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Abstract The Arab world’s environment is among the
most vulnerable and harsh ones across the globe. This
entails much efforts to mitigate the potential environmental
risks. Analysing contributions of Arab scholars in envi-
ronmental research in terms of quantity and quality can
bring up insights on their endeavours in this regard. Bib-
liometric techniques are proposed to conduct such this
analysis over publications originated from Arab world in a
leading environmental journal “Science of the Total
Environment”. Research productivity is being used as
quantitative indicator, while citation rates and Hirsch index
(h-index) are being used as qualitative indicators. The
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research outputs were compared with those obtained from
non-Arab Middle Eastern countries (Iran, Turkey and
Israel). Worldwide research productivity was 17,258 doc-
uments, while that from Arab countries, Iran, Turkey and
Israel were 215, 34, 83 and 87 documents, respectively.
The h-index of Arab world research was 31, and total
citations were 3616 with an average of 16.8. The highest
share of publications was recorded by Saudi Arabia (53
documents; 24.7%). Egypt and Saudi Arabia had highest A-
index with 15 for each one. American University of Beirut
in Lebanon was the highest productive institution (16;
7.4%). The most collaborated country with Arab world was
France (29; 13.5%). In the conclusion, the study reveals a
clear gap in terms of research productivity between Arab
countries and other Middle Eastern countries, precisely
Israel and Turkey. More research efforts through optimiz-
ing investments in environmental research, developing
regional experiences and fostering international collabo-
ration are required to eliminate these lags.

Keywords Benchmarking - Comparative analysis -
Scopus - Total environment

Introduction

Human beings were able for thousands of years to be
engaged in inventive transformations of humanized envi-
ronments by symbiosis or creative partnership with nature
(Dubos 1976). A great acceleration and intensification in
this process has been witnessed since the nineteenth cen-
tury. These human activities have grown increasingly with
significant deterioration of environment as a consequence
(Cocarta et al. 2016). As a result to these challenges,
concerns for the long-term consequences of human
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interventions into environment and strict ecological con-
straints that conform with human nature should manage the
scientific technologies and industry (Dubos 1976). This
will contribute in mitigating the stresses on the environ-
ment and sustaining the human well-being which based on
the integrity of economic, sociopolitical and environmental
conditions (Holdren 2008).

Recent years have witnessed increased interests by
researchers in the environmental research, which is clearly
evident by the dramatic rise in the volume of scientific
output in this field of research. It is being one of the most
discussed topics among both physical and social scientists
(Ahmed et al. 2015). This is accompanied by recognition of
the fact that environmental degradation is a threat to human
societies, and the environmental problems are being to
attract much more attention by policy makers, public and
media. Additionally, these problems have featured hugely
in scientific publications and warnings (Tolba and Saab
2009). Such problems that have been hugely addressed in
the literature include, as an examples, air pollution (Ah-
madi et al. 2015; Li et al. 2016a), climatic changes (Car-
leton and Hsiang 2016; Deutsch et al. 2015), industrial
effluents (Padmanaban et al. 2016), desertification (JuriCka
et al. 2016; Li et al. 2016b), vulnerability of groundwater to
external pollutants (Damak et al. 2016; Igbal et al. 2014),
land degradation (Akhtar-Schuster et al. 2016; Kosmas
et al. 2016) and aquatic environment pollution with organic
and inorganic pollutants (Shakeri et al. 2015).

In many of developing countries, the environmental
degradation cost is evaluated as 4-8% of the gross
domestic product (GDP) (World Bank 2001). In case of
Arab world, the environmental degradation cost is esti-
mated to be at 5% of GDP (Tolba and Saab 2009). The
damage cost to the global environment in Middle East and
North Africa (MENA), of which Arab countries are the
majority, is estimated at 0.5-1.6 of the GDP with estimated
mean of 0.9% of GDP (Ahmed Hussein 2008). This fig-
ure is 1.5 times higher than figures in high-income coun-
tries (Ahmed Hussein 2008), which in conclusion leads to
the confirmation that Arab world countries are among the
severe affected nations globally by environmental
problems.

The Arab world is extending from the Atlantic Ocean to
the Indian Ocean and from sub-Saharan Africa to the Black
and Caspian Seas. It was the home of 359 million people in
2010 and projected to reach nearly 600 million in 2050
(Mirkin 2010). This region is located within a zone char-
acterized by its high vulnerability to climate change effects
and diagnosed to be the nearest as a direct victim of climate
change (Elasha 2010). Its people for thousands of years
were able to deal effectively with the risks of climate
change by adapting their strategies of survival to variations
in temperatures and rainfalls (Verner 2012).
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The demanding and harsh environment of this region,
which recognized by its location in a hyper-arid to arid
zone, water scarcity, very low and variable precipitation,
extreme events of desertification and droughts combined
with high levels of poverty (Verner 2012), air pollution,
inappropriate capacity planning for waste management and
degradation of coastal and marine environment, boost the
risks of its vulnerability to climate change effects and
environmental challenges (Tolba and Saab 2009). These
impacts threaten to counter the gains of this region that
have been achieved over the past few decades in human
and economic developments (El-Zein et al. 2014; The
World Bank 2010).

The realization of the inevitability of placing the envi-
ronmental issues as topmost priorities to guarantee the
sustaining of economic growth and social developments in
the Arab world should boost the efforts of addressing and
mitigating the environmental risks. Since the economic
growth, social well-being and regional competitiveness, at
long terms, are attached with advances in science and
technology (Durant et al. 1989; Minguillo et al. 2014), the
scientific research output of a country and/or a region can
be deemed as a most relevant indicator of these advances
linked with economic growth (Ntuli et al. 2015). The
examination of evolution of scientific research, in terms of
quantity and quality, can help in assessing the endeavours
of a country or a region towards meeting the targets of
sustainable development. Therefore, a large amount of
studies are devoted to evaluate science and technology
performance within a given discipline or body of the lit-
erature at national, regional or global levels (Yataganbaba
and Kurtbag 2016). Consequently, the research statement is
concerned with the evaluation of Arab world’s commit-
ments to the state of science in fields of research related to
environmental realm and its contribution to the global lit-
erature in this vital topic by conducting a quantitative and
qualitative assessment of its research output in this field. It
is a crucial task to properly understanding the current status
of research and to identify the existing research directions
in this field in order to assist in future research investments,
to improve research activities, and it will be of advantage
for researchers and practitioners to conduct and identify
new lines of environmental scientific research.

