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T
oday, the application of chemistry in the service of Mankind is a 
matter of need and necessity. However, applied chemistry can and 
should preserve the environment and respect our relationship with, 

and dependence upon, Nature. 
In this issue of CI, the ideas, concepts, and the relatively young his-

tory of so-called Green Chemistry or sustainable chemistry is reviewed 
by Pietro Tundo and Fabio Arico (see page 4). Enlightened by his own 
experience, Tundo describes how a combination of economic, regulatory, 
scientific, and social factors combined to make the 1990s the tipping 
point for the emergence of Green Chemistry as an important concept. 

The authors elaborate on the defi-
nition of Green Chemistry, which 
simply is “the invention, design, and 
application of chemical products 
and processes to reduce or eliminate 
the use and generation of hazardous 
substances,” and point out its multi-
faceted and straightforward implica-
tions. They also highlight how key 

events of the last 10 to 15 years have led to the establishment and recog-
nition of the discipline, so that it is no longer a simple buzzword.

We asked an artist—Francesco Tundo—(yes, the son of Pietro) to 
reflect on these ideas. His view is that an equilibrium needs to be rein-
stated between human technology and the natural state of the environ-
ment to counter humankind’s overuse of nature’s finite resources. The 
original image that Franscesco created for this cover might be shocking 
for some, but what could be more appropriate than a heart to represent 
our connection with nature? He depicted the heart as a symbol of sus-
tainability, pumping fluids through a system, while keeping nourishment 
separate from waste, and returning the waste back to where it becomes 
nourishment once again.

I hope that this cover will intrigue you and make you pause long 
enough to feel your own heart beat and your lungs breath in a few times. 
Artists have a way of questioning our conscience and arousing fears and 
hopes, which is important, since today, by necessity, mankind has a lot 
resting on chemistry.

Fabienne Meyers
fabienne@iupac.org
www.iupac.org/publications/ci
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Treasurer’s Column
Tenure Review and 
Outlook

by Christoph Buxtorf

After eight years of service, my term 
as treasurer of IUPAC will be over 
at the end of 2007. I have enjoyed 

a strong working relationship with the 
officers and with IUPAC in general, and I 
received much help from John Jost and 
his staff and, last but not least, from the 

Finance Committee. Therefore, I would like to thank 
everyone who made my work fruitful and who was 
so helpful in getting the Union’s finances in good 
health. 

In 1999, our investment portfolio was valued at 
about USD 3.9 million—the figures for 2006 are show-
ing almost USD 5.6 million. This increase of almost 
41 percent results from a rise in value of invest-
ments, additions to our portfolio from donors such as 
Samsung Total Petrochemical Co., Ltd., and savings 
from operations.

However, as your careful “Swiss banker,” I have to 
acknowledge some changes in the financial environ-
ment. The Union was not untouched by downturns 
in the financial markets in 2000 and later, and by 
the increase in the value of the Euro against almost 
all other currencies, especially the U.S. dollar. IUPAC 
responded to these changes in many ways. In 2003, at 
the General Assembly in Ottawa, Canada, the Council 
adopted a change to billing in national currencies 
rather than in U.S. dollars, and agreed to provide 
financial support for delegates to attend the General 
Assembly. With these changes, many of the problems 
due to “exchange rates” and unequal treatment in 
national subscriptions were resolved.

Still, some of our members—Adhering Organiza-
tions—have problems paying their dues to IUPAC. In 
the past, we have only made very moderate increases 
in the national subscription rate recognizing the 
financial limitations of some of our members. These 
modest increases have been enabled, in part, by the 
income generated by our investment portfolio. 

Meanwhile, activities to broaden the Union’s national 
membership base and encourage more involvement 
from the chemical industry are in progress. Some very 
generous grants, such as those from Samsung Total 

Petrochemical Co., Ltd., noted above, and for the 
IUPAC-Richter Prize, were very helpful toward these 
efforts.

Looking at the financial future, I see some darker 
shades to the current bright picture. It seems that the 
present contributions from our members are at their 
limit. The change to the “project system” in IUPAC was 
the most important move in the last eight years. The 
system is now well established and requires a more-
or-less constant amount of funding. After an initial 
period of trial and error, the project system consumes 
its allocated budget, which leaves no room for bigger 
opportunities and for real strategic moves. 

To address this issue, the “divisional reserve” is being 
reallocated as a “strategic fund.” While before the 
reserve was used to fund projects for which individual 
committees did not have adequate budgets, the fund 
will now require setting priorities and making choices 
about which projects will give IUPAC more visibility. 
This is, in my opinion, of the highest importance. 

