
Amjad Kallel · Mohamed Ksibi
Hamed Ben Dhia · Nabil Khélifi Editors

Proceedings of Euro-Mediterranean Conference 
for Environmental Integration (EMCEI-1), Tunisia 2017

Advances in Science, Technology & Innovation 
IEREK Interdisciplinary Series for Sustainable Development

Recent Advances in 
Environmental Science from 
the Euro-Mediterranean 
and Surrounding Regions



Advances in Science, Technology & Innovation (ASTI) is a series of
peer-reviewed books based on the best studies on emerging research that
redefines existing disciplinary boundaries in science, technology and innova-
tion (STI) in order to develop integrated concepts for sustainable development.
The series is mainly based on the best research papers from various IEREK
and other international conferences, and is intended to promote the creation
and development of viable solutions for a sustainable future and a positive
societal transformation with the help of integrated and innovative
science-based approaches. Offering interdisciplinary coverage, the series
presents innovative approaches and highlights how they can best support both
the economic and sustainable development for the welfare of all societies. In
particular, the series includes conceptual and empirical contributions from
different interrelated fields of science, technology and innovation that focus on
providing practical solutions to ensure food, water and energy security. It also
presents new case studies offering concrete examples of how to resolve
sustainable urbanization and environmental issues. The series is addressed to
professionals in research and teaching, consultancies and industry, and
government and international organizations. Published in collaboration with
IEREK, the ASTI series will acquaint readers with essential new studies in STI
for sustainable development.

More information about this series at http://www.springer.com/series/15883



Amjad Kallel • Mohamed Ksibi
Hamed Ben Dhia • Nabil Khélifi
Editors

Recent Advances
in Environmental Science
from the Euro-Mediterranean
and Surrounding Regions
Proceedings of Euro-Mediterranean
Conference for Environmental Integration
(EMCEI-1), Tunisia 2017

Volume I and Volume II

123



Editors
Amjad Kallel
National School of Engineering of Sfax
University of Sfax
Sfax
Tunisia

Mohamed Ksibi
Higher Institute of Biotechnology of Sfax
University of Sfax
Sfax
Tunisia

Hamed Ben Dhia
National School of Engineering of Sfax
University of Sfax
Sfax
Tunisia

Nabil Khélifi
Springer Nature
Heidelberg, Baden-Württemberg
Germany

ISSN 2522-8714 ISSN 2522-8722 (electronic)
Advances in Science, Technology & Innovation
IEREK Interdisciplinary Series for Sustainable Development
ISBN 978-3-319-70547-7 ISBN 978-3-319-70548-4 (eBook)
https://doi.org/10.1007/978-3-319-70548-4

Library of Congress Control Number: 2017958022

© Springer International Publishing AG 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic
adaptation, computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are believed
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty,
express or implied, with respect to the material contained herein or for any errors or omissions that may have been
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Preface

Highlights

• Springer, in collaboration with the Editorial Office of the Euro-Mediterranean Journal for
Environmental Integration in Sfax, Tunisia, launched the First Euro-Mediterranean Con-
ference for Environmental Integration (EMCEI: www.emcei.net) in November 2017.

• The conference gathered new research contributions from all disciplines of the environ-
mental sciences by Euro-Mediterranean scientists with diverse backgrounds, in particular
from the geo- and bio-environmental sciences and engineering.

• More than 800 short contributed papers were received from authors based in 50 countries.
The evaluation process was managed by the Editors of this proceedings volume, who
invited the members of the conference scientific committee and other international experts
to review the papers. Ultimately, roughly 550 short papers were accepted.

• Papers are published in this proceedings volume, which is divided into 10 major sections
representing the tracks (topics) of the conference. They cover a broad range of environ-
mental research fields, mainly from the Euro-Mediterranean region, but also from sur-
rounding regions and some other parts of the world that show similar case studies on
environmental integration in general.

• Springer invited the Editors of the Euro-Mediterranean Journal for Environmental Inte-
gration and other distinguished scientists and experts to contribute to the conference in the
form of keynote lectures and workshops.

