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Abstract Living or formerly living organisms are being used
to obtain information on the quality of the general health status
of our environment by bioindication and biomonitoring

methods for many decades. Thus, different roads toward this
common scientific goal were developed by a lot of different
international research groups. Global cooperation in between
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various scientific teams throughout the world has produced
common ideas, scientific definitions, and highly innovative
results of this extremely attractive working field. The trans-
disciplinary approach of different and multifaceted scientific
areas—starting from biology, analytical chemistry, via health
physics, up to social and economic issues—have surpassed
mental barriers of individual scientists, so that “production” of
straightforward common results related to the influence of
material and immaterial environmental factors to the well-
being of organisms and human life has now reached the
forefront of international thinking. For the further sustainable
development of our common scientific “hobby” of
bioindication and biomonitoring, highest personal energy
has to be given by us, being teachers to our students and to
convince strategically decision makers as politicians to invest
(financially) into the development of education and research
of this innovative technique. Young people have to be inten-
sively convinced on the “meaning” of our scientific doing,
e.g., by extended forms of education. One example of multi-
lingual education of students on a global scale and perspective
is given here, which we started about 3 years ago.

Keywords Intercultural side effects .Multilingual education .

Transdisciplinary . Bioindication/biomonitoring .

Environmental pollution . Globalization

Introduction

Processing and transferring information is crucial for achiev-
ing a sustainable, high-level way of living, besides addressing
the problems related to use of matter and energy (Fraenzle
et al. 2012; Markert and Fraenzle 2007; Markert et al. 2009).
Information means to convert hitherto unknown matters into
pieces of established knowledge; the Latin verb informare
means to educate, to give things some shape.

Different forms of networking procedures and methods to
exchange information in between scientists and characterized
international relevance exist all over the world. One relatively
new method is the intensive use of multilingual education of
students, which will be explained on the example of the global
and effective distribution of bioindication and biomonitoring,

so-called B&B technologies, below. Themultilingual education
project started by the request of a French colleague—already
about more than 5 years ago in 2008—asking for a translation
of a fundamental review article on B&B technologies (Markert
et al. 2003) added by case studies of French-speaking nations
(Herzig and Bieri 2002). The French version was translated by
professional native speakers in Paris and finally published by a
national French journal (Markert et al. 2010). At this moment,
the description of the scientific use of B&B methods has been
available by an additional language. It was especially asked for
by students and scientists working in the field of environmental
pollution who are mentally more positive influenced and moti-
vated to deal with and understand these modern and innovative
technologies by their own national language.

In “Future promotion for an increased global use of B&B
technologies by enhanced educational, research, and financial
resources”, we will report on the extension of this project by
translation of the same article mentioned above (review article
added by case studies) but translated by highly motivated
young scientists of other nations including national publica-
tions. Given examples are published in Chinese (Mandarin),
Farsi, Lithuanian, and Polish languages.

A transdisciplinary approach of such network is an additional
guarantee that a biotechnological development—based on
bioindication and biomonitoring methods—will be further on
intensively and scientifically forced in the future. The use of
clever and intelligent approaches—on a rationally and emotion-
ally likewise based common platform—are essential for motiva-
tion and education in monitoring the state of our environment.

First, some general aspects will be given about the scien-
tific content of the multilingual papers before they were han-
dled by young scientists; the final results of this project and
will be discussed in “Future promotion for an increased global
use of B&B technologies by enhanced 22 educational, re-
search, and financial resources.”

Some general aspects of bioindication and biomonitoring

As compared to “conventional” means of measuring emis-
sions, doing bioindication or biomonitoring involves much
less expenditure in personnel than, for example, running a
deposition sampler. Hence, bioindicators can be employed
throughout large areas provided that the organisms are suffi-
ciently far spread and abundant to enable investigations which
can cover entire countries or even continents which could be
done otherwise only when accepting very high demands of
work and money (Fraenzle et al. 2012; Markert et al. 2003).

Using one or several different organisms (plants, animals,
fungi) for the purposes of estimating environmental burdens
bring about yet another advantage: beyond statements on the
very organism which is embedded in some ecological niche
within an ecosystem, the analytical data obtained can be
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integrated into a more comprehensive biological system.
Thus, beyond obtaining data from the very bioindicator, eco-
logically relevant statements are feasible concerning larger parts
of the biocoenosis due to the biotic interactions which intercon-
nect them, unlike using direct physico-chemical methods.