The environment for an organization like IUPAC is 
becoming more and more competitive, especially if 
we try to raise funds from third parties. We are still a 
recognized player in our field. For example, the devel-
opment of the IUPAC International Chemical Identifier 
(InChI), which is used to define and recognize a 
chemical substance, is an outstanding achievement. 
Other outstanding examples include the Committee 
on Chemistry and Industry’s activity in plant safety, 
the Committee on Chemistry Education’s efforts, and 
the “color” books (e.g., the new XML “Gold Book”). 
Another of IUPAC’s premier achievements is its central 
role in the Chemical Weapons Convention, organizing 
international workshops and helping to create net-
works of experts to communicate intelligently on this 
critical issue.

Let us do more of these fine things—mostly for free. 
On the other hand, we need more outside funding if 
we want to continue to do these things in the future. 
Our most valuable resources are the many volunteer 
experts in global chemistry. The increasing costs of 
travel and accommodations and the limitations of 
contributions from NAOs have already created some 
constraints. In the future, IUPAC has to think more 
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We need more outside funding if 
we want to continue to do these 

things in the future. 



Financial Reports were recently presented at the IUPAC Council 
on 12–13 August 2007. Details are included in the Council 
agenda book, which is available online at <www.iupac.org/symposia/
conferences/ga07/council_agenda.html>. At its meeting, the Council 
approved the Budget for 2008–2009, including an increase in 
the total National Subscriptions of 3 percent per annum. 

On January 2008, Dr. Buxtorf will be succeeded by Prof. 
John Corish from Ireland. Elected as the new Treasurer by 
the Council on 13 August 2007, Corish has served IUPAC in 
many functions since 1979, including a four-year term on the 
Finance Committee and earlier a four-year term as president 
of the Inorganic Chemistry Division.

broadly when soliciting funding for its work, without 
jeopardizing the idea of disseminating its know-how 
for free, especially to countries isolated from the 
mainstream of chemical knowledge. We may have 
to search more for contributions and grants from 
foundations to support specific activities that help to 
create “a better world.” If we want IUPAC to become 
a more lively organization, we will need more financial 
help from the outside. And better visibility for IUPAC 
will only enhance its ability to advance worldwide 
chemistry. 

Christoph F. Buxtorf <ch.buxtorf@dplanet.ch> is the current treasurer of IUPAC and 
a member of the Executive Committee. He is retired from Novartis Crop Protection 
where he was head of the Production and Technology Division.
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Wöhler’s Masterpiece

Friedrich Wöhler (1800–1882), one of the most 
important German chemists of the 19th century, 
is best known for his serendipitous prepara-

tion of urea from ammonium cyanate in 1828. This 
momentous discovery happened at a time when most 
scientists believed that naturally occurring organic 
compounds such as urea, which was first isolated from 
urine by the French chemist Hilaire Marin Rouelle in 
1773, could only be produced by living organisms. 
Thus, Wöhler’s synthesis of urea not only helped to 
bridge the gap between organic and inorganic chem-
istry that prevailed then, but also played a key role 
in the demise of the vitalistic theory. It is also worth 
noting that Wöhler was a man of many talents: He 
discovered organic radicals with his lifelong friend 
and collaborator Justus von Liebig, he worked with 
Berzelius on the isolation of beryllium and silicon, he 
prepared the first (impure) sample of metallic alu-
minum, and he was a prolific writer and a dedicated 
teacher at the University of Göttingen for more than 
45 years.

The 100th anniversary of Wöhler’s death was com-
memorated with the stamp that illustrates this note, 
issued in Germany on 12 August 1982. It displays a 
beautiful ball-and-stick diagram of urea, clearly show-

ing a carbon–oxygen double bond for the carbonyl 
group, and a balanced chemical equation for its syn-
thesis from ammonium cyanate. Interestingly, the latter 
is a relatively unstable species that can be generated 
from the reaction of silver cyanate with ammonium 
chloride or the treatment of lead cyanate with aque-
ous ammonia, two of the methods originally reported 
by Wöhler. However, urea is nowadays obtained indus-
trially on a massive scale from ammonia and carbon 
dioxide (i.e., the Bosch–Meiser process), and some 
90 percent of the world production (more than 
100 megatonne per year!) is used as a fertilizer.

Written by Daniel Rabinovich <drabinov@email.uncc.edu>.

Stamps International
See also www.iupac.org/publications/ci/indexes/
stamps.html

$
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Thoughts on the 
Short History of the 
Field*
by Pietro Tundo and Fabio Aricò

The adoption of green chemistry as one of 
the primary methods of 
pollution prevention is a 

fairly recent phenomenon. It is 
certainly reasonable to ques-
tion why this fairly straight-
forward approach is only now 
taking hold. The answer is 
found in a combination of eco-
nomic, regulatory, scientific, 
and even social factors, which 
coalesced in the 1990s to give 
rise to green chemistry. Since then, green chemistry 
has found implementation and commercialization on 
a wide scale. 

