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Abstract
In recent decades, there has been great concern associated with environmental pollution as a risk factor
for the development of different diseases in humans, and the canine species has been considered one of
the closest sentinel animal models to evaluate these effects. In this sense, a review was carried out to
identify the advances and information gaps on this topic. For this, a Scientometric approach was used,
with the application of quantitative statistical analysis to bibliography. Results revealed that there has
been in increase in scienti�c production during the last 20 years in journals such as Science of the Total
Environment, Journal of Allergy and Clinical Immunology and Environmental Health Perspectives ,
highlighting the participation of authors such as Sonne, Dietz and Letcher . In this way, the United States,
Denmark , and Canada, as well as Universities such as Ehme, Aarhus, Hokkaido and California, are
considered the most relevant countries and institutional a�liations in scienti�c production and
collaboration in relation to this topic. In the same way, there is a growing interest in the development of
various lines of research related to persistent organic compounds (PCBs, PBDEs) and heavy metals (Hg
mainly), using dogs as sentinels, as well as the evaluation of new sources of contamination related to
microorganisms. Finally, issues related to air pollutants, particulate matter and asthma appear as new
areas of research, in which the canine sentinel model may show promise for the evaluation of its effects.

1. Introduction
Environmental pollutants are compounds whose states and physicochemical characteristics (organic or
inorganic) allow them to come into contact with individuals, in such a way that they can cause adverse
effects both for the health of organisms and for exposed ecosystems (Thompson and Darwish 2019).
This broad group includes persistent organic compounds (POPs), such as polychlorinated biphenyls
(PCBs), polycyclic aromatic hydrocarbons (PAHs), per�uorinated compounds (PFCs), pharmaceuticals
and personal care products (PPCPs), radioactive elements, electronic waste, plastics, heavy metals, and
nanoparticles, among others (Pastorinho and Sousa 2020). Currently, there is growing evidence about the
considerable increase of these elements, both in their concentrations and in their geographical
distribution in recent years (Córdoba 2006; Carriquiriborde 2021). Despite the fact that some of these
compounds occur naturally in the earth's biogeochemical processes, contemporary anthropogenic
activities, such as intensive industrial activities, land-use changes, mining and incineration of fossil fuel,
are considered as main factors that mobilize these chemicals into ecosystems (Conti 2008; Selin 2009).
Once liberated in the environment, these compounds can be biotransformed, bioaccumulated or
biomagni�ed in exposed organisms (Andreoli and Sprovieri 2017; Boisvert et al. 2019). Among the main
routes of exposure of these pollutants in animals and humans are diet, soil, water, and air (Laks 2007;
Thompson and Darwish 2019), producing a wide range of biological effects on exposed organisms.
Therefore, the need arises to analyze the links that environmental pollutants have on human and animal
health in recent years (Sonne et al. 2020).

In recent years, there has been a great concern associated with environmental pollution as a risk factor
for the development of different diseases in the human species (Chen et al. 2007; Laks 2007; Ipenza
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2012; Obiri et al. 2016; Schutzmeier et al. 2017), which is why it is necessary to develop, guide and
evaluate new research models that address this problem prospectively, allowing the generation of early
warnings for decision-making. Different animals have been used for the evaluation of the contamination
of environmental pollutants such as mercury during the last 20 to 25 years. Domestic livestock and
poultry (Chibunda et al. 2009), for example, have been evaluated in regions of Tanzania in order to
determine Hg concentrations in liver and kidney samples in areas impacted by gold mining, �nding high
levels of this metal in the organs of these animals (0.436 and 0.820 mg / kg respectively), thus allowing
to suggest, based on scienti�c evidence, a better control of the emission levels of this metal on this
anthropogenic activity, and thus protect human health against the adverse effects already described for
this metal, by avoiding the raising of these animals in its surroundings. However, regarding human health
analyzes, most of these species do not show comparative similarities between the metabolic and
contaminant exposure phases in humans, as the canine species would (Parker et al. 2006). Canines
present very similar enzymatic and metabolic systems, a physiologically compressed lifetime (Wang et
al. 2020) and are free of risk factors for lifestyle-related diseases (Parker et al. 2006; Abbott 2017;
Fuentes et al. 2018), a situation that usually occurs in humans. In addition, dogs share their same
environment, responding to many toxic factors in an analogous way.

