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Abstract: “Ethics in Chemistry” is a huge topic with vari-
ous viewpoints and arguments on what it actually is and

what compliance to ethical guidelines and participation in
ethical discourse imply, covering principles of science and

research ethics, profession ethics, and technology ethics.

Overview and clarity are lost easily. The authors—mem-
bers of the recently formed EuCheMS working party

“Ethics in Chemistry”—present an attempt to collect and
sort the ethically relevant aspects and challenges that

chemists see themselves confronted with. Based on this
list, strategies for ethical action are outlined. On the one

hand, there are those issues that are a matter of compli-

ance to existing guidelines and standards. On the other
hand, there are those conflicts that arise at the intersec-

tion of science, technology and society and that need en-
gaged chemists participating in the larger discourse for

sustainability. This Editorial attempts to point out why this
is important and what chemists can do in particular.

1. Introduction

Science and technology shape our society more than ever,
both on a regional and global level. Chemistry, as one of the

key sciences, has a significant impact on the development of
products and on the availability of substances and materials

for any kind of usage. In this way, it contributes to economic
growth and wealth in the developed as well as in the develop-

ing world. With the rise of constructivism and pragmatism as

predominant paradigms in politics, sciences, economy, and
other social spheres, the awareness has been raised that prog-

ress in science and technology as a social endeavor is control-
lable, designable, and at all stages debatable.[1] The emergence

of science and technology ethics and its interdisciplinary dis-
course that involves its most prominent enactor, the scientist

him/herself, is one of the clearly observable phenomena aris-

ing from this paradigm.[2] The academic Humboldtian ideal of
scientific conduct being free and independent from any kind of

political, economic, and social management/control/regulation
is no longer tenable. At the same time, the figure of the man

of knowledge devoted to the common good through scientific

activities and research, the Gemeinnetziger Wissenschaftler (the
scientist for the common good) that emerged also at the turn

of the 19th century, is more appropriate than ever.[3]

Chemical activity is reflexively connected with worldviews,

values, and belief systems that are deeply rooted in society’s
historical, cultural, and political framework within which it is

conducted.[4] It is not difficult to see how chemical progress as

a process deeply intertwined with various social spheres influ-
ences economy and politics, for example, by enabling new

technologies, and by this also society and—to a certain
extent—culture, while it is itself shaped by various societal in-

stances and stakeholders (e.g. politics, business, public Zeit-
geist).[5] The ethical, social, and cultural dimensions of chemis-

try are manifold, but to date these have been recognised and

outlined mostly by the academic communities in the social sci-
ences, humanities, or philosophy (Applied Ethics). Both the in-

tellectual contribution of chemistry-related enactors to the re-
flection of ethical aspects of chemical activity and the recur-

rent impact on its conduct and methodology is insignificant.
This Editorial as a joint production of members of the recently

formed EuCheMS working party “Ethics in Chemistry” [6] aims at

responding to this situation. This Editorial can be considered
as a position paper for chemists written by chemists who are
involved in the broader ethics discourse. It seeks to raise
awareness for the fact that the creative science chemistry is in-
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herently interwoven with worldviews and value systems, and
to illustrate that for chemists the reflection of ethical and

social issues of chemistry, the compliance to ethical guidelines
of the chemical profession, and an active contribution to its

discourse are not a luxury avocation to participate in during
spare time, but have positive impact not only for the individual

chemist, but for the chemical community and society at large.
The question posed by Nieland, whether scientists need ethics

or whether it is sufficient to act morally,[7] is considered herein

with specific regard to chemistry.
Chemistry is here understood as a multi-stakeholder and

cross-sectoral endeavor. For the purpose of this Editorial,
chemistry shall include the following:

* Academic sector, with its basic science spreading across the

spectrum from material sciences to the life sciences and

chemical engineering;
* Chemical industry, including the development, production,

marketing, trade, storage, and transportation of chemicals;
* Down- and upstream users, including consumers; and
* Public sector, including national and international bodies

tasked with the governance and regulation of chemicals as

well as with the enforcement of chemical policies.

