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I ntroduction

Ethics of Chemistry:
Meeting a Teaching Need

Joachim Schummer and Tom Bgrsen

1. ThePurposeof ThisVolume

Perhaps more than ever, chemical know-how is inashehfor develop-
ing solutions to many global issues, including phetection of the natu-
ral environment, healthcare, nutrition for a grogviworld population,
water treatment, energy production, waste treatmestycling, and
clean-up of environmental damages by former geloesat Rather than
just doing their isolated lab work, chemists arpested to engage with
other disciplines and with society at large to wingether on managing
these issues. Of course, real-life solutions avemas simple as those for
crossword puzzles. They always involve various athges and disad-
vantages, improvements and drawbacks, and opptesir@nd risks to
be discussed and balanced against each other. byherkemists are
inevitably involved in disputes about values. Theguld badly fail if
they were not prepared to reflect on the valueseldp and analyze
moral and political arguments, build moral judgnsenand perform
responsible actions, all of which belong to the domnof ethics.

For many years, national and international orgdinima, such as
UNESCO'’s World Commission on the Ethics of Scientknowledge
and Technology (COMEST), have therefore recommendeaddatory
courses of ethics for all university students dgésce and engineering.
Moreover, funding agencies and corporate assonmtimcreasingly
require or assume that scientists are familiar wtthical issues, such as
the European Responsible Research and Innovatiogrggn and the
Corporate Social Responsibility agenda. While tleeessary courses
have been established in numerous countries andiaieous student
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groups, chemistry is still lagging behind, despibe particular im-
portance to the discipline. One reason, or exdsdbge lack of appropri-
ate course materials, because ethics of chemisteg thardly exist in
academia, unlike, for instance, ethics of medicinielogy, computer
science, engineering, and so on.

The main purpose of this volume is to fill that dagth by providing
the necessary resources for teaching and by esdtadgiethics of chem-
istry as an academic field of future research. Wesa by presenting a
well-selected set of ethical cases that we haveldped and co-edited
over four years in a series of special issueklyé: International Jour-
nal of Philosophy of Chemistiihyle.org). Our chapters are authored by
the best available experts worldwide, many of whiaeke a background
both in chemistry and the humanities or socialrsi@e. The cases are
carefully selected so as to cover the most imporedinical issues that
have raised moral concerns in the past and haeaghr shaped the
public image of the discipline. They both define $cope of ethics of
chemistry and narrate a cultural history that evelngmistry student
should be familiar with based on academic resources

The objectives of using the book in university cietng education is
not only to transfer knowledge about ethical issars events in chemis-
try, but also to facilitate the development of gtiaal skills and action-
oriented competences so that ethical dilemmas eamdéntified and
addressed by the next generations of chemists.

In this chapter, we introduce ethics of chemistrgt guide the educa-
tional use of this volume, depending on purposelsrasources. We first
provide a brief outline of philosophical ethics digtinguishing it from
best practice methodology or behavior, sometimedeadingly called
‘ethics’, and then provide a brief introduction éthical theories, fol-
lowed by a discussion of their application to feelsuch as chemistry.
Next we introduce all chapters by our typology tifieal issues accord-
ing to the order of this volume. This is our recoemued order of read-
ing and teaching ethics classes to chemistry stadelowever, cases can
also be considered and taught according to histodder, which pro-
vides a selective cultural history of chemistrybgrsubject fields, which
allows for integrating selected ethical issues iptoticular chemistry
classes, for both of which we provide recommendatizelow.
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Unlike the common theory-plus-experiment-based hiea; which
depicts chemistry in radical societal isolation a@mgproves technical
skills, ethics courses enable students to act nsdiply in projects that
matters in society (Schummer 2018). They reestaktie long-neglected
link to the humanities, and raise awareness ositmgle fact, that chem-
ical research is of the greatest societal impodarfor better or for
worse.

2. What IsEthics?

2.1 Ethics of chemistry versus ‘ethics in chemistry

If a scientist fabricates data, wrongly assumesaship of something
that some colleagues have achieved before, ornibsescientists put
their name first (or last, depending on the custofthe discipline) on
the publication of work mostly done by junior sdists, or if someone
denigrates the public image of science, the séiemtbmmunity is usual-
ly upset. There is no question that all that is beldavior. However, does
it really concern general ethics?

While it is, in any regard, morally wrong to betragmebody else,
like your colleagues and the general public withriizated results, it is
not so clear if the other issues scientists arallysconcerned with are of
ethical relevance. After all, lobbying for the ineagf one’s profession is
not an ethical issue but in the self-interest efdiscipline, usually at the
expense of other disciplines, nor is the questibwlm deserves most
credit for a scientific achievement. Indeed mosieotsocietal fields do
not care about intellectual priority claims of, shysiness ideas, as long
as there is no legal protection. And if they dolé® in art, copying the
style of others is considered poor art rather tinaral failure.

Many issues that scientists sometimes call ‘ethigsales’ are actually
violations of methodological or epistemic normsefiéare a wealth of
methodological rules in science proposing, foransge, how to produce
and interpret data correctly, how to publish andeng scientific results,
and so on. These so-called ‘best practice’ rulesienthat results are
reproducible by anyone else, such that the scientbmmunity can
build further research on them. Any violation coblrm scientific pro-
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gress when others credulously rely on these resdftgourse, they are
upset then because they have wasted time andsgfortl because the
scientific quest for knowledge was misguided. Hosrevwt depends on
the specific circumstances whether such violatibhmethodological
norms additionally violates ethical norms. Whiler is an overlap area
between both topics to be discussed in Chaptehig,volume is not
about methodological issues but about ethical spueper. What then is
ethics of chemistry about?

There is a double meaning of ‘ethics’ as theredsuable meaning of
‘chemistry’, like of any other science in the Esglilanguage. In the
vulgar meaning, ‘ethics’ just means the behaviaubds of a group, such
as ‘chemistry’ means the regular behavior of mdiezuln this sense,
‘ethics in chemistry’ describes the behavior of migs and what they
think one ought to do, which largely covers therafieentioned meth-
odological norms. In the academic meaning, howe'athics’ is that
branch of philosophy that deals with moral valudeally putting it on
general principles that are valid for anyone at tamg.