Despite this interesting point of view, a series of questions still arise such as the racial differences
inherent to the species that would limit to some extent the total extrapolation of the data obtained in the
evaluation of mercury contamination, consequently, the variability between races. could express speci�c
phenotypic traits between the incidence of genetic diseases and speci�c metabolic processes, research
that has already been documented and speci�ed for the vast majority of races of this species (Oddone
and Rodriguez 2010), for example, neurotoxic processes to certain drugs in border collies due to
mutations on the MDR1 gene or sensitivity to phenothiazines in brachycephalic dogs (Botana 2016) to
name a few. Despite the aforementioned, the dog continues to be a valuable resource for modeling
complex studies (Ostrander and Wayne 2005), which is why it is necessary to encourage and later
develop investigations that allow standardizing and improving the robust modeling of this species, in
order to strengthen these statements.

Lately, technological, and statistical advances have made possible to evaluate the state of the art of
different topics of interest in a more objective way, managing to identify the main �ndings, thematic
trends, scienti�c production networks and information gaps on scienti�c study. Scientometrics, a
quantitative statistical analysis tool, is frequently used in the �elds of publishing and information science
to provide quantitative analyzes of academic literature. Such analysis is now used in most scienti�c
�elds to assess the growth, leading authors, and trends of a scienti�c community (Aria and Cuccurullo
2017; Pranckute 2021). In this sense, and despite the progress of various research, no scientometric
analyzes have been carried yet regarding the effects that exposure to different environmental pollutants
would have on canines.

The main objective of this review was to carry out a scientometrics analysis of the study of current
environmental pollutants and their effects on canines. This will allow to identify the advances and
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information gaps on canines regarding the monitoring and evaluation of the chemical compounds that
are being released and accumulating in the ecosystems, and that for decades have been directly
affecting the different spectra of the health of both the human being and exposed organisms. This will
allow the development of guidelines for research studies in canines as sentinel species, and this
scientometric review would be ca �rst approach on the state of the art in this research line during the last
�ve decades, focusing particularly on research hotspots.

2. Materials And Methods
In the present scientometric analysis, an advanced search was carried out in the Scopus database, under
the following key terms: “Dogs” and “Environmental pollutants”. This based on the fact that they were the
words in which the most results were generated on articles, reviews and books in this database. The
Scopus database is one of the most important sources of scienti�c and medical information worldwide
(Aria and Cuccurullo 2017; Pranckute 2021), currently considered one of the most complete and reliable
databases by the scienti�c community, even superior to other databases such as Web of Science
(Harzing 2016; Zhu et al. 2020). The search covered the years 1969, the year in which evidence related to
this topic was found for the �rst time in this database, until September 6, 2021, the date the
corresponding download was made (Annex 2). In order to investigate the most relevant topics, trends and
the current situation in the �eld of the effects that the main environmental pollutants would have on
canines, documentary typologies in English indexed to this database were compiled, such as cited
journals, chapters of books and review articles. The information on the authors, keywords, years of
publication and institutions, among others, were extracted by exporting the data in BibTex format from
the Scopus database.

To perform the analysis of the compiled data, the statistical software R (R Foundation for Statistical
Computing) version 4.1.1 was used, and the Bibliometrix 3.1 package, an open-source tool for
quantitative research in scientometric and bibliometrics that includes all the main bibliometric methods
of analysis, such as data matrices for co-citations, couplings, production analysis and scienti�c
collaboration, and joint word analysis (Aria and Cuccurullo 2017).

Research carried out in databases such as those presented in this review, often requires �ltering,
corrections, and normalizations for the reliability of their results, thus avoiding that some data could be
underrepresented or overrepresented. Therefore, some modi�cations were necessary for the
standardization and normalization of the references in the �le downloaded from the Scopus database,
double checking the veri�cation of the data used, thus avoiding alphabetical biases. Similarly, some other
corrections were made such as spelling errors, inconsistencies, and the appearance of homonyms on the
plain text downloaded in that format.

