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Abstract- Antifouling paint particles (APP) are considered
highly toxic pollutants, whose presence has been reported in areas
close to port activities, vessels, fishing, and maintenance. The
present study aims to conduct a bibliometric study of the APP
evaluation of Latin American and Caribbean research (original
articles, conference papers, and reviews), published between 2011-
2023, in two of the most important global academic databases, Web
of Science (WoS) and Scopus. The search chain and selection of
documents identified 28 articles in WoS and 21 in Scopus. Brazil is
the leading country in terms of publications on this topic. The
articles report values as high as 40,300 ug/g of APP in sediments,
containing metals such as Cu, Zn Si, Fe, Cr, and Pb among others.
Butyltin diuron, Irgarol, 4,5-dichloro-2-octyl-1,2-thiazol-3(2H)-one
(DCOIT), and other biocides are also reported. Further studies are
expected on toxicity and proper management of these wastes in
estuaries and port areas in Latin America and the Caribbean.

Keywords: antifouling paints, biocides, heavy metals, marine
environment.

I. INTRODUCTION

Antifouling paints are used as inhibitors of biofouling that
tend to adhere to boats or other structures in contact with the
marine environment [1]. Inconveniences caused by biofouling
on vessels include structural damage, loss of speed, and
increased fuel consumption [2].

To fulfill this function, contemporary biofouling paint
contains biocides based on inorganic compounds such as
copper and zinc [3] among others, reinforced with organic
compounds such as irgarol and diuron [4], in addition to
solvents, binders, fillers, and additives, which means that it is
considered a complex compound, toxic to the ecosystem and
difficult to characterize.

Antifouling paint particles (APP) originate from the
cleaning and maintenance of boats [5], as well as the erosion
of abandoned vessels [6]. Although there is a concern about
antifouling paints and their impact on the ecosystem [7], there
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is a paucity of studies on the abundance, distribution, and
ecotoxicity of these paints in particulate form [8].

Latin America has 10 of the 66 large marine ecosystems,
unfortunately, these large ecosystems are threatened by several
factors, such as coastal population growth and pollution [9].

Important original articles have been reported on the
identification and characterization of APP in this region.
Likewise, some reviews have identified the focus of the study
being biocides. Among these reviews, we have the survey
elaborated by [10], including publications in Springer, Web of
Science, and Science Direct on booster biocides in Latin
America and the Caribbean during the last two decades. In
addition, a review by [11] includes a brief history of three
generations of antifouling paints and highlights the need for
further studies in South America.

Therefore, there is a lack of reviews that address
methodologies for identifying and characterizing APP in Latin
American and Caribbean ecosystems. Because of the above,
the present study aims to conduct a review with bibliometric
analysis of scientific publications that include the
identification, characterization, and toxicity of APP in marine
ecosystems of Latin America and the Caribbean.

II. MATERIALS AND METHODS

A. Search strategy

The search for indexed scientific documents was
conducted in two of the main global academic databases,
Scopus and Web of Science [12]. The search string included
the terms (antifouling) AND (paint* OR coating) AND
(particle), considering articles, reviews, and conference papers
published in Latin America and the Caribbean. The
publication date considered was from 2011 to November 2023.
This allowed obtaining 21 documents in Scopus and 28 in
WoS.

Bibliometric analysis is used to identify the annual
number of publications, citations, authors with the highest
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number of publications and citations, institutions, and
countries with the highest number of publications; more
importantly, it allows stakeholders to discover emerging trends
in a specific research area. Reference [13] indicated that
bibliometric analysis allows us to unravel the evolutionary
nuances of a specific field, as well as to identify emerging
areas in that field.

C. Information analysis

The bibliometric analysis was performed with the support
of an open-source tool RStudio-Biblioshiny package version
4.1.2 software. Rstudio has been used for its relative ease of
integrating documents from both academic databases and
presenting tables and/or figures considering the information
from both databases [14]-[16].

The present review includes the analysis of 15 original
articles published in both academic databases (excluding
duplicates and articles not related to the topic). The topics
addressed are: Sample collection and treatment, APP
characterization methodology, and reported results.

III. RESULT AND DISCUSSION

A.  Production of documents and Overlapping

Fig. la shows the scientific production from 2011 to
November 2023, in both academic databases, we can observe
that there is increasing production of scientific papers,
reaching a maximum production of 10 papers in 2021. In this
regard, at a global level, an increase in publications related to
marine pollution has been reported in [17], therefore, a similar
impact is expected in Latin America and the Caribbean in the
coming years. Fig. 1b shows the scientific papers identified in
both academic databases. It is observed 12 papers published in
both academic databases (duplicates). The strong overlap of
scientific papers in WoS and Scopus has been reported in
other engineering studies [18], [19]. In the present study,
24.5% of the documents were published in both academic
databases. This indicates that many journals that publish in
this field have double indexing.
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Figure 1. Scientific document productions a) Overlapping a)
and b) productions by academic’s base

B. Most cited documents

Table 1 presents the most cited papers, global citations
and DOI. This information is relevant for those researchers
who require an initial overview of the scientific studies with
the greatest impact carried out in the region in this field of
study. It also allows linking the researchers responsible for
these publications and the journals that published these
studies. Among the authors, Batista-Andrade J [20], who is the
first author of the most cited article (90 citations at the time of
writing of this study), stands out. Also, Soroldoni S, who is the
author of 4 of the 10 most cited articles in this field [21]-[24].

