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Abstract

Synthetic plastics have become an indispensable component of modern life, and the amount of plastics disposal has increased
dramatically as a result. With human population increasing, it is expected that the prevalence of plastic debris in the
environment will also increase, unless sustainable daily habits are incorporated, waste management improved, and new
alternative materials are discovered and popularized. To date, several reports show negative effects of plastic debris on marine
and freshwater fauna (e.g. invertebrates, birds, turtles, marine mammals). Plastic are ubiquitous in the water column, deposited
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in fine sediments and enter the guts, respiratory structures and tissues of different aquatic species, and are incorporated into
food webs via ingestion. This global problem also affects beach and near-shore activities (e.g. tourism, fisheries, and aquacul-
ture) with negative social and economic consequences. The research of plastics effect on aquatic environments in Uruguay is
only incipient. With the aim of contributing to scientific knowledge, decision-making and the management of plastic debris,
here we reviewed the available information on plastic debris sources, their impacts on biodiversity, and policy issues in Uru-
guayan aquatic systems. Moreover, we reviewed and systematized community outreach initiatives, and examined national
policies and management initiatives. We found that Uruguayan aquatic systems (freshwater, coastal marine and benthic) are
affected by plastic pollution, both from land-based and sea-based activities, although national-level policies are modern and
well suited for minimizing the impacts of plastic pollution. We reviewed biota-plastic debris interactions, and found evidence
for impacts on a number of aquatic taxa, including the poorly reported ingestion of microplastics in freshwaters fishes and the
association with plastic benthic debris. Global and regional hydrographic settings (Rio de la Plata Estuary), as well as idiosyn-
cratic ecological, socio-economic and cultural issues, make Uruguay a valuable test-site for this topic. Our ultimate goal is to
minimize the effects of this widespread environmental, economic, health and aesthetic problem.

Keywords: Plastic and microplastic pollution, Rio de la Plata, Aquatic systems, Integrated Coastal Zone Management, Waste
management, Uruguay.

Resumo
Pesquisas e manejo de descartes pldsticos em sistemas aqudticos uruguaios: atualizagdo e perspectivas

Produtos plasticos tem se tornado um componente indispensavel na vida moderna, como conseqiiéncia disso a quantidade de
plasticos descartados tem dramaticamente aumentado. E esperado que com o aumento da populacdo de seres humanos a
prevaléncia de descartes pldsticos também aumente, a menos que habitos cotidianos sustentdveis sejam incorporados, e novos
materiais alternativos sejam descobertos e popularizados. Até o momento, diversas pesquisas tém mostrado os efeitos negati-
vos de descartes pldsticos sobre a fauna marinha e dulcicola (p. ex.: invertebrados, aves, tartarugas e mamiferos marinhos).
Em ambientes aquaticos, plasticos estdo em toda parte: na coluna de dgua, depositados em sedimento fino e dentro de esto-
mago, estruturas respiratorias e tecidos de diversas espécies aquaticas, e sdo incorporadas nas teias alimentares através da
ingestdo. Este problema global também afeta atividades realizadas na praia e proximas a costa (p. ex.: turismo, pesca, e aqiii-
cultura) com consegqiiéncias sociais e econémicas negativas. Pesquisas que abordem os efeitos de plasticos sobre ambientes
aquaticos no Uruguai é ainda incipiente. Com o objetivo de contribuir para o conhecimento cientifico, a tomada de decisdes e
o manejo de descartes pldsticos, revisou-se a informagdo disponivel acerca de fontes de descartes plasticos, observando os
impactos delas sobre a biodiversidade e sobre questoes politicas em sistemas aqudticos uruguaios. Além disso, revisou-se e
sistematizou-se o alcance de iniciativas da comunidade, e examinou-se a politica nacional de iniciativas de manejo. Desco-
brimos que os sistemas aqudticos uruguaios (de dgua doce, costeiros e marinhos bentonicos) sdo afetados pela polui¢do de
plastico, pelas atividades terrestres e pelas atividades ligadas ao mar, embora as politicas a nivel nacional sejam modernas e
bem adaptadas para minimizar os impactos dessa polui¢do. Revisamos as interagdes biota-detritos pldsticos, e encontramos
evidéncia de impactos sobre diversos taxa aqudticos, incluindo a ingestdo de micropldstico per peixes de dgua doce, e da
associag¢do que existe entre biota e os detritos plasticos benténica, geralmente pouco relatados. As configuragées hidrogrdfi-
cas globais e regionais (Estudrio Rio de la Plata), bem como questoes ecoldgicas idiossincrdticas, socio-econémico e cultu-
rais fazem do Uruguai um valioso lugar-teste para este tépico. O objetivo final dessa pesquisa é minimizar os efeitos deste
amplamente difundido problema de saude, ambiental, economico e estético.

Palavras-chave: Contaminagdo por pldsticos e micropldsticos, Rio de la Plata, Gestdo Costeira Integrada, Gestdo de resi-
duos, Uruguai.

1. Introduction

Plastics are a relatively new material, since the first
man-made plastic was presented by Alexander Parkes at
the 1862 Great International Exhibition in London
(NPR, 2009). Even though the use and production of
plastic date from early 20th century, its production and
consumption did not really take off until after World
War II (Dubois, 1972; NPR, 2009). Due to its versatil-
ity, resistance and low cost, plastics became widely
used, increasing its annual global production from
1.7Mtones to 280Mtones within the last 60 years
(Lechner et al., 2014). Thus, in a short time, plastics
have become a major component of modern debris
(Andrady & Neal, 2009).

Although plastics are theoretically recyclable, a huge
amount is simply dumped awaiting their natural long-

lasting degradation (Moore, 2008; Barnes et al., 2009).
During this process plastic debris find their path to
waterways and, through streams, rivers, and lakes
discharge into coastal seas and oceans (Murray, 2009;
Moore et al., 2011; Rech et al., 2014).

Plastic debris does not only come from land-based
activities. For instance, fishing fleets, maritime traffic,
and the increasing human populations in coastal zones
are also important sources of marine debris (Ribic ef al.,
2010). It is estimated that fishing activities are
responsible for ca. 20% of plastic debris (Andrady,
2011), not only because of “throw away” behavior, but
also because of fishing gears (e.g., nets, longlines)
missed or forsaken at sea (Bullimore et al., 2001;
Tschernij & Larsson, 2003). Further, accidental
dumping due to negligence of ship operators (e.g.
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garbage, raw materials) are an important source of de-
bris such as resin pellets used for plastic manufacturing
(Mato et al., 2001; Moore, 2008). Recreational activi-
ties also produce plastic pollution, mainly due to irre-
sponsible individual actions, such as the deliberate re-
lease of garbage into the environment (Murray, 1996).