All the images, tables, �gures, and maps used were extracted directly from the Biblioshiny graphical
interface without any editing by another program. It should be made clear that, in the reviewed scienti�c
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literature, no scientometric analyzes were found related to the exposure of environmental pollutants in
canines, suggesting this document as a �rst approach to this area of study in relation to scientometrics.

3. Results

3.1 Documentary production
A total of 372 documents were extracted from the Scopus database, distributed in 316 articles, 5 book
chapters and 51 review articles that were related to the effects of environmental pollutants in canines,
taking them as input for the corresponding scientometric analyzes. In this analysis, a collaboration index
of 4.8 per author was obtained, a value that corresponds to the quotient between the number of authors
and the number of articles published (Aleixandre et al. 2017). Likewise, an average of 29.6 citations per
document and 17,955 citations for the total �les analyzed were obtained. The number of articles
published in this �eld of research �uctuated from the production of the �rst two articles for 1969 in this
database, to 22 documents for 2021 (Figure 1), showing a large increase for this last decade, with an
average annual growth rate of 2.93%, being the years 2015 (22 documents) and 2019 (23) the ones with
the highest production in this research area.

Figure 1 Annual scienti�c production on research related to environmental pollutants in the canine
species from 1969 to 2021

Figure 1 shows that the period analyzed in this review can be divided into three main stages. The �rst
comprised between the years 1969-1988 (65 documents), which shows a slight increase in the number of
published articles. The second stage between 1989-2001 (46 documents), a time when the number of
publications remains with an average trend compared to the previous period. The third stage comprised
between 2002-2021 (261 documents), a time in which a more rapid development, consolidation and
average annual production is evidenced above the aforementioned years.

3.2 Analysis of publication sources
Regarding the most relevant publication sources for the authors, it was found that the journals that
occupy the �rst three places are Science of the Total Environment, Environmental Science and
Technology and Environmental Health Perspectives with 24, 20 and 16 articles for each one of them
respectively (Figure 2). This was determined by analyzing Bradford's law of dispersion of the scienti�c
literature and distribution, a law that estimates exponentially decreasing returns from the search for
references in scienti�c journals (Aria and Cuccurullo, 2017).

Figure 2 Most relevant publication sources determined according to Bradford's law of dispersion of the
scienti�c literature

It was evaluated that the most cited local sources for the development of this type of research are in
descending order, the journals Science of the Total Environment, Journal of Allergy and Clinical
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Immunology and Environmental Health Perspectives, having an exponential trend to continue growing
during the course of this last decade according to the trend pattern obtained (Annex 1).

3.3 Author analysis
On the other hand, to determine the impact factor of the authors, the H index was taken into account, a
system proposed by the University of California that is frequently used to measure the professional
quality of scientists and researchers; depending on the number of citations, the articles have received
(Aria and Cuccurullo 2017). Consequently, the top 10 authors with the greatest scienti�c production in
this �eld were taken as the top, thus making a relationship between production time and the number of
studies that have been developed over time based on the issue of environmental pollutants in canines
(Figure 3).

Figure 3 Production of the 10 main authors over time. The straight lines indicate the continuity of studies
in relation to time

In Figure 3 it can be seen that Heyder Joachim was the author who initiated the investigations in relation
to contaminants in canines in the year 1992 to 1999, with this being relevant for studies that have been
consolidated by authors who today stand out in the �eld. Similarly, Sonne C. Dietz R. and Letcher R. stand
out as the most active authors from 2005 to 2021 with an average scienti�c production rate of more than
�ve articles produced annually, a very similar average for the three of them during the years cited above.
Additionally, new authors such as Nomiyaka, Mizukawa and Kirkegaard were identi�ed as having had a
notable role in the latest research towards the last decade.

In Figure 4 of three �elds or tripartite, the relationships between the keywords, the authors and the country
of origin are observed, which were graphed in relation to the generation of a top in the following way: the
top �ve of countries, the top ten of authors and the top ten of the most prominent keywords according to
the analysis, this in order to obtain their interconnections and direct relationships that link them.

Figure 4 Tripartite graph on the effects of environmental pollutants on canines. Left �eld (Keywords),
Middle �eld (Authors), Right �eld (Countries)

Figure 4 shows a clear relationship between the authors Sonne, Dietz and Letcher with keywords such as
Dogs, Effects and Environment, which suggests the trend of these kind of studies with the authors and
their countries of institutional a�liation respectively. It was found that the authors Sonne, Dietz and
Letcher, as well as the countries Denmark, USA, Canada, and Japan are considered as the main
representatives in the research carried out on environmental pollutants and their effects on the canine
species.