• Authors of the best papers from this proceedings volume will be invited after evaluating
their presentations during the conference to submit extended versions of their papers for
evaluation before publication in a number of special issues in selected Springer journals.

• This conference proceedings volume gathers these new studies, which demonstrate how
science and knowledge can help to promote a more sustainable environment for the
Euro-Mediterranean region.

Summary

The Euro-Mediterranean region is currently facing not only political, economic, and social
challenges but also an ever-growing environmental degradation—aspects that have made
environmental and resource protection an increasingly important issue. These aspects have
also rekindled the debate on revitalizing the Euro-Mediterranean integration process by means
of concrete cooperative projects in various sectors, especially those related to environmental
awareness, assessment, and improvement. This integration process is mainly intended to
reduce the development gap between the northern and southern shores of the Mediterranean
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and to create new and closer political, economic, social, cultural, and most importantly sci-
entific ties between the two on the basis of common concerns.

In this context, and precisely in order to promote the Euro-Mediterranean scientific part-
nership so as to develop and integrate environmental research in the region, under the auspices
of Springer a group of Euro-Mediterranean scientists recently launched the
Euro-Mediterranean Journal for Environmental Integration (EMJEI). The journal, supported
and hosted by the University of Sfax, Tunisia and its Association University & Environment
(AUE), offers a scientific platform for showcasing and discussing the latest research advances
concerning emerging environmental issues and challenges in the Euro-Mediterranean region.

To further strengthen Euro-Mediterranean environmental research, the Editors of the
Euro-Mediterranean Journal for Environmental Integration launched, in close collaboration
with Springer, the First Euro-Mediterranean Conference for Environmental Integration
(EMCEI). This first installment of EMCEI, held in Sousse, Tunisia in November 2017, aims at
gathering new research contributions from all disciplines of the environmental sciences by
Euro-Mediterranean scientists with diverse backgrounds, in particular from the geo- and
bio-environmental sciences and engineering, and thus makes an essential contribution to
ensuring that science and knowledge can help to promote a more sustainable environment for
the Euro-Mediterranean region.

Once the conference’s call for papers had begun, the global relevance of EMCEI-2017 was
demonstrated by the more than 800 contributed papers submitted by authors from 50 different
countries. Following peer review, about 560 papers were ultimately accepted.

The papers gathered in this book offer a general and brief overview of current research on
emerging environmental issues and challenges, and of related applications to a variety of
problems in the Euro-Mediterranean region in particular, but also in surrounding regions and
other parts of the world. They are arranged in 10 major sections, reflecting the main topics
addressed at the conference, namely:

1. Innovative approaches and methods for environmental sustainability;
2. Environmental risk assessment, bioremediation, ecotoxicology, and environmental safety;
3. Water resources assessment, planning, protection, and management;
4. Environmental engineering and management;
5. Natural resources: characterization, assessment, management, and valorization;
6. Intelligent techniques in renewable energy (biomass, wind, waste, and solar);
7. Sustainable management of marine environments and coastal areas;
8. Remote sensing and GIS for geo-environmental investigations;
9. Environmental impacts of geo/natural hazards (earthquakes, landslides, volcanic, and

marine hazards); and
10. Environmental health sciences (natural and social impacts on human health).

Presenting a broad range of topics and results, EMCEI-2017 offered a valuable opportunity
for researchers and students to learn more about new advances in environmental research
initiatives in view of the ever-growing environmental degradation in the Euro-Mediterranean
region, which has made environmental and resource protection an increasingly important issue
with regard to sustainable development and social welfare.