In this vein, plastic pollution in aquatic ecosystems is
one of the most significant global environmental prob-
lems, determining multiple ecological consequences
(Thompson et al., 2009), which are not yet completely
understood. Besides the aesthetic problem, the adverse
effects on marine and freshwater fauna are evident (e.g.
invertebrates, fish, birds, turtles and mammals)
(Azzarello & van Vleet, 1987; Laist, 1997; Clapham et
al.,, 1999; Erikson & Burton, 2003; OSPAR, 2009;
Boerger et al., 2010). The most harmful consequences
reported so far are related to entanglement, ingestion,
and species distribution (Pierce et al., 2004; Thompson
et al., 2009). The entanglement is probably one of the
most common consequences of plastics debris (e.g. with
fishing gears), affecting mobility, natural behavior
and/or asphyxia (e.g., sharks, seals).

Plastic ingestion has been widely documented, and its
physical consequences include asphyxia, reduced nutri-
ent assimilation, and obstruction and perforation of
digestive tracts (Derraik, 2002; Mascarenhas et al.,
2004; Rios & Moore, 2007; Mallory, 2008). However,
less is known about microplastic ingestion and its role
in aquatic trophic webs. Due to solar radiation and ero-
sion, plastic debris suffer photochemical and mechani-
cal degradation with time, generating milimetric to
microscopic particles (Andrady, 2003; Moore, 2008;
Cole et al., 2011). These resulting microplastics (i.e.
smaller than 5 mm, Arthur et al., 2009), are of great
current concern since they occur in freshwater and
ocean ecosystems worldwide (Barnes et al., 2009;
Sutherland et al., 2010; Andrady, 2011; Cozar et al.,
2014; Eriksen et al., 2014). Recently, microplastic par-
ticles have been identified as a good substrate for Per-
sistent Organic Pollutants (POPs) like DDT, PCBs,
HCHs and nonylphenol, among others.

Although POPs usually present low concentrations in
seawater, mainly due to their hydrophobic condition,
these pollutants can be progressively adsorbed into
plastic bits, increasing their concentration up to several
orders of magnitude (Mato et al., 2001; Teuten et al.,
2007; 2009; Frias et al., 2010; Hirai et al., 2011). These
microplastics (and their adsorbed POPs) could be in-
gested by several animals such as amphipods, barna-
cles, clams, tubeworms, fishes and sea birds, and thus
pollutants could be transferred to their tissues (Teuten
et al., 2007; Farrell & Nelson, 2012; et al., Foekema et
al., 2013; Tanaka et al., 2013). Therefore, the ingestion
of microplastics may cause the spread of hazardous
pollutants with endocrine disruptive capacities through

food webs, via bio-magnification processes. However,
current empirical evidence of this phenomenon in natu-
ral environments is not yet conclusive, and further re-
search is needed (e.g., Koelmans et al., 2014). As a
consequence, POPs could climb up to the top of the
food chain, and species of higher trophic levels magnify
the concentration of contaminants in their tissues (Mato
et al., 2001; Teuten et al., 2009; Tanaka et al., 2013).
Both the presence of microplastics in seafood and the
potential toxins associated with them can pose a signifi-
cant food safety hazard, but the risk estimation for hu-
mans has not been established yet (van Cauwenberghe
& Janssen, 2014).

The massive increase in plastic floating debris in the
marine environment may also have a significant impact
on species distribution, particularly due to the transport
of exotic species (Barnes & Fraser, 2003; Barnes &
Milner, 2005; Murray, 2009) which could probably
affect native marine diversity (Derraik, 2002). In ma-
rine environments, microplastics can moreover carry
fouling organisms like diatoms, invertebrates and bacte-
ria, creating a new pelagic habitat for these species
(Reisser et al., 2014). Rafting dispersal, involving or-
ganisms associated with floating objects of either natu-
ral or anthropogenic origin, is particularly relevant in a
climate change scenario, where significant changes in
species distribution limits are expected (Astudillo et al.,
2009; Bravo et al., 2011; Farrapeira, 2011; Thiel et al.,
2011).

Despite the mounting evidence pointing at the negative
consequences of aquatic and coastal plastic pollution,
this pressing issue has not been analysed in the main
scientific literature for our study area. In turn, and look-
ing forward to manage anthropogenic marine debris,
key information is lacking in order to contribute from
science to decision making. In this vein, the objectives
of this paper are to review, synthesize and summarize
available data on sources, impacts in biodiversity and
policy issues on plastic debris in Uruguayan aquatic
systems.

2. Material and methods

2.1. Plastic debris in Uruguayan aquatic systems: an
overview

With the aim of fostering an integrated and multidisci-
plinary approach to this issue in Uruguay, an overview
of existing information has been performed. To this
end, different research groups, currently working on
different aspects of plastic debris, were summoned dur-
ing 2014 (1* Workshop, and 1* Symposium on plastic
debris in Uruguayan aquatic systems), reviewing and
compiling their main results and investigations.

Given that this field of research is still incipient in Uru-
guay, with only a few refereed scientific papers pub-
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lished to date, unpublished observations and prelimi-
nary results of ongoing research were also included in
this review. Although we are confident that several of
these preliminary results will be published shortly, we
are aware of the significant importance of peer review
processes for their scientific validation. However, con-
sidering the importance of the problem addressed and
the main objective of this review, we consider that the
value of such observations and preliminary results jus-
tify their inclusion.

In the next section main sources and pathways of plastic
debris into Uruguayan aquatic environments were ana-
lyzed. The two main origins (i.e. land and ocean) have
been assessed and results are presented in three main
categories: Urban waste, addressing waste management
and landfills; Waterways and specially the Rio de la
Plata Estuary; and Marine traffic in Uruguayan waters
based on satellite Automatic Identification System
(AIS, Maltenoz Limited). In the second section the
main ongoing assessments of plastic debris in Uruguay
are described, covering Coastal debris focused on
beaches, and Benthic marine and estuarine debris cov-
ering the Rio de la Plata Estuary, and the inner
(depth<50m) and outer (depth>50m) Uruguayan conti-
nental shelf. The third section refers to interactions
between plastics debris and aquatic biota, while the last
section, Policy, address international and regional
agreements on marine pollution prevention, as well as
Uruguayan laws and regulations on plastic manage-
ment.