Therefore, we prefer the term chemical activity, and could

use terms like molecular sciences and technologies (as commu-
nicated by EuCheMS), but we will use chemistry in the follow-

ing sections in order not to make the text unnecessarily com-
plicated. The parlance of chemists, then, ranges from practi-

tioners like scientists and engineers to technicians, chemical in-

dustrialists, traders, dealers, and regulators. However, despite
the importance to keep this variety of stakeholders in mind

when reflecting on this topic, this field of different interests,
different latitudes and scopes of action, and different expecta-

tions on professional and social roles of different stakeholders
is much too large to be covered in one article. Therefore, ad-

dressed in this Editorial are primarily the chemical enactors in

the first sector listed above, at the beginning of the develop-
ment chain: researchers, scholars, academics, from basic to

translational science—mostly covered by the readers of this
journal. These are all included when we refer to “chemists” in

the following.
In the subsequent sections, we will first highlight those ethi-

cally relevant issues of chemistry that have been discussed in

the recent decades or that we became aware of in other ways.
We will see that the arising issues can be sorted into an inter-

nal domain that deals with those aspects that are critical
within the chemical community and for individual chemists,
and an external domain that addresses all the questions at the
intersection of chemistry and society. Moreover, two kinds of
ethical issues can be distinguished that require different treat-

ments in terms of ethical analysis : Known and clear cases such
as aspects of profession ethics for good scientific practice and

science and technology ethics for social implications of chemi-
cal activity on the one hand, and ethical assessment of new di-
lemmas arising from scientific and technological progress on
the other hand. With the clarification of those hot topics and

their classification, we can then proceed to meta-ethical reflec-
tions on the meaning and usefulness of ethics in chemistry, de-

fining the role of the chemist in the discourse and the oppor-
tunities and duties of chemists to participate in it. This Editorial

shall provide an orientation to chemists for finding conclusions
and guidelines upon which to act to help solving ethical and

social grievances that go along with chemical activity. It shall
neither be regarded as a complete compendium of chemistry-

relevant applied ethics,[8] nor by any means as a contribution to

the philosophy of chemistry[9] or the philosophy of science in
general. The authors’ primary goal is to build bridges—between
the normative and the empiric, between the professional and
the responsible, and between the innovative and the sustaina-
ble—and invite the chemical community to participate actively
in Ethics in Chemistry.

2. Two Domains of Ethically Relevant Issues

When brainstorming on the ethical aspects of chemistry, proba-
bly every chemist can bring in one or more examples in which

he or she has encountered questions with an ethical charac-

ter—one of right or wrong or good or bad. The list can grow
exorbitantly long and needs sorting and classification to keep

the overview structured and meaningful. The most obvious
aspect for grouping the cases collected by the authors is that

of relevant domain : some are related to the work of an individ-
ual chemist or the performance of the chemical community,

others arise from the impact that chemistry has on societal,
economic, and environmental spheres. We denote these the in-

ternal and the external domain. Another strategy to character-

ize the ethically relevant topics is to separate ethically clear
cases (those in which the normative debate on what is right or

wrong has already resulted in widely accepted conclusions)
from those in which the ethical concern arises from on-going

progress, from uncertainty, or from new types of conflicts, so
much so that the ethical discourse is unsettled and needs pro-

fessional ethical expertise. The former sorting strategy is used

in this section to present the huge variety of ethical hot topics,
while the latter is discussed in more detail in the next section.

2.1. The Internal Domain

Good Scientific Practice

Scientists, engineers, and researchers perform their activities in

a regime characterized by professionalism and responsibility.
Therefore, it is important to follow guidelines of good scientific

practice and refrain from misconduct—in other words: ensure
a high degree of scientific integrity.[10] This means, similar to

medical professions for instance, scientists should comply with
a professional ethos of scientific conduct. An ethos is a term

used for a set of virtues that members of a professional com-

munity agree they should follow. What are virtues of scientific
conduct? First of all, we may expect intellectual honesty and

truthfulness from researchers, making them commit them-
selves to truth seeking and truth assurance. Another aspect is

the often raised call for objectivity and dedicated disinterested-
ness, which just means that a scientist should have no other
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interest but the generation of insight and knowledge, and es-
pecially no interest in the kind and type of result obtained.

The selfless devotion to the ambitious goal of the growth of
knowledge should not be blurred by selfish careerism or the

interests of any sponsors. Methods for obtaining these ideals
are systematized doubt and disciplined self-control. Apart from

that, it is justified to expect fairness from scientists concerning
their colleagues and competitors. These are virtues for the indi-

vidual scientists for their daily research work. There are also

communal virtues for the scientific community as a whole: Sci-
ence should be universalistic, that means valid regardless of

time, space, and cultural framework. It should not follow indi-
vidual interests but on the contrary, in each individual action,

support and benefit the community of scientists or the social
institution science as such—this is called communalism. Also,
scientists should always be their own strongest critics, always

question their theories and findings, and be the most sceptic
about their own achievements.

Some authors remarked that this set of codes of conduct for
scientists is not ethical in the narrow meaning of the word and
that a science ethos cannot be a valid universal moral of a scien-
tist, because it does not affect the integrity of other entities.