A chemical example may illustrate the differendere is a ‘chemis-
try’ of two particular insects interacting chemigalsubject matter level,
the actual behavior of insects) and there is tleglamic field of phero-
mone chemistry that studies the chemical interastlmetween insects by
various molecules (epistemic level, scientific kiedge about the insect
behavior). Like academic chemistry studying sultstarand molecules,
ethics studies moral values, norms, and judgméihiss, ethics is not the
behavior, but the study of the behavior. Howeveljke science that
aims at the perfect description, prediction, anglanation of its subject
matter, ethical studies aim at normative ideas lwditvis morally right or
wrong. These studies can be very general and ahstmilar to theoret-
ical chemistry, or applied to particular fields laiman activity, such as
in ethics of chemistry.

What then are moral values, norms, and judgmentx2lMalues are
general goals or goods that are morally valued m@dmmended to
strive for or to support (as, for instance, justieell-being, or human
rights). If these values additionally meet ethicaduirements detailed
below, they are ethical values. Moral norms ard ladligations to strive
for moral values €.g, ‘act so as to increase or reinforce justice, well
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being, and human rights’) and obligations to avoadinter-productive
goals €.g, ‘act so as to avoid injustice, harm, and humaghtsi viola-
tions’) also known as moral prohibitions. Moral gmdents include the
full range of normative statements, from blame gmdise to moral
recommendations pro and con, unlike scientific judgts that state
whether statements are true or false. In ethicsahpdgments are usu-
ally about the actions of moral subjects, both vittilials and corpora-
tions, distinguishing between doing morally rightdadoing morally
wrong. They can come in advance as guidaeag (it is morally right
to do this or that’) and in retrospect as verdithaf was morally
wrong’). However, moral judgments may also be alibatgeneral atti-
tudes of moral subjects, which typically distinduizetween virtues and
vices and is then called ‘virtue ethic€.¢ ‘this person is guided by
justice’). The examples illustrate that values ttasome extent be trans-
lated into general norms, judgments, and virtuebvige versalf either
of them forms the basis of an ethical system oorihat is considered an
ethical or normative principle.

Ethics of chemistry is thus the academic field ttatlies the moral
values, norms, judgments, and virtues relevanh&mistry with the aim
of providing moral guidance from a general ethiesspective. Because
ethics takes, per definition (see below) an imphdiance, it may ques-
tion, criticize, or confirm the moral attitudesafemists — as individuals,
corporations, or local or global scientific societyrather than taking
them for granted. In ethics, like in any scientejdes not matter what
people believe at a certain time and place, but wiiat rational argu-
ments can be provided to support or oppose a view.

2.2 A brief introduction to philosophical ethics

At the risk of over-simplification, a very brieftnoduction to philosophi-
cal ethics, or moral philosophy, may help settihg stage. Ethics, a
major discipline of philosophy, has elaborated tleoand normative
principles to decide on ethical issues over mamjurees. To begin with,
it is useful to distinguish morality, which is whettics is mainly about,
from other normative realms.€., realms of norms that say what one
ought to do), in particular, customs and law, kegpn mind the distinc-
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tion between the academic field and its respeahjects of study. Eth-
ics studies morality, while the academic field aflstudies the laws,
whereas social sciences, such as anthropologyrildesdhe actual cus-
toms of particular societies.

Customs and law are both local regulations, entbbgevarious sanc-
tions, from mild stigmatization to imprisonment, eren capital punish-
ment in some countries. Morality differs from custin that it refers to
general principles that are independent of theiquaar group or society,
whereas customs are based on the specific traglitbra culture. For
instance, local customs greatly vary in their drezdes or rules of de-
cency and politeness, hardly any of that can bifigds across cultures.
And some customs, like the widespread ancientiogigypractice of
human sacrifice, are deeply questionable on etlgicalnds. Law, which
many mistakenly think is the most basic normativalm, requires ethi-
cal justification in parliamentary debates befdeeiinplementation, and
can later be questioned and revised on ethicalngi®at any time. Ideal-
ly, law harmonizes with morality at any time, btutmay be based on
misguided moral ideas as in many dictatorships.ddeer, law covers
only those areas that the state can reasonablyot@rtd courts could
possibly judge. For instance, criminal intent, aithh being pivotal to
many legal judgments, frequently evades the judgapacities of mind
reading. Hence, morality, rather than being a tedi¢ategory besides
customs and law, is the most basic and most impiootze.

The very first principle of any ethical theory ttains at moral judg-
ments, indeed its necessary condition or meta-ptecis impartiality,
which can appear in different versions. It may jostthe strict rule to
disregard any partial interest and, instead, givg affected party an
equal say. In the latter form, the principle is vestablished in democra-
cy in the form of general elections, as well agaiitical philosophy
(contract theories) and discourse ethics (whiclindef rules to solve
conflicts in moral matters, such as that anyonethasight to propose
rational arguments for one’s own position). Omiy demand consider-
ing the equal interest of anyone concerned, inolydineself; or abstract-
ing from one’s own particular interests; or tregtemyone by the same
rules, regardless of heritage and social statukéuthe laws and cus-
toms in monarchic, feudal, and caste societies)tslroldest and most
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famous form, the so-called Golden Rule, it required one should treat
others as one want to be treated oneself by adirsttthereby dismissing
the difference between me and them. The 18th-cgphitosopher
Immanuel Kant developed this principle into a medie; that is, a litmus
test to decide whether a rule is an ethical ruleatr only if | can reason-
ably want that my rule becomes a general rule figoae, it is an ethical
rule. (You might wish to betray others, but youtaerly do not wish that
‘anyone can betray others’ becomes a general rule.)

The second principle of ethics says, do no harethers and instead
do good, the principle(s) of non-malevolence andebelence. It can
come as one combined principle, such that doinghtemn be balanced
by doing good and vice versa. Or it comes as tvierdint principles,
usually with priority for non-malevolence, as invlabecause attempts at
doing good frequently turns into unintended harne do unforeseen
adverse effects. Much of the classical philosophathics is about
whether and how one can combine the first two/tipregciples into one.
Many Kantian ethicists think that their own form iafpartiality (s. a.)
implies not-doing-harm, because nobody wishes tahee subject of
being harmed. Utilitarian ethics, the other impottéradition, unites
impartiality (all people are equally consideredjhaine combined prin-
ciple of benevolence and non-malevolence: act stoamaximize the
happiness of all people, which is achieved by llming good and avoid-
ing harm.