3.1. Sources and pathways
a) Urban waste

The capital city of Uruguay, Montevideo, and its Met-
ropolitan Area has an estimated population of 2 million
people, which represents more than 60% of the Uru-
guayan population. According to the Solid Waste Mas-
ter Plan of Montevideo and its Metropolitan Area
(SWMPM), urban waste generation fluctuates between
0.38 and 0.62 kg/person/day (FICHTNER-LKSUR-
Asociados, 2004). In 2003, the formal system collected
850 tons/day of waste, while the informal sector was
responsible for 696 tons/day. The 57% of the latter is
primarily marketed for recycling and sold in neighbour-
hood markets, while organic materials are used for pork
food or delivered to the Municipal treatment plant of
organic wastes. Of the 43% remaining, 30% is finally
disposed in landfills but the remaining 13% has an un-
known final destination (FICHTNER-LKSUR-Asocia-
dos, 2004).

Plastic materials were the second most important ele-
ment (14%) of urban waste in Montevideo and its Met-
ropolitan Area (Figure 1), covering several categories:
plastic films (10%), PET (2%), non-classified plastics
(1%), and rigid plastics (1%) (FICHTNER-LKSUR-
Asociados, 2004). However, plastics were not a very
important item within the recycling market, reaching
only the 6.2% (8,334 tons and 11,000 tons in 2003 and
2004, respectively) of the total recyclable materials
(FICHTNER-LKSUR-Asociados, 2004).
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Figure 1 - Distribution of waste items in Montevideo and the metropolitan area according to

FICHTNER-LKSUR-Asociados (2004).

Figura 1 - Distribuicdo de itens dos residuos em Montevidéu e na regido metropolitana de
acordo com FICHTNER-LKSUR-Asociados (2004).
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b) Waterways

The SWMPM also highlights another dimension to be
considered in Uruguayan waste management processes:
the short distance between landfills and waterways.
River runoff has been identified as one of the main
pathways for the entrance of anthropogenic litter from
land-based sources into coastal beaches and marine
environments (Derraik, 2002; Moore et al., 2011; Rech
et al., 2014). This litter (abundance and composition) is
mainly determined by land uses and social and eco-
nomic activities in the basin, including transit of boats
and ships, urban and rural run-off, effluents from sew-
age plants, and dumping at riversides (Lechner et al.,
2014; Rech et al., 2014 and references therein).

In Uruguay, the arrival of litter in local waterways
seems to occur throughout the waste management proc-
ess, but especially in the final disposal of waste (e.g.
open sky dumpsters or landfills). There, both the infor-
mal sector and neighbours spill debris in the waterways
or along the coasts. Similarly, the growing presence of
unregulated landfills near creeks and streams increases
the possibility of plastic waste entering to waterways
considerably (Figure 2a and 2b). Therefore, landfills
would be a source of plastic materials to aquatic ecosys-
tems, reinforced by the insufficient sweeping of cities,
and the reduced awareness of the majority of the popu-
lation that contributes to this contamination. This is in
line with the general pattern, where plastics are the
most important item in riverside litter (e.g., Moore et
al.,2011; Lechner et al., 2014; Rech et al., 2014).

The analysis of the mean distance (in meters) to the
nearest river or stream for 23 Uruguayan open sky
dumps showed that two of them were placed on water-
ways or were discharging their leakages directly into a
waterway, while another 13 were placed less than 300m
from the nearest stream (Figure 2¢). These results could
be suggesting that the Uruguay River and Rio de la
Plata Estuary would be directly affected by plastic con-
tamination originated in landfills. Furthermore, the
coastal area that includes these basins is the most popu-
lated area in Uruguay (i.e., 1.7 million people). Provid-
ing several ecosystem services, and holding different
productive and industrial sectors, this coastal area is of
utmost social, environmental, and economic relevance
(e.g. tourism, fisheries).

However, from the point of view of regional manage-
ment, this ‘local’ plastic contamination could seems
‘insignificant’ considering that the Rio de la Plata
drains the second largest basin in South America. None-
theless, this fact cannot be used as an excuse justifying
failure in waste management or passivity against this
serious problem, but to increase regional (and inter-
national) collaborations regarding management of
plastic debris. With more than 3,000,000 kmz, this basin
is (Teuten et al.,, 2007; Farrell & Nelson, 2012;

Foekema et al., 2013 about one fourth of the continent's
surface (e.g., Framifian & Brown, 1996; Guerrero et al.,
1997), including areas of southeastern Bolivia, southern
and central Brazil, the entire nation of Paraguay, most
of Uruguay, and northern Argentina. The main rivers of
the La Plata basin are the Parana, one of the longest in
the world, and its main tributary, the Paraguay River,
and the Uruguay River (Mianzan et al., 2001). Although
Uruguayan coastal and riverside population does not
exceed 3 million persons, only Buenos Aires Province
(Argentina) is home for 15.6 million people (2010).
Moreover, the Rio de la Plata Estuary is also the
maritime access to the ‘Hidrovia’, a highly complex
fluvial system that communicates to the Amazon Basin,
and represents a key waterway for the flow of goods
and commodities between the major port cities of the
region. Thus, within this hydrographic setting, Uru-
guayan (and Buenos Aires Province) aquatic envi-
ronments, and in particular the Rio de la Plata Estuary,
could be considered as a sink area receiving nearly one
fourth of the South American continental runoff.

This setting could be even worse if we consider that
according to Acha et al. (2003), the Rio de la Plata is
characterized by a bottom salinity front that acts as a
barrier accumulating debris. On average, the Rio de la
Plata discharges about 23,000 m*/s of freshwater and
supply of 80x10°t/year of sediment into the western
South Atlantic (Giberto et al., 2004; Piola et al., 2008).
The Rio de la Plata estuary is a two-layer system with a
semi-permanent salt wedge and freshwater flows sea-
wards over the surface (Burone et al., 2013). This salt
wedge intrusion creates a well-stratified section charac-
terized by two salinity fronts: the bottom salinity front
in the innermost part of the bottom salt wedge, and the
surface salinity front in the transition between the turbid
river and the less turbid marine waters.