However, the suggested measures are in accordance with

moral norms that are valid also in public outside the scientific
community. The dimension of a universal moral becomes obvi-

ous when exchanging integrity by interest. Breaking the above-
mentioned rules clearly violates the interest of other scientists

and their social subsystem. They are made to protect those in-
terests and to guarantee an optimal and fair cooperation of all

involved parties.[11]

These virtues describe an ideal. The reality, actually, looks dif-
ferent. According to recent studies, the number of scientists

doing bad science is tremendously high.[12] What is scientific
misconduct? Above all, it is fabrication, falsification, and unau-

thorised copying (plagiarism) of data and text—the so-called
FFP categories. Some cases like that of Korean geneticist and

biochemist Hwang Woo-Seok,[13] who fabricated an enormous

amount of data in order to keep the illusion of the correctness
of his revolutionary research alive, are obvious and clear in eth-
ical evaluation.[14] However, there is a very large grey zone !
When does manipulation of data start? Researchers face this

situation every day: They repeat an experiment four times.
Three times it shows a result they expect, one time it deviates

from the expectation. Shall they just ignore that one? Skip it
and never mention it again? Or within a series of measure-
ments, one obtained value is far off. Delete that data point? It

must not always be the intended manipulation of a device or
the direct fabrication of results (inventing data without doing

an experiment or study). The bias starts earlier, but can grow
into the clearly illegal area. Trust—in oneself, one’s colleagues,

the applied methodologies, experimental setups, the equip-
ment, and the technical devices—and good will are non-scien-
tific categories that are subtly pervading all research activity.

The sophistication of spectrometers and other imaging devices
as technical extensions of our limited senses turns them more

and more into black boxes. This convenience bears the danger
of a temptation to interpret pictures[15] benevolently and in ac-

cordance to the expectation (or the desired finding) rather
than with the necessary critical analysis—a perfect example for
the impact of the philosophy of science on the ethical conduct
of science.[16]

Why would scientists tend to improper conduct of research
or even fraud? Many researchers feel a lot of pressure from in-

tense competition within their institute or scientific communi-
ty, from a funding source, or from expectations by others or by
themselves. Certainly, the character or personality of the re-

searcher plays a role, and it is often pride that makes a scientist
commit fraud. Many reported cases suggest that—in view of

the expected prominent application of (fabricated or falsified)
findings and the subsequent fame—the researchers commit-

ting fraud must have been fully aware that their misconduct
will be uncovered, hinting at pathological behavior that re-

quires therapy and treatment rather than punishment and dis-
missal from their academic positions. Students are a special
case: Diploma, Master, or PhD students feel pressure to ach-
ieve a good mark with their thesis, so they feel like they have
to obtain good results in their research project that is often

limited in time.
Next to the fabrication, falsification, and plagiarism aspects,

there are a couple of other forms of immoral science con-

duct:[17]

Publication of Chemical Research

Grievances in this field, interestingly mostly reported or ex-
pressed by scientists themselves, cover aspects of authorship

(adding authors to a paper who actually didn’t contribute any-

thing to it, like the PI of a PhD student or PostDoc, or honorary
authorships), peer reviewing (rejecting papers or grants for rea-

sons of competition, theft of research ideas or results), fairness
of impact factors as quality indicators and their power over a re-

searcher’s career prospects, influence of external stakeholders
on the publication of results (for example industrial collabora-

tors with financial interests, publishers, institute directors, etc.),

citation practices, and others. Since citation has an impact on
priority, ranking, and visibility of researchers, their work and

potential future prospects, the act of citing, mis-citing, or not
citing has a strong influence on scientific practice and prog-

ress.[18]

Safety Issues

Ignoring or violating safety regulations and guidelines for labs

and other workplaces and processes (for example transporta-
tion and storage) that involve the handling of more or less

harmful chemical substances and compounds affects the
safety of individual labworkers, that of co-workers and col-

leagues, as well as the local, regional, and in the worst case

global public and environment. The responsibility often, but
not always, lies in the hands of individual practitioners or their

institutions/corporations. The impact, however, in many cases
exceeds the individual range. This creates a special (ethical,

but often also legal) duty for chemists to comply with safety
regulations.
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Education and Mentorship

This aspect is a specific one for university scholars who, be-
sides doing chemical research, teach students and supervise

their master and doctoral theses. Reported conflicts arising
from the special situation of mentorship are discrimination,

sexual harassment[19] or other cases of an inappropriate exploi-
tation of the imbalanced teacher–student or supervisor–stu-
dent relationship. However, most ethical dilemmas in chemical

education at university occur on a much more subtle level.[20]

