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ABSTRACT

To better understand the impacts of marine litter, this study focused on the development and application of the
Macro-Litter Risk Index-MLRI using two Amazonian beaches, rural and village beaches. This index facilitates
comparisons between different beaches, offering a detailed classification of risks and contributing to impact
assessment and mitigation through the formulation of appropriate public policies. The MLRI is based on five sub-
indices, of which two were adapted for non urban beach settings to ensure its applicability. No weighting was
assigned to the sub indices, reinforcing their equal importance in the final result. Each sub-index was rated on a
scale from 1 (Very High risk) to 5 (Very Low risk), with the MLRI value calculated as the arithmetic mean of these
ratings. On each beach, macro-litter was manually collected in four pre-defined areas, each measuring 400 m>.
These areas were located within the intertidal zone, with their upper boundary set at the high tide line. The items
were quantified and characterized according to marine litter survey and monitoring protocols. According to the
MLRYI, the rural beach was classified as Low risk (score 4) due to its low level of impact, while the village beach
was classified as Moderate risk (score 3), indicating moderate environmental, public health, and economic im-
pacts. The results highlight the vulnerability of each beach according to the sub-indices and emphasize the need
for public policy implementation. Overall, this index can be applied to any non-urban beach worldwide,
providing valuable insights to support the development of public policies.

1. Introduction

processes such as natural features, nutrient cycling, and human well-
being (Campbell et al., 2016; Carvalho-Souza et al., 2018; Castro

Anthropogenic marine litter (AML) includes all solid materials dis-
carded or abandoned in the marine environment (Gall and Thompson,
2015; Portman and Brennan, 2017; Novikov et al., 2021; UNEP, 2021;
Mugilarasan et al., 2023). It includes all materials discharged directly
into the sea or indirectly transported by rivers, sewage discharges,
currents, winds, ships, offshore installations, among others (Prevenios
et al., 2018; Williams and Rangel-Buitrago, 2019; Andriolo and Gon-
calves, 2024).

The increased presence of marine litter has shown a detrimental
impact on the environment (Gracia et al., 2018; J. Campbell et al., 2019;
M.L. Campbell et al., 2019; Woods et al., 2021; Andriolo and Goncalves,
2024; Torn et al., 2024). These impacts include: (i) changes in ecological

* Corresponding author.

et al., 2020); (ii) the entanglement of animals caught in abandoned nets,
fishing lines, ropes and ribbons (Torn et al., 2024); (iii) ingestion by
marine biota (Compa et al., 2022; Budihardjo et al., 2025); and (iv) the
release of pollutants of diverse chemical compositions that can be
harmful to living organisms (Geyer et al., 2017; Adyel, 2020; Torn et al.,
2024).

Plastics account for approximately 80 % of AML (Galgani et al.,
2015; Gall and Thompson, 2015). This type of debris is a growing
concern due to its detrimental effects on marine life and the food chain
(Al-Mosawi et al., 2017; Andriolo et al., 2021; Pévoa et al., 2021, 2022;
Zalewska et al., 2021; Sokolova et al., 2023). Unfortunately, around 8 to
10 million tons of plastic enter the oceans annually, accumulating on the
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seabed, entangling marine organisms, and being ingested by species
across the food web, with an annual input projected at 13-37 million
tons per year by 2040 (Adyel, 2020; UNEP, 2021).

With respect to the impacts on biota, the presence of plastics causes
problems related to ingestion, entanglement, impaired movement, loss
of habitat and feeding, reduced reproduction, laceration, and death
(Gall and Thompson, 2015; Schnurr et al., 2018). Additionally, plastics
serve as carriers for toxic chemicals, increasing the risks to ecosystem
health and potentially human health through the bioaccumulation of
contaminants (Galloway et al., 2017; Li et al., 2020; Wang et al., 2021;
Rafa et al., 2024).

In coastal areas, sandy beaches are highly valuable environments,
supporting a range of leisure and anthropogenic activities due to the
numerous goods and services they provide (Munari et al., 2016; Rangel-
Buitrago et al., 2020; Thushari and Senevirathna, 2020; Ford et al.,
2022; Lincoln et al., 2022). Unfortunately, marine litter has been linked
to a decline in the economic growth of various beach locations (Williams
et al., 2016; Wilson and Verlis, 2017; Corraini et al., 2018; Hahladakis,
2020; Mugilarasan et al., 2021). Consequently, addressing the marine
litter issue requires the implementation of monitoring and management
programs to provide immediate solutions (Nobre et al., 2015; Simeo-
nova and Chuturkova, 2020; Lima et al., 2022; Pévoa et al., 2024).

Most studies on marine litter conducted in beach environments focus
on monitoring both quantitative and qualitative data and address the
origins of the problem (Haarr et al., 2022; Bettencourt et al., 2023). In
this context, special attention should be given to non-urban beaches, as
these environments often lack infrastructure and essential services. This
makes continuous monitoring crucial (NOAA, 2024) to support the
development of effective mitigation strategies through public policies.

In an attempt to monitor and assess the impact of marine litter,
several marine litter indexes have been widely used in coastal envi-
ronments, each with specific approaches and focuses (Ramirez-Llodra
et al., 2013; FEE, 2024). These indexes have proven to be an effective
tool, as they facilitate comparisons between different regions and bea-
ches, highlighting local and global pollution pattern variations. They
also serve as a starting point for adapting intervention strategies to the
specific characteristics of each region.

The literature highlights the existence of indexes that evaluate the
cleanliness of coastal environments in various parts of the world. The
EA/NALG 2000 protocol was developed to trace the sources of litter. The
Clean Coast Index (CCI) (Alkalay et al., 2007) and the Marine Litter
Index (Ryan et al., 2009), both of which assess pollution status solely
based on the number of litter items. The Environmental Status (ES),
unlike others, does not consider waste density and categorizes pollution
into four general groups, offering less detail (Rangel-Buitrago et al.,
2019a).

Other examples include the Plastic Abundance Index (PAI) (Rangel-
Buitrago et al., 2021a, 2021b), the Pellet Pollution Index (Fernandino
et al, 2015), and the Cigarette Butt Pollution Index (CBPI)
(Torkashvand et al., 2021), which analyze only the quantities of plastics,
pellets, and cigarette butts, respectively. The Hazardous Items Index
(Rangel-Buitrago et al., 2019¢) quantifies solely sharp and cutting items.
Most limitations of these indexes lie in their specific application to only
one type of litter, highlighting the need to adapt protocols to the “litter
fingerprint” of each region (Kiihn et al., 2015; Falk-Andersson, 2021;
Heravi et al., 2024). While these indexes fulfill the purposes for which
they were created, they also have limitations, particularly in terms of
scope.

Based on this, this study emphasizes the importance of considering
the specific characteristics of non-urban beaches. Therefore, it focuses
on the development and application of an index—the Macro-Litter Risk
Index (MLRI)—which was used as a case study on two Amazonian ma-
rine beaches. The MLRI was designed specifically for non-urban bea-
ches, as some sub-indices were adapted to address the unique
characteristics of these environments. In this context, applying the MLRI
aims to understand the extent of marine pollution on non-urban
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beaches, and it can be implemented on any non-urban beach worldwide.
2. Methods
2.1. Development of the Macro-litter Risk Index (MLRI)

The Macro-Litter Risk Index (MLRI) was developed to assess envi-
ronmental and public health risks associated with litter accumulation on
non-urban recreational beaches. The adaptation of certain sub-indexes
for beach settings with less urban development is crucial to ensuring
the applicability of the MLRI to non-urban environments. The index
consists of five sub-indexes, each playing a vital role in evaluating
distinct factors that determine the presence and effects of macro-litter
(Table 1). These sub-indexes are: (i) General Cleanliness sub-index
(GCsi), which assesses the overall cleanliness of the beach by consid-
ering the visible presence of debris; (ii) Cleaning and Maintenance
Services sub-index (CMSsi), which examines the quality and frequency
of cleaning and maintenance services performed on the beach; (iii)
Debris Decomposition Time sub-index (DDTsi), which analyzes the
decomposition time of waste materials, considering their environmental
persistence; (iv) Environmental Risk sub-index (ERsi), which assesses
the risks associated with litter accumulation, including its potential
impacts on local fauna and flora; and (v) Human Health Risk sub-index
(HHRsi), which evaluates human health risks resulting from exposure to
waste and potential contaminants.