Near the former, and generated by the opposing river
discharge, incoming tide, and wave and tidal current re-
suspension processes, a maximum turbidity zone
(MTZ) can be found. This MTZ is characterized by a
high suspended matter concentration and a large portion
of the transported solids can flocculate here (Framifian
& Brown, 1996; Framifian et al., 2008; Burone et al.,
2013). These estuarine processes may cause an increase
of floating and sank debris in this area.

But these ‘sink conditions’ in the region can even be
reinforced by oceanic processes occurring at large spa-
tial scales in the Uruguayan Shelf. The South-western
Atlantic Margin (SAM, Atlantic Ocean) is recognized
as one of the most productive regions in the world, and
this is mainly due to the Brazil-Malvinas Confluence
(BMC), resulting from the convergence of the
Southward-flowing Brazil Current (BC) and the
northward flowing Malvinas Current (MC) (Ortega &
Martinez, 2007; Schmid & Garzoli, 2009). This large-
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Figure 2 - (a) Chacarita River (34°49'59.83"S, 56°5'23.27"W) and (b) Colorado River (34°41'32.42"S, 54°14'16.51"W) show-
ing how landfills near streams increases the possibility that plastic wastes arrive to waterways (courtesy of Mello, L. and
Grifero, L. & Teixeira de Mello, F., resp.); (¢) Map showing the spatial location of urban open dumps of the major cities in
Uruguay, its distance to the closest waterway (colored circles), and the population of the different Municipalities.

Figura 2 - (a) Rio Chacarita (34°49'59.83"S, 56°5'23.27"W) e (b) Rio Colorado (34°41'32.42"S, 54°14'16.51"W) mostrando
como aterros perto de corregos aumentam a possibilidade de que os residuos de plastico chegam as vias navegaveis (cor-
tesia de Mello, L. e Grifero, L. & Teixeira de Mello, F., resp.); (c) Mapa mostrando a localizagdo espacial dos lixdes ur-
banos das principais cidades do Uruguai, a sua distdncia para a via navegavel mais proximo (circulos coloridos), e a po-
pulagdo dos diferentes municipios.
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scale oceanographic process presumably traps floating
items and may enhance sedimentation rates (e.g.,
Franco-Fraguas ef al. 2014).

¢) Marine traffic

Globally, ship-generated debris constitutes a major
portion of garbage, mainly in remote coasts and marine
seafloor (CSW, 1995; Mann, 2006). This includes de-
bris from cargo, passenger, commercial fishing, naval,
research and recreational (sailboats and yachts) vessels,
and also offshore oil and gas platforms. Regarding solid
waste, vessels operating at sea produce different types
of garbage that can be classified into domestic, which
includes food, food packaging and other wastes related
to crew activities (e.g. cigarettes, personal care items)
and operational waste, related to the specific purpose or
activity of the vessel (e.g., packaging, fishing gears,
dispensable research instruments).

As has been mentioned above, the Rio de la Plata
Estuary constitutes the maritime access to the highly
complex fluvial system named ‘Hidrovia’ that commu-
nicates with the Amazon Basin and hosts the Port of
Montevideo. Located in the middle of a bi-oceanic
Atlantic-Pacific corridor, the Port of Montevideo is one
of the main centres of cargo movement in the MER-
COSUR and South America (ca. 200M inhabitants)
(ANP, 2014). In this vein, as a proxy of possible ocean-
based debris sources in Uruguayan waters, the number
of vessels occurring in Uruguayan waters has been
-58

-57 -56

-55

estimated and mapped, based on marine traffic records
from the satellite Automatic Identification System (AIS,
provided by Marine traffic Maltenoz Ltd). Daily posi-
tions of each vessel which operated in Uruguayan
waters were considered to generate a density map based
on the accumulated presences (sum of daily occur-
rences) in a one-year period (July 2012-June 2013) for
grids of 1.0 nm side (Figure 3).

In order to sketch the composition of marine traffic in
Uruguayan waters, information on vessel’s type/
/category from AIS database was examined, and mis-
sing or doubtful information was checked and com-
pleted using the Maritime Mobile Service Identity
(MMSI) number of each ship as a reference. Addi-
tionally, statistics on vessel arrivals to the ports of Mon-
tevideo and Nueva Palmira from 2009 to 2014 were
analyzed from available data of the National Agency of
Ports (ANP) website (ANP, 2014).

Based on AIS data for the period June 2012-July 2013,
4,756 different ships were recorded operating in Uru-
guayan waters, with a monthly average of 1,157 ships.
Regions of high intensity of traffic were mainly associ-
ated to the port and ‘Hidrovia’ access, services and
power connection areas, as well as fishing grounds
(Figure 3). Vessels operating in Uruguayan waters in
this period were mostly cargo vessels (77%, e.g., con-
tainer, bulkers, tankers, and other transporters), Indus-
trial fishing vessels (8%), port service ships (6%, e.g.,
pilots, tugs, port tenders and other small ships), and
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Figure 3 - Density map of vessel occurrences in Uruguayan waters represented as the accumulated
daily presences of ships from June 2012 to July 2013 per cell (1.0nm side).

Figura 3 - Mapa de densidade das ocorréncias de navios em dguas uruguaias, representadas como
as presengas didarias acumuladas de navios a partir de junho de 2012 a julho de 2013 por célula

(1,0 nM per lado).

383



Lozoya et al. (2015)

Table 1 - Categories of vessels operating in Uruguayan wa-
ters for a year-round period (July 2012 to June 2013) ob-
tained from satellite Automatic Identification System
(AIS).

Tabela 1 — Categorias de navios operando em dguas uru-
guaias ao longo de um ano (Julho de 2012 a Julho de
2013). Dados obtidos pelo sistema satelitario de identifi-
cagdo automatica (AIS).

Categories of ships Number %

Cargo vessels 3,649 76.7
Commercial fishing 389 8.2
Port service (Pilot, port tender and tug 274 58
vessels)

Passenger 114 2.4
Recreational boating 105 2.2
Uruguayan army and coast guard 75 1.6
Undetermined 60 1.3

Research and other offshore vessels 35 0.7
Dredger 30 0.6
Offshore oil and gas operations 25 0.5

TOTAL 4,756 100

passenger ships (2%, e.g., high speed ferries and
cruises) (Table 1).