Likewise, it is observed that authors such as Nomiyama, Kirkergaard, and Mizukawa have had a
prominent role in these issues with a�liations to eastern countries such as Japan and China, this being
convenient when managing to broaden the spectrum of this type of research lines in Asian countries. As
for the keywords with the highest number of repetitions cited by the authors, the following are found:
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asthma, pollution and air, which will probably come to be considered a trend in relation to air pollution
and emerging pollutants in this research line.

3.4 Institutional A�liation Analysis
The results showed that the University of Ehme (Japan) have a total of 16 publications on environmental
pollutants in canines, while the University of Aarhus (Denmark), the University of Hokkaido (Japan) and
the University of California (USA) showed a total of 14 publications for each one, these universities being
the top of the most relevant institutional a�liations for the development of this type of studies (Figure 5).
However, other leading universities in the world such as Harvard Medical School and the University of
Copenhagen also appear as a�liations interested in approaching this type of research.

Figure 5 Most important a�liations for the development of this kind of studies

As for the countries with the highest production in relation to this issue, there are the United States,
Canada, China, and Denmark with a total of 407, 51, 54 and 43 scienti�c productions for each of them
respectively over time, exhibiting greater strength of collaboration between countries such as the United
States with Denmark (4 edges), Australia (5 edges), Sweden (2 edges) and China (6 edges) (Figure 6).
Despite this, Canada has a higher rate of collaboration with Denmark (17 edges), which is higher than
that observed in comparison with the United States. In this way, the countries of the northern hemisphere
are the ones that tend to create the most collaboration networks and therefore one of the most cited for
the development and consolidation of this type of subject.

Figure 6 Map of production and collaboration between countries. The edges indicate the networks of
nodes that exist between countries for the development of this type of research; the thicker lines indicate
the existence of a stronger collaboration between countries. The conventions on the left side indicate the
average number of documents produced for each country

3.5 Network analysis

3.5.1 Keyword analysis
Keyword analysis is a fundamental tool to identify the most relevant terms in research development
(Harzing 2016; Zhu et al. 2020). In this sense, the Biblioshiny interface generated a top 30 of words
according to their frequency of use in the articles analyzed, which required a series of transformations. In
the �rst measure, Louvain's grouping algorithm was applied to this number of words, which performs and
guarantees an evaluation of the data set, comparing the density of edges that are present inside or
outside the community (Aria and Cuccurullo 2017). Next, the results were cleaned up in order to eliminate
synonymous words and terms not associated with the topic, the colors indicating the association
between these words (Figure 7).

Figure 7. Association networks between the words most used by the authors between 1963 and 2021
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In Figure 7, it was possible to identify three groups with the highest representation of frequencies for the
keywords. The largest group, represented in green, focuses on air pollution, asthma, and children, where
there is a clear relationship with the group of allergens, allergies and particulate matter. The next group,
represented in purple, comprises the effects of halogenated organic pesticides and heavy metals such as
mercury, and their clear relationship with dogs and sled dogs on organs such as the kidney and liver. The
third group the smallest and is represented in blue, focusing its research on biological contaminants such
as microorganisms.

Delving into this topic, the words with the highest concurrence, that is, with the largest node size, that
were identi�ed in the graphical interface of the package through data analysis were the following:
asthma, air pollution, organochlorine pesticides, canines, and air pollutants. Therefore, it could be
considered that these terms are a trend in the development of this type of study due to the frequency of
repetition. In the same way, but not less important, within the nodes with the lowest frequency occurrence
the words Flame retardants (PCBs), Hair and qPCR were found, possibly due to a smaller number of
related studies, which could tentatively be revealing in part, that these words are considered as new �elds
of study in relation to the study of canines and environmental pollutants.