Over the centuries, a variety of theories have lpgeposed in ethics,
just as in science. They all have their pros ams@nd mostly establish
respectable positions for many areas, but theydffbom each other in
many regards of which we will introduce three intpat distinctions.

First, ethics may focus on different aspects of &raction, both for
providing moral guidance in advance and judgmemteetrospect. One
aspect, highlighted by consequentialist ethicsthis consequences of
one’s actions, such as when utilitarianism requicesiaximize the hap-
piness of all people. While scientists might takis to be the obvious
approach, because it is based on familiar causetatlations of human
action, they should consider this: if your acticas hunintended adverse
conseguences, your action is morally wrong, whatgaeer good inten-
tions might have been. In contrast, deontologidhice (from Greek:
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deon duty, obligation) judges and recommends actiooomaing to
whether they are performed in accordance with mdrdles, which
cannot be defined in scientific terms of causeetfielations. These
duties certainly include avoiding harm and doingdjoHowever, deon-
tology is not an excuse for the naive good wilinajor ethical problem,
because it usually includes the duty to consider flest available
knowledge for avoiding unintended harm.

Second, depending on their number of principldsical theories can
be divided up in monist positions (a single pritejpand pluralist posi-
tions (many principles). Utilitarian ethics is ulyanonist, which has
the advantage of avoiding priority conflicts betwetfferent principles,
whereas the Kantian meta-rule allows to derive mooe rules that
might lead to conflicting recommendations and judgta. Moreover,
most contemporary ethical theories include theqgplaes of justice and
human dignity that both cannot simply be derivamrfrthe principles of
impartiality, benevolence, and non-malevolence. ikstance, utilitarian
ethics allows for the unequal distribution of haygsis and harm among
people, which might even include the torture araifiee of individuals,
as long as the overall happiness rises. Once fuptieciples are consid-
ered, they all need to be balanced against ea@r othevery situation,
which undermines the ideal of a simple algorithmdthical judgments.
That might explain why ethics is usually considefadzy. However,
also science is fuzzy when we deal with real-w@stlies by models that
necessarily include simplifications and approximasi, rather than with
mathematical simulations of idealized cases.

Third, while classical ethics was developed foralamoral issues of
the time, modern issues frequently affect a mudadber range, both in
terms of time, space, and species to be considirguhrticular, techno-
logical changes, here and now, can have a globpadmnow and on
future generations, and on nonhuman species. Téthécal theories
differ in whether they consider only local peopteatso the global popu-
lation, the current generation or also future gati@ns, and only humans
or also nonhuman biological species, as in enviental ethics. Many of
the ethical issues discussed in this volume requoresidering a broader
scope because chemistry has indeed an enormousti@pass time,
space, and biological species.
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2.3 Applied Ethics: Top-down versus bottom-up

As mentioned previously, the general approach dbgbphical ethics is
not so different from that of theoretical scienodhat it tries to base its
theories on a few principles. Ideally normativedglines and judgments
for a particular case are to be derived from thiecgples and the condi-
tions of the case, just as scientists try to expdaparticular phenomenon
by applying basic theories or models to the specifintext. There is a
controversy about which and how many principlesrageded in ethics,
as there is an epistemological dispute in sciehak mnatural phenomena
can be explained by a single set of scientific @ples, which theoretical
physicists usually claim to be from physics in dugionist manner.

Naturally, the epistemological distinction inforndifferent educa-
tional approaches. According to the top-down omuotidnist approach,
education starts with first principles to be enedlonly later by particu-
lar cases that are meant to illustrate the priesipgit work. In chemistry,
you would start your first semester with quantumchamics and do
laboratory experiments only at the end of your gtud order to learn
how to apply quantum mechanics to chemical phenam&mrtorrespond-
ing ethics (of chemistry) education would beginhafitst principles and
end up with particular cases (from chemistry) ircatted applied ethics.
In contrast, the bottom-up approach, which is skapabout a set of first
principles fixed once and forever and about redundsim, at least in its
current shape, starts with studying particular saseorder to learn what
matters and how to design useful distinctions, epts; and models.
Because that is how the experimental sciences, di@mistry, have
successfully developed over centuries, we taket¢hiie also the obvious
approach in ethics of chemistry, both in researchedducation.

In philosophical ethics, skepticism of the top-dogproach has a
long tradition, reaching from Aristotle in the folrcentury BC to the
modern field of Applied Ethics (in capital lettershat refuses to be just
an application of first principles. That skepticisas well as the bottom-
up approach, is particularly strong in medical ethiHowever, ethical
principles can play an important role from the vbeginning of explor-
ing a new field such as ethics of chemistry. Thelg our view in what
matters from an ethical perspective, help introduseful distinctions,
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and develop concepts and theories adjusted to chémsues, without
simply taking them as applied cases. They might évspire us to modi-
fy or enrich them based on a deepened ethicallinsifjthe cases. In a
sense, they work as necessary instruments thateeg at the start and
that might be improved in the course of furtheesssh, just as chemis-
try has improved its models and instruments incthrse of its history.

Even more so in ethics education, principle-basbit® helps sharp-
en important distinctions, crucial for any ethicahsoning, such as be-
tween descriptive and normative reasoning, moguiraents and rheto-
ric, good-for-us and morally good, and importantice and important
in general. Discussions in Applied Ethics frequetiécome all too fast
absorbed by personal interests, and ignoring td@ginctions, and prin-
ciple-based ethics is the most effective educatimmedy against that.