Ethical challenges emerge during simply setting or marking
a thesis. Being kind to a poor student has unintended conse-
quences which are neither kind nor ethical. In fact, this kind-

ness becomes less innocent when the lecturer’s job or promo-
tion depends on a good pass rate. Failing students limit funds

available for promotion and cast aspersions on their Professor’s

teaching abilities. But the upshot is less obvious: the beneficia-
ries of this easy pass are our future postgraduate students,

teachers, academics, attorneys, political leaders, and experts in
ethics. What is worse is that brilliant students are neglected or,

at least, relatively downgraded. The challenge gets more com-
plicated when the students enter the phase of their own re-

search work: deciding how much assistance to give postgradu-

ate students, estimating the difficulty of their research project,
deciding on when and where to publish their work, all these

are aspects that require tacit intuition. Whereas the students’
interests are clearly their successful graduation, fair treatment

(in comparison with others), and a smooth start into their fur-
ther career (e.g. being provided with the necessary skills, ideal-

ly placing a first publication in their field of interest), the PI’s
major focus is on funding, the management of research group
resources, strategically well-timed and well-positioned publica-

tions, and a good reputation within and around their institute/
faculty. Too high expectations and evaluation standards might

scare away students, but when the degree can be obtained
too fast and easy the PI risks a decline in credibility. The same

factors that impact the current publication and funding practi-

ces also play a role at this stage of education: The potential
quantity of publications in low-impact journals is the overrid-

ing consideration in designing research projects. In other
words, the more traditional utility- or curiosity-driven research
approach is career-limiting—a luxury that few can afford. Con-
sequently, data collection replaces hypothesis-driven research
because training operators instead of educating academics

and scientists is more profitable and consumes fewer resour-
ces, and results are guaranteed. Responsible for this situation

is not primarily the individual scholar, but rather the systemic
infrastructure manifested within the global chemical communi-
ty. Interestingly, it has been shown that the above-mentioned
problems occur in almost every country and every cultural
realm.[21]

2.2. The External Domain

Chemistry’s Specialty: New Chemical Substances

Chemists impact the world and its societies with the design,
fabrication, and distribution of chemical compounds,[22] some

times with negative results that affect societies globally.[23]

When pointing out chemistry’s characteristics in comparison to

other sciences, one might find these three: creativity, flexible
applicability, and inductive knowledge. Each one is accompanied

with ethical and social implications.
Creativity results from the ability to design and synthesize

new molecules, or achieve new paths to synthesize useful mol-
ecules, for intended and desirable purposes, for example to

fight diseases, the hunger of the world, or environmental pol-

lution, but also for the sake of pure knowledge. Because these
molecules or synthesis can be put to use, a question of crucial

ethical and social dimension is that of patenting such com-
pounds or the proecesses for their synthesis, thus limiting their

free use, even if absolutely necessary, for ill patients, for the
poorest societies and countries to help their population, espe-
cially children. Here, the above-mentioned conflicts of interest

come into play again: The chemical researcher’s interest in
career, fame, funding sources, etc. , might conflict with the goal

to obtain ethically and socially sound achievements. This can
be the case in several ways, for example in neglecting or ignor-

ing certain research projects (a standard example is research
on drugs for third-world diseases that have little potential of

commercial profit), or the exaltation of the properties of a new

molecule to achieve worldwide fame and success even if the
experimental results were not so promising, thus inducing un-

motivated hope in people waiting for this new molecule (for
example, related to the cure of their illness).

Flexible applicability, here, means the potential of the same
chemical output (a new substance (class), a synthesis process

(e.g. a new catalysis), a technique (e.g. surface patterning), etc.)

to be exploited and used by a wide variety of stakeholders,
ranging from industry and economy, various applied fields

(medicine, engineering, warfare, agriculture, etc.), in both
public and private sectors, impacting the society, and the envi-

ronment to different extents. To find the right equilibrium be-
tween support of industrial development, social implications,

and environmental impact can be considered a duty of chemi-

cal enactors. It also touches aspects of dual use and other risk-
related issues that are discussed in the next paragraph.