In the period 2009-2013 there were in average 4,600
annual arrivals to the Port of Montevideo with an an-
nual mean of 55Mgross register tonnage (GRT, ANP,
2014). For this period, arrivals included industrial fish-
ing vessels (40%), container vessels (19%) and passen-
ger ferries (15%). In terms of GRT the 60% was com-
posed of container ships and 11% by cruises. The ca.
750 artisanal fishing boats operating in the Uruguayan
coast of the Rio de la Plata and the Atlantic Ocean
(Puig et al. 2010) should also be considered. Although
having a smaller size than the industrial fleet, artisanal
fisheries might also be an important source of plastics
debris especially in the coastal zone.

The international shipping regulation (MARPOL Annex
V) prohibits the dumping of plastics in the sea by all
types of ships, regulates the disposal of other garbage
(food, domestic and operational wastes) and requires
ports to provide garbage reception facilities for them
(see International agreements on marine pollution
prevention in the next section). Actually, waste is
removed from the port by private companies, and
transported to the municipal landfill of Montevideo.
Currently lacking, accurate estimates of the amount of
garbage produced in the sea, the proportion discarded at
sea, incinerated onboard as well as landed for final
disposal, are necessary for the development of waste
management plans and actions by municipal and port
authorities. These are of utmost importance taking into
account that the port of Montevideo is developing a
regional logistics strategic project that will strengthen
its position as a regional hub port (Uruguay XXI -
Sector Logistico, 2013).

3.2. Assessments of plastics debris in Uruguay
a) Coastal debris

The Ocean Conservancy’s International Coastal
Cleanup Day is carried out in almost 100 countries all
over the world. In its reports, 43 items are listed in five
debris-producing activities (i.e., Shoreline & Recrea-
tional, Ocean/Waterway, Smoking-related, Dumping,
and Medical/Personal hygiene), according to the behav-
ior associated with the production of debris. In Uru-
guay, Shoreline & Recreational activities account for
74% of the total items collected, while Ocean/
/Waterway account for the 7%.

In this line, most of plastic debris in Uruguayan urban
coastal environments (i.e. those sampled in the Coastal
Cleanup Day), are likely coming from autochthonous
sources. By quantitative comparative purposes, data
from the Ocean Conservancy’s Coastal Cleanup Day
2011 were used to generate a Standardized Ocean Trash
Index (SOTI). In order to account for country-level
biases, area and volunteer effort were included in a
single index. Thus, the SOTI results represented in Fig-
ure 4 show the total weight of debris (in pounds) col-
lected per coastal mile, per volunteer, per day.

According to the results, Uruguay seems not to be
among the countries most affected by the presence of
coastal debris. However, these results are just for cer-
tain locations, on a certain day, and without considering
e.g. the frequencies of beach cleaning activities which
are yearly (or even daily) performed. Thus, even when
the Coastal Cleanup Day is important to raise aware-
ness about waste and plastic debris in aquatic and
coastal systems, these estimates may not be a meaning-
ful proxy of the amount of debris at a country level
basis. It seems therefore crucial to supplement these
results with scientific studies that quantify plastic and
other debris on beaches, consider official data of me-
chanical cleaning in major urban beaches, or adopt a
watershed-based approach including rivers arriving to
the coastal areas.

In this regard, results from a project currently con-
ducted on beaches of Punta del Este (Maldonado, Uru-
guay) suggest that in agreement with other studies (e.g.
Martins & Sobral 2011; Portz et al., 2011; Jayasiri et al.
2013), the smaller fraction plastics debris (i.e. micro-
plastic <5 mm) are widely represented at beaches (We-
instein et al., 2014a; b). Besides evaluating the dis-
tribution, type and volume of microplastics, this project
will address for the first time the link between persistent
organic pollutants (POPs) and the plastic particles in
Uruguayan beaches (Weinstein et al., 2014a; b). This
connection has not been addressed in the context of
waste management in Uruguay, but has already been
highlighted internationally (e.g. Frias et al. 2010; Hirai
et al. 2011; Heskett et al. 2012; Antunes et al. 2013).
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Figure 4 - Histogram showing the global Standardized Ocean Trash Index (SOTI), based on information collected by volun-
teers during the Ocean Cleanup Day 2011. The arrow indicates were Uruguay ranks in relation to other countries. See text
for details. Data available from http://www.oceanconservancy.org

Figura 4 - Histograma mostrando o Indice Global Padronizado Oceano Trash (SOTI), com base em informagées coletadas
por voluntadrios durante o Cleanup Day Oceano 2011. A seta indica o lugar que ocupa Uruguai em relagdo a outros pai-
ses. Veja o texto para mais detalhes. Dados disponiveis a partir de http://www.oceanconservancy.org

b) Benthic debris characterization and quantifi-
cation

In order to quantify and characterize benthic marine
debris in the Atlantic Ocean and Rio de la Plata Estu-
ary, the National Direction of Aquatic Resources (DI-
NARA) has been recording marine debris collected by
bottom trawl during fisheries assessment surveys since
1999 (Gonzélez et al., 2014). During these surveys,
trawled marine debris of large and very large sizes (i.e.
>10cm) were recorded and classified by material and
usage, while associated organisms were also recorded.
Earlier data (1999 to 2012) recorded mainly the con-
spicuous objects, while from 2012 to date a systematic
observations of debris were performed, including also
small pieces.

Overall, 430 objects have been collected in the 474
trawls performed during 11 surveys (5 in the inner and
6 in the outer continental shelf, i.e., in depth >50m)
conducted from 1999 to 2013. Results have shown
plastics as the most abundant debris on the seafloor,
representing the 83% of benthic debris in the whole

area, with a minor proportion of glass, manufactured
wood, textile, rubber and others. Regarding debris clas-
sified by its usage, proportions were dependent on the
zone (inner or outer continental shelf) with a higher
proportion of packaging objects (containers, plastic

bags, bottles, etc.) in the inner zone (72%) than in the
outer one (34%), where objects associated to fishing
activities were dominant (47%). This is in agreement
with previous regional studies, where the main items
found in riverside and estuarine bottoms were plastic
bags (55% of total items), assorted plastics (22%) and
cans (5%) (e.g., Acha et al. 2003). The presence of
debris associated with marine traffic suggests the inef-
fectiveness or low enforcement of international regula-
tions in Uruguayan waters (e.g., MARPOL). Continu-
ous monitoring of benthic items and its sources is criti-
cal in order to assess and improve the enforcement of
these regulations.