3.5.2 Co-authorship analysis
The identi�cation of the most cited publications revealed that the top authors and the key topics of
interest in the investigation of the effects of environmental pollutants on the canine species usually have
a pattern of association that results in a wide network of co-citations. The inclusion criteria for this review
were the top 50 of the most cited authors using a series of criteria applied by the interface. For example,
the selected authors were those who participated in at least �ve publications. Each node used
corresponds to an author, while the ratio of node sizes represents the number of posts generated.
Subsequently, and previous �ltering adjustments and spelling corrections, Louvain's algorithm was used
for the grouping of the data obtained, obtaining an estimate of the grouping of nodes represented in
Figure 8.

Figure 8. Citation networks on the effects of environmental pollutants on canines between 1963 and
2021

The results of this graph showed the most representative authors by grouping Sonne, Dietz, Letcher
(grouping in red), Wang, Zhang (grouping in green) and Chen, Wilson (grouping in blue) as the most
prominent authors of each group. In this sense, Sonne, Wang and Chen continue to be the most
representative nodes, due to the fact that they are the authors with the highest frequency of citation for
this analysis. Likewise, the existence of a series of networks is observed among them that clearly shows
a close collaboration between their studies.

4. Hot Issues And Topics Of Lasting Impacts

4.1 Hot issues
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The scientometric analysis developed allowed a better understanding of the knowledge of environmental
pollutants on canines, helping to understand even better the relationships, patterns and trends that exist
in this recent �eld of research (NCR 1991; Poma et al. 2020; Sonne et al. 2020). These components have
had greater research interest in recent decades (Figure 1), probably due to the metabolic and adaptive
similarities with human beings, and their advantage of showing the phenomena of a�nity, e�cacy and
pathogenic action that these pollutants would have on a large part of the exposed organic systems
(Gupta 2018; Pastorinho and Sousa 2020), in addition to having achieved validation as sentinel models
in typical regions of the planet such as the Arctic as described by several authors (Kirkegaard 2009;
Abbott 2017; Letcher et al. 2017; Sonne et al. 2020). Despite this, it should be mentioned that the study of
environmental pollutants in canines has been a subject of recent appearance that has been slowly
consolidating, becoming increasingly stronger by different disciplines. Therefore, scienti�c communities
are invited to pay more attention and interest in the validation of sentinel organisms due to the
advantages they provide in relation to studies in humans, for example, especially in regions of the planet
where short-term results and greater precision are required.

In relation to the data set obtained, a low amount of bibliographic material was evidenced that was
compiled with the key terms previously referenced in this document. Therefore, it is necessary to promote
the integration of this type of research lines with new approaches that allow growth, development and
consolidation for the following years, a situation that has already been happening with the collaborative
efforts of multiple disciplines such as those proposed by One Health, where ecologists, veterinary and
human medical sciences have a considerable role.

In the same way it must be taken into account that it is a topic that has been in research since 1969, but
only the last 13 years have been more dedicated to the development and consolidation of the effects of
environmental pollutants in canines (Figure 1), which currently turns out to be a research area that allows
increasing the spectrum of the problems related to environmental pollution and climate change on
planetary health (Pastorinho and Sousa 2020; Sonne et al. 2020).

The scientometric analysis developed in this study very surely allowed a better understanding of the
knowledge of environmental pollutants on canines, helping to understand even better the relationships,
patterns and trends that exist in this recent �eld of research (NCR 1991; Poma et al. 2020; Sonne et al.
2020). In this sense, the development of scientometric studies in relation to environmental pollutants, and
lately climate change, in human beings have allowed the approach and evaluation of the current state of
these research lines during the last decades, such as other scientometric analyzes developed by Dhital
and Rupakheti (2019); Lie et al. (2018) and Sweileh (2020) in other similar subjects.

Studies between animals and environmental pollutants could have greater research interest in the last
decade (Figure 1), probably due to new studies that have shown metabolic, genetic, and adaptive
similarities with human beings, and the a�nity, e�cacy, and pathogenic action that these pollutants have
on a large part of the exposed organic systems in canines (Gupta 2018; Pastorinho and Sousa 2020). In
addition, canines as sentinel species for human health have been validated recently in speci�c regions of
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the planet such as the Arctic as described by several authors (Kirkegaard 2009; Abbott 2017; Letcher et al.
2017; Sonne et al. 2020).

