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Petroleum is a crucial resource that has globally influenced the scientific community and
socio-economic development. However, its industrial processes negatively affect the natural
environment. This research aims to analyse the intellectual structure of the petroleum and
environment relationship in South American countries' contributions through bibliometric
methods. The study presents a methodology: i) establishing search criteria; ii) initial search
results; iii) refinement of results; iv) data analysis. Bibliometric methods were incorporated to
analyse the performance of scientific production, and its mapping, allowing to reveal its
structure. The results show a growth of this field of study (538 articles) through the
contribution of countries, institutions and authors. Most of the studies related to oil and
environment carried out by Brazil (399 articles) have a strong collaboration with Argentina,
Colombia and Uruguay and partnerships with countries outside the region such as the United
States, United Kingdom, and Spain. In addition, seven research themes were found
(Biomarkers-petroleum derivatives, bioremediation, bioproductive processes, hydrocarbon-
environmental, pollution effects, mangrove pollution, oil spill-simulation). This study
provided relevant information on environmental pollution reflected in diverse sectors of South
America (coastal and Amazonian areas). It showed several environmental remediation
methods focused on microorganisms, biosurfactants, microbial residues, ionic processes and
phytoremediation. Therefore, this research allows us to obtain meaningful and current

information on the art state in this field of study.

1. INTRODUCTION

Petroleum has been fundamental during the 20th century
and continues to be so in the 21st century, as it is considered a
vital resource that sustains modern society and the world
economy [1]. Petroleum is an essential resource in the
industrial and geopolitical circle. It is the base for energy
production in developed and developing countries, supplying
33.1% of consumption worldwide [2]. Industries linked to
petroleum production benefit economically, increasing the
labour rate [3]. The oil price falls negatively impact the
economy, reflected in the Gross Domestic Product (GDP),
linked to the resource's exports [4]. In industry, petroleum
goes through various processes such as exploration, drilling,
production, transportation, refining, distribution, and storage
[5]. After the procedure, fuels and raw materials are obtained,
such as gasoline, diesel, lubricants, pesticides, construction
materials, consumer products and medicines [6].

The extensive consumption of petroleum hydrocarbons has
a strong demand that encourages developing various industrial
processes, such as operational management and transportation

1109

for commercial functions [7]. These activities generate
greenhouse gases and alterations in geobiological
environments, which cause damage to nature [8]. On the other
hand, geobiological alterations occur in the environment: i) the
soil is contaminated by spills or toxic waste, causing damage
to its structure, organic loss and nutrients [9]; ii) water,
hydrocarbons deteriorate various aquatic ecosystems, such as
seabed, groundwater and the hydrological system [10]; iii) the
air, where pollutants compromise its quality from the
petrochemical industry as it receives greenhouse gases and
volatile organic compounds, altering the environment [11]. Oil
pollution in geobiological environments occurs mainly by
leaks, industrial processes, underground reserves, accidents in
the transport of resources, and waste disposal, destroying
ecosystems and emitting toxic components to living beings'
health [12].

The oil industry integrates sustainability approaches into its
industrial activities, including observing the Sustainable
Development Goals (SDGs), like health and well-being (SDGs
3), access to water (SDGs 6), affordable energy and friendly
(SDG 7), economic progress and innovation (SDGs 8-9),


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.160612&domain=pdf

climate action, underwater and terrestrial life (SDGs 13-15)
[13]. These relationships are challenges of new trajectories
faced by the oil industry to monitor industrial processes [14].
These challenges are solutions to environmental problems
through scientific approaches, such as remediable physical-
chemical and biological methods, sustainable development
strategies (projects), Eco-innovation (technological and non-
technological), and energy development [15-17].

The relationship between petroleum and the environment is
discussed in developed and undeveloped countries, including
countries in South America with petroleum production and
consumption, such as Venezuela, Brazil, Colombia, Ecuador,
Peru and Argentina [2, 18]. These are among the planet's
megadiverse, and their natural environment is affected by
petroleum  activities [19]. Among the significant
environmental damages are Amazonian pollution caused by
spills of toxic substances and gas emissions and natural
alterations in fresh and marine water ecosystems [20, 21].