A general overview on research productivity in Arab
world shows an increase from 0.6% of total global research
productivity in 1981 to 0.9% in 2000 (UNESCO Institute
for Statistics 2005). This increase in the scientific pro-
ductivity has been accompanied by improvements in edu-
cational levels, health services and developments in living
norms during the last periods in the majority of Arab
countries (Benamer and Bakoush 2009). Since the region
had a successful historical role in the scientific renaissance
as well as a proud history of science and knowledge
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(Maziak 2005), the neglect of science is potentially starting
to fade away with strong hopes to restore the balance based
on grassroots initiatives (Masood 2002).

One of the most widely used and accepted tools to
measure the scientific research productivity in any partic-
ular filed of research is bibliometric analysis. This tech-
nique utilizes statistical indices and quantitative analyses to
assess institutions, individuals and/or countries in terms of
their research output (Wallin 2005). It is also useful in
making pronouncements related to qualitative features of
scientific research output (Wallin 2005). This technique is
valuable in deriving good information and knowledge
about the status of scientific research activities in specific
disciplines that help researchers to recognize novel
schemes among research (De Battisti and Salini 2013).
Furthermore, it is a well-recognized technique for con-
ducting systematic analyses (van Raan 2005). This kind of
research is common in different disciplines such as in
industrial and pharmaceutical wastewater research (Zyoud
et al. 2016a, b), medicine (Zyoud et al. 2015a), hospitality
management (Garcia-Lillo et al. 2016), clinical research
(Jain et al. 2015), membrane science (Fu and Ho 2015),
quality of water (Hu et al. 2010), desalination research
(Zyoud and Fuchs-Hanusch 2016) and toxicology research
(Zyoud et al. 2014).

With an aim of assessing the research output of Arab
world in environmental research, their contributions in a
leading environmental journal, “Science of the Total
Environment”, have been examined as a case study by
employing bibliometric techniques. This assessment will
examine the published research originated from Arab
world in terms of: evolution of growth rates, quality of
research, collaboration figures, productivity of countries,
institutes and authors, and prevalent topics with major
concerns. Furthermore, the outputs of this assessment will
be compared with that of other non-Arab Middle Eastern
countries which are facing nearly the same environmental
risks. The examined journal, “Science of the Total Envi-
ronment”, was launched in 1972 by Eric Hamilton, the
founding editor of the journal. It is an influential journal in
its fields of research and is a truly global journal (Nriagu
2008). As the environmental pollution issues became
serious in many of developing countries, researchers from
these regions found in Science of the Total Environment
journal a venue of choice to publish their studies and
consequently the published research from these regions
have significantly increased (Nriagu 2008). The “Science
of the Total Environment” journal is a fully peer-reviewed
and an international journal which is concerned in pub-
lishing original research on the total environment that
covers five fields: atmosphere; hydrosphere; biosphere;
lithosphere and anthroposphere; and its relationship with
humankind (Elsevier 2016).

By surveying the literature and up to the knowledge of
authors, this work is the first of its kind in addressing
bibliometric performance indicators which are related to
environmental research activities originated from Arab
world and have been published in a leading environmental
journal. As it offers a representative perspective about the
efforts of Arab scholars in addressing and tackling envi-
ronmental issues with urgent concerns, it can be considered
as an informative study which gives a structured insight
over environmental research activities in a highly suscep-
tible region to environmental changes and fluctuations.

Materials and methods

It is mostly common in conducting bibliometric analyses to
use one out of four well-recognized and known databases
and digital libraries that encompass Google Scholar,
PubMed, Web of Knowledge and Scopus (Falagas et al.
2008). Among these databases, Scopus which is a service
provided by Elsevier appears to be the library with indi-
vidually the most comprehensive coverage (Hull et al.
2008) and indexes a number of journals much more than
any other database of scientific research (Kulkarni et al.
2009). Furthermore, it grants the most flexible overview on
the scientific research output at global levels in all of sci-
ence’s realms (Yataganbaba and Kurtbas 2016).

For executing the present bibliometric analysis, Scopus
database was used to extract the required data for this
analysis. The search in Scopus was limited to “Science of
the Total Environment” journal as a source of scientific
research output. All subject areas in Scopus database which
cover health, life, social and physical sciences are consid-
ered during the search. Additionally, the documents types
(article, article in press, review) are taken into considera-
tion with exclusion of all other types of documents such as
letters, notes and editorials. The scientific research output
beyond the year 2016 was excluded since the time interval
after 31 December 2015 is yet open for incoming issues.
The results of this search will provide the total research
output that has been published in the examined journal at
global level. To restrict the search for research output
belongs to Arab world, all Arab countries under the
umbrella of Arab League: Egypt; Algeria; Morocco; Lib-
yan Arab Jamahiriya; Sudan; Mauritania; Tunisia; Dji-
bouti; Saudi Arabia; Bahrain; Kuwait; United Arab
Emirates; Comoros; Oman; Qatar; Yemen; Iraq; Jordan;
Palestine; Lebanon; Syrian Arab Republic; and Somalia,
are employed as country keys and affiliation countries in
the advance search that offers by Scopus database during
the defined time period. To fulfil the requirement of the
proposed comparative analysis, the same methodology that
has been followed in case of Arab world was adopted to
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retrieve the documents and extract the data related to
research output of the three non-Arab Middle Eastern
countries (Iran, Turkey and Israel).