Regarding the top of the analyzed journals in this analysis (Figure 2) these are considered by the
scienti�c community as the bibliographic sources with the most information reported for this class of
studies, therefore, researchers with a great interest in the development of this type of research, it is
recommended to refer to these sources to make their pertinent updates on the subject. However, there is
also a clear trend in the growth of other sources of scienti�c production in relation to air pollutants,
suggesting new research questions regarding the issue of environmental air pollutants and canines
(Figure 2).

Although the scienti�c production of this topic has had a recent appearance in the last �ve decades,
authors such as Sonne, Dietz and Letcher, have managed to consolidate the role of canines as one of the
study models that allows the evaluation of environmental pollutants and their effects in dogs, the above
according to the impact factor or H index resulting from this scientometric analysis in the author´s
section. It should be mentioned in this sense that the collaboration between these authors from 2005
(Figure 3) allowed an increase in the number of publications on this subject until 2018, one of the most
productive years and the period of maximum consolidation with relation to these themes.

In this sense, the participation of these three authors has allowed the development of important scienti�c
production, such as the reference text: Pets as Sentinels, Forecasters and Promoters of Human Health
(Pastorinho and Sousa 2020). One of the most complex texts where the opinion of a large group of
experts on the subject of environmental pollutants is compiled, they even touch on different associated
topics such as the use of canines for the evaluation of comorbidities and various diseases such as
obesity, cancer, immunological alterations, immunomodulation and neurodegenerative alterations that
both species share from these types of themes.

Regarding the tripartite graph (Figure 4), there is a clear interconnection between the most cited authors
regarding the keywords that were used as input for the development of this analysis (dog and
environmental pollutants). However, words such as asthma, exposure and health are likely topics that are
beginning to develop as new lines of research that could be related to this topic, as can be seen in the
graph of the networks of associations between the words (Figure 7). Also, in the same graph (Figure 4) it
is possible to observe that the Universities of Heme and Hokkaido, located in Japan, are leading the top
of institutional a�liations that have generated the most contributions in the development and scienti�c
production on issues related to canines and environmental pollutants. Which may be due to the fact that
this country has been conducting research related to air pollutants in recent decades and new lines of
research such as particulate matter and allergens (Zhang et al. 2019; Wang et al. 2010) due to the
problems that are currently related worldwide (Calderon et al. 2001; Selin 2009).

In this same sense, the University of Aarhus located in Denmark continues to be one of the most
representative institutional a�liations due to the relationship between the most prominent authors in
relation to this topic such as Sonne and Dietz (Pastorinho and Sousa 2020; Sonne et al. 2020). A valid
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explanation for this phenomenon is the thematic interest shared by these authors, when generating
scienti�c production in relation to this research topic, thus producing an increase in the number of
collaborations. In this sense and for this scientometric analysis, these authors are undoubtedly the most
prominent for the development of research related to canines and environmental pollutants, for which
people interested in the development of this type of studies are advised to create collaboration networks
with this important nucleus of experts and/or to consult their scienti�c publications, due to the experience
they have gained from the development of their studies.

For this scientometric analysis, the United States, Denmark and Canada were considered the countries
with the greatest impact on production and scienti�c collaboration in relation to the issue of
environmental pollutants and their effects on canines. However, it should be clari�ed that eastern
countries such as Japan and China have begun to play an important role in the generation of new
scienti�c knowledge in relation to air pollution issues, particulate matter, and the role that canines would
have as models of sentinel studies to these pollutants (Zhang et al. 2020). Similar results have been
found in studies in Latin America (Calderon et al. 2001). However, the development of more research
studies in relation to air pollutants, chemical pollutants and sentinel study models in Latin America is
required, to allow a better development of this important research line, as can be seen for other latitudes
of the world (Figure 6).

4.2 Topics of lasting impacts
For this scientometric analysis, and according with these results, great advances have been made on the
study of environmental pollutants such as polychlorinated biphenyls (PCBs), polybrominated diphenyl
ethers (PBDEs), and heavy metals such as mercury and lead, nowadays pollutants high-emission´s in
urban centers (Pastorinho and Sousa 2020). In this sense the development of these topics has allowed to
recognize the use of canines as good candidates for the follow-up and monitoring of the impacts that
these pollutants would have on the human being (Calderon et al. 2001). This is due to the short time it
takes to show the adverse effects of a wide variety of pollutants and toxins in comparison to humans
(Hoffman et al., 2018). This could also be useful for linearity studies that are commonly used in human
medicine, due to the similarities that exist between these two species (Lindblad et al., 2005), but mainly to
the routes of exposure that seem to be very similar between them. This analysis could also be considered
as a �rst approach of different scientometric analyses that could be carried out in relation to
environmental pollutants and canines.