Various studies have been presented on the petroleum-
environment relationship in different regions, countries, or
contexts, so a study covering a better understanding of this
area's knowledge structure is relevant. Thus, the study aims to
complement other works' contributions by presenting a
bibliometric analysis on this study field. This analysis is a
quantitative method that explores the impact of a specific
science field [22]. In addition, the study considers collecting
scientific articles from South America. This region has
excellent natural resource potential in geodiversity and
biodiversity terms globally (recognised by world
organisations) [23]. The challenge for developing countries is
to find possible mechanisms for sustainability [24]. A
bibliometric study will allow knowing the environmental
contamination problems generated by hydrocarbons in sectors
of the region and the different topics of environmental
remediation. This allows us to pose several research questions:
there is a growth in scientific production in the petroleum and
environment relationship? What are the most cited
documents? What are the authors and countries that allowed
the construction of this field of study?

This study aims to carry out a bibliometric review of the
Scopus base's petroleum-environment relationship during
1990-2020. The review allows the structural knowledge of the
subject in South American countries through bibliometric
methods. The study developed in five sections: introduction,
contains the context of the relationship between petroleum and
the environment; the methodology shows a systematic scheme
for the process and analysis of information; results, details the
data obtained and its respective comment; discussion, criteria
are stipulated based on the results obtained in the study; finally,
the conclusions and references used.

2. MATERIALS AND METHODS

Systematic literature reviews are fundamental in developing
knowledge in a specific area through a rigorous and
transparent procedure, allowing the identification, processing
and analysis of scientific production considered relevant to the
study [25]. Bibliometric studies exhibit a formal outline of
rigorous methodology, similar to the previous literature
reviews [26]. Bibliometrics is a scientific field that allows the
scientific  production evaluate using statistical and
mathematical methods [27]. These studies make it possible to
assess the intellectual structure of the study field through
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performance analysis with authors, countries and institutions
[28]. In addition, the bibliometric mapping (science maps)
allows observing the connections in the structure, the various
disciplines interrelation and study fields [29].

This study presents a methodological process consisting of
four stages (see Figure 1): i) search criteria, ii) initial search
results, iii) refinement of results, and iv) data analysis.

Keywords: Petroleum, Heavy Oil, Black Gold, Fossil Oil,

Stage I X A .
Bitumen, Petrochemistry and Environmental

Search criteria

\J

Stage IT Bibliographic data sources (October 2020) —> Scopus
Initial search > 40889 documents
results
- Exclusion criteria:
Years: outside the period 1990-2020
- Inclusion criteria:
Stage III Area: Environmental Science

Refinement of

TS Document Type: journal article

Language: English
Researchers affiliation: South America
- Data collection: 538 documents

- Microsoft Excel: performance analysis (scientific

| production, number of citations). -

" | vosviewer: bibliographic mapping (author keywords,
coupling of countries).

Stage IV
Analysis of data

Figure 1. Methodological outline of this research

Stage I-Search criteria: it is essential to structure the search
for information by using keywords and search parameters. The
terms used are "petroleum", "heavy oil", "black gold", "fossil
oil", "bitumen", "petrochemistry". Terms frequently used in
the oil industry [30]. The term "environmental" is usually
related to topics in environmental sciences and is considered
an interdisciplinary field. The terms selected show this
relationship in studies with similar themes. The term
"environmental" belongs to the interdisciplinary field of
Environmental Sciences related to several studies about the oil
industry [31].

Stage Il-Initial search results: the study considered the
Scopus database for the collection and processing of
bibliographic information. In detail: i) it is considered the
largest database of citations and abstracts with world coverage,
ii) rigorous quality standards such as the Scimago Journal
Rank (SJR), iii) ease of access, downloading and use of data,
iv) bibliometric studies have been presented in various
academic disciplines using the Scopus database has greater
coverage in the area of Earth Sciences [32, 33].

The data were extracted from the Scopus database in
October 2020, using the selected terms and the option "titles,
abstracts and author keywords", in the following topic search
(TS) = ("petroleum™" OR "heavy oil*" OR "black gold" OR
"fossil oil" OR "bitumen" OR '"petrochemistry" AND
"environmental*"). In this initial search, 40889 documents
were obtained.

Stage Ill-Refinement of results: this stage establishes
exclusion and inclusion criteria for the processing and
refinement of the information collected. Documents outside
the period 1990-2020 were excluded and limited to
"Environmental Science" as the subject area of this research.
Obtaining 13963 documents. Subsequently, articles in English
were considered due to their representativeness in scientific
production and that they have been reviewed by blind peers,



which ensures their quality [26] obtaining 9756 articles.
Finally, it has considered delimiting the documents related to
affiliations in South American’s countries, obtaining 542
articles.