The task of searching was applied one time (2 May
2016) to eliminate the bias that may arise as a result of
continued updating of database of Scopus. Scopus database
displays the research output in the form of list with 20200
items per page, and it is possible to export the extracted
documents into Excel spreadsheets. The results of the
search can be revised by author name, document type,
affiliation, title of the source, rates of publications/year and
subject category. Within these results, it is possible to
commence a new search and further analyses (Falagas et al.
2008). The resulted data will be analysed to build up an
informative framework and perspective about: (a) tracing
the evolution of scientific research output over the time,
(b) patterns of research collaboration between different
countries, (c) rates of citations of the published research,
(d) journals that mostly cited the published research, (e) the
most prevalent areas of interests, (f) the most cited articles
and (g) the most prolific institutions and authors. The Arab
countries will be sorted according to their research output
based on standard competition ranking (SCR) formula and
will be arranged in ascending order. The SCR will be also
used to rank the top ten most prolific: affiliations, prevalent
areas of interests, prolific authors and published documents
that have attracted most citations.

As this analysis will offer different bibliometric indi-
cators, these indicators are classified as quantitative indi-
cators (i.e. research output) or qualitative ones (i.e. the
citation rates and impact factors of journals). The Hirsch
index (h-index), which is an indicator that integrates
measures of quantity (represented by the number of pub-
lications) and measures of quality (represented by the total
citation scores) (Egghe 2006), will be used to demonstrate
the total citations in which the published research has
gained. This index is of benefit to identify the significance,
importance, impact of the cumulative research of
researchers (Hirsch 2005) and to characterize the research
performance in qualitative view (Meho and Rogers 2008).
To demonstrate its concept when it is applied to examine
the impact and productivity of scientific research at country
level, it is possible to state that: if a country attracted h-
index with a value of 20, this means that this country had
published 20 documents, and at least, each document has
gained 20 citations. With the aim of showing the impact
factors (IF) of journals that have cited research published
from Arab world, Journal Citation Reports (JCR): 2015
edition released by Thomson Reuters has been used.

A programme of statistical analysis, IBM® SPSS®
statistics version 20 (IBM Corporation, Armonk, NY), has
been employed to compute the descriptive statistics mea-
surements that have been associated with research output
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from Arab world and non-Arab Middle Eastern countries.
These statistics include the count frequency and percent-
age, median, interquartile range, mean and sum. The cat-
egorization of countries and regions across the world which
will be examined in this analysis is based on classification
of SCImago Journal & Country Rank, which is a portal that
includes the countries and journals scientific indicators
promoted by the information contained in Scopus database
(SJR 2016).

A content analysis of abstracts of published research
from Arab world and non-Arab Middle Eastern countries is
carried out to identify the most prevalent discussed topics.
This analysis can recognize the emerging and current
issues and others that no longer of significant interest
(Anderson and Shattuck 2012; Armfield et al. 2014). To
conduct this analysis, the abstracts of published research
are exported to NVivo 10 (QSR International) programme.
It is followed by a distribution analysis of word frequen-
cies. The grouping of word frequencies was limited to
search for terms with stemmed words as the results of this
procedure were more flexible than the search for terms with
exact matches. The length of the word during the search
was fixed to three letters. Tag clouds are used to provide
visual illustration. The size of each word (“tag”) in the tag
clouds will be in proportion with its occurrence frequency
in the source.

Results and discussion

Numerous bibliometric studies in environmental sciences
have been accomplished and were seeking to address the
environmental research activities from bibliometric per-
spective. They have been conducted to identify the bib-
liometric  indicators associated with research in
environmental science at global levels (Dragos and Dragos
2013; Khan and Ho 2012), in a specific topic within
environmental sciences (Fu et al. 2013), in a geographic
area (Acosta et al. 2009) or at country level (Katz and
Plevin 1998; Mamtora et al. 2013). The present study is a
complementary work to the aforementioned studies and is
inspired by the need to examine research activities con-
cerned with environmental science in a region (i.e. the
Arab world) which is subject to severe environmental risks.

The study identified 17,258 documents published at
global level from 146 countries in Science of the Total
Environment journal during the period from 1972 to the
end of year 2015. The average of publications was 392
documents/year with a range from 23 to 1753 documents.
The USA assumed the first position in the world ranking in
the context of total published research with 2979 docu-
ments (17.3%) and followed by UK 2130 (12.3%). The
total was 215 documents when the search was limited to
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publications from Arab world only. This figure equals
1.25% of total research productivity at global level. Among
these documents, there was 214 documents (99.5%) pub-
lished as original journal articles and 1 (0.5%) was a
review article. Figure 1 illustrates the evolution of research
productivity from Arab world in comparison with global
research output. As it is noticed, the researchers from Arab
world had begun their activities in 1982 and their pro-
ductivity has grown very modestly with a noticeable peak
in 1992. These activities are developed progressively in
association with peaks and downs. The breakthrough was
in the last four years where about 49.8% of the total output
by Arab world has been taken place.

The present figure of 1.25% that demonstrates Arab
world’s contribution in the global research is to some
extent compatible with Arab world’s achievements in
published research worldwide. The Arab world is con-
tributed for a meagre of 1.4% of the scientific research
papers published throughout the world (Boumedjout 2010).
The present figure is better than of that of medical research
originated from Arab world. The Arab world is currently
contributing less than 0.5% of published papers appearing
in 200 major medical journals (Maziak 2005). This finding
has been also confirmed in other bibliometric studies that
have been conducted over medical research at Arab world
level (Sweileh et al. 2014, 2015). Otherwise, in some fields
of research such desalination, the contribution of Arab
world to global research was unique and valued about 16%
(Zyoud and Fuchs-Hanusch 2016). This result was in line
with their distinctive achievements in fields of research
related to desalination (Masood 2002).

