence.  These 
research records are assessed, and inherited; for both purposes, electronic 
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formats are encouraged where possible. The inheritance of research 
records increases efficiency for the inheritors, and also teaches them by 
example the process of doing research. (The research notes were also 
invaluable in the process of editing the volume.) 

(5) Students are strongly encouraged to consult relevant experts 
anywhere in the world.  They are given advice on academic etiquette, and 
I made initial personal introductions when I could.  External consultations 
help in establishing a real continuity between the community of our 
student researchers and the research communities that exists outside. 

(6) It may seem odd to have an examination in this kind of course, 
but it has turned out to be a very useful tool.  The first half of the exam 
required students to answer questions about their peers’ projects, forcing 
mutual interactions.  The second half of the exam was a methodological 
essay describing what students learned about the process of doing 
research through their work in the course.  Other exam formats may be 
used for different pedagogical purposes. 

(6) The prospect of publication is an extremely strong motivator.  It 
also raises interesting issues of authorship and intellectual property rights.  
From the start of our project it was made clear to the students that their 
work would be passed on to others, and they were asked to sign a form 
giving their agreement for such use.  Most students were only too happy 
and proud to pass on their work, but they were also given the option to 
retain the work as their own exclusive property (one student took that 
option).  In this book, we have listed as authors all the students who made 
contributions to each chapter.  Although the final product has been edited 
extensively for the sake of overall coherence, the students are clearly the 
authors of the chapters. 

4. Remarks on student performance 
I have been strongly encouraged by how well this course has 

worked out, in both process and outcome.  The students registered their 
satisfaction and enthusiasm, first of all by producing excellent work, and 
also through anonymous course feedback.  Over the five years there has 
only been one student whose overall assessment of the course was 
negative. The following comments are more typical: “the insight received 
by doing research in this way is invaluable experience that should be 
recommended to all undergraduate students”; “the most interesting as 
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well as the most courageous course one can take [in the department]”; 
“the whole idea is just so exciting and inspiring and different . . . very 
challenging but ultimately rewarding”; “a taste of post-grad experience”; 
“most rewarding course I have ever done.” 

Overall, the major challenge was to see whether all serious students 
could actually produce original work.  The results from the pilot project 
are quite encouraging: a total of 36 students enrolled in this course over 
five years, and 34 of them completed it successfully.  It should also be 
noted that students clearly tended to do better in this course than their 
overall average; a rough indication is given by the following table of 
statistics on students based in the Department of Science and Technology 
Studies (STS).4

 

 First class Upper second Lower second 

Results in HPSCC313 15 10 1 

Overall degree results 9 13 4 

 
It is difficult to say how well the weaker students would have han-

dled this course, since there has been a good deal of self-selection and the 
low-performing students tended not to sign up. But the few relevant cases 
we do have are encouraging: the 4 students who got overall lower-second 
class degrees all scored upper-second marks in this course.  It is my belief 
that this kind of work can be managed by anyone who has sufficient skills 
and qualification to gain admission to a reasonably competitive university 
and make it through to their final year, as long as they are willing to 
accept guidance and put in a sufficient amount of effort. 

                                           
4 This excludes students from other departments who were taking this course as an 
elective incidental to their main degree subjects.  Within the STS Department, 
students were enrolled in one of the following three degree programmes: BSc in 
History and Philosophy of Science, BSc in Science Communication and Policy, and 
BSc in History, Philosophy and Social Studies of Science.  For readers unfamiliar 
with the British system of degree classifications: “first class” roughly corresponds to 
grade A, “upper second” to B, and “lower second” to C. 
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5. Prospects for further development 
The next major step I am taking is a follow-up project aimed at 

building a more continuous pathway from learning to research.  In the 
chlorine project, students undertook research-based learning in their third 
year through a half-unit course not directly connected to any other parts 
of their degree programme.5  We had to work very hard and creatively to 
overcome a number of difficulties in this setup.  Students worked under 
enormous pressure, as they only had one term to spend on a major re-
search project, while also keeping up with 3 other courses at the same 
time.  They had hardly enough time to gain enough background knowl-
edge necessary for pursuing research on their particular topics. The 
shortage of available time also created difficulties in using the inheritance 
mechanism to its full advantage, as it took students some time to start 
getting a real sense of their predecessors’ works.  Students also had to 
decide whether to sign up for the course without having a very good 
sense of what was involved, basically taking my word for it that it would 
be a plausible and rewarding thing to do.  They had to make a quick and 
abrupt adaptation to a new way of learning, for which their previous 
courses did not really prepare them. And as the previous cohort had 
graduated and left, students were generally not able to work directly with 
their predecessors, although there was full access to their research notes.   