The inclusion of these sub-indexes is based on an approach that in-
tegrates various data collection methods to ensure accuracy and reli-
ability. This approach includes a literature review, which identifies
established criteria and previously studied parameters regarding beach
litter, serving as the foundation for the index's development. Simulta-
neously, a checklist was applied to standardize the observation and
classification of detected elements, ensuring consistency in data collec-
tion across different locations. To further enhance the assessment,
photographic records were used to document beach conditions, vali-
dating collected data and support analytical comparisons over time.
Additionally, researchers or volunteers directly observed field condi-
tions, enabling real-time analysis and a contextual understanding of
environmental and anthropogenic factors influencing macro-litter
accumulation.

These data collection methods provide structured and reliable in-
formation, allowing each sub-index to accurately reflect beach condi-
tions and macro-litter risks. Furthermore, no weighting was assigned to
the sub-indexes, reinforcing the principle that each holds equal impor-
tance and exerts uniform influence on the final result. Each sub-index
was rated on a scale from 1 (Very high-risk level) to 5 (Very low-risk
level), as shown in Table 2. The MLRI value was calculated (Eq. (1))
using the arithmetic mean of the sub-index values. In this study, it was
classified using the same principle applied to each sub-index (Table 2).

Table 1
Composition of the Macro-litter Risk Index (MLRI) with sub-indices, respective
indicators, and data sources.

MLRI

Sub- Indicators Data sources

index

GCsi Density of items per m? Field campaign, literature

review

CMSsi Quantify the cleaning and maintenance Field campaign, checklist,
activities, both public and private photographic images

DDTsi Quantify the decomposition time of the Field campaign, literature
material or how long it remains in the review
environment

Ersi Quantify risks to the marine biota and Field campaign, literature
macro-litter abundance review

HHRsi Quantify the risks to human health Field campaign, literature

review
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Table 2
The limits, scores, and classification for the Macro-litter Risk Index - MLRI.
Index  Limits Scores  Classification Description
MLRI 1 1 Very high-risk Severe impacts on the beach, public
level health, and economic activities.
Urgent measures to minimize and
avoid new impacts.

1.1-2 2 High risk level Significant impacts on the beach,
public health, and economic
activities. Urgent measures to
minimize and avoid new impacts.

2.1-3 3 Moderate risk Moderate impacts on the beach,

level public health, and economic
activities. Public policies are
needed to avoid worsening impacts.

3.1-4 4 Low risk level Low impact. Monitoring and
control of public policies are
necessary.

4.1-5 5 Very low risk Minimal impacts. Public policies

level are being effective; however,

management control must exist.

This standardized scale ensures clear and consistent interpretation of the
results.
GCsli + CMSsi + DDTsi + ERsi + HHRsi

MLRI = 1
R 5 1

2.1.1. Sub-indexes details

2.1.1.1. General Cleanliness Sub-index (GCsi). The GCsi was based on
macro-litter density (i.e., number of items per m?). The data were ob-
tained through field collection, as detailed in Section 2.2. It was adapted
to non-urban beaches, as it was derived from a bibliographic review of
74 beaches that analyzed the density of marine litter on rural, remote,
village, and resort beaches around the world.

The scores for this sub-index were defined from the averages of the
mean and maximum density values obtained on those 74 non-urban
beaches worldwide (see, ST1). This sub-index was categorized into
five scores ranging from 1 (Very High risk) to 5 (Very Low risk), as
shown in Table 3. Score 1 was assigned to macro-litter densities
exceeding 1.93 items per m?, the highest value recorded in Table S1;
Score 2 (High risk) was the maximum limit of macro-litter densities (i.e.,
1.93 items per mz); Score 3 (Moderate risk) was the upper limit of the
mean macro-litter density values (i.e., 0.42 items per m?) found in
Table S1; Score 4 (Low risk) represents the midpoint between Score 5
and the upper limit of Score 3 (i.e., 0.21 items per m?), while Score 5 was
assigned when no macro-litter was found (i.e., zero items per m?).

2.1.1.2. Cleaning and Maintenance Services sub-index (CMSsi). The
CMSsi quantifies public or private actions that contribute to maintaining
cleanliness on beaches, particularly non-urban ones. For this study,
governmental actions (cleaning, regular and selective waste bins, waste
collection, selective collection, laws, and informational signs) and pri-
vate initiatives (voluntary cleaning carried out by owners of inns and

Table 3
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bars) related to integrated solid waste management were considered, as
well as the involvement of society and various social actors (e.g., waste
pickers and cooperatives). To document these actions or their absence,
field campaigns, checklists, and photographic records were employed.

This sub-index was proposed and applied in this study, establishing
that at least eight actions should be considered for non-urban beaches
(Table 4). For the selection of these actions, the following criteria were
considered: infrastructure (waste bins), cleaning and waste collection
services, and governmental intervention (information, laws, etc.). Ab-
sent actions were assigned a value of 1, regularly and satisfactorily
performed actions received a value of 5, and sporadically occurring
actions were given a value of 3.

Therefore, the lowest value is eight and represents the scenario when
no action is taken, while the highest value 40 when all actions are taken
regularly and satisfactorily. Table 3 shows the limits, scores, and clas-
sification. Score 1 was assigned to “No action”, Score 2 to “Minimal
actions”, Score 3 to “Actions of moderate and partial effectiveness”,
Score 4 to “Sufficient and effective actions,” and Score 5 to “Fully
effective actions™.

2.1.1.3. Debris Decomposition Time Sub-index (DDTsi). DDTsi defines
the decomposition time of marine litter, recognizing that its prolonged
presence in the environment can lead to various impacts. According to
OSPAR (2007) and Rech et al. (2014), the most common macro-litter
found on beaches consists of plastic (bottles, bags, lids, PET, poly-
styrene, etc.), aluminum (cans, plates, etc.), and glass (bottles, jars,
glasses, etc.). Additionally, coconut shells and paper materials were
considered here because they result from recreational activities of
anthropogenic origin. Other organic items (e.g., roots, leaves, algae,
propagules, etc.) are also found (Macreadie et al., 2017; Gracia et al.,
2018) but were not considered in these studies as they are of natural
origin.

To calculate the DDTsi, the percentage of each decomposition time
was multiplied by the corresponding specific weights (Table 5). The sum

Table 4
Action ranking for the Cleaning and Maintenance Services sub-index (CMSsi).
Sub- Actions Scores
index 1 3 s
CMSsi Waste collection Absent  Alternate days Daily
Selective waste Absent  Specific days Daily
collection
Selective waste bin Absent - Present
Public waste bins Absent Few Enough
Public and private beach ~ Absent  Cleaning on days with ~ Daily
cleaning a large influx of
visitors
Information boards Absent - Present
Municipal or state waste ~ Absent - Present
laws
Clean-up campaigns by Absent  Partially Present

NGOs, universities, etc.

Scores, limits, and descriptions for each sub-index of the Macro-Litter Risk Index (MLRI).

Sub Very high risk (score 1) High risk (score 2) Moderate risk (score 3) Low risk (score 4) Very low risk (score 5)

index

GCsi >1.93 (very high amount) 0.43-1.93 (high amount) 0.22-0.42 (moderate amount) 0.01-0.21 (low amount) 0 (none)

CMSsi 8 (no action) 9-16 (minimal actions) 17-24 (moderate and partial 25-32 (sufficient and effective ~ 33-40 (fully effective actions)

effectiveness actions) actions)

DDTsi 2 (very high number of debris ~ 2.1-3.0 (high number of 3.1-4.0 (moderate number of 4.1-5.0 (low number of debris ~ 5.1-6.0 (very low number of
items with long debris items with long debris items with short items with long debris items with long
decomposition time) decomposition time) decomposition time) decomposition time) decomposition time)

ERsi 1 (severe impacts) 1.1-2 (significant impacts) 2.1-3 (moderate impacts) 3.1-4 (few impacts) 4.1-5 (negligible impacts)

HHRsi 1 (unsafe - heavy presence of 1.1-2 (unsafe - a lot of 2.1-3 (moderately safe - some 3.1-4 (safe - few hazardous 4.1-5 (safe - no hazardous

hazardous items)

hazardous items)

hazardous items)

items)

items)
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Table 5

Items, decomposition time, and weights for the sub-index DDTsi.
Sub- Category of items Decomposition Weights
index times

DDTsi Cigarette butts, paper, textile, painted Months to a few 0.3
wood, coconut shells” years

Styrofoam fishing float, styrofoam kite, = Decades 0.25
plastic bags”
Cans and can seals of soft drinks or beer, Few hundred 0.2

beer cap* years

Plastic in general (strow, disposable From 400 years 0.15
diaper, food packaging, cups, plates,

disposable cutlery, pet (polyethylene

terephthalate) bottles, caps), fishing

line and rope

Glass, rubber® From 1000 years 0.1

2 Landim et al. (2016), Dobaradaran et al. (2019), and Arshad and Mujahid
(2011).

b van-Sebille et al. (2015),

¢ Santos and Yoshida (2011) and van-Sebille et al. (2015).