The generation of knowledge in chemical research mostly
follows the logic of induction, starting from results, challenging

them by making cases (e.g. designing and conducting experi-
ments) and concluding the underlying rules. This is the oppo-

site of deductive knowledge that concludes the result by evalu-

ating an observed case in view of a known rule (the case of
bad science by abduction—in search of cases to confirm hypo-

thetical rules that would explain the observed results—shall be
omitted here). Whereas deduction—as long as it is free from

logical fallacies—has a high degree of certainty but doesn’t
produce new knowledge, induction gives access to new in-

sights that can almost never be completely certain (for com-

pleteness: abduction gives a best explanation, at best). There-
fore, continuous resource- and time-consuming investigation

and experimentation is required to increase the level of cer-
tainty in chemical knowledge. Considerations where to set the

balance between knowing enough and investing more, possibly
putting workers, researchers, the public and the ecosystem at
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risk, need careful decision-making and—in some cases—ethical
reflection.

Risk and Science under Uncertainty

The debate on the responsibility for implications, risks, and

harm as well as benefits, is not solved and might never be. Un-
doubtedly, chemists are not free from any responsibility. The

question is rather: How can it be defined and what does it ac-
tually mean for specific cases? The aspect of risk (a wide range

of aspects from risk perception to risk assessment, risk identifi-

cation and evaluation, to risk communication) is the most sig-
nificant one, especially since the new science paradigm of

doing science under uncertainty (especially in the fields of
emerging and converging technologies such as the NBCI

group: Nano- and Biotechnologies, Cognitive sciences, Com-
munication and Information technologies),[24] become predom-

inant in science and technology governance and performance.

Here, researchers decisions and actions have an impact on the
sphere outside of their professional environment and, there-

fore, charge them with responsibility that requires ethical re-
flection.[25] A phenomenon that is often seen as an inherent

problem is the duality of use of chemical substances. An exam-
ple is the research on and development of explosives, that the

particular researchers promote for applications in mining, con-

struction, and space engineering, while the source of their
funding (the military) has the potential benefits as warfare

agents in mind. Whether basic and applied researchers are in
any way responsible for the applications and exploitations of

their research findings, and whether it must be regarded as
their ethical duty to ensure the ethical acceptability of the out-

come of their research, is still debated heatedly.[26]

Risk is not a fixed quantitative entity. Notably, it varies over
time. What is believed to have great prospects and benefits on

one day might turn out to have devastating effects or cause
unacceptable harm the next day. Chemical examples are the

insecticide DDT (dichlorodiphenyltrichloroethane) and hydro-
carbon polymers (ubiquitous plastic products)—both Nobel

prize awarded achievements that now are mostly known for
polluting the environment and entering the food chain as an

irremovable toxin (DDT), and, respectively, as harm for marine
life forms that incorporate the microbeads that plastic in the
ocean ends up as.

Uncertainty aspects of scientific and technological progress
have been debated and addressed by governance and regula-

tory instances in the EU and its member states. Variations of
precautionary principles have been applied to science and tech-

nology policy-making.[27] However, many chemists don’t know

what those actually mean. It is advised that researchers and
other practitioners familiarize themselves with common regula-

tory principles so that they can fully comply with them, and
that the training and education of chemists include such issues

of science governance and of science ethics in their curricu-
lum.

Sustainable Development

Last but not least, chemistry and its progress is intertwined
with and embedded into the development of economy, soci-

ety, and culture. In the past decades, the term “sustainability”
has extensively been exploited to set impacts of science and
technology and its governance into a balanced perspective.[28]

How “sustainable”, then, is chemistry? Can it be improved?
What are the particular options of the chemist to support “sus-

tainable development”?
The United Nations Conference on Environment and Devel-

opment held in Rio de Janeiro in 1992 (Rio “92) was a pioneer-
ing international conference that saw a number of ground-
breaking outcomes, such as Agenda 21, a blueprint for
a global partnership for sustainable development in the 21st

century. Moreover, Rio ”92 was the birthplace for a series of in-

ternational environmental agreements in the field of biodivers-
ity, climate change, and desertification. In the chemicals field,

the Rio conference gave impetus to the adoption of the Rot-
terdam Convention on the Prior Informed Consent Procedure

for Certain Hazardous Chemicals and Pesticides in International
Trade, and of the Stockholm Convention on Persistent Organic

Pollutants.