¢) Interactions among plastic debris and aquatic
biota

Although studies covering plastic pollution are quite
recent in Uruguay, there is information available on
impacts on the marine biota, and ongoing research on
this topic. First known reports of anthropogenic resi-
duals in the digestive tract of aquatic animals for the
region were made in 2001 (Calvo et al. 2003; Rios &
Feijod, 2007). These authors found that, during 1999-
2001 and 2005-2006, 11.5% of 26 stranded juvenile
green turtles (Chelonia mydas) had debris in their
digestive tracks. It was not until a couple of years later
that Murman et al. (2011) and Vélez-Rubio et al,
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(2013) found that green turtles could be impacted more
than expected by plastic pollution. Plastic debris, were
found in more than 70% of the analyzed individuals and
ingestion of solid waste items was the main cause of
death of stranded specimens, even exceeding deaths
caused by interaction with fisheries (Alonso & Vélez-
Rubio, 2011; Vélez-Rubio et al., 2013). Furthermore,
juvenile individuals (i.e. carapace length < than 35cm)
were the most affected by this interaction (Murman et
al., 2011; Vélez-Rubio et al., 2013). The same pattern
was also observed regionally in juvenile green turtles in
Argentina (Gonzalez-Carman et al., 2014) and in the
Rio de la Plata Dolphin (Pontoporia blainvilei)
(Denuncio et al., 2011) in Argentina. These authors
conclude that this phenomenon is due to the great
availability of debris in the Rio de la Plata estuary,
especially in the turbidity front area. Moreover, the
younger the individual the lower its capacity to
distinguish between plastics and real food (Denuncio ef
al., 2011; Gonzalez-Carman et al., 2014).

Recently, the analysis of 806 pellets of a Kelp Gull
(Larus dominicanus) colony located on Isla de las
Gaviotas (on the coast of the Rio de la Plata) between
2011 and 2013, showed that inorganic matter was the
third most important item in percentage of frequency of
occurrence. Moreover, plastic debris represented the
60.2% of the total weight of this inorganic matter. In
addition, the latter were the third most important item in
percentage of frequency of occurrence (Burgues et al.
2014). But coastal seabirds are not the only group af-
fected by plastics ingestion. A recent conventional diet
analysis from 128 Diomedea and Thalassarche alba-
trosses incidentally caught in fisheries operating in
Uruguayan (mainly in the shelf break and deep waters)
and adjacent waters of the South-western Atlantic
Ocean showed that 16.4% of the digestive tracts had
marine debris (Jiménez et al. 2014). The most common
type was plastic fragments, but some fisheries-related
items were also recorded.

Although there are no published studies for Uruguay
reporting plastic ingestion on marine fishes, plastic
ingestion has been recently addressed on a community
of freshwater fishes. A study on the fish food web in
Barra Falsa Stream, a watercourse that flows into the
outer Rio de la Plata (Maldonado-Uruguay) revealed
the presence of microplastics in the digestive tracts of
eight species (Machin et al. 2014). Detritivore and
omnivore species were the ones who showed the
highest numbers of plastic debris. The presence of
plastic debris in the digestive tracts was significantly

greater in fishes collected during winter than in those
collected in summer, probably due to changes in food
availability. This is the first record of plastic debris in
the diet of freshwater fishes in Uruguay.

Anthropogenic debris, from both land and marine-based
sources, also constitute abundant, persistent and highly
buoyant substrata attractive for varied biota (Thiel &
Gutow, 2005a; Murray, 2009). This biota includes both
facultative (i.e. inhabitants of benthic substrata in the
coastal zone that can colonize floating objects) and
obligate rafting species (i.e., only present on floating
objects and sometimes on megafauna) (Thiel & Gutow,
2005; Scarabino et al., 2014). Published data of biota
associated with floating substrates is scarce for Uru-
guayan waters although their presence in the Uruguayan
coast, notably on anthropogenic debris, is a very com-
mon phenomenon. Anthropogenic debris colonized by
this fauna is likely related to subtropical waters, both
because of the fauna involved is typical of these waters,
as well as it usually matches the occurrence of blue
plankton stranded in the Uruguayan coast (i.e., austral
summer, during maximum influence of Subtropical
waters in the area). Among obligate rafting taxa re-
corded, the following are highlighted for their abun-
dance and/or singularity: Lepas, Planes (Crustacea Cir-
ripedia and Decapoda), Fiona, Litiopa (Gastropoda)
and Amphinome (Polychaeta). Moreover, there is a re-
current presence of facultative species of Caprella
(Amphipoda), Obelia (Hydrozoa), Conopeum (Bryo-
zoa), Amphibalanus, Megabalanus (Cirripedia) and
Stylocheilus (Gastropoda) (Scarabino et al., 2014). For
Hydrozoa, the only taxonomic group analysed in detail,
three species of hydrozoan polyps were reported
(mostly represented by Obelia dichotoma) associated
with anthropogenic floating objects (mainly plastics)
stranded on the east coast of Uruguay (Leoni, 2014).
These are within their reported distributional range
(Genzano, 1994, Genzano et al., 2009, Miranda et al.,
2011) and occur also on natural hard substrata in the
study area (Milstein, 1976; Leoni, 2014). Two byssate
bivalves, Pinctada imbricata and Isognomon bicolor,
have been found in several occasions associated to
floating debris in the Uruguayan coast (i.e., ca. 34° S)
(Breves et al., 2014; Marques & Breves, 2014). Both
species live otherwise attached to natural substrata on
rocky shores in the north of Santa Catarina, Brazil
(28°S), being I. bicolor an invasive species along the
Brazilian coast. None of these species have been found
on rocky shores of Uruguay, thus underlining the im-
portance of rafting as a potential dispersion mechanism
for invasive species.

The manifold increase of floating debris in the marine
environment in the last decades could expand the range
of distribution of many marine species (Thiel & Haye,
2006) or enhance the dispersal of exotic species, with
negative effects on native marine biodiversity (Derraik,
2002; Barnes & Fraser, 2003; Bax et al., 2003; Barnes
& Milner, 2005; Murray, 2009). We thus stress the
importance of conducting detailed taxonomic and
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faunistic studies and quantitative analysis of this fauna
and its temporal dynamics in order to elucidate the
origin and dispersal of floating debris on the coast.