Fig. 1 No. of published
documents at Arab world level
in “Science of the Total
Environment Journal” in
comparison with research
productivity from the global

No. of published documents-The Arab World

Table 1 listed Arab world countries along with their
bibliometric indicators. The analysis of the list shows that
three Arab countries (Comoros, Djibouti and Somalia) did
not have any contribution towards research in Science of
the Total Environment journal. Furthermore, it shows that
research activities in some Arab countries were insuffi-
cient or even negligible and Arab world countries show
different patterns in terms of productivity, collaboration
with other countries and citation rates. The largest number
of publications at Arab world level was from Saudi Arabia
(53; 24%.7), followed by Egypt (44; 20.5%), Morocco
(21; 9.8%), Lebanon (19; 8.8%), Tunisia (16; 7.4%) and
Kuwait (14; 6.5%). At the time of analysing data (2 May
2016), published research from Arab world has gained
3616 citations. The median of citations (interquartile
range) was 9.0 (4.0-18.0), and their average was 16.82.
The highest median (interquartile range) was registered
for published documents from Syrian Arab Republic 25.0
(11.0-45.0), followed by 12.5 (1.0-31.25) for Sudan. The
total retrieved documents attracted h-index of 31 which
implies that at the time of gathering and analysing data,
there were 31 documents which attracted at least 31
citations for each document. At country’s level, the
highest h-index was 15 and it was recorded by each of
Saudi Arabia and Egypt, followed by 10 for Lebanon, 9
for Kuwait and 8 for each of Morocco and Tunisia. Egypt
was the most collaborated country with other countries. It
has collaborations with 24 countries and followed by
Saudi Arabia with 23 countries.

The highest rate of contributions was from Saudi Arabia
and Egypt, which was about 45% of the total Arab world’s
productivity. For Saudi Arabia which has massive oil
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reserves and considered as the largest producer of crude oil,
the predicted declining of oil production (Simmons 2006)
associated with the rapid increase in population growth
which rated as the highest in Arab world (3.24% is the
annual growth, while the average in Arab world is 2.37%)
(Onsman 2010) was the pillars to diversify its economy and
to establish a world class science and technology sector
through building technology incubators (Alshumaimri et al.
2010; Shin et al. 2011). This country is turning into a
regional hub for advanced education and research and
shifting its economy into knowledge-based one instead of
oil-based one (Meo 2015; Shin et al. 2011).

The productivity of Saudi Arabia in Science of the Total
Environment journal which was 0.31% of the total global
publications is the same as its contribution in all fields of
research at global level as pointed out in the database of
SCImago Journal and Country Rank (SCImago 2016).
Furthermore, its position in the list of countries that have
contributions in this journal (41 out of 146) was nearly the
same in the list of country ranking in all fields of research
as it is ranked in the position 44 (SCImago 2016). Saudi
Arabia showed high rates of collaboration with other
countries. This finding may be an outcome of the fact that
Saudi Arabia had bigger pool of international scholars than
most other countries (Shin et al. 2011). Egypt was the
second most collaborated country with Saudi Arabia and
vice versa. This was a straight reflection of the strong
research partnerships between the two countries where the
joint research on annual bases has boosted tenfold during
the last decade and is fast accelerating (Adams 2012).

The environmental challenges in Saudi Arabia are like
those in other Arabian Gulf countries which have experi-
enced a major increase in wealth resulted from oil industry
and accompanied by swift urbanization. As pointed out by
Yeatts et al. (2012), the scientific interests in environmental
health research are for many factors including the rapid
transformation in the physical environment associated with
raises in industry and traffic-related pollutants, extremely
high temperatures and alterations in lifestyles. They con-
cluded that, despite the accelerated and dramatic environ-
mental changes, the environmental health-related research
was little (Yeatts et al. 2012). Similar to the previous
finding, the global research report by Thomson Reuters
indicated that during the period from 2005 to 2009, the
region of the Middle East (Persian, Arabian and Turkish
Middle East) published only 4676 documents in environ-
ment/ecology research which represent a proportion equal
to 3.24% of total world’s research productivity (Adams
et al. 2011). The published research from Saudi Arabia
showed much concerns on air pollution, public health,
toxic materials effects, dispersion of hazardous materials,
water pollution and water resources, industrial wastewaters
and wastewaters, marine environmental and coastal zones,

analysing ozone trends, solid waste and depletion of
resources.

In case of Egypt, its population size is a pivotal factor
that contributes in increasing its scientific research activi-
ties which rely on population size, socio-economic factors
or overall scientific activity of any country (Miro et al.
2009). Furthermore, Egypt assumes the second position
after South Africa in Africa continent in terms of scientific
research productivity (Waast and Rossi 2010). The Egyp-
tian environmental experts and scientists have played a
significant role in producing regional and global discourses
around environmental concerns such as desertification,
water scarcity and conservation of nature (Sowers 2013).
Most of articles within this study were applied for case
studies in Egypt and were concerned with environmental
challenges such as pollution of coastal waters by industrial
wastewaters, sewage and leaching from solid waste dis-
posal sites, hazardous pollutants interact in soils, air pol-
lutants, water quality, pesticides effects on aquatic life,
heavy and trace metals effects, and public health. Addi-
tionally, field and analytical studies that are based on col-
lection of samples, measuring concentrations and levels of
different pollutants were the predominance.

The collaboration patterns with researchers from non-
Arab countries, as shown in Table 2, demonstrated high
levels of collaborations with researchers from Western
Europe mainly France, followed by researchers from North
America, mainly the USA. The present study identified 140
(65.0%) published documents with 40 countries resulted
from collaboration with non-Arab countries. The highest /-
index (21) resulted from collaborations between research-
ers from Arab world and Western Europe. It was followed
by h-index (10) as a result of collaborations with Northern
America. Furthermore, the collaboration between Arab
world and Western Europe produced the high rates of
citations (1485), followed by the collaboration with
Northern America which produced (491) citations. The
high figures of collaboration between Arab scholars and
their counterparts in Western Europe and Northern Amer-
ica can attributed to the fact that the majority of Arab
researchers graduated from Europe and US universities,
and many of the graduated researchers and students from
Arab world have gained their education and training in
environmental field of research from these two regions
where the principles and concepts of environmental sus-
tainability measures are being emphasized in research and
science (Zyoud et al. 2015b).