Markert et al. (1997, 2003) gave an exact and meanwhile
generally accepted definition to discern bioindication and
biomonitoring as follows:

Bioindicators are organisms or communities of organisms
whose content of certain elements or organic compounds
and/or whose morphological, histological or cellular structure,
physiological–biochemical processes, behavior or population
structure(s), including changes in these parameters, supply
information on the quality of the environment changes.
Bioindication compares relative data of information (e.g., on
contamination) to each other.

Biomonitors are organisms or communities of organisms
whose content of certain elements or organic compounds
and/or whose morphological, histological or cellular structure,
metabolic–biochemical processes, behavior or population
structure(s), including changes in these parameters, supply
information on the quantity of the environment changes.
Bioindication compares absolute data of information (e.g.,
on contamination) to each other.

During active bioindication (biomonitoring), bioindicators
(biomonitors) bred in laboratories are exposed in a standard-
ized form in the field for a defined period of time. At the end
of this exposure time, the biochemical or pathophysiological
responses provoked (e.g., chlorosis or leaf damage caused by
ozone in white-clover test) are recorded or the pollutants taken
up by the organism are analyzed. In passive bioindication
(biomonitoring), organisms already occurring naturally in
the ecosystem are examined for their reactions.

Common requirements on bioindicator/biomonitor organ-
isms are given as follows:

– High abundance (frequency)
– Widespread (global, euryoecious)
– Easily identifiable
– Easily available
– Analytically accessible, low detection and determination

thresholds with current analytic technology
– Accumulation of pollutants

Use of mosses as a practical example

As an example, the use of mosses as bioindicators/biomonitors
for controlling the atmospheric deposition of chemical elements
will be shown. Clear-cut examples of application can be found

Fig. 1 a This map gives Pb contents in moss species from different
countries (Netherlands, Germany, and Poland). The moss samples were
taken from 1990–1992 (Herpin et al. 1996); Mosses (only two moss
species of totally four of the overall European program are shown as

examples, b Hylocomium splendens and c Pleurozium schreberi) as
bioindicators/biomonitors for controlling the atmospheric deposition of
different chemical elements. Photographs of b and c are courtesy of
Wikipedia. (fig. from Fraenzle et al. 2012)
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for instance in papers by Berg and Steinnes (2011), Berg et al.
(1995), Harmens et al. (2010) and Jeran et al. (2004). Mosses
are characterized by

– A primitive morphology
– Absence of a cuticle cover
– Having no roots but rhizoids
– Having no water-conducting system
– Ready accumulation of airborne pollutants
– Wide distribution
– Easy to collect

Mosses are suited for this kind of analytical work because
they lack a cuticle interface. In higher plants, the cuticle limits
evaporation, protecting plants against drought. Further, the cuti-
cle is an obstacle to the uptake of water and salts dissolved in it
via the surface of a plant. Because there is no cuticle in mosses,
these plants can directly take up water and minerals required for
growth via their leaf surfaces and thus do need neither “genuine”

(i.e., mineral absorbing) roots nor a water conduction organ
system. Thus, the “primitive” structure of mosses, as compared
to more differentiated vascular land-borne plants, becomes a
distinct advantage in pollutant level observation, with the pollut-
ants likewise taken up directly through the surface are unprotect-
ed by a cuticle (Fraenzle et al. 2012).

In general, the results obtained indicate what is expected
from good moss material chosen for biomonitoring: efficient
absorption, high contribution to uptake from atmospheric as
opposed to soil sources, and high retention of at least heavy
metals. However, the results do suggest differences in the
adsorption/retention abilities of moss growing in different loca-
tions (Tabors et al. 2004).

In addition to lacking a cuticle, mosses are distinguished by
a rather large resistance towards enhanced levels of various
anthropogenic air pollutants, permitting their use in rather high-
ly polluted areas also (unlike lichens, Loppi et al. 1994). With
many species being far spread (living in quite different regions),
larger areas can be monitored using a given species (Markert

Table 1 Multilingual publications on bioindication and biomonitoring issues in chronological order

Language Authors Title Published in

German Markert, B. Einsatz der Bioindikation und des Biomonitorings zur
Umweltüberwachung, Definitionen, generelle Aspekte
und Anwendungen

Markert, B., 2001, MS version, unpublisheda

English Markert B., Breure T.,
Zechmeister H

Definitions, strategies and principles for bioindication/
biomonitoring of the environment

Markert B, Breure T, Zechmeister H, eds. 2003.
Bioindicators & Biomonitors. Elsevier,
Amsterdam.