4 Santos and Yoshida (2011), Marsh and Buguso (2007), Thompson et al.
(2004), Ivar do Sul and Costa (2014), Santos et al. (2012), Foresti et al. (2020),
Chamas et al. (2020), and Lavers et al. (2014).

¢ Landim et al. (2016).

of these weights was classified into five categories. Weights were
assigned to the decomposition time, ranging from months (0.30) to
thousands of years (0.10), as shown in Table 5. This assignment con-
siders the persistence of these materials in the environment and their
ability to affect ecosystems over an extended period. Items made of
paper, cardboard, textiles etc., are in the same category due to their
short decomposition time (months to a few years) and are given a higher
weight (0.30), because their presence in the environment is temporary
and poses a lower risk of prolonged pollution. Items made of styrofoam,
plastic bags, etc., have a decomposition time of decades (0.25) and cans
and can seals of aluminum and beer caps have a decomposition time of a
few hundred years (0.20). These weights were assigned because waste
that remains for decades or centuries has a lasting and cumulative
environmental impact, reflecting its contribution to long-term pollution.

The limits were established by multiplying the weight by 100 % and
dividing by 5 (the number of item categories). Accordingly, the
maximum limit was set at 6, which means the highest weight (0.3) was
multiplied by 100 % and divided by 5 (the number of item categories)
for category 1 (Very low number of debris items with long decomposi-
tion time). Meanwhile, the minimum limit was set at 2, which means the
lowest weight (0.1) was multiplied by 100 % and divided by 5 (the
number of item categories) for category 5 (Very high number of debris
items with long decomposition time). The limits were then divided into
equal intervals to ensure a balanced and systematic classification, as
shown in Table 3. Eq. (2) was applied to determine the score for this sub-
index.

pTsi— [(W1X%1)+(W2x %2)+ (W3 x %3) + (W4 x %4) + (W5 x %5)
- 5
2)

where, W is the weight and % is the percentage of each category of
items within the sample. The numbers are the item categories.

Table 6
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2.1.1.4. Environmental Risk sub-index (ERsi). The Environmental Risk
sub-index (ERsi) was obtained from the average of the Macro-litter
Abundance Risk (MAR) and Marine Biota Risk (MBR) scores (Table 6).
The results can be interpreted as shown in Table 3, where the intervals
were distributed into scores (1 to 5), according to other indicators,
ranging from Very High (Severe impacts) to Very Low risks (Negligible
impacts).

2.1.1.4.1. Macro-litter Abundance Risk (MAR). Regarding the
Macro-litter Abundance Risk, the values were obtained from the PAI
(Plastic Abundance Item) and OAI (Other Abundance Item), the latter of
which is proposed for the first time in this study. The PAI was developed
by Rangel-Buitrago et al. (2021a, 2021b) and determines the abundance
of plastic items per m? relative to the total marine litter. It was calculated
using the following equation:

Z plasticlitter

PAI — (laglO Z totallitten'tems) %90 (3)
Area

where, PAI considers the existing relationship between plastics and the
log-transformed number of all marine litter items observed within the
sampled area.

The limits used in PAI were the same as those adopted by Rangel-
Buitrago et al. (2021a, 2021b), which estimated the total number of
plastics, with categorization ranging from ‘absence/very low abun-
dance’ to ‘very high abundance.” Specifically, very low abundance/
absence is 0 < PAI < 1, low abundance is 0.1 < PAI < 1, moderate
abundance is 1.1 < PAI < 4, high abundance is 4.1 < PAI < 8, and very
high abundance is PAI > 8.

It should be noted that other items (rubber, glass, metal) described in
the literature are harmful and pose risks, although they are less
frequently present. Here, it was designated as Other Abundant Item
(OAI), and the same calculation method and categorization ranges as
PAI were used to define its values from Eq. (4):

Z otherlitter

log10 Z totallirten‘tems)

OAI = rea ()]

where, OAI allows categorization in terms of the presence of litter
(except plastic).

The MAR values were obtained from the sum of the PAI score and
OAI score multiplied by their corresponding weights (Eq. (5)). As plastic
debris is considered one of the main threats to global marine biodiversity
(Soto-Navarro et al., 2021), with 80-90 % found among debris in
wildlife, a weight of 0.8 was assigned to PAI and, consequently, a weight
of 0.2 was assigned to OAL

MAR = (PAIscore*0.8) + (OAIscore*0.2) 5)

2.1.1.4.2. Marine Biota Risk (MBR). The Marine Biota Risk indicator
defines the risks of accidents of the macro-litter to the marine biota.
According to the studies by Gall and Thompson (2015), who analyzed
294 papers, two main categories of impacts on biota were identified:
entanglement (87 %) and ingestion (84 %). To attribute scores to these
two sub-indicators, five classes of categories of items were defined for
both (Table 6), according to the percentage of accidents found in the

Scores, limits, and descriptions for each indicator of the Environmental Risk sub-index (ERsi).

Sub Indicators Very high risk (score 1)  High risk (score 2) Moderate risk (score 3) Low risk (score 4) Very low risk
index (score 5)
Ersi MAR (PAI and >8 (too much debris 4.1 to 8 (a lot of debris 1.1 to 4 (moderate number of 0.1 to 1 (low number of debris 0 (no debris items)
OAI) items) items) debris items) items)
MBR (RI and RE) 2 (extremely harmful) 2.1-3.0 (high risk of 3.1-4.0 (visible hazards and 4.1-5.0 (presence minimal of 5.1-6.0 (minimal
damage) damage) danger) risk)
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studies of Gall and Thompson (2015).

Similar to DDTsi, a weight was assigned to each category of items,
with 0.10 for the highest risk of ingestion or entanglement and 0.30 for
the lowest risk of both. This weighting criterion considered, respec-
tively, the percentages of the highest and lowest frequencies of accidents
reported by Gall and Thompson (2015). The limits for each score were
also similar to those of DDTsi, reaching a maximum of 6 (i.e., 100 %
multiplied by 0.3 divided by 5, very low risk) and a minimum of 2 (100
% multiplied by 0.1 divided by 5, very high risk). The limit ranges were
then divided into equal intervals to ensure a balanced and systematic
classification. Egs. (6) and (7) were used to obtain the values for each
item comprising these indicators, ingestion, and entanglement, respec-
tively. The MBR value was defined as the average of the two categories
(entanglement and ingestion), and Table 6 shows the limits, scores, and
risk levels for this indicator.

RI— <(w1 X %1) 4 (W2 x %2) 4 (W3 x %3) + (W4 x %4) + (W5 x %5))
- 5

©

RE=

((w1 X %1) + (W2 x %2) + (W3 x %3) + (W4 x %4) + (W5 x %5))
5

)

where, RE is the risk of entanglement and RI the risk of ingestion; W is
the weight, and % is the percentage of each item within the sample. The
numbers (1 to 5) indicate the category of items shown in Table 7.

2.1.1.5. Human Health Risk sub-index — HHRsi. HHRsi was developed to
assess risks to human health associated with marine litter and includes
various types of debris with potential adverse impacts. HHRsi is essential
for effective marine waste management and to protect public health. The
indicators used in this sub-index were faeces, debris related to personal
hygiene (toilet paper, sanitary napkins, etc.), the remains of construc-
tion materials (such as iron, bricks, and ceramics, as well as their frag-
ments), and the Hazardous Items Indicator (HII) which was established
by Rangel-Buitrago et al. (2019b, 2020). These indicators together make
the Human Health Risk sub-index (HHRsi) more robust.

Faeces were classified as present or absent, while personal hygiene
and construction material items were categorized based on limits
established by EA/NALG (2000). In addition, the HII refers to the
number of hazardous items per m?, considering the proportion between
hazardous items and the log 10 of the total number of all items per m?
(Eq. (8)), according to Rangel-Buitrago et al. (2019c¢). The HII classifies
sharp items, such as broken glass, light bulbs, and drink and medicine
containers, into five classes: I, II, III, IV and V, which were redistributed
within the scores to align with the study methodology (see Table S2).