France occupies the first position in Arab-non-Arab
collaboration at countries’ level. This is due to the active
participation of Maghreb countries, mainly Morocco and
Tunisia, and Lebanon in the research activities at Arab
world level. Numerous studies affirmed that France is
heavily engaged in research and associated with its former
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Table 2 Analysis of collaborations between Arab world countries
and non-Arab countries

Region/country® No. of documents (%)
Western Europe 104 (48.4)b
France 29 (13.5)
Spain 22 (10.2)
Germany 21 (9.8)
UK 21 (9.8)
Italy 11 (5.1)
Sweden 8 (3.7)
Austria 3(1.4)
Finland 3(1.4)
Denmark 3(1.4)
Belgium 2 (1.0)
Netherlands 52.3)
Portugal 3(1.4)
Greece 3(1.4)
Luxemburg 1(0.5)
Monaco 1 (0.5)
Norway 1(0.5)
Cyprus 1 (0.5)
North America 31 (14.4)°
USA 24 (11.2)
Canada 8 (3.7)
Asiatic Region 15 (7.0)°
India 4(1.9)
South Korea 3(1.4)
China 314
Pakistan 2 (1.0)
Japan 1(0.5)
Singapore 1 (0.5)
Taiwan 1(0.5)
Viet Nam 1(0.5)
Latin America 7 (3.3)°
Brazil 2 (1.0)
Mexico 2 (1.0)
Argentina 1(0.5)
Chile 1 (0.5)
Costa Rica 1 (0.5
Pacific Region 6 (2.8)b
Australia 6 (2.8)
Eastern Europe 3 (1.4)°
Bulgaria 1(0.5)
Croatia 1(0.5)
Serbia 1(0.5)
Slovenia 1 (0.5
Middle East 3 (1.4)°
Israel 2 (1.0)
Turkey 1 (0.5)
Africa Region 1 (0.5)°
Madagascar 1(0.5)
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Table 2 continued

Region/country® No. of documents (%)
Arab-Arab 18 (8.4)°
Arab-Arab 18 (8.4)°

* The study recognized 140 (65.0%) documents with 40 countries as
a result of collaborations between Arab countries and non-Arab
countries

® The total surpasses 65.0% as a result of data overlapping due to
multi-country collaborations

colonies in research collaborations (Harford 2015; Nature
2015). The USA was in the second position in terms of
collaboration with Arab world. As the most contributor in
scientific research at global level, USA sustains to be a
major contributor in the scientific collaborations (Gazni
et al. 2012). Germany and UK were also among the top
collaborators in research with Arab world. They are fre-
quent partners with this region and their substantial power
for collaborative research partnerships at international
levels and the quality of their domestic research are major
attractive factors in collaboration with them (Adams et al.
2011). The international collaboration has a powerful in
producing higher-impact science research through com-
plementary expertise (Havemann et al. 2006), and it is of
benefit in reducing the costs, minimizing the duplication of
skills and equipment that are required in research (Toope
et al. 2012) and boosting the efficiency (Plucknett and
Smith 1984).

The list of top ten cited documents in Science of the
Total Environment journal is displayed in Table 3. The
overwhelming majority of documents in the list of most
cited documents were articles except one document which
was a review article (Al-Yousuf et al. 2000; Baveye et al.
1999; El-Fadel and Massoud 2000; Elminir 2005; Khan
et al. 2011; Louiz et al. 2008; Loutfy et al. 2006; Nawar
and Doma 1989; Qadir and Oster 2004; Rocher et al. 2004;
Romeo et al. 1999). The citation rates for these documents
range from 57 to 202. Even one review article was found in
this list; it was the only one that appeared in total research
published by Arab world in the examined journal. This
finding affirms the need to increase the focus of conducting
review articles which are of multi benefits such as assess-
ing in identifying the current state of research, identifying
the experts in the field, the used methodologies and the
discussed issues in past studies, and from scientific point
view, review articles are part and parcel of good science
(Shanbhag 2016).

Table 4 lists the top ten most prolific universities and
institutions in Arab world. The most prolific university was
American University of Beirut, Lebanon (16; 7.4%). It was
followed, respectively, by King Abdulaziz University,
Saudi Arabia (15; 7.0%), and King Saud University, Saudi
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Table 3 Ranking of top ten cited documents published by researchers with affiliations to institutions in Arab world in Science of the Total
Environment journal

SCR* Name of authors and Title Type of Times
year of publication document  cited

Ist Al-Yousuf et al. (2000) Trace metals in liver, skin and muscle of Lethrinus lentjan fish species in relation to  Article 202
body length and sex

2nd  Romeo et al. (1999) Heavy metal distribution in different fish species from the Mauritania coast Article 180

3rd Qadir and Oster (2004)  Crop and irrigation management strategies for saline-sodic soils and waters aimed at Review 171
environmentally sustainable agriculture

4th Nawar and Doma (1989) Removal of dyes from effluents using low-cost agricultural by-products Article 125

Sth Elminir (2005) Dependence of urban air pollutants on meteorology Article 114

6th Khan et al. (2011) Exploration of CeO, nanoparticles as a chemi-sensor and photo-catalyst for Article 63
environmental applications

Tth El-Fadel and Massoud Particulate matter in urban areas: health-based economic assessment Article 62

(2000)

8th Baveye et al. (1999) Mass balance and distribution of sludge-borne trace elements in a silt loam soil Article 58
following long-term applications of sewage sludge

8th Loutfy et al. (2006). Dietary intake of dioxins and dioxin-like PCBs, due to the consumption of dairy Article 58

products, fish/seafood and meat from Ismailia city, Egypt

10th  Louiz et al. (2008) Monitoring of dioxin-like, oestrogenic and anti-androgenic activities in sediments of Article 57
the Bizerta lagoon (Tunisia) by means of in vitro cell-based bioassays: contribution
of low concentrations of polynuclear aromatic hydrocarbons (PAHs)

10th  Rocher et al. (2004) Hydrocarbons and heavy metals in the different sewer deposits in the “Le Marais”  Article 57
catchment (Paris, France): stocks, distributions and origins