Nonetheless, this volume favors a case-based torbatp approach
to ethics of chemistry for various reasons. Thatdsonly, as mentioned
before, in accordance with the general epistemotdghemistry and the
prevailing skepticism in Applied Ethics. Moreovbecause we are at the
very beginning to explore what really matters iermistry from an ethics
point of view, it is useful to start with the cagbat have mostly stirred
up public moral debates. There is the potentialeafning something
entirely new from the chemical cases because tley targely been
ignored by philosophical ethicists. Furthermorecduese there are a
variety of different ethical theories, any top-doapproach would prem-
aturely and wrongly have to single out one theany dach and every
case in chemistry. By contrast, this volume is argtd by many different
scholars, each one a specialist of the respedise, avithout following a
single ethical theory.

From an educational point of view, the diversityaothors and view-
points also provides students with a realistic vigiathe ethical issues
and the different possible stances. What matteeshics education is not
the indoctrination of one particular view, as irctdtorships. Instead,
ethics education aims at developing various moaphcities, including
the ability to develop one’s own moral position éhon ethical argu-
ments.
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3. Casesof Chemistry According to Ethical Topics

There are various ways of ordering the cases amuespondingly, of
using the cases in class. Because our primary @im provide material
for ethics teaching, this volume orders the casesthical topics. That
has the additional advantage of structuring thél fithat is, ethics of
chemistry, right from the beginning, to provide damce for further
academic research or let others challenge and ynodifstill provisional
ordering. Of course, there are entirely differgptians, such as ordering
the cases by historical timeline or by chemicaldBe which we will
discuss in Sections 4 and 5. And there is, of eguitee possibility of
selecting individual cases according to specifteriests, by choosing the
most prominent cases or by using the table of cwstalong with the
subject index at the end of this volume. However,dur purpose it is
useful to divide the case in five groups accordimghe dimensions of
the ethical issues.

3.1 Misuse and misconduct

The first groupMisuse and Misconductovers cases where the respon-
sible actors clearly violate ethical norms, whibbyt might do knowingly
or unknowingly. Evil actors do this with intentioand in retrospect they
are usually easy to identify and to blame, butere® the least interest-
ing cases from an ethical point of view. Otherstliat apparently with-
out intention but by sheer ignorance of ethicsfahe dimension of their
doings. Indeed, as we will see, in many casesaifdloup, actors mis-
understand their ethical responsibilities and ceafil with other norms,
such as patriotism or obedience to employers oemgouents. Others try
to excuse themselves later by arguing they hadknown the conse-
guences of their actions, although ignorance oveatiiis of course not
an excuse per se. Instead, there is an ethica) dugcientists as of any-
one else, to inform oneself about the possible emqmsnces of one’s
actions according to the best available knowlediggvety is no excuse
but a major source of ethical misconduct and witkesgh harm. That is
perhaps the most important lesson from this typeasé.
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Our volume starts with a fictitious case of scintmisconduct that
Janet D. Stemwedel wrote for this occasion, draviiog various prom-
inent historical examples, including the Sezen/Sarese from 2002
(Chapter 2). In her study, we meet a PhD studemt @g@nnot reproduce
the experimental data published by a former mendiethe research
group. As the case develops, the reader gradwelizes that data fabri-
cation has been involved. Stemwedel analyzed l&vdi case with the
help of Muriel J. Bebeau’s strategy for ethical iden-making. As the
analysis progresses, various dilemmas faced bynabewu of involved
people unfold, from the PhD student to the superyi® colleagues and
university officials, illustrating the ethical cotegities of typical real
cases of scientific misconduct.

In the second case study, Joachim Schummer natredsistory of
chemical weapons research, development, and depldyim WW!I with
focus on Fritz Haber in Germany (Chapter 3). Theecshows how for
the first time in history scientists engaged orai@e¢ scale in weapons
research, established an academic-industrial-myi{ig@avernmental
complex, and created an unprecedented arms racevoldd become a
model for the Cold War era. In his ethical analykes argues that chemi-
cal weapons research, which is widely conductetbupe present day, is
morally wrong according to all major ethical thesyi despite a battery of
widespread but misleading excuses. The questiers dhise as to why
chemical societies do not condemn it in their caafesonduct, and why
they instead still today consider the main weap@searchers of WWI
role models for a younger generation.

The third case asks if the research, developmeiul,paoduction of
chemical weapons can all be characterized per seiaasse of science
(Chapter 4). Stephen M. Contakes and Taylor Jdshiose the two
examples of Louis Fieser, the inventor of napalminduWWII, and
Dow Chemical, one of the producers of nhapalm dutiragVietnam War.
Based on Just War theories, their analysis is ftumn the issue of
whether the actors knew about and supported thelantilitary mass
deployments of napalm against civilians, which bstandards count as
severe war crimes. While they find Fieser, as W\eNeloped, increas-
ingly guilty, they see Dow at least struggling wihical issues and
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betrayed both by US politicians and the militaryotlgh misleading
information.

3.2 Unforeseen local consequences

The second group of casddnforeseen Local Consequencés more
intricate and distinguished from misuse particyléy the level of avail-
able knowledge at the time. While misuse disreg#indsbest available
knowledge of probable consequences, in this grdup available
knowledge is, at the time of making crucial deaisioindeed limited,
such that the adverse consequences are unforésgert totally unlike-
ly. The ethical questions then arise if sufficipnécautionary measures
had been applied and how the actors respond tp a&arts of potentially
disastrous effects. Cases in this group typicaltyude the three kinds of
hazards of chemical industries derived from theadpction, their prod-
ucts, and their waste.

The first study deals with the worst chemical irtdat disaster ever
since, the leakage of methyl isocyanate in Bhopadlia in 1984
(Chapter 5). While the plant was meant to contghota ‘green revolu-
tion’ that should increase agricultural productivibrough the use of
pesticides, the disaster killed thousands of peapt® injured hundreds
of thousands. Based on a detailed analysis ofifterttal events, Ingrid
Eckerman and Tom Bgrsen scrutinize the resportgiilof the various
actors, including the company Union Carbide Corponaand the gov-
ernments of India and the local state of Madhya®&sh. They argue that
fundamental ethical values were violated and dessdns on how future
industrial catastrophes can be avoided.