Since the early 1960s, environmental statutes and 
regulations have proliferated at an exponential rate. 
With these regulations came costs, restrictions on the 
use of chemicals, and increased testing of chemical 
substances to determine their hazards. This provided 
powerful incentives for industry to find replacements, 
substitutes, or alternatives. The toxicity testing required 
by many of these statutes generated new knowledge 
and a new awareness about the types and degrees of 
hazard associated with many chemicals. 

As this collective knowledge grew in scientific and 
industrial circles, there was corresponding growth 
in the public’s demand for more information about 
chemicals that are present in their communities. For 
example, in the USA, this culminated in the 1980s 
with the passage of the Emergency Planning and 
Community Right-to-Know Act (EPCRA), which made 
public relevant data on chemicals being released to 
the air, water, and land by industry. As a consequence, 
industry has been confronted by tremendous pressure, 
not only to reduce the release of toxic chemicals to the 

environment, but also to reduce the use of hazardous 
chemicals overall. Thus, it is not surprising that since 
1990, sustainable chemistry has been an official focus 
of the U.S. Environmental Protection Agency, involv-
ing a great deal of activity in research, symposia, and 
education. 

The year 1993 was formative for the green chem-
istry movement as Paul T. Anastas and Carol A. Farris 

published the first book of the 
ACS symposium series: Benign 
by Design, Alternative Synthetic 
Design for Pollution Prevention 
(ISBN-10: 0841230536). The 
book was based on a sympo-
sium sponsored by the Division 
of Environmental Chemistry at 
the 206th National Meeting of 
the American Chemical Society 
in Chicago (22–27 August 1993). 

Most importantly, this book provided an opportunity 
for several chemists who were pioneers in the field 
to present their basic research and encourage other 
scientists to become involved in environmentally 
responsible chemistry.

In the same year in Italy, the Consorzio Interuni-
versitario “La Chimica per l’Ambiente” (Interuniversity 
Consortium Chemistry for the Environment), or INCA, 
was established with the aim of uniting academic 
groups concerned with chemistry and the environ-
ment. One of its main focus areas became pollution 
prevention through the development of cleaner reac-
tions, products, and processes. INCA organized its first 
meeting in Venice, Processi Chimici Innovativi e Tutela 
dell’Ambiente (Innovative Chemical Processes and 
Environmental Protection), in February 1993. 

However, it was only between 1996 and 1997 that 
the term green chemistry was first used. The defini-
tion “green chemistry” or “sustainable chemistry” has 
been the subject of a long debate. Both expressions 
have been used for the same or very similar mean-
ings, but each has its supporters and detractors. The 
word “green” is brightly evocative, but may assume 
unintended connotations,1 whereas “sustainable” can 
be paraphrased as “chemistry for a sustainable envi-
ronment,” and may be perceived as a less focused 
and less incisive description of the discipline. Other 
terms have been proposed, such as “chemistry for the 
environment,” but this combination of words does not 
capture the economic and social implications of the 
concept of sustainability. Herein, the term green chem-
istry will be used for the purposes of this article. 

Green Chemistry on the Rise

Fabio Aricò (left) and Pietro Tundo.

* This article is not intended to be exhaustive, but merely 
provide a brief overview of the ongoing research and events 
in the field of green chemistry. In that regard, the authors 
apologize in advance for unintentionally omitting any addi-
tional projects that have helped shape the field of Green 
Chemistry.
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This definition is not only straightforward, but it 
also marks a significant departure from the manner in 
which environmental issues have been considered or 
ignored in the up-front design of the molecules and 
molecular transformations that are at the heart of the 
chemical enterprise. Paul Anastas, then of the EPA, 
and John C. Warner developed 12 principles of green 
chemistry, which illustrate the definition in a practical 
sense. The principles cover such concepts as:

Invention and design imply that the impacts of chemi-
cal products and chemical processes are included in 
the design criteria. This definition inextricably links 
hazard considerations to performance criteria.

Use and generation signify that green 
chemistry must focus not only on 
those undesirable substances that 
might be inadvertently produced in a 
process, but also on all substances that 
are part of the process. In this sense, 
green chemistry recognizes that there 
are significant consequences associ-
ated with the use of hazardous sub-
stances, including regulatory, handling 
and transport, and liability issues, to 
name a few.

Hazardous means that green chem-
istry is a way of dealing with risk 
reduction and pollution prevention by 
addressing the intrinsic hazards of the 
substances rather than those circum-
stances and conditions of their use 
that might increase their risk. 