SCR standard competition ranking

* Equal documents in terms of number of citations have the same number of ranking, and then, a gap is left in the numbers of ranking

Table 4 Top ten highly prolific institutions that published research from Arab world in Science of the Total Environment journal

SCR* Name of institution Country No. of documents (%)
Ist American University of Beirut Lebanon 16 (7.4)
2nd King Abdulaziz University Saudi Arabia 15 (7.0)
3rd King Saud University Saudi Arabia 9 4.2
4th National Research Centre Egypt 7@3.3)
4th King Faisal Specialist Hospital and Research Centre Saudi Arabia 7(3.3)
4th University of Kuwait Kuwait 7 (3.3)
7th Universite Cadi Ayyad Kuwait 6 (2.8)
7th Kuwait Institute for Scientific Research Kuwait 6 (2.8)
7th CSIC-Instituto de Diagnostico Ambiental y Estudios del Agua IDAEA Spain 6 (2.8)
10th King Saud University College of Science Saudi Arabia 5(2.3)
10th Atomic Energy Authority of Egypt Egypt 5(2.3)
10th King Fahd University of Petroleum and Minerals Saudi Arabia 52.3)
10th Universitat de Girona Spain 5.3)
10th University of Birmingham UK 5@23)
10th Yarmouk University Jordan 5(2.3)
10th Atomic Energy Commission of Syria Syrian Arab Republic 52.3)
10th Arabian Gulf University Bahrain 5(2.3)

SCR standard competition ranking

4 Equal institutions have the same number of ranking, and then, a gap is left in the numbers of rankings
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Table 5 Top ten most prolific Arab and international authors who published research from Arab world in Science of the Total Environment

journal
SCR* Name of the author Name of the institution, No. of documents Total documents h-index Total
country (%) by the author® citations

1st El-Fadel, M. American University of Beirut, 7 (3.3) 172 26 2282
Lebanon

Ist Al-Saleh, I. King Faisal Specialist Hospital 7 (3.3) 97 19 1264
and Research Centre, Saudi
Arabia

3rd Madany, I.M. University of Bahrain, Bahrain 52.3) 38 13 571

3rd Othman, 1. Atomic Energy Commission of 5(2.3) 31 11 418
Syria, Syrian Arab Republic

3rd Kannan, K. King Abdulaziz University, 5((2.3) 516 84 26,178
Department of Biochemistry,
Jeddah, Saudi Arabia

3rd Barcelo I, D. CSIC-Instituto de Diagnostico 52.3) 1085 92 38,527
Ambiental y Estudios del
Agua (IDAEA), Department
of Environmental Chemistry,
Barcelona, Spain

7th Bu-Olayan, A.H. University of Kuwait, Kuwait 4 (1.9) 37 9 231

7th Harakeh, S. King Abdulaziz University, 4 (1.9) 73 13 558
Saudi Arabia

Tth Lekouch, N. Trace Element Institute for 4 (1.9) 11 5 1165
UNESCO, Morocco

Tth Sedki, A. Faculte des Sciences Semlalia, 4 (1.9) 16 5 176

Marakech, Morocco

SCR standard competition ranking, /F' impact factor

* Equal authors have the same number of ranking, and then, a gap is left in the numbers of rankings

" Total documents, -index and total citations have been harvested from Scopus database, and these figures could be differ when using other

research databases

Arabia (9; 4.2%). There were five universities out of sev-
enteen universities in the list of top ten productive insti-
tutions at Arab world level from Saudi Arabia. The
distinguished contributions of Saudi Arabia’s universities
are referred to the fact that Saudi Arabia has set up a group
of research centres of excellence which are concerned with
environmental research such as Environmental Studies
Center of Excellence at King Abdulaiz University,
Renewable Energy Research Center of Excellence at King
Fahd University for Petroleum and Minerals and Center of
Excellence of Desalination in King Abdulaiz University.
Two institutions from Egypt were listed in the list of most
prolific institutions in Arab world. The National Research
Center (NRC) which takes up the fourth position is con-
sidered as the largest centre of research in the Middle East
region in fields of science and technology. This research
centre serves scientific research cooperation at national,
regional and international levels including technology
transfer (Lorenzo 2010). Another interesting finding was
from Lebanon, where the scientific research is a university-
driven activity (Larzilliere 2010). Lebanon occupies the
fourth position among Arab countries in terms of research

’r @ Springer

productivity, and American University of Beirut, Leba-
non, was responsible in producing 84% of total research
productivity of Lebanon. This university was in the first
position in the list of top prolific universities at Arab
world level, and one of the two most prolific authors at
Arab world level was from this university (El-Fadel,
Mutasem E.). Most of published research from Lebanon
was related to air pollution, climate change, quality of
water and waterborne diseases, land use, heavy metals,
wastewater, health care, contamination of food, and their
associations with public health. The majority of case
studies were conducted in Lebanon with some in France
as a result of strong research collaboration between the
two countries.

Table 5 presents the list of ten most prolific authors
from Arab world and international authors who collabo-
rated with researchers from Arab world in research that has
been published in Science of the Total Environment jour-
nal. Three authors out of ten were from universities in
Saudi Arabia. This finding is in connection with the active
participation of Saudi Arabia in the published research
under examination.
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Table 6 List of top ten journals SCR? Journal® Frequency IF

that mostly cited articles

published from Arab world in Ist Environmental Monitoring and Assessment 91 1.633

;ifﬂgiii‘j;‘r’;fl 2nd Chemosphere 75 3.698
3rd Environmental Science and Pollution Research 68 2.76
4th Journal of Hazardous Materials 46 4.836
5th Environmental Pollution 45 4.839
6th Bulletin of Environmental Contamination and Toxicology 43 1.191
6th Marine Pollution Bulletin 43 3.099
8th Atmospheric Environment 42 3.459
9th Biological Trace Element Research 37 1.798
10th Ecotoxicology and Environmental Safety 35 3.13

SCR standard competition ranking, /F' impact factor

# Equal journals have the same number of ranking, and then, a gap is left in the numbers of rankings

® The self-citations by Science of the Total Environment journal were (193) citations