Being the most recent international agreements for the
management of chemical substances, the underlying values of

these conventions embrace contemporary principles in the
context of environmental ethics, such as sustainable develop-

ment, the principle of common but differentiated responsibili-
ties,[29] the polluter pays principle,[30] and the precautionary prin-

ciple.[31] All these ethical principles have in common that they

seek to address the increasing risks that societies nowadays
are exposed to. With an inexorable change of paradigm of the

society towards the perception of risks,[32] particularly following
a series of industrial accidents in the 1970s and 1980s, the

broader public is nowadays paying more attention to the fact
that chemical production involving hazardous chemicals may

be associated with health risks to communities when accidents

occur. This holds particularly true since the environment is in
fact not so much a luxury of the rich as a necessity of the
poor.[33]

In 2015, the international community addressed this chang-
ing perception of risk with the adoption of the 2030 Agenda
for Sustainable Development and the Sustainable Development

Goals (SDGs) at the United Nations Sustainable Development
Summit. The environmentally sound management of chemicals
and waste affects almost all aspects of development and,
therefore, support the implementation of many, if not all SDGs.
Achieving the environmentally sound management of chemi-

cals and all wastes throughout their life cycle is a specific
target under SDG 12 on Sustainable Consumption and Produc-

tion. It is referred to under SDG 3 on Good Health and Well-
being and SDG 6 on Clean Water and Sanitation. The environ-
mentally sound management of chemicals and waste also sup-

ports achieving the goals and targets in other areas, such as
food security, health or sustainable cities. Upgrading industrial

processes in the chemicals and waste cluster can help to ach-
ieve SDG 9 on Industry, Innovation and Infrastructure.
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Speaking for the western world (Europe, North America), in
the past four decades, the societal spheres politics and science

and technology have undergone significant shifts of paradigm,
from positivistic modernism to constructivist pragmatism, from

representative to deliberative democracy, from first-order
(choice of objectives, effectiveness, and costs of means–ration-

al decision-making model of politics) to second-order policy
discourse (generic values, visions, belief systems—constructi-

vist approach of policy-making). This paved the way for multi-

stakeholder approaches of sustainability, pro-active science and
technology governance tools like (parliamentary) technology

assessment and interdisciplinary discourse arenas debating ethi-
cal, legal, and social implications (ELSI) of science and technolo-

gy. Additionally, a sharpened awareness for the complexity of
systems, the holistic interconnectedness of elements of such
(e.g. social) systems, and the necessity of cooperation between

different fields of expertise and competence have significantly
increased the efforts to approach science and technology as-

pects with interdisciplinary assessments. One visible example
that many chemists in the EU have probably gotten in touch
with in recent years is the fact that every larger research proj-
ect includes an obligatory ELSI work package in order to imple-

ment a more mature analysis of these issues as a basis for EU-

wide regulatory governance and policy-making on the one
hand, and to facilitate a more democratic governance proce-

dure and incorporate public participation to examine the risk
issues arising from science and technology policy innovation

on the other hand.[34] Another example is provided by a group
of chemists promoting the concept of One-World Chemistry

that understands chemical activity in the above-mentioned ho-

listic sense as a constructed system.[35] Besides that, active
steps have been taken especially in the fields of potential

misuse of chemicals, for example The Hague Ethical Guidelines
for applying the norms of practice of chemistry to support the

chemical weapon convention.[36]

Chemists have a claimable moral obligation to put into prac-

tice the ethical commitments that are inherent to international

environmental agreements.[37] The evaluation of the implemen-

tation of the above ethical principles in chemicals manage-
ment also provides valuable input for the much broader dis-

cussion on “Chemistry and Ethics” and how the risks emanat-
ing from the production and use of chemicals can be better

managed. But scientists predominately use scientific methods
to assess risks, seldom with a full understanding of the com-
plexities of the natural environment. This is aggravated by the
use of simple models and of aggregated data in an attempt to
cope with this complexity. Also, the underlying uncertainties or

value judgments of the methodologies themselves unfortu-
nately are rarely questioned.[38] For all these reasons, it is
highly relevant to consider ethical aspects both as research
and educational topics.[39] It is thus the obligation of universi-

ties to integrate the intellectual tools needed for sustainability
in their curricula, for the younger generations are the custodi-

ans of our common future.[40]

Figure 1 summarises all above-mentioned aspects from 2.1
and 2.2. From top to bottom the responsible instance (“who is

in charge”, from individual enactor to the society as a whole) is
depicted, while the horizontal axis illustrates qualitatively the

impacted instances, again from individual enactor (left) to soci-
etal sphere (right).