In addition to the several oral and poster sessions, participants enjoyed revealing keynote
lectures by distinguished scientists and accompanying workshops. Keynote lectures high-
lighted the latest research results obtained in the Euro-Mediterranean region on topics
including the following: clean energy production; wastewater treatment and energy produc-
tion; novel approaches to contaminant removal in water; tracing pollution in aquatic systems;
ecological risk assessment of plant protection products; environmental risk in connection with
chemicals in soils; collecting and processing geodata for environmental and sustainable spatial
planning; assessment of coastal morphological changes and the impact of sea level rise on
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shorelines; long-term sustainability of coastal zones and their adaptation to climate change;
urban agriculture and green infrastructures; seismic hazard assessment; new solutions for
energy, biomedical, and environmental applications; and several other interesting case studies,
all of which are included in the first section of this proceedings volume: “keynote lecturers and
workshops”. The workshops were also an opportunity to discuss in round tables several
regional issues hindering sustainable development in the Euro-Mediterranean community,
updating and summarizing the latest advances in connection with ongoing cooperation pro-
jects between scientists based on the northern and southern shores of the Mediterranean.
Lastly, they highlighted important case studies related to the environmental health sciences
and integrated approaches to achieving a better environment, as well as training sessions on
scientific writing and publishing techniques.

This first Springer EMCEI gave younger scientists, in particular, the opportunity to present
their findings—and the outcomes astonished and delighted us. We hope that the ideas in this
book can stimulate further work on environmental integration and sustainable development.
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Assessment of Citizens’ Virtual Water
Footprint
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1 Introduction

Water scarcity is very important because of its influence on
all human activities in different communities and nations
(Hoekstra et al. 2011), and there is a direct ratio between
population and water use amount. Urban population may
rise to double by 2050 and subsequently rate of water use is
going to be increased (Corcoran 2010). Based on records,
water is mostly used in agriculture section, sometimes
counting for about 70–90% (Morera et al 2016). Recently
population growth is combined with water scarcity and have
severely affected sustainability urban development and
environment.

Water footprint (WF) is an indicator of freshwater use and
includes virtual and direct water use of a consumer or pro-
ducer (Hoekstra et al 2011). It refers to total volume of
freshwater used for produced goods and provided services

by an individual, community or business (Hoekstra and
Hung 2002). Families, as the smallest units making up a
community, can use water in two major ways: directly, as
water used for sanitation purposes, or indirectly, as water
used for cultivation of crops that are consumed by family
members. The latter is termed virtual water and the amount
of water used in this manner is referred to Virtual Water
Footprint (VWF) of a family.

This research studies families’ VWF in the city of
Mashhad, the second biggest and most populated city in
Iran. It is essential for the city to direct attention to water
consumption because of scarcity, climate change, drought,
and increasing population. It is hypothesized that individ-
ual’s VWF is higher when female, older, married, higher
education, higher income, higher home area, owning a
property, having a professional occupation, and living in an
improved quarter. The findings can be very useful in better
management of water resources in every household.

2 Materials and Methods

The city of Mashhad, Iran, consists of 13 districts, 44 areas,
and 156 quarters (city census 2010). A pre-test questionnaire
was conducted to distinguish three main quarters based on
income classes, namely higher, middle, and low-income
levels. Then systematically random sampling was applied
using geographical software, and 116 samples were selected.
The Water Footprint Personal Extended Calculator (https://
goo.gl/z0zL6S) was used, where questions regarding food
consumption, domestic water use, and industrial goods
consumption were asked. Collected data was analyzed,
VWF was calculated, and coordination among parameters
were determined.
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3 Results and Discussion

The Table 1 shows results of correlations among VWF and
variables. Furthermore, Fig. 1 highlights relationships
between VWF and income.

62 and 38% of respondents were female and male,
respectively. The proportion of respondents who were 19–
20 years old was 3; 19% were between 21 and 30; 16%
between 31 and 40; 22% between 41 and 50; 16% between
51 and 60; 16% between 61 and 70, 7% between 71 and 80,
and 3% were over 81. The youngest and the oldest respon-
ders were 19 and 90 years old, respectively. 11 and 86% of
respondents were single and married, respectively. Inter-
viewers were or worked at government Section (6%), private
Section (3%), self-employed (16%), retired (12%), student
(3%), unemployed (3%), or housewife (51%). About 5% of
responders were illiterate, 50% did not complete high
school, 20% completed high school, 17% had bachelor
degrees, and 8% had the master degrees. The proportion of
respondents who earn less than 10 million Rials per month
was 45%; 16% between 10 and 15; 11% between 15 and 20;
14% between 20 and 30; 3% between 30 and 40; 4%
between 40 and 50; 1% between 50 and 60; 2% between 60
and 70; and 3% over 70 million Rials per month. 71% were
landlords and 29% were tenants. Area of home was less than
50 square meters for 5% of respondents; 50–100 m2 for
33%; 100–150 m2 for 23%; 150–200 m2 for 12%; 200–250
m2 for 13%; 250–300 m2 for 4%; 300–350 m2 for 5%; and
between 400–500 m2 for 7%.

