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1. Introduction

Environmental analysis is nowadays one of the main fields of
application of analytical methods and it covers from private to
public studies, focused to evaluate the effect of human activities
and their impact on the quality of air, water, soil or biota. Proper
analytical environmental data provide evidences about bad
industrial practices and offer the prime matter to develop
mathematical models suitable to evaluate the sustainability of
our life style [1-3].

The North American Environmental Protection Agency (EPA)
has insisted many times on the need of deep analytical studies to
correctly evaluate the risks of technological processes and to alert
about environmental side effects of human activities and, in this
frame, the interest of greening both, chemistry and analytical
chemistry, has been extensively influenced the political activities
and attract academic interest [4-8].
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The main objective of this paper is to discuss the state-of-the-art
of the ethical involvement of academic and social institutions in
order to evaluate aspects regarding both, the side effects of
methodologies used, and the intrinsic aspects of the environmental
analytical studies concerning both, the subject of study and the
transmission of the information to the policy makers and the society
in general.

2. Man and the biosphere

The presence of man in the earth planet creates tremendous
changes, difficult to be interpreted without taking into account the
capability of humans to build new tools and to change dramatically
the natural equilibrium on the earth [9]. Because of that, from the
last century many voices claimed about the risks of an increasing
population and the limits of growth in all the different aspects of
the life.

As Fig. 1 shows, the presence of humans completely modifies
the natural chemical cycles between air-water-soil and biota and
new chemicals and processes are incorporated by anthropogenic
activities in both, industrial and habitation sites covering from
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Fig. 1. Man and the biosphere. A complex relationship.

remote practically isolated environments to our big cities, thus
establishing really complex relationships which dramatically
influence the quality of air and water also providing long term
changes in the earth crust [10]. Because of that, special care must
be taken in order to well focus environmental studies, considering
all the factors influencing the quality of air, soil and water and
providing data about as much as possible elements and molecules
in order to correctly evaluate the present state of both, natural and
polluted sites, and to prevent their future evolution.

On the other hand, the social demands on complete informa-
tions about any kind of samples increase year after year and to be
able to create significant models to evaluate the environment we
need to process data from different compounds and different kind
of samples. All that increases the analytical efforts and could
increase the side effects and collateral damages involved on the use
of chemicals. So, this is a kind of paradox than the increasing of
environmental studies could be one of the reasons of environ-
mental pollution, thus affecting in a negative way the quality of our
air, water and land. However, it must be also considered that
analytical methodologies could be of a great value for the
development and control of remediation processes.

Because of the social demand of analysis and the potential
negative impact of this activity, Green Analytical Chemistry (GAC)
becomes a solution for the challenge to extend the advantages of
the chemical knowledge in many aspects of the life without
deleterious environmental effects. Additionally, in the last five
years Green Analytical Chemistry has been evidenced its impor-
tance in the scientific literature through the publication of many
special issues of analytical journals devoted to this fact [11-14] and
by the publication of several books covering many aspects of the
fundaments and applications of that [6-8,15].

3. Evolution of environmental conscience on analytical
chemistry

Taking into consideration that accuracy is the main analytical
characteristics in all kind of analysis and representativeness is the
main problem in environmental analysis to obtain a correct picture
of problems, in former times the basic analytical features as
sensitivity, selectivity and precision were in the focus of the
analytical practice and every effort to search for highly selective

and sensitive methodologies was justified in order to move from
molar concentration to parts per million or parts per billion,
looking for the development of specific methods suitable to
determine quantitatively a single molecules in a complex sample,
being the rest of method features considered just as practical
aspects.

So, every kind of sophisticated instrumental and complex
methodologies were deeply explored in former years to look for
the improvement of the analytical properties in spite of their actual
needs. That was a clear reflect of the chemiurgical paradigm in
terms of Malissa interpretation of the Analytical Chemistry
development [16] and thus environmental and safety side effects
of the use of new toxic reagents and tremendously big amounts of
energy and consumables was totally out of consideration by
method makers.

We must recognize that the chemiurgical analytical chemistry
provided a tremendous development in both, instrumentation and
methods, moving from the availability of tools for major and minor
sample components to new possibilities to evaluate the target
analytes at trace and ultra trace levels, thus providing a good
knowledge about sample composition and accurate data for earlier
diagnostic of problems found in the long term use of industrial
products. From the environmental point of view we are nowadays
able to speak about emerging pollutants because of the improved
sensitivity of our methods to make visible very low amounts of
chemicals used from the past but which remain unappreciable in
environmental matrices till the possibility to measure these
compounds with an enhanced sensitivity [17,18].

However the increase of the number of analysis made at all the
chemical activity levels, from the industrial to the health and
environmental fields, has created economic problems including a
high demand of reagents and solvents and the need of waste
management of hazardous materials, thus increasing dramatically
the cost and risks of analytical practices and, because of that, a new
relationship between method developers and method users with
the social community must be explored in deep in the frame of
social responsibility.