TABLE1
MOST CITED DOCUMENTS IN WOS AND SCOPUS
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Author Global DOI
citations
10.1016/j.envpol.2017.11.
[20] 90 063
10.1016/j.jhazmat.2017.0
[22] 70 2.001
10.1016/j.marpolbul.2020
[25] 70 111847
10.1016/j jhazmat.2020.1
[26] 58 22937
10.1016/j.watres.2018.02.
21] 53 064
10.1016/j.ecolind.2015.05
[27] 31 .030
10.1016/j.ecoenv.2017.10
[23] 31 .060
10.1016/j.chemosphere.20
[24] 26 19.124610
10.1016/j.marpolbul.2021
[28] 17 112255
10.1016/j.scitotenv.2019.
[29] 17 136216
C. Journal, authors, institutions, countries with most

publications, and most used keywords

Fig. 2a shows the journals with the most publications in
this field. Marine Pollution Bulletin, Science of the Total
Environment, and Journal of Hazardous Materials are the 3
main journals that publish studies related to APP, all of them
indexed in Scopus and WoS.

Meanwhile, the three authors with the highest number of
publications (Fig. 2b) are: Castro I, Fillmann G, and Soroldoni
S, however, the articles produced by these authors are not
necessarily the most cited (see Table 1) except for Soroldoni
S, as previously mentioned.

Publications with more citations may, on average, have
more scientific impact, but this is not always the case [30].

Fig. 2c. shows the main institutions related to publications
in the region. The federal universities of Brazil (public) stand
out, among them the Federal University of Rio Grande. In
Brazil, public universities are responsible for 95% of research
and publish the highest quality research [31].

Fig. 2d also shows the keywords commonly used to
identify published scientific papers. These include antifouling
paint particles, booster biocide, and sediments. This indicates
that most studies focus on the characterization of APP and the
identification of biocides present in marine sediments.

Likewise, the countries with the highest number of
publications are Brazil (88%), Mexico (5%), Argentina (4%)
and Peru (3%) (Fig. 2e). This can be explained by the greater
diversity of ecosystems and financial resources in Brazil
compared to other countries in the region. According to [32],
Brazil leads the region in R&D investments and scientific
publications.

The bibliometric indicators presented above are especially
relevant for new researchers as they provide an overview of

current and future research related to this field of study. This
information facilitates a quick immersion in the subject,
identifying the authors and articles with the highest impact, the
leading institutions concerning research on APP, and the most
important research institutions in the region.
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Fig. 2 Main bibliometric indicators (a) scientific journals with the
highest production b) authors with the highest number of publications; ¢) main
institutions with the highest production d) keywords commonly used ¢)
countries with more publications

D. APP sample collection and processing

In the assessment of APPs, some studies have opted for the
collection of marine sediment samples close to activities such
as fishing, shipyards, and marine vessels [20], [26], [28]; while
others opt for the direct collection of APP in maintenance
activities or direct scraping of marine vessels [21], [22], [24],
[33]. However, all these studies determine the concentration of
heavy metals, due to their toxicity to the ecosystem.

Regarding the treatment of the sample, most studies follow
the methodology proposed by [34], which is summarized by
sieving (>500 pm) an aliquot of 100 grams of wet sediment,
dried at 40°C and observed under a stereo microscope (5X),
the possible APPs are weighed (>500 pm) [26] and
determination of color and shape. This methodology does not
allow identifying the presence of APP in particles smaller than
500 pm, underestimating the presence of these particles in the
analyzed samples [26].

The determination of heavy metals present are determined
by Inductively Coupled Plasma Optical Spectroscopy, ICP-
OES [21], [33], Atomic Absorption Spectroscopy, AA [21]
(quantitative) or X-Ray Spectroscopy, EDX (qualitative) [20],
[21]. The determination of the metal and the concentration in
the APPs allows the identification of the type of paint and its
potential toxicity in the ecosystem.

Table 2 shows the concentrations of APPs obtained in
various studies, as well as the presence of heavy metals and
some associated biocides.

D. Determination of butyltin compounds and booster
biocides

Determination of butyltin compounds such as tributyltin
(TBT) and its degradation products: dibutyltin (DBT) and
monobutyltin (MBT) have been investigated in addition to the
characterization of the APP [20], [26], [28], [35]. This is
explained by the high toxicity of TBT in marine ecosystems.
According to [36], TBT is considered the most toxic substance
intentionally introduced into the aquatic environment.

Because of this, most European countries banned the use of
TBT in antifouling paints in the late 1980s and early 1990s.
The International Maritime Organization banned it between
2003-2008[37]. However, due to its persistence, its presence
has been identified in many parts of the world particularly in
the study region.

As an alternative to TBT-based antifouling paints, copper-
based antifouling compounds were proposed together with
biocide enhancers such as dichlofluanid, diuron, irgarol, sea-
nine and tolifluanid, among others.