Stage IV-analysis of data: the information obtained was
downloading from the Scopus database in CSV (comma
separated values) format. These data include variables related
to the author's bibliography and his work, affiliation, keywords
and references. Data requires pre-processing and refining of
data outliers (cleaning of errors and duplicates) to ensure
information quality [22]. They are obtaining 538 articles.

Finally, the processed data are used to carry out the

bibliometric analysis, which involves two essential procedures:

(1) The scientific production's performance analysis
carried on its various groups of scientific actors (researchers,
papers, affiliations) and the impact of their activity. Microsoft
Excel software was used to carry out these analyses and pre-
processing [26].

(2) Bibliometric mapping, considered a modern
technique to analyse the study field's intellectual structure.
This structure is examined through the co-occurrence of
Author Keywords y bibliographic coupling of countries [29].
The construction of these maps done using the VOSviewer
software (University of Leiden, Netherlands) allows the
construction, exploration and visualisation of two-dimensional
(2D) bibliometric networks that are easy to interpret and apply
in a specific study field [34]. This software has been used in a
variety of scientific disciplines.

3. RESULTS
3.1 Performance analysis

3.1.1 Analysis of scientific production

Figure 2 shows the scientific production of articles between
1990-2020, with a total of 538 articles. The figure shows
exponential growth from 2010 onwards, which is corroborated
using Price's Law [22]. This law is a bibliometric indicator that
makes it possible to determine whether the elements studied
are a field of study by showing exponential growth in their
production. For this purpose, a linear model (y;= 2.0924x -
4179.6) and an exponential model (y,= 1E-119¢0.1376x) were

established. The coefficient of determination (R?) shows a
higher value for the exponential model ( R? =0.8768)
concerning the linear model (R2=0.8337).
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Figure 2. Scientific production development

3.1.2 Frequently cited documents

The most cited papers correspond to the most influential in
the study field. Overall, the 538 papers have an average of 23.5
citations, where 2.9% of the manuscripts have more than 100
citations, 44.1% between 11 and 100 citations, 43.1% between
one and ten citations, and 9.9% have no citations. Table 1
shows the fifteen most cited documents. The first is by Bento
et al. [15] (422 citations), who report on oil bioremediation by
introducing microorganisms to analyse biological behaviour at
contaminated sites. The second is by Readman et al. [10] (411
citations) carried out a study of pollution in the Black Sea,
identifying the types of pollutants. The third article is by
Annunciado et al. [35] (328 citations) shows various methods
to control oil spills.

3.2 Bibliographic mapping

3.2.1 Author keyword co-occurrence network

The co-occurrence analysis is a technique that allows us to
understand the relationship of the keywords that appear in the
set of publications in the field of study [26]. The VOSviewer
was used for network representation, revealing cognitive
structure [34]. Were extracted 1705 author keywords from the
database, where 53 co-occurred at least five times.

Table 1. Most cited documents on the petroleum-environment relationship.

Authors Titles Cites
Bento et al. [15] Comparative bloremedlatlop of_ soils 9ontam|n§1ted with dle_sel oil by natural attenuation, 429
biostimulation and bioaugmentation
Readman et al. [10] Petroleum and PAH contamination of the Black Sea 411
Annunciado at al. [35] Experimental investigation of various vegetable fibres as sorbent materials for oil spills 328
Heavy metal contamination in coastal sediments and soils near the Brazilian Antarctic Station, King
Santos et al. [9] 217
George Island
Muniz et al. [36] Assessment of contamination by heav_y metals and petroleum hydrocarbons in sediments of 163
Montevideo Harbour (Uruguay)
Cerqueira et al. [37] Biodegradation potential of oily sludge by pure and mixed bacterial cultures 152
Medeiros et al. [38] Natural and anthropogenic hydrocarbon inputs to sediments of Patos Lagoon Estuary, Brazil 139
Medeiros & Caruso B £ego Investigation of natural and anthropogenic hydrocarbon inputs in sediments using geochemical
) 127
[39] markers. . Santos, SP - Brazil
Simonato et al. [40] Biochemical, physiological, and histological chang_es in the neotropical fish Prochilodus lineatus 127
exposed to diesel oil

Trindade et al. [41] Bioremediation of a weathered and a recentlysf[)lzld;ontamlnated soils from Brazil: A comparison 121