On the whole these difficulties were overcome rather successfully, 
but we had to put in a great deal of extra effort, and we were fortunate to 
be able to rely on some exceptional personal chemistry. But there is a 
way to lessen all of the above difficulties significantly, which will be 
employed in our follow-up project, to be launched in the academic year 
2007–08. Once again, we will launch a collection of interrelated indi-
vidual projects.  The unifying general theme this time will be “Electricity: 
Innovation and Discovery”. Like chlorine, electricity will be a versatile 
theme that can bring together students with interest in various scientific, 
technological and medical fields. It will also be amenable to analytical 
approaches from history, philosophy or sociology. 

The updated format of the project involves a combination of a 
special second-year course, and coordinated third-year dissertations. All 

                                           
5 A half-unit course at UCL makes up one-eighth of a student’s work for an academic 
year.  In the STS Department, all undergraduate students are enrolled in BSc 
programmes, lasting three years. 
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of our BSc students in the STS Department are required to do a year-long 
dissertation project in their final (third) year on a topic of their choice.  
Many of the students in the chlorine course said they wished they could 
have done the chlorine projects as their dissertations, and such a wish can 
easily be accommodated in the new setup.  Meanwhile, many students 
have trouble finding and crafting suitable dissertation projects for them-
selves, and such students will be helped by the experience of guided 
research in their second year, even if they should not wish to continue 
with their particular projects. 

In the initial year of the new project (2007–08), we will start with a 
half-unit course for second-year students, in which students will be taught 
through quite ordinary lectures and seminars to begin with, to acquire 
some basic background in the historical, philosophical and social studies 
of electricity.  In the later part of that course students will be required to 
write a relatively small research paper, not so different from an extended 
essay they might have to do in an ordinary course in their third year.  
They will receive close guidance and training in research methods. 

In the following year (2008–09), the same students (now in their 
third year) will be encouraged to do their dissertations on the topic of 
their second-year research paper.  The dissertation is a one-unit project 
and runs over terms 1 and 2, providing a lot more time for each student to 
carry out extensive research. New methods for supervising such a co-
ordinated set of dissertations will be developed, quite possibly involving 
collaborations between supervisors as well as students.  At the same time, 
the second-year course will be offered again to the next cohort of 
students, this time incorporating the best of the previous year’s essays as 
initial reading material, on which students will be examined.  That would 
allow the new cohort sufficient time, help and motivation in learning the 
previous works, and would also turn previous students’ works into full-
fledged secondary sources for the new students. The second-year students 
will be asked to write small research papers, building on the previous 
year’s works; they would craft their research topics in consultation with 
the third-year students, in order to achieve better coordination and avoid 
direct overlap with ongoing work. 

In the year after that (2009–10), the best results from the disser-
tations as well as the second-year papers can be incorporated into the 
second-year syllabus. Again, some of the third-years would write their 
dissertations further developing their own second-year papers, which 
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would have been on topics already carefully chosen to build on the pre-
vious cohort’s work. 

Thus, in any given year after the initial one we would have students 
carrying out research at different levels (in their years 2 and 3). Each year 
we would enrich and strengthen the second-year syllabus with the best 
results distilled from the previous year’s work. Each year the second-year 
and third-year students would have close interactions with each other, 
enormously strengthening the diachronic community. 

This should be a completely sustainable process, which can be 
continued as long as desired before moving on to a different subject area.  
We would create a body of knowledge tangibly growing each year in its 
scope and sophistication, as well as a growing and strongly connected 
community of student-researchers. Various publications can be produced 
as appropriate at various moments, from this growing body of knowledge.  
Some of the best students would go on to become professional re-
searchers, which would also mean that we would succeed in bridging the 
gap between students and professional scholars directly and completely.   

This mode of working would serve to effect a complete integration 
of teaching and research also from the teacher’s point of the view, as the 
process would start with quite ordinary classroom teaching and end with 
the supervision of advanced research.  The growing body of student work 
would quickly outstrip any research expertise that the teacher(s) had at 
the start, and soon we would have a process of genuine learning for both 
students and teachers.  Such a mature stage can be reached quite quickly 
if we employ the principle of “removed expertise” and select a topic area 
in which the teachers are not already leading experts but would like to 
start some new research.  In that case, teaching can blend seamlessly into 
the direction of a research team. There would be no need for a large 
research grant or hiring of research assistants for such a project. 