In the keyword analysis, it was possible to identify three groups with different foci. The largest group
focuses on air pollution and asthma, in addition to its relationship with the group of caniforms, which
probably precedes the effect that air pollution would have on terrestrial mammals such as canines, since
it represents the main route of exposure in these animals, being the biomagni�cation of the terrestrial
food chain less marked (Pastorinho and Sousa 2020), contrary to what would happen in aquatic
organisms (Seabert et al. 2014).
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The following group includes the effects of halogenated organic pesticides and heavy metals in dogs
and sled dogs on organs such as the kidney and liver, this being the most prominent group due to the fact
that the effects that these pollutants would have on target organs have been very well documented
(Parker et al. 2006; Dunlap et al. 2007; Serpe et al. 2013, Pastorinho and Sousa 2020). Regarding this
issue, Sonne et al. 2020 reported in dogs the appearance of persistent pollutants such as PBDEs and
PCBs, which tend to accumulate on the marine trophic chain, and found high concentrations of these
compounds in arctic and circumpolar areas, the above due to the consumption of products based on
marine animals. Marine animals would be the main source of exposure in this population, which requires
the development of much more studies on different latitudes of the planet to determine if these same
results are similar under other environmental conditions.

The third smallest group focuses on biological and chemical contaminants that could be occurring in
parallel and additively, and that canine sentinel models could probably better clarify the complex
relationship between these issues, as clearly proposed in the scienti�c production such as the stipulated
by Pastorinho and Sousa (2020) and Calderon et al. (2001).

Even though in this analysis there has been a small number of documents related to this topic compared
to much more consolidated topics (Lei et al. 2018), it should be noted that in recent years this topic has
had an increase in the number of publications when compared to previous years. This is also interesting
considering that the number of case reports in the clinical practice are increasing and that usually
canines are the �rst animals to be reported as early-warning systems for humans and other animals in
these case reports (Pastorinho et al., 2020).

The most cited references described in this document highlight the relevance of the work of each
research team in this area of   scienti�c knowledge. It should be emphasized in the development of this
type of studies and the in�uential role of the respective research teams in the development of these
topics. Among them, Sonne et al. 2010, 2011, 2014, 2015; Letcher et al. 2009, 2017; Mizukawa and
Nomiyama 2020, Poma et al. 2020 and Pastorinho and Sousa, 2020 draw attention, because they focus
their studies speci�cally on the effect and relationship that canines exposed to different emerging
environmental pollutants such as heavy metals, halogenated organic compounds and aromatic
hydrocarbons would have on different biomarkers, including on the response of immunological,
hepatorenal biomarkers and some endocrine parameters (Hansmann et al. 2009; Chung et al. 2020). In
the same way, the role of Asian research that has allowed important advances in recent years in relation
to these issues stands out, such as the research contributed by Zhang, Wang and Chen which has
addressed important issues such as water quality, biological pollutants, air pollution, gastric toxins,
among others (Wang et al. 2010, 2020; Zhang et al. 2019; Chen et al. 2021), investigations that clarify
much better the knowledge gaps on these issues as previously discussed, allowing broadening the
spectrum of study of environmental pollutants in relation to canines, all of the above through the use of
methodologies applied to omics sciences, a �eld of study less studied in developing countries (Álvarez et
al. 2021) .
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In the case of Latin America, a region highly affected by environmental pollutants (Canham et al. 2020),
the production of scienti�c information related to the subject of canines seems to be much lower than the
average of publications developed in other regions of the world, being Argentina (Garcia 1974), Chile
(Muñoz et al. 2014), Brazil (Scaini et al. 2003) and Uruguay (Mañay et al. 2008) the only representatives
identi�ed for this class of studies, this is probably because they are mostly published in Spanish
language and were not taken for this analysis (only one typology was found in Spanish for this review in
the period covered by this study), being the German and Japanese languages the languages that have
been gaining strength in relation to these publications, with a total of 10 and 4 publications for the last
three decades correspondingly. Likewise, for this region of the planet the scarce number of collaboration
and scienti�c production in relation to this issue is discussed, this probably due to the little interest or
�nancing that they have had in relation to this problem, despite the fact that it is one of the regions of the
world where phenomena related to climate change and pollutants prevail (Canham et al. 2021). However,
more searches in other databases are required to con�rm the hypotheses raised in this document.