Figure 3 shows 52 nodes in seven clusters interconnected "Biomarkers-Petroleum  derivatives" (red). The most

by links (connector linking node to node): Cluster 1,
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important focal term is Biodegradation; the other minor ones



are biomarker y life cycle assessment. Papers including these
terms provide information on the use of biomarkers in polluted
waters for the detection of petroleum and oil derivatives, as
well as impact assessments of oil spills and studies on the
effect of gasoline on marine organisms [36, 42]. Cluster 2,
"Bioremediation" (green), is related to the term
bioregeneration, like phytoremediation of oil-contaminated
sites, microorganisms, weathering [15, 43]. Cluster 3,
"Bioproductive processes" (blue), consists of 8 nodes, and its
essential keywords are petroleum, biosurfactant, comet assay,
crude oil, and produced water. This cluster contains studies
like bioremediation of contaminated soils using biosurfactants,
microbial waste and ionic processes [41, 44, 45]. Cluster 4,
"hydrocarbon-environmental" (yellow), consists of 8 nodes
whose associated terms are polycyclic aromatic hydrocarbons,
hydrocarbon, environmental monitoring, and others. The
terms relate to studies: the use of techniques to assess
fractional and individual hydrocarbons, as well as polycyclic
aromatic hydrocarbons and phytoremediation in contaminated
soils [46, 47].

The remaining clusters are composed as follows: Cluster 5,
"Pollution effects" (purple), with studies related to pollution in
cities and rural areas, and effects on vegetation [35, 48];
Cluster 6, "Mangrove pollution" (light blue) consists of 3
nodes, show investigations with terms of Pollution [9, 40],
hydrocarbon degradation and mangrove [41, 49]; Cluster 7,
"Oil spill-simulation" (orange) is the smallest cluster with only
two nodes; however, it contains the term Oil Spill, which has
a large magnitude. The words are related to oil spill
remediation methods and oil spill pre-deduction [35].

The polycyclic aromatic hydrocarbons and hydrocarbon
nodes show a higher magnitude than the others, with research
related to assessing petrochemical compounds on
environmental surfaces due to petroleum contamination [10,

biomonitoring
resegyoirs

air pellution

toxigity crude oil
producgsl water

36]. There is a high relationship between clusters 1-4 and 7, as
some overlap. The keyword crossover contains polycyclic
aromatic hydrocarbons, hydrocarbon, petroleum,
biodegradation, bioremediation and oil spill. These terms
relate to studies on biodegradable-bioremediate methods for
oil spill contamination [15, 35].

3.2.2 Country Bibliographic Coupling Network

Bibliographic  Coupling Network analysis allows
visualising the connection of countries that maintain scientific
collaboration [26]. In the construction of the bibliographic
map are the countries with three or more citations. Figure 4
shows the bibliographic network composed of 27 countries
integrated into seven clusters.

The bibliographic coupling network principal exponent is
Brazil, with 399 documents shows a collaborative system with
26 countries. The present contributions studies on contaminant
assessments of petroleum-derived compounds in soil, air and
water in different Latin American places [38, 39], as well as
evaluations of anthropogenic materials [36], monitoring of oil-
contaminated areas and the use of organisms for the
assessment of pollutants by oil industries [10, 50]. The second
node is the United States, registering contributions with Brazil,
Chile and the United Kingdom, contains studies of polluted air
quality caused by urban transport fuel [51] and bacterial
application for bioremediation of petroleum [15]. The third
country is Argentina, with 56 articles and 25 countries
connected in its scientific co-collaboration register. This
nation shows strong collaboration with Brazil and the United
States, with research on marine animals affected by oil
pollution on the South American continent, remediation using
culture and molecular tools, anthropogenic hydrocarbon
impact assessments in the south of the American continent [9,
36, 49].
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Figure 3. Visualisation of the co-occurrence map of Author Keywords
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Figure 4. Bibliographic Coupling Network of countries

In addition, other smaller contributions are shown with
Brazil. In collaboration with Colombia, work is shown on
petrochemicals and environmental pollution solution methods,
like exergy based on industrial processes and fuel
consumption [11], treatment of polluted water by Photo-
Fenton [52], and identification of particles emitted in industrial
processes [53]. Uruguay, with studies related to biochemical
analysis and the quality of the natural environment, like
assessment of heavy metals, organic contamination in surface
sediments and coupling of biological and chemical proxies of
the benthic habitat [36, 54]. Finally, Chile present studies
related to the examination of penguins affected by oil spills
[55] and biodiesel production related to the application of oil-
ethanol miscella [56].