The next two chapters deal with different aspeétsndoreseen con-
sequences of industrial chemicals. Klaus Ruthenlivgstigates the
early phases of the Thalidomide scandal in Gernthairesulted in the
births of thousands of malformed newborns andbstii babies over
several years (Chapter 6). In the late 1950s tmepaay Grunenthal
praised Thalidomide (brand name ‘Contergan’) awantder drug’ that
enables a good night's sleep without any side tffddowever, their
results were based on questionable scientific jgeacEarly warnings
were dismissed for economic reasons. In his etlanalysis, the author
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discusses how the most important players in the camplied with four
ethical principles: respect for autonomy, non-ma&fce, beneficence,
and the principle of justice.

The third case returns to chemical war effortsriwestigating the no-
torious herbicide Agent Orange that the US militaped as a strategic
weapon on a grand scale during the Vietham Waresirdy possible
hideaways of their enemy (Chapter 7). The indusivexrtime manufac-
turing of the herbicide left considerable but uiced amounts of ex-
tremely toxic dioxins in the product, which killed harmed a large part
of the civil population of Vietham, apart from tildended devastating
environmental impact. Claus Jacob and Adam Walieesthe case for
discussing the responsibilities of various actfssn the chemical inven-
tor and the industrial manufacturers to the aatsal of the chemical, for
the unforeseen harm.

In the fourth case of unforeseen local consequertagnar Fjelland
discusses the long-term effects of a former chemveste disposal site
in New York State, on which a suburban town callede Canal was
built (Chapter 8). He argues that citizen knowledd@uld be taken
seriously in such cases. The official experts usgdntific models and
statistical methods with underpinning assumptidreg tlid not capture
the distribution of health problems among the eite Whereas the
citizens themselves joined forces with other sesésmto develop a model
that incorporated their local knowledge. The autdngues that scientists
can fruitfully involve and collaborate with citizenand should do so if
they adopt the Precautionary Principle. They mustt oversell their
conclusions and should inform the public about adaties.

3.3 Global and long-term influences and challenges

Our third group of cases extends the theme of est®n adverse conse-
guences toward global and long-term effects. Rathan with some
local effects, we are now dealing with decisionat tinight affect the
future of humanity or even the entire earthly eominent for living
beings. The fact that we find here many prominexses illustrates the
extraordinary power of chemistry on our global &niire well-being or
lack thereof. That role of chemistry has intuitivddeen acknowledged
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by a growing environmental movement since the eB9§0s, but badly
neglected by professional ethicists thus far, whiels left chemistry
students largely alone. They are still facing sistjgl black/white
schemes: either a condemnation of chemistry ovieyadl growing public
opinion, or the promise of a rosary future by thmitential employers.

Rather than just prohibiting chemical products rigivay because of
possible adverse consequences, it is ethicallysatie to balance bene-
fits and harms, develop precautionary measuresnagaaly state and
invest in chemical research that develops less fodrsubstitutes, in-
volves less harmful processes, redirects entirdymtion chains, recog-
nizes possible hazard as early as possible, anisaemvironmental
damage through recycling technologies.

Once considered the perfect remedy against bo#ittimrne diseas-
es such as malaria and insect pests in agricultlicbJorodiphenyltri-
chloroethane (DDT) proved to have numerous adveffeets on human
and nonhuman health across the globe, most protiynpainted out
already in 1962 by Rachel Carso#ent SpringIn our first case of this
group, Tom Bgrsen and Sgren Nors Nielsen providereeral ethical
framework to evaluate both the positive and negadispects of industri-
al chemicals, which they apply to DDT in order tevedlop a balanced
view (Chapter 9).

Next, Alistair lles, Abigail Martin, and ChristinRosen examine the
potential public health risks of Bisphenol-A (BPA),precursor to and
residual component of many plastics (Chapter 18g dompound may
cause harm due to its endocrine disruptive effeatsprding to some
experts. Also newly developed substitutes for BPihhhave similar
unknown adverse effects. The chapter criticallycuises standard risk
assessment procedures and industrial chemicalatieguin the United
States. In their ethical analysis of how to dedhwiich uncertainties, the
authors point out prototypical positions of keyactjroups — manag-
ers/corporations, chemists/designers, and regslégrslators — by
distinguishing between three different regimes:nielogy, consequen-
tialism, and technocracy.

Another classic in its own right, polyvinyl chloedPVC) is one of
the oldest and still most widely produced plastiEspite various health
and environmental issues. Alastair lles and cowsrkevestigate its full
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production chain, from feedstock to consumer pregistich as toys.
They illustrate how the historically entrenched darction can be
changed at various steps and by various actorshie\ae a safer chemi-
cal world (Chapter 11). The case study of PVC aisavides an intro-
duction to Green Chemistry and shows how this aqgraan integrate
ethical principles into the daily practice of agplichemistry.

Unlike compounds that can be produced in factodaksnents have to
be extracted from limited natural resources suclbyasnining, which
frequently comes with huge local environmental dgenarhe present
mining of rare earth elements, required for makgiiia numerous high-
tech applications, unequally distributes benefitd harms in both space
and time. It favors consumers in rich countriethatexpense of the local
population at mining sites, and it favors the pnésgeneration at the
expense of future generations who might have ncenagcess to these
resources. Abigail Martin and Alastair lles disctiss complex ethical
issues that arise if dealing with global and inée@yational justice at the
same time, which all chemists should be aware dtfigfy consider ap-
plied research projects involving rare earth elemé@hapter 12). The
issues invite chemists to research both substifatesmre earth elements
in high-tech materials and effective recycling meses that would re-
duce the demand for mining.

The two remaining chapters both discuss famousscasehemical
involvement in atmospheric and climate science. fiits¢ one, by Joa-
chim Schummer, is on researching possible hazaftsdothey actually
occur, of which the most prominent case of chentiealard foresight is
Molina and Rowland’s 1974 prediction of stratosphezone depletion
by human-made chlorofluorocarbons (CFCs), whichldidwave threat-
ened most terrestrial life (Chapter 13). In thisrgt a postdoc project
would trigger a revolution in global environmengallitics, culminating
in the Montreal Protocol of 1987 that banned CF@sldwide. While
Molino and Rowland are undoubtedly moral role medé¢he chapter
discusses if and to what extent scientists havpeaial moral duty of
hazard foresight based on their particular intéllakccapacities.