( E hazardourlitter >
HII *20

log10 Z totallitteritems

(8

Area

Table 7
Items of Marine Biota Risk (MBR) and respective weights for ingestion and
entanglement sub-indicators.

Indicator  Ingestion Entanglement Weights

MBR 1-Plastic fragments >5mm  1-Ropes and nets 0.10
2-Intact items and 2-Other fishing items (lines, 0.15
packaging pots, styrofoam, etc.)

3-Other fishing items
(lines, pots, styrofoam,
etc.)

4-Ropes and nets, other
and unknown

5-Glass, metal and paper

3-Intact items and packaging ~ 0.20

4-Other (e.g. rubber) and 0.25
unknown

5-Plastic fragments >5 mm, 0.30
glass, metal paper
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where, HII allows categorization in terms of Hazardous Items.

The scores for each indicator were divided into 1, 3, and 5 (see
Table 8). The HHRsi was calculated from the average of these four in-
dicators, as shown in Eq. (9). The final result of the HHRsi can be
interpreted according to Table 3, in which the risks range from 1 (Unsafe
- heavy presence of hazardous items) to 5 (Safe - no hazardous items).

_ Fae + PH + CMI + HII

HHRsi =
Rsi 3 (C)]

2.2. Field campaigns

The field samplings were similar on both beaches under study. Ma-
rine litter collection took place between 9 am and 4 pm, depending on
the tide range, in four pre-defined areas, each measuring 400 m? (20 m
wide and 20 m long). These areas were located within the intertidal
zone, with their upper boundary set at the high tide line. The high tide
line was defined as the boundary because this zone tends to accumulate
a larger amount of litter compared to other areas of the beach.

In each area studied, all macro-litters (>2 cm, UNEP, 2009) were
collected manually. The materials were quantified and characterized
following the document guidelines for surveying and monitoring marine
litter (UNEP, 2009; OSPAR, 2009). Additionally, a checklist was applied
by an expert during the field campaigns to verify the existence of ser-
vices, infrastructures and signage related to waste management.
Photographic images were also taken during the field trips.

3. Study area

The coastline of the state of Para is part of the Brazilian Amazon coast
and represents 8.6 % of the state's total area (Fig. 1). This long coastline
(>2000 km) is divided into five sectors: (i) Western Maraj6, where a
large part of the population is composed of traditional and riverside
communities; (ii) Eastern Marajo, where the most visited beaches of
Marajé Island are located, adding great ecological and economic
importance to the region; (iii) Continental Estuarine, where the state
capital, Belém, and the municipalities corresponding to its metropolitan
region are located, being the most populous sector; (iv) Fluvial Mari-
time, whose economic activities are sustained through agriculture,
fishing, family farming, and tourism; and (v) Atlantic Coast, consisting
of different environments (e.g., dune fields, beaches, mangrove areas,
etc.), where numerous economic activities are developed, such as fish-
ing, tourism, etc. (Pereira et al., 2016; Sousa et al., 2017a, 2017b; Pessoa
et al., 2019).

In the Atlantic Coast sector, hydrodynamics is characterized by semi-
diurnal macrotides, with tide elevations ranging from 5 to 6 m during
spring tides and 3.5-4.5 m during neap tides (DHN, 2024). The tides are
asymmetrical, with periods of flood-tides shorter than ebb-tides (Pereira
et al., 2016), resulting in higher tidal currents during flood-tides, which
can reach speeds up to 1.5 m s~ ! (Pereira et al., 2013). The significant
wave heights (H;) are modulated by the tides and can vary from 0.0 to
0.5 m, during low tides to almost 2 m during high tides (Pereira et al.,
2014).

Local climate consists of two distinct seasons: the rainy season, from
January to June, and the dry season, from July to December. The
average annual rainfall is 2400 mm, of which 80-85 % falls during the

Table 8
Indicators of the Human Health Risk sub-index (HHRsi).
Sub-index Indicators Scores
1 3 5
HHRsi Faeces Present - Absence
Personal hygiene 25 1/24 0
CMI 25 1/24 0
HII v-v II-I1T I
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Fig. 1. Study area. A. South America, highlighting Brazil, the state of Para, and the northeastern region of Para in a red circle. B. Brazil's Amazon coastal zone, with
the municipality of Salinépolis highlighted in red and the municipality of Braganca in blue. C. Atalaia beach at low tide and D. Ajuruteua beach at high tide. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

first semester (INMET, 2024). The average air temperature is 27 °C and
the difference between the minimum and maximum averages is around
2 °C (INMET, 2024).

Due to the strong seasonality, July marks the beginning of the
summer in this equatorial zone. This month represents a period of
intense tourism on the beaches of Pard, including those in the Atlantic
sector (Pereira et al., 2014, 2016, 2018). During this month and
throughout the second half of the year, especially on long weekends or
holidays, some sandy beaches are subject to strong human pressure,
increasing the presence of marine litter (Assis et al., 2023; Monteiro
et al., 2024). The most popular beach is the Atalaia beach (Fig. 1C),
located in the municipality of Salinépolis, followed by Ajuruteua beach
(Fig. 1D), located in Braganca.

Atalaia offers the most efficient infrastructure and services for
coastal tourism in the state of Para. It has a NW-SE orientation, with a
total length of 12 km and a width of 200-400 m (Pinto et al., 2011). The
western sector is occupied by holiday homes that sit on cliffs (Barreiras
Formation), while the eastern sector is characterized by many bars and
restaurants housed in wooden stilt buildings built on sand-dunes and
intertidal zone (Sousa et al., 2011; Pinto et al., 2011). The intertidal zone
has a gentle slope, fine to very fine granulometry, and is delimited by
frontal and permanent dunes, and sandbanks on the coastline (Ranieri,
2014). The beach is located adjacent to an Integral Protection Area, the
Atalaia Natural Monument.

Ajuruteua is a rural beach located between two canals (Chavascal
and Barca), bordered by adjacent mangroves and the Caeté-Taperacu
Extractive Marine Reserve. Its economy is based on artisanal fishing and
its growing tourist potential, with an increasing number of second
homes, bars, restaurants, and inns. It is a dissipative beach formed by
sandy barrier-beach ridges, consisting of fine to very fine sand. It has a

total length of 2.5 km and a width of 300 m during low spring tides.
4. Results

The result of applying the Macro-litter Risk Index is shown below and
in Fig. 2. The GCsi calculated the number of marine debris on both
beaches. Considering the four transects at each beach, a total of 1988
items was collected in 3200 mz, where 33 % of the debris was found in
Ajuruteua (density of 0.41 items per m?, Fig. 2G) and 67 % in Atalaia
(density of 0.83 items per m?, Fig. 2C). Regarding General Cleanliness
(GGsi), these results place Ajuruteua in the “Moderate risk” category
(Fig. 2B) and classify Atalaia as “High risk” (Fig. 2B).

Concerning CMSsi, in the state of Pard, many measures to combat
debris can be highlighted, such as a ban on the use of plastic straws
(State Law No. 9.229/2021) and a ban on the distribution of plastic bags
in commercial establishments (State Law No. 8.902/2019). More spe-
cific laws, such as Ordinary Law No. 10381, prohibit the sale, con-
sumption, permanence, circulation, or availability of non-returnable
glass containers, such as long neck bottles, in beach areas. For infra-
structure, both beaches have garbage collection services campaigns
promoted by the government that reinforce beach cleanliness with
educational measures on hygiene and ecological disposal, which also
exist on each beach but are restricted to the July period (school
vacations).