In August 1996, IUPAC began its involvement in 
the green chemistry field with the creation of the 
Working Party on Synthetic Pathways and Processes 
in Green Chemistry (Seoul, Korea 1996). A year later, 
in September 1997, the First International Conference 
on Challenging Perspectives on Green Chemistry was 
held in Venice. The meeting was sponsored by IUPAC 
and co-sponsored by ACS, EPA, and UNESCO. Since 

then, IUPAC has been actively involved in several proj-
ects related to green chemistry:

International Conference on Organic Synthesis 
ICOS 13, Mini Symposium on Green Organic 
Synthesis, Warsaw, Poland, 2000
Special Topic Issue and Symposium-in Print on 
Green Chemistry, Pure and Applied Chemistry, 
2000, Vol. 72, No. 7
a CHEMRAWN (Chemistry Research Applied to 
World Needs) conference in Boulder, Colorado, 
USA, June 2001, titled Toward Environmentally 
Benign Process and Products
38th IUPAC Congress, Brisbane, Australia, 2001, 
which had as one of its five themes, Environmental 
Chemistry and the Greening of Industry
Workshop on Education in Green/Sustainable 
Chemistry, Venice, Italy, 2001
ICOS 14 in Christchurch, New Zealand, July 2002, 
at which there was a Symposium on Green 
Chemistry

This year, IUPAC organized the 
CHEMRAWN-XVII and ICCDU-IX 
Conference on Greenhouse Gases—
Mitigation and Utilization, held in 
Kingston, Ontario, Canada, from 8–12 
July 2007. 

In July 2001, IUPAC approved the 
establishment of the Subcommittee 
on Green Chemistry (under the 
Organic and Biomolecular Chemistry 
Division, Division III). The committee’s 
primary focus is to establish and carry 
out educational green chemistry pro-
grams. Since its conception, the sub-
committee has actively organized 
international workshops, symposia, 
and conferences in addition to pre-
paring and disseminating numerous 
books (the Green Chemistry Series) 
on global topics related to green/
sustainable chemistry, which are spe-
cifically aimed at university students. 

Current projects and activities include: 
Global Climate Change—translation and dissemi-
nation of a monograph for secondary schools 
(IUPAC project 2005-015-1-300) 
an online Green/Sustainable Chemistry Directory 
(IUPAC project 2002-029-1-300, jointly with 
INCA) <www.incaweb.org/transit/iupacgcdir/
INDEX.htm>

Green chemistry is defined by IUPAC as follows: 
“The invention, design, and application of chemical 
products and processes to reduce or to eliminate 
the use and generation of hazardous substances” 
(Pure and Applied Chemistry, 2000, Vol. 72, No. 7, 
pp. 1207–1228).

A conference on Challenging 
Perspectives on Green 

Chemistry was held in Venice 
in 1997.
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Green Chemistry in the Arab region (IUPAC proj-
ect 2003-043-1-300). 

Another important step in the development of 
green chemistry was the foundation in 1997 of the 
Green Chemistry Institute (GCI) in the USA. After more 
than a year of planning by individuals from industry, 
government, and academia, GCI was incorporated in 
1997 as a not-for-profit corporation devoted to pro-
moting and advancing green chemistry. In January 
2001, GCI joined the American Chemical Society in an 
effort to address global issues at the intersection of 
chemistry and the environment. 

From its earliest days, the Institute has sought to 
be the premier change agent that has the knowledge, 
expertise, and capabilities to catalyze the movement of 
the chemical enterprise toward sustainability through 
the application of green chemistry principles. To fulfil 
its mission, GCI supports research, works to integrate 
green chemistry into all levels of chemical education, 
aides companies with industrial implementation, hosts 
conferences, and coordinates efforts with an inter-
national network of green chemistry advocates. The 
GCI also provides national recognition for outstanding 
student contributions to furthering the goals of green 
chemistry. 

GCI offers two well-known awards established in 
memory of Kenneth G. Hancock and Joseph Breen. 
Hancock, former director of the Division of Chemistry 
at the National Science Foundation, was one of the ear-
liest proponents of green chemistry and “environmen-
tally benign chemical synthesis and processing.” The 
Hancock Memorial Award in Green Chemistry allows 
undergraduate and graduate students an opportunity 
to compete for a prestigious award in recognition of 
their studies and/or research in green chemistry. 

GCI and ACS also established the Joseph Breen 
Memorial Fund through the ACS International 
Endowment Fund in 2000. Breen was a founder of 
the worldwide green chemistry movement and the 
first director of the Green Chemistry Institute. This 
fund commemorates his commitment and accomplish-
ments, and each year awards one or more fellowships. 

In the late 1990s and at the beginning of the new 
millennium, interest in green chemistry spread all over 
the world. In 1998, following an EPA proposal, the 
OECD (Organization for Economic Co-operation and 
Development) issued a directive to develop a pro-
gram on sustainable chemistry. The USA and Japan 
were nominated co-leaders in the field of research 
and development, while Italy was appointed leader 
of education. In particular, INCA was chosen as coor-

dinator of the Educational Acts on Green Chemistry 
for OECD.