As scientific evidence for global warming throudtetlarge-scale
emission of carbon dioxide, methane, CFCs, andrathbstances had
grown and international politics appeared unablecope with that,
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atmospheric chemist Paul Crutzen in 2006 first brakaboo by suggest-
ing chemical methods for engineering the climateitZen’s suggestion

prompted a vivid, but largely isolated, debate hyiaists that failed to

address chemists. Dane Scott provides a balancezbsasent of the
various pros and cons of climate engineering wiflocs on chemical

methods of atmospheric carbon dioxide removal amsivars the ques-
tions if today’s chemists ought to engage in clenatgineering research
and which ethical conditions should be considetdthpter 14).

3.4 Challenging human culture

Not all ethical issues of chemistry are a mattelifefand death, or di-
rectly concern physical harm. Some arise from tlag wcience ques-
tions, undermines, or ignores traditional ways lofking and valuing,
thereby challenging human culture. These issueghntannot be stud-
ied by toxicological or other scientific methodschuse they concern
values such as justice, liberty, quality of life,lmman dignity, are fre-
guently overlooked by scientists, although they caise very heated
debates and potentially radical aversion of sciefthers are so subtle
and enduring that they might develop a long-lastregative attitude
toward scientists because of their potential igncesof these issues. The
chapters of this section address various culturdisicietal aspects each
typical of chemistry.

Based on a three-step model for making ethical melgs, Klavs
Birkholm discusses the recently tremendous rigesg€hotropic drugs as
chemical tools for human enhancement (Chapter\Whjle the promise
of ‘enhancement’ sounds good at first glance, wagk comes with
downsides. First one should recognize the riskegby a chemical drug
to individuals, then assess the possibility foruses and finally imagine
the cultural consequences of widespread drug uUse.atlithor identifies
three potential cultural/societal consequences sythpotropic drugs: a
medicalized culture that suppresses individualife fading quest for
social recognition as an important driver of sadietevelopments, and
chemical enhancement becoming a societal normutidrvalues natu-
ral qualities.
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In the second chapter, Joachim Schummer investigadeietal and
ethical issues of creating artificial life, fromgpnodern times to current
Synthetic Biology (Chapter 16). His case in focu€raig Venter's 2010
announcement of having produced the first selficaphg cell, echoed
by a worldwide media accusation of Venter ‘playfBgd’, which chem-
ists in various forms have faced ever since. Wihikescrutiny of ethical
arguments behind that accusation reveals meageitsieshe author
argues that Venter himself provoked the public tieacin order to at-
tract media attention, which raises the questiomaf to responsibly
interact with the public on ethical issues.

A third issue that has caused heated debates ity @x whether one
can have intellectual property rights on human geepiences (Chapter
17). While this suggests to some the disturbingonathat one can own
parts of the human body, for a chemist, DNA is psholecule. Saurabh
Vishnubhakat takes the lawsuit of Myriad Genet2810-2013) to dis-
cuss the underlying scientific, legal, and ethisalies of patenting DNA.
Rather than providing a simple answer, he argues fprocedural ap-
proach that mediates between specialist and géstevadws and inter-
ests.

3.5 Codes and regulations

The final part moves to a more general level bgusing cases of how
to rule the behavior of chemists. As was mentidnefdre, there are two
other normative realms besides ethics, customslawmdwhich ideally
harmonize with ethics. The first one is establishrethe form codes of
conduct of chemical societies, and the second snehamical regula-
tions.

While the regulation of (the production, trade, arsg of) chemicals
is legally binding for anyone in a country, herelified by the Euro-
pean regulation (Registration, Evaluation, Authatin and Restriction
of Chemicals [REACH]), the codes of conduct (exefigal by that of
the American Chemical Society [ACS]) are not, neg¢re for chemists.
However, chemistry students should be familiar vaitith the codes and
legal regulation of chemicals in their country, ahdy should be aware
of the differences by which normative framework eoimto force. Legal
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frameworks are (in democratic society) decided &gfigments and thus
express the current majority will of the populati@®odes of conduct, at
best, express the majority view of members of allpcofessional socie-
ty. In contrast, ethical guidelines are supposeleidased on generally
accepted ethical principles regardless of locafitjon, profession, and
personal moral preference. Ethics thus is the basis on which both

local legislation and professional codes can pbossié judged, and thus
justified or criticized. In other words, if you dmwt like some parts of
your professional code or regulations, you neetkfer to a normative

framework of ethics to justify your criticism Therg nothing else be-

yond.

In the first chapter of that part, Jeffrey Kovawiesvs the codes of
conduct by the ACS, arguably the oldest chemicaletp to establish
such a code, from the 1965 ‘The Chemist’s Creedhéocurrent version
of ‘The Chemical Professional’'s Code of Conductd ararious supple-
mentary guidelines including on publication ethighapter 18). By
looking at the underlying ethical values, he corepathe ACS codes
with those by the British and German chemical smseand the more
recent international codes, the ‘Hague Ethical Elinés’ and the ‘Glob-
al Chemists’ Code of Ethics’. He argues that arfutevision of the ACS
code should put more emphasis on research integiyon societal and
environmental issues.

Incidentally, none of these codes has been set ugvised with ad-
vice from an ethicist or ethically trained chemist, the best of our
knowledge, nor is there much known about democratocedures for
approval by members. More than anything else, thg that chemical
societies have produced their ‘ethics’ codes ofdcotreflects the actual
distance between the disciplines of chemistry dhit®

The final chapter takes REACH, the European remuiatf market-
ing chemicals, as a case to illustrate how ethidehs have actually
influenced legislation (Chapter 19). Jean-Pier@éd demonstrates that,
after curative and preventive environmental poficé the past, REACH
has been informed and guided by the precautionenciple. Rather
than providing a fixed set of interdictions, thgukation tries to face the
uncertainty of the future with precautionary measuto be regularly
revised.
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4. Casesof Chemistry According tothe Cultural History of
Chemistry

The cases of this volume are selected so as tyidean a canonical set
that we think all chemistry students should be famiith. Although
future research will certainly explore further cashe present set argua-
bly comprises the most important historical evesmsl processes that
have shaped the public view of chemistry ever stheesarly 20th centu-
ry. Whereas public media every now and then previtteumentaries on
these issues, usually on anniversaries, these aes@®where part of the
standard curriculum of chemistry. As a rule, chémyistudents are in-
formed about the cultural history of their own diioe at best by public
media, which illustrates the poor state of chemistiucation.