At the municipal level and according to the checklist applied, Ajur-
uteua presented more effective measures to combat garbage on its beach
(Table S3), such as selective garbage collection, the presence of infor-
mation signs, a ban on the circulation or permanence of vehicles on the
beach strip (Municipal Law No. 4.148/2011). On this basis, Ajuruteua
beach was classified as “Low risk” (i.e., sufficient and effective actions)
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Fig. 2. Sub-index values and sub-index score in Ajuruteua (A, B) and Atalaia (C, D) beaches.

because the actions taken to keep the beach clean appear sufficient and
effective. At Atalaia, there are not enough litter garbage collectors, no
information signs, and cars are allowed to circulate on the stretch of
beach (Table S3). There, the measures do not seem to be as effective,
classifying this beach as “Moderate risk” (i.e., partially effective).
Plastics are the most representative items (>60 %) on both beaches,
followed by paper (19 % in Ajuruteua and 12 % in Atalaia), and metal,
glass, organic material, and others, each accounting for less than 10 %

(Fig. 2A, B). The DDTsi showed a predominance of items with a
decomposition time of more than 400 years (60 %) on both beaches
(Fig. 3C, D). Most of the debris items were classified as plastic, and
unfortunately, single-use items such as disposable cups, cutlery and
plates, and food packaging, among others. Items with a decomposition
time of months to a few years (e.g., cigarette butts, paper, fabrics, co-
conut shells) occupy the second place with 22 % in Ajuruteua and 17 %
in Atalaia. Items made of glass accounted for only 3 % in Ajuruteua and
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Fig. 3. Number and percentage of litter types by beach (A, B), and number and percentage of items categorized by decomposition time by beach (C, D).
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9 % in Atalaia (e.g., long neck bottles, light bulbs, etc.), while metal
items accounted for 6 % in Ajuruteua and 5 % in Atalaia (e.g. cans, seals
and caps). With this data, it was possible to classify Ajuruteua as “Low
risk” (i.e., High amount of debris items with low decomposition time)
and Atalaia as “Moderate risk” (i.e., Moderate amount of debris items
with low decomposition time).

The results of the Environmental Risk sub-index were obtained from
MAR and MBR indicators. The MAR indicated a “High risk” for Atalaia
due to the presence of much debris, while Ajuruteua represented a
“Moderate risk”. These results were in line with the PAI and OAI in-
dicators. On both beaches, plastic presented a predominance of more
than 60 % of the total debris items (Fig. 3), and the PAI was classified as
a “Moderate risk” in Ajuruteua and a “High risk” in Atalaia. Single-use
items such as disposable plates and cups, packaging, and lids domi-
nated the samples and were the representatives that contributed the
most to risk. The results for OAI showed that Ajuruteua beach offers a
“Low risk” for these types of debris items and Atalaia beach a “Moderate
risk” dominated by textiles, glass, coconut shells, and metallic seals in
the samples (Fig. 3).

Complementing the ERsi, the MBR rated both beaches as “High risk”
(i.e., with High risk of damage) since 90 % or more of the items collected
fell into the category of items at risk of ingestion and entanglement.
Regarding the risk of ingestion and entanglement, intact items, and
packaging comprised a large quantitative contribution of items, with
more than 50 % on both beaches (Fig. 4). Ropes and nets, considered the
most harmful items, represented only 4 % for ingestion and 1 % for
entanglement in Ajuruteua, despite 42 fishing-related items, such as
styrofoam and motor oil packaging, which indicate fishing activity and
improper disposal of these items. Atalaia also had a low contribution,
with less than <3 % of fishing items (Fig. 4). Finally, the result of the
Environmental Risk sub-index (ERg;) showed “Moderate impacts” for
Atalaia and “Few impacts” for Ajuruteua beach.

The HHRsi results indicated that Ajuruteua offered a “Low risk” to
human health due to the absence of both, non-human faeces and per-
sonal hygiene debris (Table S4). In addition, Atalaia beach was rated as
“Moderate risk”. On this beach, human faeces and construction debris
such as bricks, processed wood, and ceramics were found, indicating
improper disposal (Table S4). The Hazardous Items Indicator (HII) was
0.1 (Ajuruteua) and 0.5 (Atalaia) and categorized into Class II. A total of
117 sharp items were found in Atalaia and 17 in Ajuruteua.

According to the Macro-litter Risk Index, Ajuruteua beach was
classified as “Low risk” due to its low level of impact, but it still requires
monitoring and public policy control (Fig. 2B). Conversely, Atalaia was
classified as “Moderate risk” indicating moderate impacts on the envi-
ronment, public health, and economic activities (Fig. 2D). For this
beach, public policies are essential to prevent worsening impacts.

5. Discussion

5.1. Macro litter risk index (MLRI) for non-urban beaches: advantages,
limitations, and applicability

The growing concern regarding marine pollution and environmental
degradation in coastal zones underscores the importance of imple-
menting monitoring and management tools capable of assessing the
risks associated with solid waste accumulation on beaches. Within this
context, the Macro-Litter Risk Index (MLRI) emerges as a strategic in-
strument for understanding, classifying, and guiding mitigation efforts,
especially in non-urban beaches that, although less anthropized, remain
vulnerable to external influences and the lack of adequate management.

The primary advantage of the MLRI lies in its multidimensional
approach, based on the integration of various sub-indices that evaluate
different types of risks (environmental, human health and waste man-
agement services). This structure makes the index sensitive to local
specificities, capturing nuances that more simplified methods tend to
overlook. Additionally, its application can provide valuable insights to

Marine Pollution Bulletin 222 (2026) 118747

public managers, environmental agencies, and local communities by
translating complex data into clear risk classifications.

However, like any tool, the MLRI presents limitations that must be
considered. The reliability of the results depends directly on the accu-
racy of the data collected, the technical knowledge involved in its
application, and the ability to integrate contextual variables such as
seasonality, recreational dynamics, and spatial usage patterns. More-
over, certain indicators—such as socioeconomic, cultural, geomorpho-
logical, hydrodynamic, and ecological variables—were not included,
which may require methodological enhancements in future assessments.

Methodological standardization is also highly important. For
instance, comparisons of litter density across different studies may be
compromised by variations in the sampled areas—particularly when
involving restricted sectors versus full beach transects. The beaches
under study have more than 2000 m of extension, and in this case, we
adopt four transects of 20 x 20 m each, expanding spatial coverage and
contributing to a more representative assessment of the variability
present along the coastal strip. Nevertheless, caution remains necessary
when comparing results with studies that employ substantially different
sampling scales, reinforcing the need for methodological standardiza-
tion and for contextualizing the results within the spatial limits of each
approach.

The results obtained using the current MLRI indicators provide
valuable insights into the risks and the (in)effectiveness of waste man-
agement on non-urban beaches, accurately reflecting the local context in
which they were applied. For a better understanding, non-urban beaches
are classified in several ways: rural, remote, village, and resort (Dodds
and Holmes, 2019; Mugilarasan et al., 2023) and, in the present study,
two of them were highlighted: rural and village beaches. The compari-
son between Ajuruteua and Atalaia beaches clearly illustrates how
specific site conditions influence performance outcomes and risk clas-
sifications within the index framework.

Ajuruteua, classified as a rural beach, showed a significantly lower
debris density and fewer persistent materials. These quantitative results
were supported by effective management strategies, such as selective
waste collection and informative signage. Thus, although macro-litter
density was categorized as a moderate risk, the sub-indices CMSsi,
DDTsi, ERsi, and HHRsi predominantly indicated “low risk,” demon-
strating relative effectiveness in waste management and a reduced
threat to environmental and public health (Fig. 2).

Such results are consistent with expectations for rural beaches,
which typically have fewer permanent residents and limited accessibi-
lity—factors that reduce direct anthropogenic pressure (Aratjo et al.,
2018). However, this does not render these environments immune to
external factors. The vulnerability of these areas to challenges such as
inadequate waste disposal infrastructure, irregular seasonal cleaning
schedules (Akindele and Alimba, 2021), and the influx of marine litter
carried by currents (Assis et al., 2023) can significantly affect their risk
profile. In addition, hydrodynamic and climatological conditions may
also act as external drivers of litter transport, deposition, and exposure
(Hatje et al., 2021). Although these indicators were not considered in
this study, macro-tidal conditions (typically between 5 and 6 m) and
local climate dynamics (strong winds, usually exceeding 4 m s~ ! in the
second half of the year, and heavy rainfall level in the first half, with
accumulations often above 2000 mm for the period) may contribute to
increased debris density in the study area. This analysis reinforces the
idea that MLRI results should not be interpreted solely through a local
lens, but rather in light of broader regional influences that may
compromise ecosystems that appear well managed.

In contrast, Atalaia presented a higher debris density, with signifi-
cant quantities of long-lasting plastic materials—such as disposable
cups, cutlery, and packaging—as well as infrastructural deficiencies,
including the absence of signage, inadequate waste collection services,
and the circulation of vehicles along the beach strip. These factors
resulted in “moderate” and “high” risk classifications in sub-indices such
as GCsi, ERsi, and HHRsi, indicating more severe impacts and an urgent
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need for corrective measures (Fig. 2).