Conclusions
The annual publications on environmental pollutants in relation to canines have had a signi�cant
increase in the last decades worldwide, this mainly due to the increasing efforts to better understand this
problem. The present analysis revealed that there are still many information gaps on issues related to the
effects of environmental pollutants, in particular relevant topics such as air pollutants, water quality and
the atmospheric availability of pollutants on canines. A total of 372 documents were obtained,
suggesting this topic as a recently emerging research area that has managed to have a greater
participatory approach and interest for its consolidation during the last 2 decades. Among the four main
countries with the highest bibliographic production and collaborative production are the United States,
Denmark, Japan, and Canada, which can be considered as research powers in the �eld of environmental
pollutants and canines, for which it is recommended to carry out scienti�c collaboration by new
researchers in this area to generate consolidation studies.

The three most productive journals on the subject were Science of the Total Environment, Environmental
Science and Technology and Environmental Health Perspectives, considering them as necessary inputs
for the search for information in relation to this area, for which we suggest their review at the time of
making or propose research related to this topic. On the other hand, the University of Ehme (Japan), the
University of Aarhus (Denmark), the University of Hokkaido (Japan) and the University of California
(USA), are the most relevant a�liations for the development of this type of research and probably where
the most representative authors work on the subject, so for future research we recommend co-authoring
with these universities in order to consolidate study projects related to these topics. Regarding the most
representative authors on these topics, we �nd that Sonne, Dietz and Letcher are the main authors who
have carried out the most studies on this topic. However, Asian researchers such as Wang, Zhang and
Chen have gradually managed to position themselves on recent air pollution issues, a trend in research
for future linked studies. Research related to topics such as contamination by PCBs, PBDEs, and heavy
metals, are considered for this analysis as a trend due to the negative impact that has been described in
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areas where the bioaccumulation of these compounds in the trophic chain has begun to have
consequences both for human and animal health. In the same way, research related to pollution issues
appear to increase due to the problems that are currently related worldwide, especially due to atmospheric
pollution that is being increasingly studied by different branches of knowledge.

With this review, a �rst approach was made between this line of research and scientometrics. It is
recommended to carry out more in-depth investigations to complete the results of this study, likewise it is
recommended for future approaches the use of other databases such as Pubmed or Web of Science, as
well as the search for other animal species of environmental study, such as the felines or wild species,
which complement the �ndings found in Scopus in order to join forces that allow a better consolidation
of the sentinel animal model and the state of the art in this �eld of study. Finally, we highlight the
importance of scientometric analyzes as necessary inputs that allow us to visualize the behavior,
patterns, and trends on a particular topic in a retrospective way on different areas of knowledge, the
above with the aim of generating a �rst approximation between the researcher and his interest in the
development and consolidation of any research line.
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Figure 1

Annual scienti�c production on research related to environmental pollutants in the canine species from
1969 to 2021
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Figure 2

Most relevant publication sources determined according to Bradford's law of dispersion of the scienti�c
literature

Figure 3
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Production of the 10 main authors over time. The straight lines indicate the continuity of studies in
relation to time

Figure 4

Tripartite graph on the effects of environmental pollutants on canines. Left �eld (Keywords), Middle �eld
(Authors), Right �eld (Countries)

Figure 5

Most important a�liations for the development of this kind of studies
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Figure 6

Map of production and collaboration between countries. The edges indicate the networks of nodes that
exist between countries for the development of this type of research; the thicker lines indicate the
existence of a stronger collaboration between countries. The conventions on the left side indicate the
average number of documents produced for each country

Figure 7

Association networks between the words most used by the authors between 1963 and 2021
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Figure 8

Citation networks on the effects of environmental pollutants on canines between 1963 and 2021
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