Hence, this volume can also be read as a cultistdrip of the 20th
and early 21st century. If the cases are histdyidimled up, it becomes
more obvious why public aversion of chemistry ardseing the 20th
century. There were earlier strong resentments ohiately after WWiI,
based on the large-scale deployment of chemicapavesa(Chapter 3),
which triggered literary fantasies of a chemicabagypse (Schummer
2021). Chemistry’s engagement in warfare continteedbe important,
from the atomic bomb and napalm in WWII, to Agentye and na-
palm in Vietham War (Chapters 4 and 7), each doutirig to public
unease and mistrust. However, the most forcefulachgpegan in the
early 1960s when concerns about the adverse giotpect of insecti-
cides on the biosphere, such as DDT (Chapter 8)eljatriggered the
environmentalist movement. At the same time, theswever pharma-
ceutical tragedy by the drug thalidomide, promotedidwide as a rem-
edy against ‘morning sickness’ of pregnant womesulted in thousands
of miscarriages and deformed babies (Chapter @sé&fand other cases
carried the general message that chemical prodhaiee an all-
devastating potential of mass poisoning, from warfand industrialized
agriculture to pharmaceuticals.

Further cases made people aware that not onlytimical products
but also their impurities (Chapter 7) as well ategiroducts and waste
carry a deadly threat for the environment if naebally processed. Sea
water had been polluted with mercury for much of 20th century,
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which the chemical industry had used as catalystHe production of
acetaldehyde in Japan (Minamata) and elsewherep(@hal). Soil and
groundwater became spoiled by uncontrolled dumpiages of chemi-
cals around the globe, some of which later turméal ground for greedy
land development, such as in Love Canal, New YdgteS(Chapter 8).
Air pollution, a regular companion of industrialimm, reached a new
dimension when CFCs moved from the lower atmospheithe local
area to the global stratosphere, threateningfalloin the earth by ozone
depletion (Chapter 13). Moreover, apart from théntemded adverse
effects of the products and waste, also the chémicaluction process
can be extremely hazardous, as the worst-ever tinauslisaster of
chemistry in Bhopal, India, made obvious in 198h4fter 5), as well as
many previous and later cases. To complete therpicbecause chemi-
cal production ultimately depends on natural resesirit is worthwhile
to look also at how these resources are origingdlined and at what
costs, as the environmental damage of mining rarth eelements has
increasingly illustrated (Chapter 12).

The full life cycle of industrial chemicals thusveals many different
hazards that have shaped the bad public imageeohiskry over the 20th
century. However, that image is one-sidedly focusadthe chemical
industry of the past and neglects the numerous isttenvho have con-
tributed to minimizing environmental harm. They did by developing
instruments and models to measure and predict@maigntal pollution,
frequently being the first ones to raise public vemass of these issues
(Chapter 13). They have worked hard to developralteve products and
processes that could replace the harmful onesegbdist, guided by ideas
of Green Chemistry (Chapters 11 and 10). And threythe only ones
who research and develop methods to clean up the,fiem decontam-
inating dumping places to the large-scale bindifigC@, in climate
engineering (Chapter 14).

In recent years, chemistry increasingly becamelieebin cases that
do not fit the simple scheme of doing/preventinghing harm through
chemicals, or at least the public awareness héedhod a broader scope
of ethical issues and values. Global environmeass$ales, such as climate
change and the exploitation of limited resources/ehtaught us that
every harm and its remedy affect different popolasdi and different
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generation unequally, which raises the issues a@badland intergenera-
tional justice for which there is no technical f@hapters 14 and 12).
Recent attempts to create life in the laboratoeyrast seen as threats to
one’s health but as ways to undermine receivedi@ilivalues (Chapter
16). Similarly, the public debate on whether a sege of human DNA
can be protected by patent law or not does not tefphysical harm but
to a possible erosion of values (Chapter 17). Meggoas chemistry has
the potential of changing the human mind througlgdy both temporari-
ly and enduring, it undermines the notion of whatoamal human being
is if enhancement drugs become regularly avail@®teapter 15).

The various ethical issues and scandals of thehaasan impact on
the norms and regulations of chemistry. Both chtsvdsad governments
responded. Chemical societies tried to counteriaet growingly bad
public image of chemistry by issuing and revisimgdes of conduct,
starting with the ACS (Chapter 18). Governmentsaasingly regulated
the production, commerce, and use of chemicals dueldping ever
more restrictive and, in view of uncertainty, mdlexibly adjustable
regulations based on the precautionary principkedid the European
Union (Chapter 19). Readers of this volume aret@avito check for
themselves whether these normative schemes by calestcieties and
governments have sufficiently coped with the grawahallenges at a
given time, or if and when additional guidance veblave been required
by ethics proper.

5. Casesof Chemistry According to Fields of Chemistry

The most prominent ethical cases, summarized almmxer almost all
fields of chemistry, although there have been dkfie emphases at dif-
ferent times.

Chemical warfare research was initially dominatgdphysical and
inorganic chemistryduring WWI, before organic and biochemist took
the lead with the research of nerve agents, napatth,other weapons
(Chapters 3 and 4). There is a strong link betworganic warfare chem-
istry andagricultural chemistry because the same substance classes that
were investigated as potential nerve agents apgpéartae also promising
candidates for insecticides for pest control, arm wersa. While that
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indeed enabled, along with fertilizers, an agrimat revolution by
fighting famines through strongly increased prodltyt it also pro-
duced devastating environmental disasters, frorcbitamination by
widespread use of DDT for pest control to the Iéeriaccident of the
Bhopal plant that was producing another insecti¢Cleapters 9 and 5).
Last but not least, the herbicide that the US aemployed as a strategic
weapon in the Vietnam War, named Agent Orange, that poisoned
thousands of civilians because it contained taxipurities, was a severe
failure of the organic synthesis and product cdr{tthapter 7).