¢ Impact factors of journals were documented from Journal Citation Reports (JCR) 2015

As displayed in Table 6, which listed the journals that
mostly cited articles published from Arab world in Science
of the Total Environment journal, all journals were closely
related to the interface of environment and had official IFs
as listed in the JCR 2015. Most of these journals are con-
cerned with specific topics in environmental sciences and
not as in case of Science of the Total Environment journal
which is more general in its scope than the others. The
published research from Arab world gained citations by
3410 documents in 152 journals including the journal itself
which recorded the most attracted citations. The majority
of these documents were articles (2963; 87.0%), followed
by review articles (237; 7.0%), conference papers (108;
3.2%), and the remaining (102; 3.0%) were assorted as
other types of publications such as books, letters and notes.
The most country that cited published research from Arab
world was the USA (in 446 documents), followed by China
(in 406 documents), India (in 258 documents), Saudi
Arabia (in 208 documents) and Spain (in 207 documents).
Furthermore, the institutions that mostly cited published
research from Arab world were King Abdulaziz University,
Saudi Arabia (in 69 documents), Chinese Academy of
Sciences, China (in 56 documents), and American
University of Beirut, Lebanon (in 37 documents). For the
authors that mostly cited published research from Arab
world, they were Khan, S.B. (in 31 documents); Asiri,
A.M. (in 30 documents); and Rahman, M.M (in 24 docu-
ments). The three authors were all from King Abdulaziz
University, Saudi Arabia. Articles from Arab world were
mostly cited by articles related to environmental science,
medicine, agricultural and biological sciences, and earth
and planetary sciences. Two authors who are heavily cited
articles from Arab world in this journal were in the list of
ten top prolific authors (They were Madany, I. M. and Al-

Saleh, 1.). This might be partially explained the high rates
of citations by the journal itself.

The comparative analysis outcomes, which are dis-
played in Fig. 2 and Table 7, have shed the light on the
performance of the top two most prolific countries in Arab
world (Saudi Arabia and Egypt) in comparison with the
three non-Arab Middle Eastern countries (Iran, Turkey and
Israel). This comparative analysis examined the progress of
research in terms of yearly productivity as shown in Fig. 2.
Furthermore, it examined the volume of published
research, h-index, total citations, collaborated countries,
research productivity from collaboration, most productive
institutions and most prolific authors as shown in Table 7.
The research activities at Arab world level have begun ten
years later compared with the global. Otherwise, research
activities in Saudi Arabia and Egypt were started earlier in
comparison with other nations in the Middle East region
with exception of Israel which was the first to start pub-
lishing research in Science of the Total Environment jour-
nal in Middle East region.

Compared with other non-Arab Middle Eastern coun-
tries, the research productivity from Saudi Arabia or Egypt
was lesser than that from Turkey (83 documents) and Israel
(87 documents) and but higher than that from Iran (34
documents). This indicated an evident large gap in terms of
research productivity between the two Arab countries
(Saudi Arabia and Egypt) and each of Israel and Turkey.
Generally, the performance of Turkey was the best in most
indicators. The progress of research of Turkey is strikingly
proved as the output of Turkey at global level trebled from
0.7% in 2000 to 1.9% in 2009 (Adams et al. 2011).
Although the productivity of Iran was low in this study, the
three countries (Turkey, Iran and Israel) occupy the 20th,
22nd and 23rd positions, respectively, in the list of top
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Fig. 2 No. of published
documents from the two most
prolific countries at Arab world
level (Saudi Arabia and Egypt)
in comparison with the three
non-Arab Middle Eastern
countries (Iran, Turkey and
Israel) in Science of the Total
Environment Journal
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productive countries in all fields of research with a clear
superiority of Israel in terms of research quality indicators
such as h-index, citations and average citations, followed
by Turkey and lastly Iran (SCImago 2016). The rankings of
the three non-Arab Middle Eastern countries (Israel, Tur-
key and Iran) in Science of the Total Environment journal
in terms of productivity were (33rd, 34th and 49th),
respectively.

Further to comparative analysis outcomes, the content
analysis of abstracts as illustrated in Fig. 3 showed simi-
larity in discussed topics across non-Arab Middle Eastern
countries, Arab world and the two most prolific countries in
Arab world (Saudi Arabia and Egypt). Sampling, concen-
trations, levels, exposure, water and air were the most
frequent terms in the abstracts which shed light on the main
research activities that related mostly to field studies, col-
lecting samples and measuring concentrations of different
materials (air pollutants, toxic materials, heavy elements
such as lead, etc.). In case of Israel, there was more focus
on topics related to soil research with respect to agriculture,
pollution by heavy metals, airborne pollution, effect of
grey water irrigation on soil properties, and soil compo-
nents in rain water.

It was found that the most prevalent research areas of
interests in Arab world comprise environmental science
(215; 100%), followed by medicine (50; 23.3%) and earth

)
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and planetary sciences (24; 11.2%). The total surpasses
100% because of data overlapping due to multidiscipline
interaction. These findings point to the high interactions
between the examined environmental issues and their
effects on public health in this region.