A year later, in 1999 the Royal Society of Chemistry 
(UK) introduced a new journal entirely dedicated to 
sustainable chemistry: Green Chemistry. Around the 
same time, similar projects were initiated in many 
other countries. Following are just a few examples:

foundation of the Green Chemistry Institute of 
Spain in February 2000
creation of the Green and Sustainable Chemistry 
Network in Japan in 1988 (officially operating 
since 2000), which in 2007 co-organized the 
first Asian-Oceania Conference on Green and 
Sustainable Chemistry 
the foundation of the Centre of Green Chemistry 
of Monash University in Australia, operating since 
January 2000

In addition, the German government has begun to 
dedicate special attention to renewable chemistry. In 
2002, in connection with the Johannesburg’s “World 
Summit for Sustainable Development,” the govern-
ment launched an international conference to promote 
the use of renewable energy in industrial and global 
development processes. The conference was held in 
Bonn and gathered 3600 participants.

In order to address the increasing need for green 
chemistry education, the Carnegie Group (the bian-
nual meeting of the G8 Ministers for Research), which 
was held in Victoria, Canada (2–3 June 2005) and in 
New York (2–3 December 2005), founded a research 
and training network on green-sustainable chemistry 
called the International Green Network (IGN). The net-
work was unanimously approved, following a proposal 
by the Italian minister for Education, Research, and 
University. INCA, located in Venice, Italy, was selected 
as the hub of IGN. INCA and the other research centers 
dedicate a space within their institutes to the IGN.

The IGN aims to provide know-how, coordination 
and sponsorship for scientific collaborations, proper 
training for the new generation of chemists, and 
support for sustainable use of chemistry in develop-
ing nations. INCA organized the kick-off meeting of 
the IGN on 1 December 2005 (Marghera, Venice). 
Delegates of all the G8 countries participated, as well 
as observers from other nations and prominent invited 
speakers. The purpose of the event was to officially 
inaugurate IGN, illustrate its goals (both scientific 
and political), and gather feedback from delegates. 
A document presented at the meeting, and approved 
shortly afterward by the Carnegie Group in New York, 
outlines the goals and mission of IGN.
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Another green chemistry network was founded in 
December 2005: the Mediterranean Countries Network 
on Green Chemistry (MEGREC). The network was 
created to further facilitate increasing collaboration 
between the European regions of the Mediterranean 
and North Africa on green chemistry issues. The offi-
cial ceremony was held during the first board meeting 
at the University of Belgrade.

The MEGREC founding institutions include the Suez 
Canal University, Ismailia (Egypt); University Institute 
of Science and Technology, (Barcelona, Spain); Fez 
University (Morocco); Belgrade University (Serbia); 
Athens University (Greece); and INCA, Venice (Italy). 

Among the objectives of the MEGREC program 
are the creation of a university master course (sec-
ond level) on green chemistry and the recruitment of 
young researchers who will conduct research in the 
laboratories of partner institutions. 

In Latin American countries, the scientific com-
munity is focusing intensively on green chemistry by 
developing a scientific collaboration called Chemistry 
for Clear Reactions and Processes: Green Chemistry. 
This joint project has already provided fellowship 
opportunities at an Italian university for researchers 
from Chile, Argentina, Brazil, Uruguay, Costa Rica, and 
Venezuela.

In 2006, INCA and the German Chemical Society 
organized the first international IUPAC conference 
dedicated to green-sustainable chemistry (see con-
ference report, May-June 2007 CI, pp. 30–32). The 
meeting, held 10–15 September 2006, was organized 
under the auspices of IUPAC, the Italian Ministry of 
Research, Federal Ministry of Environment, Nature 
Conservation and Nuclear Safety, and the German 
Federal Environmental Ministry. The wide selection of 
topics offered at the conference attracted industrial 
researchers and representatives, university research-
ers, politicians, and students. The enormous effort of 
the organization committee fully paid off with over 
450 participants attending from 42 countries. Upon 
conclusion of the conference, the organization com-
mittee extended an invitation to all delegates to par-
ticipate in the Second International IUPAC Conference 
on Green Chemistry to be held aboard a luxury cruise-
liner that will travel from Moscow to St. Petersburg. 
The conference is scheduled to take place in the last 
week of September 2008.

Another important step in the history of green 
chemistry has been realized with the introduction of 
REACH (Registration, Evaluation and Authorisation of 
Chemicals Regulation), which was formally adopted 
on 18 December 2006 by the European Council of 

Environment Ministers. This new regulation aims to 
improve the protection of human health and the 
environment through improved assessment of chemi-
cal substances. Thus, the REACH Regulation gives 
greater responsibility to industry as manufacturers 
and importers will be required to compile information 
on the properties of their substances and to register 
the information in a central database. This regulation 
ultimately calls for a progressive substitution of the 
most dangerous chemicals when suitable and greener 
alternatives have been identified, which is the main 
goal of green chemistry itself. REACH entered into 
force on 1 June 2007. 