Numerous studies in Latin America and the Caribbean
report the presence of APPs (color, form and mass) along with

the identification of booster biocides [20], [22], [26], [28],
[35]. Also, noteworthy is the work carried out by [27] who
evaluated the toxicity of Irgarol 1051 and Diuron,
individually, on meiofauna, with emphasis on the dominant
nematode assemblages: they also evaluated the toxicity of
Irgarol 1051 and Diuron, individually, on meiofauna, with
emphasis on the dominant nematode assemblages. Reference
[38] developed an analytical method employing vortex-
assisted matrix solid-phase dispersion (MSPD) for the
extraction of diuron, Irgarol 1051, (TCMTB) 2-
thiocyanomethylthiobenzothiazole and  4,5-dichloro-2-n-
octylene from sediment samples (DCOIT). Table 2 reports the
findings reported by various studies on biocidal boosters.

Likewise, Table 2 shows the potential sources of APP,
especially maintenance activities, ports, shipyards, fishing
vessels, etc. However, due to the fragility and low density of
these wastes, transportation to nearby areas should not be
ruled out.
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MAIN RESEARCH RESULTS ON THE CHARACTERIZATION OF APP, BUTYLIN AND BOOSTER BIOCIDAL

TABLE I

Study area Potential sources of APP, BT and booster biocides Author(s)
contamination

Patos Lagoon Estuary, | Shipyard, maintenance activities, | High levels of Cu (234,247 + 268 g-1), Zn (112.404 + [22]
Brazil fishing port. 845 g-1) and DCOIT (0,13 g-1). Also identified Zn,

Pb, Ni, Cr and Mn.
Patos Lagoon Estuary, | Shipyard, maintenance activities, | 130 -40,300 pg/g APP in sediments. Ti, Al, S, Cuy [21]
Brazil fishing port was shown as the main | Zn in all APPs, Si and Fe were predominant. Low Cu

source of APP. and Zn content in the sediment APPs.

Rio boat maintenance Higher Zn release at low salinities and more Cu at [23]
Grande, Brazil high salinities. Mortality of 100% of Acartia tonsa in

all salinities.
Pacific and Caribbean marinas and fishing and Irgarol 1051 and Diuron. Levels > environmental [20]
coasts in Panama commercial vessels limits
Estuarino de Santos Shipyards, recreational boats, APP between 4.8-5248 pg/g, the highest [26]
and Sdo Vicente-Brazil | marinas, fishing. concentration in areas near the shipyards (> 1500

ng/g). Presence of diuron, Irgarol, DCOIT and

dichlofluanid) and BT
Patos Lagoon Estuary, Shipyard, maintenance activities, Presence of high levels of Cuy Zn. M. schubarti was [24]
Brazil fishing ports more sensitive than H. azteca.
Bahia Guanavara, RJ, The number of shipyard areas, The highest concentrations of labile metals were [29]
rio Itajai-Agu SC and which vary depending on the period | found in the shipyards with the longest operating
Patos Lagoon Estuary, | and the intensity of the ships' histories.
Brazil activity.
Estuarino de Vitoria, Shipyard, marina and fishing port APP <0.01 and 5,969 ng/g. The biocides found were [28]
sureste de Brazil DCOIT, diuron, dichlofluanid, Irgarol and

chlorothalonil (> LD) in 64%, 36%, 29%, 29% and

14%, respectively.
Yucatan Peninsula, Fishing and boat maintenance Imposex in caenogasteropods, high concentrations of [35]
Mexico activities BT. APP at 15/19 sites studied (> 1600 pg g-1).
Belém, Para (PA), ship abandonment is a major source | 29,588 mg kg-1 of Ba, 9,350 mg kg-1 of Zn, 1,097 [33]

north of Brazil.

of pollution in shipyard areas.

mg kg-1 of Pb and 548 mg kg-1 of Cr
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IV. CONCLUSIONS

The presence of highly toxic components linked to antifouling
paints such as heavy metals, butyltin and booster biocides
have aroused the interest of researchers in Latin American and
Caribbean countries, as evidenced by the increase in
publications in recent years. Brazil presents the country with
the highest number of research, with an important contribution
of researchers from the Federal University of Rio Grande.
Marine Pollution Bulletin presents the largest number of
publications on this subject.

The studies relate the evaluation of antifouling paints,
identification of metals, butyltin compounds and booster
biocides, as evidenced by the keywords most frequently found
in the publications, demonstrating a close relationship between
these terms.

Concentrations of up to 40,300 pg/g APPs in marine
sediments have been reported, as well as the presence of
metals such as Cu, Ni, Fe, Cr, Al, S, Ni, Mg, Pb and butyltin
compounds. While the booster biocidal includes diuron,
Irgarol, DCOIT and dichlofluanid. In addition, studies have
shown the toxicity of these biocides. Therefore, APPs prove to
be a constant source of contamination to the marine ecosystem
and should be further characterized.

Further studies are expected in Latin America and the
Caribbean given the relevance of the subject and the growing
concern of scientists about these particles and their toxicity.
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