Regarding the colonization of benthic debris by inver-
tebrates, isolated observations in the inner and outer
Uruguayan shelf (including the Rio de la Plata) during
1997-2007, and a systematic record between 2010 and
2013, showed contrasting patterns. Large (more than
15-20cm) and rigid debris (mainly plastic containers)
were inhabited by a diverse epibenthic assemblage in
the inner shelf, similar to that found colonizing natural
substrata. However, in the outer shelf a poor (mainly
anemones) and different assemblage from the natural
microsubstrata (mainly shells) was present on the
sunken buoys, bottles and containers found. The former
includes polychaetes (mainly the serpulid Hydroides
sp.), barnacles (Amphibalanus sp.), incrusting bryozo-
ans, bivalves, polyplacophorans, sessile gastropods (the
calyptraeids Crepidula sp. and Bostrycapulus sp.) and
even large gastropods ovipositioning (Cymatium
parthenopeum and the exotic Rapana venosa) and small
octopuses (Octopus tehuelchus) living inside the debris.
On the other hand, small (less than 15-20cm) and/or
flexible debris (i.e. nylon, ropes, fabric), were colonized
in both inner and outer shelf by fast growing organisms
benthic invertebrates or juveniles mostly mytilids, bar-
nacles (Amphibalanus sp.) or hydroids.

3.3. Policy

a) International agreements on marine pollution
prevention

On a regional scale, there are two relevant bi-national
treaties with Argentina, one concerning the Uruguay
River, which addresses the uses of the river and pollu-
tion issues, and another about the Rio de la Plata and its
Maritime Front. The latter has been incorporated as
National Law N.° 14,145 in January 25" 1974. In this
law, Article 49 requires the parties (Argentina and Uru-
guay) to prevent water pollution. In this line, the Execu-
tive Order N°100/991 (1991) "Regulations governing
use of water, coastal and port areas" (Articles 38 and
118) empowers the National Maritime Authority to
impose fines for pollution caused by garbage.

On an international scale, Uruguay is signatory of the
“International Convention for the Prevention of
Pollution from Ships (1973), as modified by the
Protocol of 1978 (MARPOL 73/78)”. Therefore several
national regulations have been adopted on this issue as
the National Law N°14,885 (April 25" 1979). In this
line, and in accordance with Regulation 9 Annex V of
this international convention, the Uruguayan Maritime
Provision N° 80 establishes the “rules to prevent
pollution by dumping waste from ships operating in
waters under national jurisdiction”. Plastic is
recognized as a distinct garbage type, and deliberate

dumping is banned in all aquatic environments,
including inland water bodies. Therefore, each
discharge operation or completed incineration must be
registered, including discharges at sea, at reception
facilities, or in other ships. If any accidental or
exceptional garbage discharge occurs, the accident
time, position (or port) of the ship, the estimated
amount and category of garbage, and circumstances of
disposal, escape or loss must be reported.

In addition, in 1982 Uruguay signed the United Nations
Convention on the Law of the Sea (UNCLOS) that sets
the legal framework within which all activities in the
oceans and seas must be carried out. In this sense, Uru-
guay incorporated this UN Convention with the national
Law N°16,287 (July 29th 1992), and the national Law
N°16,688 (26/X11/94) that includes a "Prevention and
Surveillance Scheme to possible contamination of the
waters of national jurisdiction", which in its Articles 2
and 3 clearly defines the responsibilities for protection
of aquatic environment.

b) National legislation on plastic management

The Uruguayan law recognizes that the main problem
of plastics is management (i.e., collection, final dis-
posal, recycling), and the economic costs associated
with it. The costs of this management are transferred
from producers and consumers to the society as a
whole. In Uruguay, local governments are responsible
for waste collection and final deposition. Thus, when
waste amount increases their expenses increase as well,
leading us to what classical economy identifies as nega-
tive externalities of a productive activity (Pigou, 1920).
How and who should bear these costs is an issue that
has generated different analyses, although there is still
no scientific consensus on the topic.

The Uruguayan regulatory framework on plastic dis-
posal was inspired on European Directives, and espe-
cially on the Spanish Packaging Act (i.e., European
Parliament and Council Directive 94/62/EC on packag-
ing and packaging waste) (Parliament of Uruguay Act,
2004). Here, plastic is not considered a domestic (or
consume) waste but an industrial debris. Hence, manu-
facturers are not only responsible for the waste gener-
ated by the industrial activity, but also of debris gener-
ated by manufactured and sold products (i.e., Extended
Producer Responsibility).

In this context, Law N° 17,849 (29/11/2004) declares in
the public interest the protection of the environment
against damages arising from plastic waste manage-
ment, enabling the limitation of individual rights as the
environment is protected by the Constitution. Thus, the
principles of the Uruguayan environmental policy
framework set forth in the Environmental Protection
Act (N°17 283) expressly incorporate prevention and
forethought, gradual and progressive inclusion, social
participation  from  various  sectors, adequate
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environmental information, and international insight.
This law involves post-consumption regulations, but
also restricts their use. The Ministry of Housing, Spatial
Planning and Environment (MVOTMA) is empowered
to adopt measures to select the most appropriate
packaging types with the least environment impact and
thus prevent waste generation, "...promoting the reuse,
recycling and other forms of recovering packaging
waste, in order to avoid or reduce their disposal,
especially as part of the common or domestic solid
waste" (Article 1).

The Ministry of Housing, Spatial Planning and Envi-
ronment (MVOTMA), National Customs (Ministry of
Economy and Finances) and Local Governments are
responsible of both enforcement and control of this law.
The standard refers to packaging and packaging waste
placed on the market and generated in Uruguay, includ-
ing imported plastic. MVOTMA will establish terms
and conditions for the implementation of the mandates
of the law. Not all containers have the same environ-
mental consequences, the same urgency, or the same
treatment priority. Hence, the law provides room for
future = management development, empowering
MVOTMA to refine the law (e.g., by product type,
packaging or region) establishing adjustment periods,
adequacy and effectiveness. However, packaging and
waste that are exclusive of industrial, commercial or
agricultural activities are subject to specific regulations
(Decree N° 152/2013 and 182/2013).