These results are also consistent with expectations, considering that
village-type beaches generally have few permanent residents and may
retain rustic features while remaining relatively preserved in certain
areas. However, they tend to have more developed infrastructure,
including hotels, resorts, inns, bars, restaurants, and local businesses
(Asensio-Montesinos et al., 2019a). Although this type of beach is ex-
pected to carry out more effective public cleaning initiatives (Leite et al.,
2014), in Atalaia, the high number of visitors combined with the lack of
a suitable solid waste management system led to the opposite outcome
(Silva, 2014; Pereira et al., 2016, 2018).

Ultimately, the MLRI demonstrated that the growing demand for
recreational activities in non-urban coastal zones may require more
robust and continuous management strategies, especially during peak
periods, when the sharp increase in beachgoers leads to a greater volume
of waste and heightened pressure on the environment and existing
cleaning systems (Becherucci et al., 2017). These findings accurately
reflect the reality of the study areas; however, given the intensification
of recreational demand, both beaches require enhanced control mea-
sures and the implementation of strategic actions to prevent the esca-
lation of risks. In addition, it is essential to consider other external
factors that contribute to the transport and deposition of marine litter,
such as climatological and hydrodynamic conditions, as previously
mentioned.

Although the MLRI was originally designed for non-urban environ-
ments, with sub-indices adapted to their specific conditions, its meth-
odological framework is sufficiently flexible to allow application to
urban beaches—provided that certain sub-indices are adapted to reflect
the unique characteristics of urban settings. Sub-indices requiring
adjustment include the General Cleanliness Sub-index (GCsi), which
measures the density of litter per square meter, and the Cleaning and
Maintenance Services Sub-index (CMSsi), which quantifies both public
and private cleaning and maintenance activities. These adaptations are
necessary due to the typically higher visitor traffic and more intensive
tourism infrastructure found in urban beach environments. Conversely,
the Debris Decomposition Time Sub-index (DDTsi), Environmental Risk
Sub-index (ERsi), and Human Health Risk Sub-index (HHRsi) do not
require modification, as they are intrinsically linked to the nature of the
waste itself. These sub-indices consider degradation time and the asso-
ciated risks to biota and human health—factors that remain consistent
regardless of whether the beach is situated in an urban or non-urban
context.

In summary, the MLRI stands out as a promising tool for environ-
mental monitoring and management of non-urban beaches. Its ability to
capture diverse realities and guide targeted interventions underscores
the strategic value of indicators as facilitators in reducing the risks
associated with marine litter.

5.2. Environmental and human health risks of marine litter: origin,
composition, and impact

The comparison between the data from Ajuruteua and Atalaia bea-
ches, based on the results obtained from the sub-indices, reveals
important differences in terms of environmental and human health risks.
In both beaches, the results indicated a high risk to marine biota, with
over 90 % of the items classified in the categories of ingestion and
entanglement. In the case of Ajuruteua, where fishing activity is more
prevalent, more fishing-related items were found—such as nets, lines,
and ropes—that can cause asphyxiation, serious injury, or death in
marine animals (Kiihn et al., 2015; Murphy et al., 2017; Steer et al.,
2017). However, the volume of such materials is still lower than in high-
pressure fishing beaches like those in the Mediterranean region
(Asensio-Montesinos et al., 2019b), suggesting that despite the rele-
vance of fishing in Ajuruteua, the direct disposal of these items remains
relatively controlled.

On the other hand, Atalaia displayed a predominance of plastic
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debris, especially those linked to local recreational activities, including
disposable cups, packaging, and plastic utensils (Campani et al., 2013;
Wright et al., 2013; Romeo et al., 2015). This type of waste poses a
significant threat to marine fauna due to its potential to cause gastro-
intestinal blockages, malnutrition, and death by accidental or secondary
ingestion (Gall and Thompson, 2015; Remy et al., 2015; Vandermeersch
etal., 2015; Alomar et al., 2016; Gusmao et al., 2016; Digka et al., 2018).
The presence of these materials underscores the environmental vulner-
ability of the beach, particularly during peak tourist seasons, and
highlights the need for public policies targeting single-use waste.

With regard to human health, the results pointed to a specific
concern at Atalaia beach, where various sharp objects, such as fragments
of long-neck bottles, were found. Although they do not account for a
large proportion of the total waste, these items pose a direct risk to
beachgoers and are associated with improper disposal during leisure
activities. Previous studies (Whiting, 1998; Abu-Hilal and Al-Najjar,
2004) have reported this type of hazard on several beaches around the
world, and its inclusion in health risk indicators has been considered
limited, focusing mainly on sharp objects (Ivar do Sul and Costa, 2007).

Thus, the data reveal that Ajuruteua concentrates ecological risks
linked to fishing, while Atalaia demonstrates risks to the environment,
biota and public health due to disorganized recreation and lack of waste
management. The analysis of debris types and their implications re-
inforces the importance of integrated management measures that take
into account not only the volume of waste but also its origin, composi-
tion, and impact on ecosystems and coastal populations.

5.3. Implementation of public policies

The formulation and implementation of public policies aimed at
solid waste management in coastal areas represent a critical strategy in
addressing the growing environmental and public health impacts caused
by macro-litter accumulation. In this context, the Macro Litter Risk
Index (MLRI) emerges as a valuable tool for diagnosing environmental
and human health risks, while also guiding governmental interventions,
particularly in areas characterized by deficient infrastructure and
limited visibility of ecological challenges.

The application of the MLRI on the beaches of Ajuruteua and Atalaia,
for example, demonstrated the index's ability to differentiate socio-
economic contexts and waste generation patterns. While in Ajuruteua
a significant portion of the waste is linked to artisanal fishing activi-
ties—although recreational practices also play a role—Atalaia exhibits a
distinctly tourist-oriented profile, with a high input of waste stemming
from unregulated leisure activities. These findings illustrate the diverse
origins of marine litter, yet they also reveal a common point between
both cases: the urgent need for public policies focused on continuous
monitoring and the integration of local specificities into management
processes.

Accordingly, these policies must include the implementation of se-
lective waste collection programs, educational campaigns to raise public
awareness, environmentally sound waste treatment, periodic clean-up
operations, strict enforcement, the development of legal instruments
to promote recycling, and cooperative mechanisms between public au-
thorities and the private sector to enable funding and execution of
initiatives.

To expand the effectiveness of the MLRI in varying contexts, espe-
cially in areas with limited primary data, it is advisable to develop a
flexible protocol for application. Such a protocol should consider factors
like seasonality, peak visitation periods, usage patterns, and socio-
cultural and economic dynamics specific to each location. The use of
remote sensing and Geographic Information Systems (GIS) can enable
the identification of critical waste deposition areas and support decision-
making based on high-precision geospatial evidence.

Ultimately, adopting an integrated approach to coastal manage-
ment—anchored in effective regulation, industrial innovation in mate-
rial production and disposal, and active consumer engagement—is
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essential to significantly reducing the impacts of marine litter. This
tripartite model is crucial not only at local and regional levels but also
with regard to global implications for the conservation of coastal envi-
ronments and the protection of human health.

6. Conclusions

The conclusions of this study demonstrate that the MLRI results
enabled comparisons between beaches with different levels of devel-
opment, providing a detailed classification of risks and contributing to
the assessment and mitigation of environmental impacts. The sub-index
results also showed that it is possible to formulate effective guidelines
for the development of adequate public policies. In this context, the
application of the index revealed that the rural beach of Ajuruteua has
more efficient management actions and, as a consequence, presents a
lower amount of waste, with a shorter decomposition time, as well as
debris with lower environmental and public health risks compared to
the waste found on the village beach of Atalaia. Despite Ajuruteua being
classified as “Low risk,” indicating lower environmental impact, the
implementation, monitoring, and control of additional public policies
are necessary to ensure beach quality. Conversely, Atalaia was classified
as “Moderate,” presenting environmental, public health, and economic
impacts, which require urgent action to prevent further degradation.
Through the analysis of sub-indices, several strategies to minimize im-
pacts can be outlined on both beaches, including environmental edu-
cation programs to raise awareness among beachgoers about proper
waste disposal; installation of more garbage bins to reduce waste
dispersion on beaches; increased waste collection frequency, especially
during peak tourist seasons; stricter measures to reduce plastic use, such
as restrictions on disposable items like cups, plates, and cutlery; prohi-
bition of long-neck bottle sales on beaches to minimize glass waste
(specifically in Atalaia); restriction on vehicle circulation in the inter-
tidal zone (specifically in Atalaia), among others. Additionally, adjust-
ments to the classification limits of the first two sub-indices (GCsi and
CMSsi) enable the MLRI to adapt to any type of beach, regardless of
urbanization levels, making it a versatile and widely applicable tool
across different environmental contexts.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marpolbul.2025.118747.