Green Analytical Chemistry (GAC), as a difference of other
ecological mentality movements, does not implies the increase of
costs of operation. On the contrary, in some cases the search for
simplified and direct methods and the minimization of these
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methodologies imposed by the need of a drastic reduction of
environmental side effects creates also a reduction of costs. So,
probably one of the main reasons of the success of GAC could be
that it combines the interest of both, the environment and the
economy adding economic reasons to the environmental ethics
and thus improving the sustainability of our daily practices.

As it can be seen in Fig. 2 the evolution from the chemiurgical
use of analytical chemistry to the ecological paradigm has been
compressive [19] without renouncing to the main analytical
features of the methods but incorporating to it the so called green
parameters. These figures are focused on the replacement of toxic
reagents, the reduction of the use of energy, solvents and reagents,
especially those coming from non-renewable origin, through the
development of direct analytical methods suitable to be applied to
untreated samples, the miniaturization and automation of all the
steps of the analytical process, together with the on-line waste
treatment, incorporating to the routine methodologies as a final
step after measurements, and the development of portable
apparatus and instrumentation suitable to avoid the sample
transport and thus avoiding analyte loses or contaminations and
environmental risks.

Nowadays the Green Analytical Chemistry seems to be the best
way to provide a correct answer to the increasing social demands
of analysis, from the mineral composition of samples to the
presence of organic compounds, including organometallic ones
and biochemical molecules and also incorporating information
about chemical species of elements and discriminating metabo-
lites from the original molecules.

The aforementioned demand covers environmental samples of
all types from air, water and soils till biota. Nowadays special
attention must be do in order to assure that the social needs of an
increasing number of analysis do not involve serious risks for both,
method operators and the environment. Because of that,
additionally to incorporate the ultimate advanced techniques as
rearguard confirmation methods, it must be mandatory to impulse
vanguard screening alternative ones, suitable to be employed on
remote sensing, in-field analysis or at least in-field sampling and
analyte pre-concentration and on-line elution in the laboratory
(see Fig. 3) to obtain as fast as possible information with the lowest
consume of energy and reagents and all the suggested items must
be adapted in order to balance the advantages of an increase of our
knowledge about environmental pollution and the deleterious

BAD ENVIRONMENTAL

environmental effects of an increasing use of reagents and solvents
together with energy consumption and waste generation.

4. The side effects of environmental analysis

It seems clear that the main purpose of the environmental
analysis is to provide information about the way that natural
causes and human impact affect ecosystems and thus, data and,
especially models suitable to explain the presence and evolution of
natural components and pollutants, is the challenge of environ-
mental studies. However we cannot forget that a lot of energy and
labor, reagents and solvents must be used and so, a correct balance
of both, input and output of the analytical methods must be done
to evaluate their side effects which, in our opinion, could be
condensate in the consume of energy and materials together with
the waste and residue generations in front of the information
obtained (see Fig. 4).

On the other hand, when we evaluate the different steps of
an analytical procedure, not only sample pretreatment, analytes
extraction or sample dissolution, analyte separation and their
determination must be considered, apparently innocuous steps,
like sampling and sample transport can affect negatively the
environment, being also some of the reasons that damage the
accuracy of determinations, thus affecting the value of the analytical
data through problems concerning sample representativity and
sample changes from the field to the laboratory.

In order to minimize the aforementioned troubles, to move
from off-line analysis to in-situ ones seems the best option and
probably it is the reason for the strong development in portable
instrumentation [20] and portable sample treatments together
with the use of different methods of analysis [21,22].

Another subject of importance in the development of new
analytical tools is the exponential growing of nanotechnologies
and the impressive production and use of nanoparticles which will
create new challenges in the environmental field during the next
years, and because of that it seems of a great importance the
compromise of the analytical chemists with the development and
use of the so called green nanotechnology [23] which involves a
sustainable nanotechnology in order to equilibrate the advantages
offered by scaling down the size of materials and the environmen-
tal extra costs and side effects involved, thus being required a
careful consideration of the toxic nature of nanomaterials
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Fig. 2. Evolution of the analytical chemistry paradigm.
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Fig. 3. Analytical problems and tools.

employed in the analytical measurements and the potential risk of
their widespread in the environment.

In short, it is interesting to notice that environmental risks are
not so far from the accuracy risk coming from the use of several
steps in the analytical processes, also related to their transport to
the laboratory. So, once again it seems that efforts must be
concentrated on the ethical behavior of laboratories and organiza-
tions in order to follow the international norms regarding
environmental protection and occupational health and safety
requirements and international standard related to the ISO

26000:2010 [24] concerning the guidance on social responsibility,
the ISO 14001:2004 [25] according to environmental management
systems requirements and the OHSAS 18001:2007 and OHSAS
18002:2008 [26] concerning standards on occupational health and
safety management systems. All that has created a frame in
which the side effects of the analytical activities must be evaluated
[27-29] for a social responsible analytical point of view.
Valcarcel et al. [27] has defined the social responsibility in
analytical chemistry as “the awareness of the impact in societal
areas (e.g., health, agro-food, industry) and on the environmental
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Fig. 4. Advantages and problems related to the environmental analysis from its positive and negative outputs.
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Fig. 5. Evaluation of the side effects of analytical methods: from qualitative to quantitative evaluation of method greenness.

of the (sustainability) produced (bio) chemical knowledge derived
from the analysis of natural and artificial objects/samples and its
correct transmission to circumvent misunderstanding false
expectations and not justified alarms. It is related to the ethical
principles of the people involved in analytical chemistry activities
(technicians, analysts/researchers and managers) as well as the
recipients of the analytical knowledge”. The aforementioned
comprehensive definition can be applied to evaluate the quality
and sustainability of the information generation and the ethical
transmission of results in the case of environmental studies, thus
involving the equilibrium between the data obtained and the
media invested to do it together with a correct transmission of
environmental data and information in terms of that it could be
reliable and timely.