Notes
1. In many countries the word “green” is associated with 
political parties primarily focused on environmental issues. 
In the United States, green symbolizes the color of money. 
Therefore, in areas that use the U.S. Dollar as currency, green 
carries a connotation of money, wealth, and capitalism. The 
flag of Libya is entirely green, the only current national flag 
of a single color. Green is considered the traditional color of 
Islam, likewise because of its association with nature. Green is 
a symbol of Ireland, which is often referred to as “the Emerald 
Isle” (Green represents also St. Patrick’s Day). The color is 
particularly identified with the republican and nationalist 
traditions in modern times in balance with the Protestant 
orange. Green is thought to be an unlucky color in British and 
British-derived cultures, where green cars, wedding dresses, 
and theatre costumes are all the objects of superstition. In 
Dante’s Divine Comedy, green is the color used to symbolize 
hope. In the Roman Catholic church, green is a traditional 
color symbolizing hope and the tree of life. The color green is 
often used as a symbol of sickness. In Japan, green indicates 
safety and luxury. In the Russian language, green is synony-

mous with “not ripe.”

Pietro Tundo <tundop@unive.it> is a professor at the Università Ca’ Foscari di 
Venezia (Italy) and a long-time member of the IUPAC Organic and Biomolecular 
Chemistry Division. Fabio Aricò <fabio.arico@unive.it> works with Pietro Tundo in 
Venezia where he is involved in a joint project between INCA and Imperial Chemical 
Industries PLC.

The “Floating Tree” by Francesco Tundo appears on the book 
cover of Green Chemistry Education. Ref: Green Chemistry 

Series No. 3, INCA 2002 (ISBN 88 88214 00 5).

Green Chemistry on the Rise
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Chemistry for Water
Recommendations 
from CHEMRAWN XV

Water is an essential resource for which there 
is no substitute. Yet, in much of the world, 
water resources are rapidly diminishing if 

not disappearing all together. In fact, around 5 000 
children die every day due to a lack of clean water. 
Providing access to clean water is one of the keys 
to fighting extreme poverty as the World Summit 
on Sustainable Development (Johannesburg, 2002) 
made clear. Following are some of the alarming sta-
tistics from the World Health Organisation (WHO) 
related to water supplies throughout the world:

There are 1.7 million deaths each year related to 
unsafe water, mostly among children under five.
It is estimated that there are 4 billion cases of 
diarrhea annually, which represents 4.5 percent of 
the global burden of disease.
One sixth of humanity currently lacks access to 
any form of improved water supply within one 
kilometer of their homes.

In response to the mounting problems of water 
management around the world, exacerbated by an 
ever-growing population and increasing needs, cou-
pled with a finite natural resource, IUPAC decided 
to mobilize its skills and strengths to meet the many 
water-related challenges facing the world. To do 
this, IUPAC and its CHEMRAWN (Chemical Research 
Applied to World Needs) Committee held an interna-
tional conference on Chemistry for Water from 21–23 
June 2004 in Paris at the Maison de la Chimie (see 
conference report, Sep-Oct 2004 CI, pp 26–28). The 
“CHIMIE et EAU” Association (ACE) was responsible 
for organizing the event, which attracted 300 special-
ists who saw inspiring and highly informative presen-
tations and exchanged valuable information related 
to water.

CHEMRAWN XV highlighted the emergence of 
a new chemistry that is an essential component of 
sustainable development. This new chemistry implies 
more science, more technology, more innovation, more 
solidarity. It requires the simultaneous combination of 
basic research, technological research, environmental 
research, and sociological research within strategies 
centered on major objectives such as water.

The primary goal of the conference was to engage 
the chemical community in addressing the question of 
how to ensure that everyone has an adequate quantity 

and quality of water for public use, sustainable agri-
culture, and industrial activities. The theme Chemistry 
for Water was almost aggressive. It shocked many 
accustomed to a more discreet attitude on the part of 
chemists. Yet, chemists must be conscious of the posi-
tive role they play in cooperating with water experts. 
They bring solutions to defined or obvious problems. 
The chemical world—academia and industry—must 
strengthen its commitment to dealing with water 
issues. And chemical engineering must be recognized 
by policy-makers as a major partner in water manage-
ment, especially its security.

As with all CHEMRAWN conferences, Chemistry for 
Water was intended to recommend specific actions 
that should be taken by the global scientific commu-
nity. These recommendations are reproduced in part 
below. 