CRediT authorship contribution statement

Ingrid Padilha de Souza: Writing - original draft, Methodology,
Investigation, Formal analysis, Data curation, Conceptualization. Luci
Cajueiro Carneiro Pereira: Writing — original draft, Supervision, Re-
sources, Methodology, Investigation, Funding acquisition, Formal
analysis, Data curation, Conceptualization. Brenda Ribeiro Padilha da
Silva: Writing — original draft, Methodology, Formal analysis, Data
curation, Conceptualization. Rauquirio Marinho da Costa: Writing —
original draft, Methodology, Formal analysis, Data curation,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors are grateful to the Brazilian National Council for Sci-
entific and Technological Development (CNPq) and Brazilian Federal
Agency for Support and Evaluation of Graduate Education CAPES for
financial support. The first author was supported by CNPq (141818/
2020-4), Silva BRP by CAPES (88887.627073/2021-00). The authors
Pereira LCC (314037/2021-7) and Costa RM (314040,/2021-8) would

11

Marine Pollution Bulletin 222 (2026) 118747
also like to thank CNPq for their research grants.
Data availability

No data was used for the research described in the article.

References

Abu-Hilal, A.H., Al-Najjar, T., 2004. Litter pollution on the Jordanian shores of the Gulf
of Aqaba (Red Sea). Mar. Environ. Res. 58 (1), 39-63. https://doi.org/10.1016/j.
marenvres.2003.12.003.

Adyel, T.M., 2020. Accumulation of plastic waste during COVID-19. Science 369 (6509),
1314-1315. https://doi.org/10.1126/science.abd9925.

Akindele, E.O., Alimba, C.G., 2021. Plastic pollution threat in Africa: current status and
implications for aquatic ecosystem health. Environ. Sci. Pollut. Res. Int. 28 (7),
7636-7651. https://doi.org/10.1007/s11356-020-11736-6.

Alkalay, R., Pasternak, G., Zask, A., 2007. Clean-coast index—a new approach for beach
cleanliness assessment. Ocean Coast. Manag. 50 (5-6), 352-362. https://doi.org/
10.1016/j.ocecoaman.2006.

Al-Mosawi, A.L, Abdulsada, S.A., Rijab, M.A., 2017. Synthesis effect of natural/chemical
blend nanoparticles on impact strength of sustainable composite material. J. Catal. 4,
1-5.

Alomar, C., Estarellas, F., Deudero, S., 2016. Microplastics in the Mediterranean Sea:
deposition in coastal shallow sediments, spatial variation and preferential grain size.
Mar. Environ. Res. 115, 1-10. https://doi.org/10.1016/j.marenvres.2016.01.005.

Andriolo, U., Gongalves, G., 2024. How much does marine litter weigh? A literature
review to improve monitoring, support modelling and optimize clean-up activities.
Environ. Pollut. 361, 124863. https://doi.org/10.1016/j.envpol.2024.124863.

Andriolo, U., Gongalves, G., Sobral, P., Bessa, F., 2021. Spatial and size distribution of
macro-litter on coastal dunes from drone images: a case study on the Atlantic coast.
Mar. Pollut. Bull. 169, 112490. https://doi.org/10.1016/j.marpolbul.2021.1124.

Aratjo, M.C.B,, Silva-Cavalcanti, J.S., Costa, M.F., 2018. Anthropogenic litter on beaches
with different levels of development and use: a snapshot of a coast in Pernambuco
(Brazil). Front. Mar. Sci. 5, 233. https://doi.org/10.3389/fmars.2018.00233.

Arshad, K., Mujahid, M., 2011. Biodegradation of Textile Materials. The University of
Borés, Boras, Sweden (Master’s Thesis).

Asensio-Montesinos, F., Anfuso, G., Randerson, P., Williams, A.T., 2019a. Seasonal
comparison of beach litter on Mediterranean coastal sites (Alicante, SE Spain).
Ocean Coast. Manag. 181, 104914. https://doi.org/10.1016/].
ocecoaman.2019.104914.

Asensio-Montesinos, F., Anfuso, G., Williams, A.T., 2019b. Beach litter distribution along
the western Mediterranean coast of Spain. Mar. Pollut. Bull. 141, 119-126. https://
doi.org/10.1016/j.marpolbul.2019.02.031.

Assis, L.F., Pereira, L.C., Jiménez, J.A., Silva, B.R., Pereira, R.M., Costa, R.M., 2023.
Understanding allochthonous marine litter in a protected area in the Amazon Coast.
Mar. Pollut. Bull. 195, 115548. https://doi.org/10.1016/j.marpolbul.2023.115548.

Becherucci, M.E., Rosenthal, A.F., Seco Pon, J.P., 2017. Marine debris in beaches of the
Southwestern Atlantic: an assessment of their abundance and mass at different
spatial scales in northern coastal Argentina. Mar. Pollut. Bull. 119 (1), 299-306 (doi:
10).

Bettencourt, S., Lucas, C., Costa, S., Caeiro, S., 2023. Monitoring marine litter on Funchal
beaches (Madeiralsland): insights for litter management. Reg. Stud. Mar. Sci. 63,
102991. https://doi.org/10.1016/j.rsma.2023.102991.

Budihardjo, M.A., Sani, M.T., Puspita, A.S., Chegenizadeh, A., 2025. Plastic ingestion by
marine biota in five Southeast Asian Nations: complex challenges and long-term
implications. J. Open Innov.: Technol. Mark. Complex. 11, 100451. https://doi.org/
10.1016/j.joitmc.2024.100451.

Campani, T., Baini, M., Giannetti, M., Cancelli, F., Mancusi, C., Serena, F., Marsili, L.,
Casini, S., Fossi, M.C., 2013. Presence of plastic debris in loggerhead turtle stranded
along the Tuscany coasts of the Pelagos Sanctuary for Mediterranean Marine
Mammals (Italy). Mar. Pollut. Bull. 74, 225-230. https://doi.org/10.1016/].
marpolbul.2013.06.053.

Campbell, M.L., Slavin, C., Grage, A., Kinslow, A., 2016. Human health impacts from
litter on beaches and associated perceptions: a case study of ‘clean’ Tasmanian
beaches. Ocean Coast. Manag. 126, 22-30. https://doi.org/10.1016/].
ocecoaman.2016.04.002.

Campbell, J., Bowser, A., Fraisl, D., Meloche, M., 2019a. Citizen science and data
integration for understanding Marine litter. In: Data for Good Exchange. https
://www.bloomberg.com/lp/d4gx/ (New York).

Campbell, M.L., Peters, L., McMains, C., Campos, M.C.R., Sargisson, R.J., Blackwell, B.,
Hewitt, C.L., 2019b. Are our beaches safe? Quantifying the human health impact of
anthropogenic beach litter on people in New Zealand. Sci. Total Environ. 651 (Pt 2),
2400-2409. https://doi.org/10.1016/j.scitotenv.2018.10.137.

Carvalho-Souza, G.F., Llope, M., Tinoco, M.S., Medeiros, D.V., Maia-Nogueira, R.,
Sampaio, C.L.S., 2018. Marine litter disrupts ecological processes in reef systems.
Mar. Pollut. Bull. 133, 464-471. https://doi.org/10.1016/j.marpolbul.2018.05.049.

Castro, R.O., Silva, M.L.D., Marques, M.R.C., Aratjo, F.V., 2020. Spatio-temporal
evaluation of macro, meso and microplastics in surface waters, bottom and beach
sediments of two embayments in Niterdi, RJ, Brazil. Mar. Pollut. Bull. 160, 111537.
https://doi.org/10.1016/j.marpolbul.2020.111537.