Most interviewed people have higher family size, edu-
cated, unemployed, low income, eating meat a lot, food with
average oil, less fruits, more cup of tea, and like sweats. The
findings support the idea that as a family becomes more
affluent, it expends more resources (Fig. 1). It means higher
income causes higher VWF. However, Quarter 2 has higher
VWF than other quarters, which it can be because of the
pre-test investment, and people had different ideas about
incomes in different quarters. According to the findings,
families’ level of Income, Gender, Age, Quarter, Education
are the main variables exhibiting a statistically significant
correlation with VWF (Table 1). They show a correlation
between VWF and Income, Quarter, and Age at 1% level,
and also a correlation between VWF and Gender and Edu-
cation at 5% level. In addition, a significant correlation
between VWP and quarter represents that people have been
affected by their living areas. A positive relationship
between VWF and education means higher education has a
direct influence in consumption of virtual water. Neverthe-
less, other variables such as Property, Area, and Occupation
are irrelevant with VWF.

The research highlights that individual’s VWF is higher
when male, older, higher education, higher income, and
living in an improved quarter. These findings are partly
different with some reports (Neumark-Sztainer et al. 1999;
Auld et al. 2002; Bowman et al. 2004; Hanson et al. 2005;
Fan et al. 2014).

4 Conclusion
More food consumption, domestic water use, and
industrial goods consumption equal to more VWF. The
pattern of life style has affected water resources. Fur-
thermore, greenhouse emissions from husbandry and
agriculture have significant effect on global warming and
resources. For example, “producing a single kilogram of
beef generates as much CO2 as driving 250 km in an
average European car or using a 100-watt bulb continu-
ously for twenty days” (Carolan 2013). However, animal
products generally have a larger WF than crop products
(http://waterfootprint.org). Additionally, vegetables’ WF
varies within different irrigation plans and even in dif-
ferent regions (Nyambo and Wakindiki 2015). Currently
water is a key factor in virtual water trade to produce
water-intensive products, and countries can save their
water resources due to using virtual water trade, and
allocate it in other sections (Azam et al. 2012). Therefore,

Table 1. Correlations among VWF and variables (Kendall’s tau_b Test)

Gender Income Quarter Property Area Age Education Occupation

VWF Correlation coefficient 0.175* 0.288** 0.270** 0.137 0.103 0.173** 0.149* -0.133

Sig. (2-tailed) 0.022 0.000 0.000 0.074 0.107 0.006 0.040 0.068

y = -26.74x2 + 554.33x
R² = 0.6964
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Fig. 1. Correlation of VWF and Income (incomes in nine categories:
1 = less than 285$, 2 = 285$–428$, 3 = 429$–571$, 4 = 571$–857,
5 = 857$–1142$, 6 = 1142$–1428$, 7 = 1428$–1714$, 8 = 1714$–
2000$, 9 = more than 2000)
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the evaluation of water footprint makes important insights
into the food-energy-water relation at the urban scale,
creating opportunities for understanding water and energy
savings and efficiency (Chini et al. 2017).

The research reveals that almost all people need to
redesign their life style to have healthy food and to pay
more attention to their waters consumption patterns. It is
also necessary to mention that positive relationship
between VWF and education levels presents less or no
importance of education towards environmental concerns.
Furthermore, it notes a big problem in educational sectors
in lacking socializing water and environmental issues
(Kolahi et al. 2012; Kolahi et al. 2013; Kolahi 2013;
Kolahi et al. 2014a; Kolahi 2014; Kolahi et al. 2014b).
For that, a four-step conceptual framework is presented
on how to find, research and socialize water problems,
including water philosophy, water sociology, water
strategy, and water proactivity, respectively and interac-
tively (Kolahi et al. 2016).
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