French Markert, B.,
Wünschmann, S.,
Herzig R, Quevauviller
P.

Bioindicateurs et biomoniteurs; Définitions, stratégies et
applications

Techniques de I´Ingenieur, 2010, P 4170, 1–16.

Lithuanian Markert B., Wünschmann
S., Baltrėnaitė E.

Aplinkos stebėjimo naujovės. Bioindikatoriai ir
Biomonitoriai: Apibrėžtys, Strategijos ir Taikymas

Environmental Engineering and Landscape
Management 2012a, 20, 3, 221–239.

Polish Markert, B.,
Wünschmann, S.,
Diatta, J., Chudzińska,
E.

Innowacyjna Obserwacja Środowiska: Bioindykatory i
Biomonitory: Definicje, Strategie i Zastosowania

Environmental Protection and Natural Resources
2012b, 53, 115–152.

Chinese Markert B., Wang, M.,
Wünschmann, S., Chen,
W.

生态环境生物指示与生物监测技术研究进展 (Bioindicators and
Biomonitors in Environmental Quality Assessment)

Acta Ecologica Sinica, Elsevier 2013a, 33, 1,
33–44.

Spanish Markert, B.,
Wünschmann, S.,
Marcovecchio, J., De
Marco, S.

Bioindicadores y Biomonitores: Definiciones, Estrategias y
Aplicaciones

Marcovecchio, J., Freije, R., eds., 2013.
Bioindicadores y Biomonitores Procesos
Químicos en Estuarios

Persian Markert B., Wünschmann
S., Ghaffari Z

Journal of Environmental Management and
Planning 2013b, Vol. 2, 95–110.

Latvian Markert B., Wünschmann
S., Tabors, G.

Inovatīvie vides novērtējumi. Bioindikatori un
biomonitoringi: definīcijas, stratēģijas un programmas

2013, in prep.

Russian Markert, B.,Wünschmann
S, Gorelova S

Биоиндикаторы и биомониторы: определение,
стратегии и применение. Использование древесных
растений для биомониторинга и биоиндикации
окружающей среды.

2013, in prep.

Arabic Markert, B.,Wünschmann
S, Youssef, N.

ةيويحاداواوتاؤاةكتباةيئيباةبقاا : فياعتا
تاقيبتاوتايجيتاتااو

2013, in prep.

a Used as original source for all other translations into languages mentioned in Table 1.
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et al. 2011). Owing to their large surface/volume ratio, mosses
will readily accumulate elements (Tabors and Lapina 2012).
When transferred into the plants, pollutants get bound to cell
walls. Thus, mosses accumulate substances throughout the
entire period of vegetation growth, providing information on
an averaged pollution situation integrated along the period of
growth. Thus, mosses are perfectly suited for monitoring pol-
lution which is due to atmospheric deposition.

The results from chemical analysis are converted into multi-
colormaps of pollution usingGeographic Information Systems,
such as that for lead given in Fig. 1. As final output, these
investigations compare relative analytical data of element con-
centrations given by a bioindicator species like mosses.

For quantitative results of transferring bioindicative into
biomonitoring data, the values can be converted into quantitative
deposition rates for chemical elements found in mosses using

relatively simplemathematical formulas (Berg et al. 1995). Today,
comparable investigations of calculating a relationship in between
bioindicators used and diseases are described i.a. in Nimis et al.,
(2008), Wappelhorst et al., (2000) and Wolterbeek et al., (2010).

Future promotion for an increased global use of B&B
technologies by enhanced educational, research,
and financial resources

Besides doing first-class research on bioindication and
biomonitoring, utmost efforts must be dedicated to educate young
students in a way that they become strongly motivated to move
into our specific working field. Considering the respective psy-
chological terms and conditions, it does not only mean to act as a
professional teacher by giving information on the scientific topic

Fig. 2 Excerpts of abstracts about bioindication and biomonitoring stud-
ies published in a . Chinese (Markert et al. 2013a), b . Persian (Markert
et al. 2013b), c . Lithuanian (Markert et al. 2012a), and d . Polish (Markert

et al. 2012b) journal—peer reviewed, translated, assisted, and co-
authored by young scientists
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itself, but to convince students mentally, for instance by oral and
written information transfer by communication which occurs
during delivering some lecture, that this approach is most mean-
ingful and most rewarding.