We are also considering whether and how the directed community 
model of research–teaching integration can be applied elsewhere.   

(1) Other fields of study.  Our model would apply quite well to 
other areas of history and also to various types of engineering, where 
there are always plenty of empirical questions to be resolved.  It may be 
more difficult in the natural sciences, mathematics or languages, where a 
great deal of rule-bound training is necessary before original work can be 
done. It may also be difficult in fields like philosophy, where true 



Undergraduate Research Community  393 

originality is expected only after a long process of training focused on the 
critical study of well-known works. However, it is important to remember 
the relativity of originality, discussed above.  Re-discovery is also a form 
of discovery.  It is entirely legitimate and useful to re-invent the wheel, as 
long as the wheel is not known in one’s own community. 

 (2) Other locations.  Our pilot project would have been difficult to 
run in a location lacking the extensive library and archival resources that 
we enjoy in London. However, in most cases each location would offer 
its distinctive advantages as well.  The aims and methods of research will 
obviously have to be adapted to local conditions. 

(3) Other pedagogical formats. There are various ideas on the 
drawing-board. One idea is to direct a coordinated set of final-year disser-
tations, which will happen if the follow-up project works out as planned.  
Another is to apply the inheritance mechanism to essay assignments 
within a fairly traditional course. I believe that suitable versions of the 
directed community model of research–teaching integration can be de-
vised for most teaching and learning contexts. 

(4) Other levels.  In the pilot project the course was only open to 
final-year students, and even in the follow-up project participation will be 
restricted to second-year students or higher.  But that is partly because 
earlier stages of education do not prepare students well.  There is at least 
some anecdotal evidence that even primary school children can perform 
original research, given appropriate guidance.  Sheila Llewellyn gives a 
brief account of Mr. W. T. Creswell at Clifton Hampden Primary School, 
Oxfordshire, who had his pupils make observations on the rotting of 
fruits, and delivered their observations to Alexander Fleming (of peni-
cillin fame).6  I have my own experience of Hong-Ik Elementary School 
in Seoul, Korea, where every student in years 4, 5 and 6 was required to 
carry out a “free research” project each summer; the authors of the best 
projects gave presentations to the school assembly. I also experienced 
two wonderful years at Northfield Mount Hermon School in Massachu-
setts, where the encouragement of creative and original work was woven 

                                           
6 Fruit News: The Magazine of the Friends of Brogdale, Autumn 1995, pp. 11–12.  
For another similar example, see G. C. Britton, G. P. Bulmer and N. G. Smith, “Syrup 
of violets — Boyle revisited”, School Science Review, vol. 74, no. 269 (June 1993), 
pp. 89–90.  I thank Julian Perfect for these references. 



394  AN ELEMENT OF CONTROVERSY 

into the school’s educational philosophy.7  In the other direction, I believe 
that the directed community model would work very well at the master’s 
or early PhD level. Extending the model to the beginning stages of 
graduate training would complete the bridging of teaching and research. 

We are seeking an active dialogue with interested colleagues in 
various fields at various levels, and with scholars in the field of education 
theory.  I offer these reflections to stimulate the thinking of practitioners 
and theorists of education alike, and of students everywhere. 

                                           
7 Dr. Glenn Vandervliet demanded a “scholarly article” from every student in his U.S. 
History course.  Mr. Vaughn Ausman had each student carry out an independent 
research project in his Advanced Placement Chemistry course.  I had the privilege of 
playing around with my own ideas on modern physics in an independent study course 
directed by Mr. Hughes Pack.  Mr. Pack went on to create a hands-on astronomy 
course, in which three students discovered a new asteroid in the Kuiper Belt in 1998; 
for an account of the latter event, see “Massachusetts High School Students Discover 
New Asteroid”, news release from the University of California, Berkeley (19 
November 1998), http://www.berkeley.edu/news/media/releases/98legacy/11-19-
1998.html (last accessed on 27 July 2007). 

http://www.berkeley.edu/news/media/releases/98legacy/11-19-1998.html
http://www.berkeley.edu/news/media/releases/98legacy/11-19-1998.html
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