Scientific Matters
The recommendations that follow will not be accom-
plished without a worldwide mobilization of chemists 
and biochemists and a solid partnership with physical 
scientists, engineers, social scientists, policy makers, 
and business representatives. The knowledge and tal-
ents of chemists are necessary to understand the basic 
causes of the problems and to develop innovative tech-
niques to provide safe drinking water and adequate 
sanitation systems for all people. This effort requires 
the expertise of all of the chemical sciences: analysis, 
biochemistry, environmental sciences, green chemistry, 
material science, nanoscience, physicochemistry, poly-
mer chemistry, and process engineering.  

The risk of a dispersion of efforts exists between 
chemistry disciplines and between chemistry orga-
nizations. Emulation is useful, but an international 
agenda for the main research and development objec-
tives of “chemistry for water” is necessary, with incen-
tives, evaluations, and public recognition.

 The chemical community is able to, and must 
help to, meet the Millennium Development Goals 
<www.un.org/millenniumgoals>. 

Water is a complex material with surprising prop-
erties that are still being intensively studied. Better 

The original version of this publication, written by 
ACE, is longer and includes sections on Societal 
Issues and Ethics. The entire text is available for free 
online. Printed reprints are available upon request 
from the IUPAC Secretariat.
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knowledge of the intimate structure of the water 
“molecule” will certainly be useful for a more profound 
understanding of its properties (e.g., its capacity to 
dissolve inorganic and organic substances and the 
mechanism of its chemical reactivity). This perspective 
is clearly academic, but some industrial applications 
might soon be exploited because water is a non-pol-
lutant solvent or reagent. It is a major agent of the 
developing “green chemistry.” 

 We must encourage all fundamental research on 
water-related problems and attract and retain more 
top students, scientists, and engineers in that field.

Water is the only substance present in nature in 
three physical phases: solid, liquid, and gas. The natu-
ral “water cycle” is the only real source of water in all 
parts of the world. However, not all characteristics of 
that cycle are fully understood. The energy involved 
in that cycle determines the mean temperature of the 
planet. 

Water is the most important substance in the 
atmosphere involved in creating the so-called “green-
house effect” (not CO2), but it is generally ignored in 
weather studies because data on the water cycle are 
insufficiently known, fluctuate too much, and are too 
difficult to use in models. The water cycle strongly 
depends on the oceanic currents, their flows and their 
temperatures, and on the characteristics of the clouds, 
the nucleation process, and their thermal effects on 
Earth temperature. There is growing interest in the 
accelerating decay of ice sheets in Greenland and in 
West Antarctic observed during the last decade. The 
decay is due to the melting of the ice sheets in sum-
mertime, as well as the acceleration of the glaciers 
as they move into the oceans. This phenomenon is 
not well understood, and there is a vast domain of 
research only partly covered.

 A better understanding of the water cycle is nec-
essary for a credible evaluation of Earth warming, not 
only in the atmosphere but also in the oceans.

Groundwater represents another huge domain of 
research. An inventory of the available reserves is 
uncertain in many places. The intensive use of this 
water for agriculture may lead to its exhaustion in a 
number of years. However, this is difficult to evaluate 
without more knowledge about the natural capacity of 
ecosystems to restore the water layer. Another major 
concern is pollution of the upper layers of groundwa-
ter by agricultural or industrial pollutants.

 A complete understanding of underground 
hydrology is necessary to avoid excessive use of 
groundwater. This is mandatory for preserving water 
for future generations.

Surprisingly, pure water does not exist in nature 
because of its powerful dissolving power. To be “drink-
able,” pure water must be “remineralized.” Natural 
“mineral waters” are appreciated for their taste due 
to certain dissolved mineral ions and because of the 
absence of organic or bacterial contamination. 

The quality of water distributed by public net-
works is regularly controlled for its content. All types 
of pollution entering these water supplies must be 
immediately detected and stopped. CHEMRAWN XV 
demonstrated the diversity of research occurring in 
the field of water analysis: the identification of micro-
traces of heavy elements and of new organic micro-
polluants; the study of synergetic effects of different 
species in water (molecules, complexes; solid particles, 
etc.); the study of the fate of chemical pollutants (e.g., 
methyl mercury) and medicinal residues and their 
elimination in-situ; the development of in-situ methods 
and metrology; the Fourier Transform-Ion Cyclotron 
Resonance-Mass spectrometry; and development of 
new simulation and modeling methods.

 Priority must be given to all aspects of research 
into water analysis. Chemists are able to detect 
and evaluate ever-increasing microtraces of numer-
ous pollutants in ever-more-dilute concentrations in 
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water. The methods must be reliable, automatized, 
and rapid. At a greater scale, chemists are asked 
to develop a more precise knowledge (nature and 
chemical behavior) of the different classes of organic 
compounds present in water from natural or anthro-
pogenic origins. This raises questions about the trans-
port and reactivity of pollutants in aquatic systems. 