3. Why “Ethics in Chemistry”?—Meta-ethics of
Chemistry

To understand what ethics is about we need to look at some
definitions. The first and maybe most important one is the lin-

guistic distinction between the English singular term ethics
that refers to the philosophical discipline and the plural term

ethics that refers to particular rules and guidelines as a syno-
nym of morals. Ethics in philosophy means the study of what is
good and/or right and has a tradition that dates back to the an-

cient Greek philosophers in Europe and Confucius, Laozi, and
Buddha (amongst others) in Asia (6th century BC). It is useful

to distinguish descriptive ethics (the study of what certain
people or societies believed in certain times), prescriptive ethics

(the core of ethics, elaborating the normative rules we call

Figure 1. Overview of internal and external ethical and social dimensions of chemistry.
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morals), and meta-ethics (the ethics of ethics, reflections on pur-
pose and performance of ethics). In recent years a new boom

of ethics could be observed under the umbrella term applied
ethics (or sometimes practical ethics). Most prominent exam-

ples in this field are bioethics, medical ethics, research ethics,
business ethics, profession ethics, media ethics, and political

ethics. A huge amount of books, journal articles, and essays
has been published in this field that is understood as a norma-

tive science and academic discipline. Concepts, strategies, and

methodologies are widely elaborated and discussed. The
chemist faces challenges that belong to the domains of science

ethics and research ethics, engineering ethics and technology
ethics, and profession ethics. In some cases of applied chemical

research it might touch the areas of bioethics, medical ethics,
and environmental ethics.

According to the experience of the authors, many chemists

don’t want to spend any of their valuable working time reflect-
ing on ethical issues. This is understandable since it is clearly

beyond their professional competence, because this wasn’t
part of their education. Here, we talk about (singular) ethics as
the professional discipline that requires certain competences
and expertise. However, a lack of experience and expertise in

ethics doesn’t exonerate one from complying with moral

values and ethical (as in plural ethics) guidelines. Morality and
ethical commitment is possible without a degree in philoso-

phy. The list of ethically relevant topics compiled in section 2
can help to clarify the roles that chemists may be expected to

play in Ethics in Chemistry.
There are ethical aspects that are, actually, ethically clear.

Most of these are found in the internal domain : Scientific mis-

conduct, violation of safety regulations, or unfairness in educa-
tion in most cases don’t require ethical competence, but rather

a higher degree of moral integrity. No normative assessment is
necessary (anymore) to define and uncover unethical (or

better : immoral) behavior in the professional role as chemist,
supervisor, product developer, or chemical dealer. Here, the ob-

jective of Ethics in Chemistry is to increase the awareness for

the moral pitfalls of chemical activity, to promote the compli-
ance to ethical standards, to support whistle-blowing, and to

help establishing an environment that gives incentives for mo-
rally acceptable conduct of a chemical profession. This last

point is probably the most important one since a call for ethi-
cal integrity can only fall on nourishing grounds when there

are clear and expectable advantages in the compliance to ethi-

cal standards. In cases beyond legal regulations—those with
supererogatory character—an environment should be created

that motivates and supports chemists to prioritise ethical con-
duct over fraud, compliance to standards over disregarding

them, reflection of sustainability aspects over mere opportunis-
tic considerations. Examples range from a reformation of the

publication system, and its often criticised impact factors, to

business models for sustainable distribution of chemicals (e.g.
chemical leasing).

Then, there are those cases that need ethical analysis on the
basis of normative premises (values) that—especially in dilem-

ma cases—need to be reasoned by established ethical princi-
ples. Ethics as the science of a good life shall provide the

person performing ethical reflection with an idea of what he
or she ought to do. A variety of principles and methods have

been elaborated in the past 2600 years (since the ancient
Greek philosophers came up with this idea in the European

cultural realm and Confucius did in East Asia) that—with differ-
ent focus though—all have the same purpose: make the re-

flection reasonable and less arbitrary. The most basic concept
(according to Aristotle) that every ethical argument must

ground upon is logic. Such an argument that follows logic

laws must contain three parts : a descriptive premise that tells
what is, one or more normative (or prescriptive) premises that

introduce the value that serves as the orientation for the deci-
sion-making, and a conclusion that due to the normative char-

acter of the prescriptive premises is also normative (telling
what ought to be or what one ought to do). A normative con-
clusion from a descriptive premise without any prescriptive

premise is called naturalistic fallacy. The distinct experts on
normative reasoning are philosophers (more precisely : ethi-

cists). However, in the field of applied ethics the findings
depend strongly on the input of the experts of the scientific or

societal entity that is observed. In the case of chemical ethics,
chemists are the ones who know what is, the ones who bring

in the descriptive premise as an ethical hot spot in the environ-

ment of their daily practice. By the nature of their job, they
can’t be expected to be experts on virtue ethics, categorical

imperative or utilitarianism, but it may be expected that they
know where their profession reveals ethical dimensions and

where solutions of moral questions must be discussed. The in-
terdisciplinary cooperation of chemists, ethicists, sociologists,

and other participants of the debate can lead to productive

and useful insights on the ethical and social dimensions of
chemistry. In this interplay of various expertise the chemists

deliver the foundation, the what-is premise without which the
discourse would be speculative and meaningless.[41]