To the best of author’s knowledge, this work is the first
of its nature to acquire information related to bibliometric
indicators of research published in a leading environmental
journal by a geographic area (Arab world) and to conduct a
comparative and content analysis of published research
from this region with comparison with other nations in the
same region that are facing the same environmental con-
cerns and risks. This evaluation will be of advantage to
draw the attention of researchers to the status of research in
this vital filed and to help in advancing the environmental
research in this most vulnerable region. This analysis is not
without limitations, and most of them are the same as those
in other bibliometric analyses. This study was limited to
one journal and cannot give detailed perspective regarding
environmental research in Arab world. Despite that, this
study provides a good representative example of the pre-
sent status of environmental research in Arab world.
Additional limitation is related to the number of citations
which were limited to citations extracted from Scopus
database. Although figures of citations for the published
research might vary from one search engine to other,
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Table 7 Comparative analysis outputs between Arab world, two most prolific countries—Arab world and the three non-Arab Middle East

countries
Region Country field
Arab World Saudi Arabia Egypt Israel Turkey Iran

No. of 215 53 44 87 83 34
published
documents

h-Index 31 15 15 20 26 14

Total no. of 3616 595 795 1108 2239 564
citations

Mean of 16.82 11.23 18.1 12.74 27.0 17.0
citations

Median of 9 (4.0-18.0) 7 (4.0-15.0) 8 (4.0-21.0) 8 (4.0-18.0) 14 (4.0-35.0) 13.5
citations (5.0-20.25)
(Q1-Q3)

No. of 40 23 24 20 28 10
collaborated
countries

No. of 140 (65.0) 36 (67.9) 33 (75.0 24 (27.6) 25 (30.0) 14 (41.2)
documents
from
collaboration
(%)

Most France UK(10-27.8) Germany USA (8-33.3) USA (7-28.0) USA(5-35.7)
collaborated (29-20.7) (12-36.4)
country (no.
of
documents-

%)

Most productive  American King Abdulaziz National Ben-Gurion Istanbul TeknikUniversitesi University of
institution University of University Research University of the (16-19.3) Tehran
(no. of Beirut, (15-28.3) Center Negev (23-26.4) (7-20.6)
documents- Lebanon (7-16)

%) (16-7.4)

Most prolific El-Fadel, M. Al-Saleh, 1. Abou-Elela, Goldsmith, J.R. Kindap, T. (6-7.2)— Esmaili-Sari,
author (no. of (7-3.3)— (7-13.2)— Sohair T (6-6.9)—Ben- Istanbul Teknik A. (3-8.8)-
documents- American King Faisal (3-6.8)— Gurion University Universitesi, Turkey Tarbiat
%) institution University of Specialist National of the Negev, Modares

Beirut, Hospital and Research Israel University,
Lebanon Research Centre, Iran

Centre, Saudi Egypt

Arabia

Al-Saleh, 1. Ahmed, A.A Friedler, E. Odabasi, M. (6-7.2)— Yunesian, M.

(7-3.3)— (3-6.8)— (6-6.9)— DokuzEylulUniversitesi, (3-8.8)
King Faisal Cairo Technion— Turkey Tehran
Specialist University, Israel—Haifa, University of
Hospital and Department Israel Gross, A. Medical
Research of (6-6.9)—Ben- Sciences,
Centre, Saudi Chemistry, Gurion University Tehran, Iran

Prevalent area
of interest

Arabia

Environmental
science
(215-100.0%)

Environmental
science
(53-100.0%)

Cairo, Egypt

Environmental
science
(44-100.0%)

of the Negev,
Israel
Environmental

science
(87-100.0%)

Environmental science
(83-100.0%)

Environmental
science
(34-100.0%)

Y
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Fig. 3 Tag clouds of words appearing in abstracts of published
research in Science of the Total Environment Journal from Arab
world; the two most prolific countries—Arab world (Saudi Arabia and

Scopus database sustains as one of the leading search tools
which are available in the field of analysing, comparing
and tracking citations among different institutions and
research groups (De Granda-Orive et al. 2011).

Conclusion

An overview of the environmental research published from
Arab world in a leading environmental journal was pre-
sented in this work with information related to different
bibliometric indicators. The outcomes were compared with
those of other nations in the same region (Iran, Turkey and
Israel). The followed approach based on sourcing publi-
cations and gathering systematic data related to these
publications from Scopus database. Subsequently, biblio-
metric techniques and statistical measures have been used
to identify the different bibliometric indicators.

The research productivity from Arab world has signifi-
cantly increased in the last 4 years. Its Fig. (1.25% of

* @ Springer

Egypt) and the three non-Arab Middle Eastern countries (Iran, Turkey
and Israel). a Arab World, b Saudi Arabia, ¢ Egypt, d Israel,
e Turkey, f Iran

global research productivity) was nearly in agreement with
Arab world’s contributions to worldwide research in all
fields of science. Broad differences in terms of research
productivity and other indicators among Arab world
countries are witnessed with clear achievements by Saudi
Arabia and Egypt which are contributed by more than 45%
(97 documents) out of total research produced by Arab
world countries. The contributions of institutions and
authors from Saudi Arabia were also distinct. There were
five institutions from Saudi Arabia in the list of top ten
most productive institutions and three authors in the list of
top ten most prolific authors.

The two most influential countries in Arab world (Saudi
Arabia and Egypt) showed significant performance deficit
in terms of most bibliometric indicators (i.e. research
productivity, h-index and total citations) in comparison
with performance of each of Turkey and Israel. Otherwise,
they are doing better than Iran. Rationally, the major focus
of the examined body of the literature published by Arab
world and non-Arab Middle Eastern countries was similar
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and the most discussed topics were concerned with air
pollution, pollution of aquatic environments, heavy metals,
polluted soils and environmental risks effects on the public
health. Most of these studies were performed as field
studies.

Despite the lags in scientific research output of this
region, the commitments to boost research activities are
evident by the general increase in number of publications
with progress in time. This commitment should be
accompanied by initiatives to strengthening networks of
collaboration between research institutions in Arab world
and their counterparts in developed countries. The gov-
ernments should increase the investment in environmental
research as a priority to eliminate the potential risks asso-
ciated with the degradation in this region environment.

Saudi Arabia and Egypt as the Arab world’s leading
countries in this field of research and in most of scientific
research disciplines should address the challenges that are
facing the promotion of scientific research in the total
environmental research and should shape in collaboration
with other Arab countries the future investments in tech-
nological innovations that have a great potential for miti-
gating the environmental degradation. There should be
additional focus on publishing review articles from Arab
world, as they were negligible relative to articles with
original data. As a last conclusion, this work is helpful in
identifying the status of research originated from Arab
world in essential discipline. Additionally, it is useful as an
informative study to assist policy makers and researchers in
assessing the performance indicators of research activities.
The followed methodology is applicable for implementa-
tion in other subjects of research.
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