An impressive and comparative study within the Open-Air-
Laboratories-Project (OPAL) by Davies et al., (2011) and related
to the overall public community showed thatmonitoring the state
of the environment using plants, animals, and fungi has proved
to be very popular with the public in UK. Participants from all
ages, backgrounds, and abilities were actively involved. OPAL
provides evidence to support Mellanby’s (1974) suggestion that
the potential of public observations in preserving and improving
the environment should receive more attention. Further benefits
are accrued through improved well-being (Bird, 2007; Barton
and Pretty 2010; WRI, 2005) and a positive contribution to
sustainable development (ODPM, 2005).

The same behavior in using languages is typically developed
in between talks of students to students or students to teachers
and vice versa. Within their nation, the use of mother language
is often preferred. Translated into conditions set by the mental
motivation of students, a use of their ownmother language shall
give them the psychologically important feeling to be “at
home” and be satisfied with their elected scientific field, espe-
cially when they are just starting their scientific career. Yet, a
proper command of multiple languages belongs to the key
factors for having advantages and success in life. The same
holds true in convincing strategically decision makers as re-
gional and national politicians to invest (financially) in the
development of B&B technologies by education and research.

Therefore, we have initiated a continuing project—to that
of the French one given above—of multilingual education of
students on a global scale and perspective which is shortly
summarized in Table 1 and which has been started about
3 years ago. International colleagues have translated a general
paper on bioindication and biomonitoring, which had been
published in the English language before. The languages
included are, for example, Arabic, Chinese, French, Latvian,
Lithuanian, Farsi, Polish, Russian, and Spanish (for sure,
inclusion of more languages, as for instance Hindi, Turk,
and Portuguese are just under consideration at the moment).
In addition to “mere” translation, the participating scientists
will include special case studies on B&B technologies carried
out in their own country. The translated papers have been
finally published in national journals or books.

In the beginning, a Chinese Ph.D. student, working at the
Research Center for Eco-Environmental Sciences of the Chinese
Academy of Science, Beijing, translated the paper mentioned
above (Markert et al. 2003) related to bioindication and
biomonitoring technologies into Mandarin. A case study on pol-
lutants in soils of Beijing has been added by the student. The paper
has been published in Acta Ecologica Sinica, a peer-reviewed
journal published by Elsevier at China (Markert et al. 2013a,
Fig. 2a).

Also, an Iranian student from the Faculty of Environment
and Energy, Islamic Azad University, Tehran, Iran had trans-
lated the general paper on B&B technologies including a
related case study into the Persian language. This work has
been published in the Iranian Journal of Environmental Man-
agement and Planning (Markert et al. 2013b, Fig. 2b).

Same holds true for the contribution of Lithuania (Fig. 2c)
of which a young scientist, working for the Department of
Environmental Protection at Vilnius Gediminas Technical
University had been successful in the submission and publi-
cation of it in a peer-reviewed Lithuanian Journal of Environ-
mental Engineering and Landscape Management (Markert
et al. 2012a, 2012b, Fig. 2c).

As a final example, Fig. 2d represents the Polish article
delivered by a young colleague, belonging to the Department
of Agricultural Chemistry and Environmental Biogeochemistry
at the Poznań University of Life Sciences, Poland. This article
has been published in the Polish Journal of Environmental
Protection and Natural Resources (Markert et al. 2012b).

Students (and all other individuals) interested in B&B
technologies can find by this translated article innovative
scientific motivation in their own mother language with a
strong international relevance. They get mentally convinced
and thus more easily convinced of these elegant and profitable
“green” techniques, because wemeet by the use of appropriate
teaching and lecturing methods the rational and emotional
intelligence of an audience and motivate them to move into
our international working field (Markert et al. 2009).

B&B technologies are moving people, from continent to
continent, from one organismic species to another, transdisciplin-
ary from one scientific field to the other, from culture to culture or
simply in having scientific interest on internationally connected
ways and habits of thinking. Therefore, and as a conclusion,
bioindication and biomonitoring methods will stay as Multi-
Markered- Bioindication-Concept (MMBC) further on. Further
information on MMBC is available in Markert et al. (2003).
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