The law considers several stakeholders, with obliga-
tions for consumers, manufacturers and packers,
including packaging importers. On the other hand, with
fewer responsibilities, sellers and transporters of
plastic-packaged goods are also included. Thus the law
seeks to involve all actors, activities or actions related
to plastic, in order to assign responsibilities in a more
equitable way and improve efficiency in implementa-
tion. In this line, is necessary to be registered at the
MVOTMA to sell and purchase plastics products and/or
raw material for its manufacture. This seeks to identify
the manufacturing chain of packaging for all economic
stakeholders, as well as to gain knowledge about final
users via manufacturer's sales information. In addition,
manufacturers, importers and packers registered will be
responsible to implement a management plan to ensure
the proper disposal of plastics once put on the market.
Those who were not registered, nor have an approved
management plan complying with objectives estab-
lished in regulations (i.e. reduce generation of contain-
ers, re-use, recycle) will not be able to commercialize
their products in the market. To guarantee this, Articles
10 and 11 of Law N° 17,849 established controls and
sanctions  prohibiting import, manufacture and
marketing of plastics, as well as severe fines if these
obligations were not met.

4. Conclusions and perspectives

Here we show that, despite the limited social aware-
ness, Uruguay is not an exception to the global envi-
ronmental issues associated with plastic debris in
aquatic systems. This review highlights urban wastes
(e.g., open sky landfills) as the main source from land
of plastic debris, and the urgent need to improve its
management. Montevideo and its Metropolitan Area are
the main source in Uruguay, with plastics being the
second most important type of residue (i.e., 14%).
While waste management is a key aspect on plastic
debris destiny, both the reduced distance between land-
fills and waterways, and the open dumps seems critical
for Uruguayan waste management processes. Landfills
are a constant source of plastic materials to aquatic
ecosystems. Industry is also an important waste genera-
tor. In some cases, plastic production is not significant
and is recycled and reused (e.g., tanneries, wool wash-
ers, paint factories, telecommunications, agrochemical
industry) (FICHTNER-LKSUR-Asociados, 2004).
However, in some cases, plastic waste is not processed
and disposed properly, releasing highly toxic chemical
waste or becoming a source of contamination of water-
ways (e.g., transported via streams and rivers), and the
Rio de la Plata Estuary. This debris arrives to the ocean,
increasing its dispersion, and thus their impacts on bio-
diversity.

Furthermore, plastics also come from the ocean. Mari-
time traffic in Uruguayan waters has increased in the
last years, and it is known that vessels generate much of
the debris found in remote coasts and the seabed. In the
last year the Uruguayan maritime zone received almost
1,160 ships per month, and this should be of concern.
Continuous monitoring programmes of benthic litter
and its sources are critical in order to assess the effec-
tiveness of the international regulations. Also, accurate
estimates of the amount of garbage produced by those
ships are necessary for the development and improve-
ment of waste management plans of municipalities and
port authorities. Thus, although Uruguay has an updated
and modern legislation on plastics, it remains necessary
to avoid oversight and enforce proper waste manage-
ment. Education and awareness of final users, whose
importance should not be neglected, should also be
prioritized, as well.

Watersheds and coastal areas should be managed as a
whole. But besides this ‘spatial integration’, plastic
waste problems should be also treated in an interdis-
ciplinary and integrated framework, calling civil
society, private companies, NGOs, decision makers
(local and national) and academia. While, as has been
showed, there are currently several projects under de-
velopment in the country, collaboration and coordina-
tion between these is essential and should be
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encouraged. Information, dissemination and research on
plastic debris and its consequences on the environment
must be urgently addressed.

In Uruguay, institutional public awareness efforts in
coastal areas are mainly headed by the EcoPlata Pro-
gram. This program is now incorporated in the Envi-
ronmental National Agency (DINAMA-MVOTMA),
and joined the International Coastal Cleanup Day since
2009 as the national coordinator. This international
event is organized by Ocean Conservancy since 1986,
and is currently developed in more than 150 countries.
This activity focuses on community engagement, with
hundreds of thousands of volunteers worldwide spend-
ing a day collecting garbage in their local beaches. Vol-
unteers register the type and amount of residues found
and thus generate information that is systematized and
shared globally.

However, this information and dissemination efforts
should be complemented and based on ‘ad hoc’ scien-
tific knowledge. Although studies on plastic pollution
are quite recent in Uruguay, there is some information
available on its impacts on the marine biota. Even if this
subject is not fully considered by ecologists as a prior-
ity research (Ivar do Sul & Costa, 2007) and most bi-
ologists involved used to be focused on charismatic
species (e.g. birds, sea mammals, sea turtles), this trend
is changing in the last years. Research assessing effects
of plastic wastes in the ecology of ecosystems provide
key information that may be critical for management
and mitigation of their effects. Therefore, scientific
research on this topic should be promoted, since the
generated knowledge is of great importance for the
(near) future when inevitably this risk will be addressed
in Uruguay. It is particularly important to consider inte-
grated and interdisciplinary approaches, looking at the
big picture and the several dimensions of the problem,
even if the most paradigmatic are related to environ-
mental or marine and coastal management.

Probably the main problem of plastics debris is that the
costs of its management are transferred from producers
and consumers to society as a whole. However, al-
though the Uruguayan legislation recognizes that fact
and includes modern and internationally recognized
concepts on plastic management, the real application of
established incentive, control and enforcement capabil-
ity legally available seems very shy. In this sense, the
situation in Latin America would not be much different,
so inter-state initiatives to reduce the probability of
plastic arriving to aquatic ecosystems seems also neces-
sary.

Simply stated, the most straightforward solution to the
plastic debris problem should be minimize or stop the
input of non-degradable plastics in aquatic systems. In
this line, we stress that the global and regional hydro-
graphical setting, as well as idiosyncratic ecological,

socio-economic and cultural issues, makes Uruguay a
valuable test-site to assess: a) the relative importance of
international, regional and national-level policies in
plastic debris quantity and quality, b) the impact of
initiatives to keep track on the source, dynamics and
impacts of plastic and microplastic debris in aquatic
systems in the context of a watershed dynamics, c) the
level of public engagement with this policies, and d)
impacts on biodiversity and ecosystem goods and serv-
ices.
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