4. DISCUSSION

The present research carries out a bibliometric analysis of
the petroleum-environment relationship over the last three
decades. This study focuses on the scientific production of
South American countries, where their oil activity impacts the
natural environment [19]. The analysis allows knowing the
intellectual structure of this field of study through the most
cited documents, keywords, authors, and country
contributions.

The environmental concern about oil activity in this region
appears in its first studies in 1994, increasing exponentially to
538 documents in 26 years (Figure 2). This importance is
demonstrated when reviewing the production at the world
level with an increase of 13.44 times, while the investigations
of the South American region are significant (48.91 times) (see
Table 2). We consider that with the above information,
examining this intellectual structure in South America is
pertinent.

Table 1 shows that the top 10 most cited papers have an
affiliation with Brazilian authors. Of these works, five are

international collaborations [10, 15, 36, 38, 39], and five are
national collaborations [9, 35, 37, 40, 41]. The most prominent
authors are Bicego M.C., from the Universidade de Sao Paulo
- USP (Brazil) with three papers [36, 38, 39], and Medeiros
P.M., from the University of Georgia (United States), who has
two articles with Bicego M.C. [38, 39].

Table 2. Scientific production at a regional and global level

Avrticles by periods

. Increase Total
Region 1990- 2000- 2010-
1099 2009 2020 (1990/2020) documents
world 240 9284 6900 13,44 9922
regions
South 11 111 416 48,91 538
America

The analysis of the intellectual structure (Figure 3) allowed
to know the central topics of the network. On the one hand,
terms related to the oil industry are petroleum, hydrocarbon
and polycyclic aromatic hydrocarbons, while terms related to
the environment are oil spill, bioremediation and
biodegradation [38, 48], and oil spills impacting the
environment and the economy [35, 49]. Therefore, research
topics that counteract these environmental problems are
presented, such as the application of biosurfactant methods,
phytoremediation [47], ionic processes [45], remediable and
degradable methods [43]. These topics are related in two
clusters (2,4), which, being close to each other, show the
relationship between oil activity and remedial environmental
treatment.

The bibliographic coupling map of the countries (see Figure
4) shows that Brazil is the centre of the structure with 399
articles (9071 citations) and 26 collaborative relationships.
The contributions with Brazil has been carried out in studies
with common themes, like evaluation of contaminating
materials by petroleum derivatives and crude oil in natural
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areas [10, 36, 42], remediation methods (bioremediation,
biodegradation, phytoremediation) [15, 37, 43, 47, 49],
environmentally friendly energy resources (biodiesel), studies
on wild animals in marine or terrestrial areas [55], and exergy
analysis in the operational performance of industries and
energy use [11].

5. CONCLUSIONS

The bibliometric analysis shows that there is a growth in
scientific production with 538 articles. Its first publications
appeared in 1994, and scientific interest began in 2010. In the
second decade (2000-2009) are found the three most cited
papers (Bento et al., Readman et al., Annunciado et al.) with a
total of 1161 citations (10.2%). In general, the production
curve shows a growth adjusted to an exponential model,
complying with Price's Law, showing that it is an academic
field of study. The intellectual structure presents the following
criteria: author keyword maps, author co-citation, journal co-
citation, and country coupling. The topics hydrocarbon,
polycyclic aromatic hydrocarbons, petroleum, oil spill, diesel,
gasoline, and diesel oil, present a solid connection to
bioremediation and biodegradation. Other topics like CO,
emission, reservoirs, basin fields, genotoxicity and
biomonitoring have a weak relationship with this structure.
This research carried out mainly by Brazil, Argentina and
Colombia, with collaborations from countries outside the
South American context that have marked the development of
this field of study.

In general, bibliometric methods made it possible to show
the different studies on environmental problems in oceans,
glaciers and Amazonia, generated by oil industries,
commercial companies and fossil energy consumption.
Therefore, it is recommendable to strengthen the different
remediation methods in contaminated sectors, which will
reduce the loss of aerial, terrestrial and aquatic ecosystems. In
addition, the strategy of promoting sustainable development in
industrial innovation will make processes and energy
consumption efficient and environmentally friendly.

This study allowed obtaining information related to
protection, solution, and energy alternatives, where 47% of the
works are related to environmental sciences. The study has
some limitations: i) using the Scopus database and ii) it
considers articles written in the English language. Despite
these limitations, this study presents a rigorous methodology
for selecting the study area's documents and descriptors and
documents in peer-reviewed journals. This criterion has made
it possible to offer a reference study for researchers and
students in this field. Future research may consider expanding
this study considering the limitations outlined above.
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