Pharmaceutical chemistrjhad been suspect to many people ever
since, if only because of religious reasons. Howet&epotentially disas-
trous effects by lack of careful advance studiesab® evident by the
thalidomide scandal in the early 1960s (ChapterF6)ytunately, strict
standards of clinical studies have been establisirex then before the
official approval, which some politicians and theirbmissive adminis-
trators are trying to undermine only in the curr@ualvid-19 pandemic.
Other issues have risen since then because offtbacg and power of
chemical drugs in modifying the human mind, becdabaealso modifies
our understanding of human normality (Chapter 15).

Geochemistryparticularlyatmospheric chemistnyalong withinstru-
mental chemistryhas been a major player in recent environmengd m
ters. It even established itself, out of a combamaof physical chemistry
and meteorology, to understand the human impacthenatmosphere
(Chapter 13). Climate change poses an entirelyatealtenge in not only
contributing to understanding the global phenomdna,in posing the
ethical question whether climate change should beaged by chemi-
cally manipulating the atmosphere (Chapter 14).

Moreover, the classical field afiorganic chemistrywhich was orig-
inally about studying which elemental combinaticas hwhat property,
beyond the realm of organic chemistry, has becofmpivmtal ethical
importance. If we take it, in its applied orientetj as the study of the
earth economy of the chemical elements, it expltregossibilities and
problems of any elemental substance flow, whichuthes the mining,
recycling, and dumping of chemical elements. Onuat dimension
becomes obvious, every research decision on whéhesntal composi-
tion to explore further and for whatever researabjget must take into
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account the combined issues of the mining, recgcland dumping of

the respective elements. That is particularly obsion the case of rare
earth elements (Chapter 12), where elemental resstiend to be scarce,
the mining extremely harmful to the environmentd @herefore recy-

cling technologies are required. However, it woaldo cover every

management of dumping places (Chapter 8), and, rgereral, the

pollution of air, water, and soil by elemental caupds, including

large-scale attempts at capturing carbon dioxidedace climate change
(Chapter 14).

Polymer chemistrjhas only recently become under ethical scrutiny,
beyond the unspecific public aversion of plastiet tend to neglect the
great diversity of environmental properties of pogrs, including bio-
degradability and ultraviolet (UV) instability. Cthe one hand, the in-
dustry seems to be locked in received manufactyriagtice that ignore
environmental and health standards, due to toxuditigsds and toxic
combustion products as in PVC (Chapters 10 anddm Yhe other hand,
there are tremendous challenges for polymer chenistdevelop new
materials that comply with standards of green ckamiif only these
standards would become more widely accepted by ist&m

Because of its relation to medical ethibgchemistryhas frequently
been a matter of moral disputes. However, theresaereral distinct
ethical issues that chemists should be aware af.i©whether one ought
to be allowed to file patents on human (and nonm)nganes (Chapter
17), or if these genes are considered public geodlse they are part of
(human) nature. Another one, more radically, askthe potentially
artificial creation of life from inanimate mattey lway of chemically
means would violate any ethical norm. In legal teatrleast, researchers
are free to explore their own field (Chapter 16).

Most of the ethical issues discussed in this volamgerelevant to all
of chemistry far beyond the specific case and fi€lok instance, issues
of moral responsibility for unintended adverse empgnces go across
all fields of science and technologies. Thus, tistohical cases are only
a starting point to engage in ethical discussidi®e two chapters on
codes of conduct and chemical regulation (Chaft@msnd 19) as well as
the chapter on scientific misconduct (Chapter 2)ialsly have no the-
matic focus but refer to all fields of chemistry.
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6. Conclusion: How to Use ThisVolumein Class

This volume has been composed as a reader to $wgipims classes for
undergraduate students of chemistry. Each chaptersés on different
ethical issues based on a particular case from iskmit can form the
basis of a class session. Ideally, the volume soaeme-semester course
that discusses the cases in the order of the alsapitereby introducing
students into the full range of both ethical issaied important events of
the cultural history of chemistry. For a complenaeptreading, we point
to the ‘Recommended Reading’ section of each chapteluding the
one below.

However, each chapter can also be read indepepdenth the other
ones, which allows for selective reading accordimglifferent aspects
and class needs. Because the field of ethics ahisiy is still in its
infancy, we imagine teachers with different backnyis at the beginning
who want to, or are required to, give a mandatayrse in ethics of
chemistry, including ethicists, historians of chsimj, and chemists. This
volume is flexibly composed so as to meet all theieds.

While an ethicist would probably select the casesoaling to the
order of our chapters, a historian of chemistry hihiggant to make a
different choice. For that purpose, we recommerdadider of reading
from Section 4 that arranges the cases accorditigetoultural history of
chemistry. In yet another form of teaching, histakethical aspects
would directly be integrated into chemistry classss as to enrich the
traditionally narrow focus of teaching, for examptephysical, inorgan-
ic, and organic chemistry. In that way, ethics loémistry can be part of
a regular study-program in chemistry throughouttia end, we refer to
the order sketched in Section 5 that arrangesdbescaccording chemi-
cal fields, as well as to the subject index fomtifging more specific
topics.

This book can also be used by students in thejegravork. They
can be inspired by the case studies when they ehibestopic of their
projects and when they formulate their problemestant. Moreover,
they can draw parallels between their own work #medcases analyzed
in the book.
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Whatever the selection of chapters and order afingamight be, the
lack of teaching material can no longer be an exdas the lack of
courses of ethics of chemistry, nor for inadeqe#itéics courses that miss
what matters in chemistry. The discipline has amaexdinary record of
historical events that made it, more than any otimer, suspect in moral
regard to the broader public. The appropriate nespds not distancing
oneself ever more from the humanities, but intéggagthics into chem-
istry curricula. This volume aims at a turnarouncelentually educating
future generations of responsible chemists.

Further Reading

Kovac 2018 is a brief introduction to ethics withses from chemistry.
For a list of books, paper collections, case stjdid other materials
related to ethics of chemistry, see Bgrsen & Schemg916. Beau-
champ & Childress 2009 introduces and discusseslmoinciples like
respect for autonomy, non-maleficence, beneficeand, justice. Good
and brief introductions to philosophical ethics &mankena 1988 and
Rachels 2012.
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