So, it seems mandatory to do a correct evaluation of the
economic and environmental cost of the analytical controls in
order to select the most appropriated analytical tool to be used to
solve environmental problems.

SCIENCE

5. The analytical tools and their evaluation

Nowadays it becomes easier than before to evaluate the
greenness of a method due to the efforts made by the National
Environmental Method Index (NEMI) [30] our own team [7] and
specially because of the development of the so called eco-scale [31]
which Prof. J. Namiesnik has been adapted to evaluate quantita-
tively the environmental impact of an analytical methodology.

Fig. 5 summarizes the evolution of ideas about the environ-
mental impact evaluation of analytical tools from the qualitative
initial methodologies to the 0-100 quantitative scale.

6. The analytical results and information
In addition to the reduction or elimination of the deleterious
side effects of the analytical methods in front of the environment

and operators, one of the main concerns of the social responsibility
of environmental analysis is the correct management of the
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Fig. 6. Environmental analytical information.
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information obtained. To do it, one of the basic rules is the quality
assurance of all the elements involved in the analytical process in
order to assure the accuracy and representativity of data obtained,
which are in the base for obtaining a correct information. Because
of that, together with the results it is the own concern of the
laboratories to provide a complete picture of the validation process
of each step of sampling, sample transportation and preservation,
sample treatment and results in order that data found could
critically evaluated by the referees and readers. We cannot forget
that there are numerous results in the literature which have been
modified after a deep evaluation of conditions used to obtain data
in the past with a reduced capability of methods available.

A true information, well confirmed and seriously evaluated, is
important in all the fields in order to avoid wrong transmissions
of (bio) chemical information which can provide economic
damages. However, we must take special care with the
environmental information, because of its direct impact on the
living conditions of people and the social alarm which can be
created based on results regarding high pollution levels of an
ecosystem or a specific area.

However, a correct information is not enough to guarantee the
social responsibility in environmental analytical chemistry. It is
also necessary to manage it carefully in order to avoid unjustified
social alarm nor to create delays in its transmission which can
reduce the capability of authorization to timely do correct actions
to avoid present and future risks and these external connotations
of the environmental work are difficult to be evaluated making
extremely necessary a good connection between research and
application laboratory activities in the environmental field
with the local, regional and national authorities with political
responsibility concerns. So, the transmission of environmental
information move from pure science to a correct integration of
scientific and political responsibility as indicated in Fig. 6.

7. Future trends and problems

The everyday activity of analytical laboratories working in the
environmental field must be subjected to the rules regarding the
deep evaluation of the methods employed for both, the funda-
mental and green perspective. Data produced must be coherent
with the standards of accuracy and representativity. However they
must be based on the most enviromentally friendly methodologies
available. So, deleterious effects of used methods must be reduced
or eliminated. In such a frame, it is clear the complementarity
between the main analytical features of a method and its green
characteristics, always depending on the capability of the selected
method to solve the problem because the main objective of a
method is the resolution of the analytical problem and thus, once
solved the problem, the green characteristics of the method is the
issue to be evaluated [32].

On the other hand, the social responsibility of environmentally
involved laboratories must be concerned with the correct use of
the information obtained in order to guarantee a correct
transmission of well confirmed data, to avoid any kind of
misinterpretation by people with a leak of scientific formation.

It seems a difficult equilibrium to be at the service of policy
makers and national and international organizations, which must
control the pollution problems and take the environmental
decisions and to maintain a correct information of the general
population which, at the end, will suffer from the damage of the
environment of our cities and open areas and that is an ethical
question which must be taken into consideration on the managing
of information obtained from environmental studies, thus adding
fundamental aspects to our social responsibility. In this way of the
transference of the analytical information to both, the scientific
community and the society, it must be taken into consideration the

importance of the concentration units which are currently
employed in the scientific language but not always understood
by the society and, as a consequence, additional communication
skills must be absolutely necessaries to communicate the
environmental data.

In a new future it seems clear that efforts made in the definition
and quantification of environmental side effects of analytical
methods will provide a clear guide on the method selection to
obtain environmental data and thus it will influence the relation of
risks of all the steps of analytical processes. However, special care
must be taken to guarantee a correct use on the information and to
create a data bank suitable to evaluate the chemical parameters of
the air, water, soil and biota in a medium and long term perspective
to be suitable to be employed for the evaluation of predictive
models about changes made in the earth by the human activities
and it is a key environmental concern to be submitted to the ethical
consideration.
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