The way science is done today, highly embedded into a net-
work of stakeholders and interests (like technology assessment,
for example), enforces scientists to communicate their work to

non-scientists and even the public to a much larger extent
than before. In the recent decades, especially with the rise of
biotechnology and genetic engineering, leading nations (par-
ticularly in the EU) responded to this problem by establishing

the debate on ELSI as a part of science and technology devel-
opment and governance—mostly visible in the field of nano-

sciences and nanotechnologies that is accompanied by an

enormous effort to clarify and manage its social and ethical im-
plications.[42] Chemists are and will be more and more con-

fronted with situations in which they have to face an audience
(research councils, media, public, etc.) that has science- and

technology-related questions and concerns that actually
belong to the field ofworldviews and values.[43] Chemistry and

its enactors depend on public trust and support in its institu-

tional and societal justification and performance. Therefore, it
is also (but not only) the chemists’ responsibility to create trust

through a high degree of credibility and reliability as experts
when it comes to (public) discourses on risks and benefits of

science and technology or the ethical and social implications
of scientific and technological progress.[44] Chemists as partici-
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pants in this discourse who are aware of the social interrela-
tions and ethical implications of their work, and who show

that in their arguments and viewpoints, will earn more credibil-
ity and attention—and, ultimately, more influence—than scien-

tists whose focus is too narrowly confined to their core exper-
tise. Therefore, a necessity for chemists to look beyond the

borders of their professional expertise and to sharpen their
awareness and understanding of ethical and social dimensions

of their work, can be identified.[45]

4. Conclusion: Towards Ethically Sound
Science

Two domains of ethical issues have been identified. First, those
related to profession and research ethics that are relevant
within the chemical community and mostly in the responsibili-

ty of individual people (the chemists themselves), the internal
domain; and second, those affecting the world outside of the

institution chemistry, for example society and the environment,
the external domain, covered rather by science and technology

ethics and environmental ethics. Moreover, it has been pointed

out that there are two kinds of ethical problems that require
different modes of action: Those problems that are ethically

clear (but for which it is a problem that chemists still behave
unethically or immorally), and those that require deeper insight

(and debate) into the ethical assessment of it. The role of
chemists is different for these two different kinds of problems:

In the former case, chemists need to know and follow ethics.

Here, reflections on Education for Ethics in Chemistry and sense
and non-sense of an Ethos for Chemists come into play. In the

latter case, what is needed is engaged chemists that participate
in ethical debates on science and technology development, for

example in the scope of technology assessment (TA) or ethical,
legal, and social implications (ELSI) research. It has been ex-

plained why that is important (understand the normative foun-

dations of underlying values andworldviews for a fruitful stake-
holder debate! ) and how they can contribute efficiently with

their expertise and competence (deliver the input for the is-
premise in the ethical argument !). The times—politicians asking

scientists for input for their (science and technology) decision-
making—have never been more favorable for this participation

and chemists should rise to the challenge!
In all cases, it has become clear, hopefully, in which way the

engagement with ethics in the chemical professions is not

only a fashion or optional spare-time activity, but pays off posi-
tively for everyone: For the chemist through increased aca-

demic and scientific success, higher credibility, and better
career prospects; for the chemical community in terms of

public trust and sound translation from science to technology
to economy and business; and for society manifested in

a more sustainable management of risks as well as social and

environmental impacts.
Steps have been taken by the EuCheMS working party

“Ethics in Chemistry” to establish a platform for chemists to
collect, analyze, and communicate ethically relevant cases, to

provide support and advice in ethical dilemmas, to help find
answers to questions chemists are struggling with, and to ac-

tively support and encourage whistle-blowing that can uncov-
er many cases of fraud and misconduct. Furthermore, it in-

tends to serve as a platform for the collaborative elaboration
of educational material for Ethics in Chemistry.[46] The existing

work in this field to date requires a stronger contribution from
chemists and needs an internal motivator and facilitator to

support this interdisciplinary task which is what the EuCheMS
working party Ethics in Chemistry intends to offer. Last but not

least, it is the working party’s objective to convince chemists

of their role in ELSI and sustainability research and motivate
and support them to participate actively whenever they have

a chance. This goes along with providing a communication
and networking platform and a contact pool for interested

chemists and those who need the input of chemists for their
work, for example, legislators, policy-makers, TA/ELSI/risk re-
searchers, ethicists, and media. Through this collective effort,

the goal of building bridges for more sustainability can be
reached.
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