Developing countries have the potential, within 
existing universities and engineering schools, to study 
water problems. Their laboratories can be re-oriented 
toward local issues, such as pollutants, natural prod-
ucts, and tropical diseases. This can be accomplished 
by developing and using low-cost equipment and 
methods adapted to real local needs and possibilities, 
and through international cooperation as needed. 

 An international policy effort is necessary to 
enhance water-related research activities in laborato-
ries in developing countries. International support is 
necessary for such programs to be successful. 

Presently, research on chemical aspects of water-
related problems is spread among a very large number 
of teams that are generally small and often isolated. 
There is a serious need to facilitate the exchange of 
information among researchers nationally and, more 
importantly, internationally, especially in developing 
countries. Still more important is to provide adequate 
training of specialists in developing countries. In addi-
tion, more conferences on water chemistry should be 
organized every year in various parts of the world. 
Above all, some ambitious quantitative and qualita-

tive objectives, with datelines, should be proposed by 
an authoritative body. This body should provide real 
incentives for meeting these objectives, such as pres-
tigious international prizes, chairs, or fellowships. 

 Information dissemination should be coordinated 
internationally, particularly when planning research 
objectives. 

Technology
(recommmendations only; see full text for details)

Water is different from any other chemical: Under all 
circumstances, water is never fully consumed, only 
polluted. After any use, its quality, essentially its purity, 
is degraded. Historically, the purification process was 
left to natural processes. That is still the case in a large 
part of the world, but this has become less and less 
sufficient. Physical and chemical treatments, that are 
a substitute for or that accelerate natural processes, 
are necessary for health reasons before any public 
distribution of water and for all types of used waters 
before disposal.

 Water is undervalued the World over. Water must 
be valued and priced appropriately, especially for 
irrigation. Users must pay a fair price for it. If they 
can’t, a national or international subsidy could be 
established. An equitable distribution of the resource, 
a sustainable system operation and a clear and honest 
pricing system might be the conditions for having a 
better sense of economy of water in the public, par-
ticularly for agricultural uses.

 The quality of water can be controlled before dis-
tribution only if correct equipment, prescribed chemi-
cal additives, and a complete analytical protocol are 
available and are used. Microbial risks, a serious pub-
lic health concern, must certainly be evaluated.

 Advances are still occurring in the technology 
used to control persistent organic and inorganic 
pollutants, and to minimize the presence of disin-
fection byproducts. Removing more particles and 
organic matter before treatment is always advisable. 
New processes using membranes are under study: 
Ultrafiltration and reverse osmosis show considerable 
promise.

 The present international effort to remediate 
arsenic contamination, not only in Bangladesh but 
also in Argentina, Chile, India, western USA, and other 

Chemistry for Water
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areas, is a clear illustration of the nature of water 
problems: Work must be done locally, yet it demands 
the talents of many experts difficult to find in an 
underdeveloped country. International cooperation 
becomes a necessity.

 The main challenge when treating used waters 
is evaluating the health risks from micropollutants, 
especially endocrine disrupters, for which new ana-
lytical and removal methods are under study.

 Membranes materials and technology are active 
subjects of chemical and process research not only 
for desalination but for other uses (e.g., nanofiltra-
tion) as well. 

 The role of chemistry in a desalination plant could 
be greater than just technical support. The unit could 
in fact be the nucleus of an entire chemical complex 
that exploits the valuable elements present in the 
brine.

 New chemical processes must be developed that 
are more economical in water use, more adaptable 
to remote places, friendlier to the environment, and 
more attentive to water quality.

Thermal power generation uses huge amounts 
of water as does oil refining. Critical to addressing 
water issues is having the energy needed to transport, 
manage, treat, and desalinate water resources. In the 
future, nuclear and renewable energies are likely to 
play a major role in that domain.

 Water and energy are tightly linked. Saving water 
is always saving energy.

Water is too cheap to be exported over long dis-
tances. For example, Egypt doesn’t import actual 
water, but it imports it another way, by importing half 
of its grain, where each tonne of grain represents 1000 
tonne of water. Several countries are already including 
this “virtual water” in their energy and water policies. 
For example, Saudi Arabia reduced its grain produc-
tion from 4.1 millions tonne in 1992 to 1.2 million tonne 
in 2004. A similar approach can be observed in Japan, 
which imports aluminium metal, rather than bauxite, to 
save national energy resources.

 For arid countries, “virtual water” is an interesting 
new concept in international business.
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The original recommendations also include sec-
tions on societal issues and ethics. See full text 
online for details.

As a conclusion, the report cites this optimistic 
comment of Michel Camdessus: “The dream of pure 
water for all is within the reach of humanity. It can 
be attained by continuing for a further 10 years the 
effort to which we are committed from now to 2015. 
This is the challenging task for the generation of 
people now running the world!”

CHEMRAWN XV showed that the chemical com-
munity is ready to face that challenge.

Chemistry for Water