Chamas, A., Moon, H., Zheng, J., Qiu, Y., Tabassum, T., Jang, J.H., Abu-Omar, M.M.,
Scott, S.L., Suh, S., 2020. Degradation rates of plastics in the environment. ACS
Sustain. Chem. Eng. 8 (9), 3494-3511. https://doi.org/10.1021/
acssuschemeng.9b06635.


https://doi.org/10.1016/j.marpolbul.2025.118747
https://doi.org/10.1016/j.marpolbul.2025.118747
https://doi.org/10.1016/j.marenvres.2003.12.003
https://doi.org/10.1016/j.marenvres.2003.12.003
https://doi.org/10.1126/science.abd9925
https://doi.org/10.1007/s11356-020-11736-6
https://doi.org/10.1016/j.ocecoaman.2006
https://doi.org/10.1016/j.ocecoaman.2006
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0025
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0025
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0025
https://doi.org/10.1016/j.marenvres.2016.01.005
https://doi.org/10.1016/j.envpol.2024.124863
https://doi.org/10.1016/j.marpolbul.2021.1124
https://doi.org/10.3389/fmars.2018.00233
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0050
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0050
https://doi.org/10.1016/j.ocecoaman.2019.104914
https://doi.org/10.1016/j.ocecoaman.2019.104914
https://doi.org/10.1016/j.marpolbul.2019.02.031
https://doi.org/10.1016/j.marpolbul.2019.02.031
https://doi.org/10.1016/j.marpolbul.2023.115548
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0070
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0070
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0070
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0070
https://doi.org/10.1016/j.rsma.2023.102991
https://doi.org/10.1016/j.joitmc.2024.100451
https://doi.org/10.1016/j.joitmc.2024.100451
https://doi.org/10.1016/j.marpolbul.2013.06.053
https://doi.org/10.1016/j.marpolbul.2013.06.053
https://doi.org/10.1016/j.ocecoaman.2016.04.002
https://doi.org/10.1016/j.ocecoaman.2016.04.002
https://www.bloomberg.com/lp/d4gx/
https://www.bloomberg.com/lp/d4gx/
https://doi.org/10.1016/j.scitotenv.2018.10.137
https://doi.org/10.1016/j.marpolbul.2018.05.049
https://doi.org/10.1016/j.marpolbul.2020.111537
https://doi.org/10.1021/acssuschemeng.9b06635
https://doi.org/10.1021/acssuschemeng.9b06635

LP. Souza et al.

Compa, M., Alomar, C., Lopez Cortes, M.F., Rios-Fuster, B., Moratd, M., Cap6, X.,
Fagiano, V., Deudero, S., 2022. Multispecies assessment of anthropogenic particle
ingestion in a marine protected area. Biology 11 (10), 1375. https://doi.org/
10.3390/biology11101375.

Corraini, N.R., Souza, L.A., Bonetti, J., Rangel-Buitrago, N., 2018. Troubles in the
paradise: litter and its scenic impact on the North Santa Catarina island beaches,
Brazil. Mar. Pollut. Bull. 131, 572-579. https://doi.org/10.1016/j.
marpolbul.2018.04.061.

DHN. Diretoria de Hidrografia e Navegacao, 2024. Tabuas de maré para o fundeadouro
de Salindpolis (Estado do Pard). http://www.dhn.mar.mil.br/chm/tabuas. (Accessed
8 April 2024).

Digka, N., Tsangaris, C., Torre, M., Anastasopoulou, A., Zeri, C., 2018. Microplastics in
mussels and fish from the Northern Ionian Sea. Mar. Pollut. Bull. 135, 30-40.
https://doi.org/10.1016/j.marpolbul.2018.06.063.

Dobaradaran, S., Schmidt, T.C., Lorenzo-Parodi, N., Jochmann, I.N., Raesi, A.,
Stojanovic, N., Mahmoodi, M., 2019. Cigarette butts: an overlooked source of PAHs
in the environment? Environ. Pollut. 249, 932-939. https://doi.org/10.1016/j.
envpol.2019.03.097.

Dodds, R., Holmes, M.R., 2019. Beach tourists: what factors satisfy them and drive them
to return. Ocean Coast. Manag. 168, 158-166. https://doi.org/10.1016/j.
ocecoaman.2018.10.034.

EA/NALG, 2000. Assessment of Aesthetic Quality of Coastal and Bathing Beaches.
Monitoring Protocol and Classification Scheme. Environment Agency and The
National Aquatic Litter Group, London.

Falk-Andersson, J., 2021. Deep dives into beach litter — a method for better
understanding the sources and behavior behind litter. Mar. Pollut. Bull. 167,
112346. https://doi.org/10.1016/j.marpolbul.2021.112346.

FEE (Foundation for Environmental Education), 2024. Blue Flag beach criteria and
explanatory notes 2024. Criteria for beach. http://www.blueflag.global/criteria/.

Fernandino, G., Elliff, C.L, Silva, L.R., Bittencourt, A.C.S.P., 2015. How many pellets are
too many? The pellet pollution index as a tool to assess beach pollution by plastic
resin pellets in Salvador, Bahia, Brazil. J. Integr. Coast. Manag. 15 (3), 325-332.
https://doi.org/10.5894/rgci566.

Ford, H.V., Jones, N.H., Davies, A.J., Godley, B.J., Jambeck, J.R., Napper, LE.,
Suckling, C.C., Williams, G.J., Woodall, L.C., Koldewey, H.J., 2022. The fundamental
links between climate change and marine plastic pollution. Sci. Total Environ. 806
(Pt 1), 150392. https://doi.org/10.1016/j.scitotenv.2021.150392.

Foresti, R., Rossi, S., Magnani, M., Guarino Lo Bianco, C., Delmonte, N., 2020. Smart
society and artificial intelligence: big data scheduling and the global standard
method applied to smart maintenance. Engineering 6 (7), 835-846. https://doi.org/
10.1016/j.eng.2019.11.014.

Galgani, F., Hanke, G., Maes, T., 2015. Global distribution, composition and abundance
of marine litter. In: Bergmann, M., Gutow, L., Klages, M. (Eds.), Marine
Anthropogenic Litter. Springer, pp. 29-56.

Gall, S.C., Thompson, R.C., 2015. The impact of debris on marine life. Mar. Pollut. Bull.
92 (1-2), 170-179. https://doi.org/10.1016/j.marpolbul.2014.12.041.

Galloway, T.S., Cole, M., Lewis, C., 2017. Interactions of microplastic debris throughout
the marine ecosystem. Nat. Ecol. Evol. 1 (5), 116. https://doi.org/10.1038/541559-
017-0116.

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever
made. Sci. Adv. 3 (7), e1700782. https://doi.org/10.1126/sciadv.1700782 (19).
Gracia, A., Rangel-Buitrago, N., Oakley, J.A., Williams, A.T., 2018. Use of ecosystems in
coastal erosion management. Ocean Coast. Manag. 156, 277-289. https://doi.org/

10.1016/j.ocecoaman.2017.07.009.

Gusmao, F., Domenico, M.D., Amaral, A.C.Z., Martinez, A., Gonzalez, B.C., Worsaae, K.,
Ivar do Sul, J.A., Cunha Lana, P., 2016. In situ ingestion of microfibres by meiofauna
from sandy beaches. Environ. Pollut. 216, 84-590. https://doi.org/10.1016/j.
envpol.2016.06.015.

Haarr, M., Falk-Andersson, J., Fabres, J., 2022. Global marine litter research 2015-2020:
geographical and methodological trends. Sci. Total Environ. 820, 153162. https://
doi.org/10.1016/j.scitotenv.2022.153162.

Hahladakis, J., 2020. Delineating the global plastic marine litter challenge: clarifying the
misconceptions. Environ. Monit. Assess. 192 (5), 267. https://doi.org/10.1007/
5s10661-020-8202-9.

Hatje, V., Andrade, R.L.B., Oliveira, C.C., Polejack, Gxaba T., 2021. Pollutants in the
South Atlantic Ocean: sources, knowledge gaps and perspectives for the decade of
ocean science. Front. Mar. Sci. 8. https://doi.org/10.3389/fmars.2021.644569.

Heravi, M.D., Haddadi, M., Nejad, F.K., Yazdanabadi, Z.1., Haghighat, G.A., 2024.

A comparative study of indexes used for litter pollution assessment in urban and
public environments. Heliyon 10, e24954. https://doi.org/10.1016/j.heliyon.2024.
€24954.

INMET, 2024. Banco de dados Meteorologicos para Ensino e Pesquisa (BDMEP). http
s://portal.inmet.gov.br/. (Accessed 8 August 2024).

Ivar do Sul, J.A., Costa, M.F., 2007. Marine debris review for Latin America and the
wider Caribbean region: from the 1970s until now, and where do we go from here?
Mar. Pollut. Bull. 54 (8), 1087-1104. https://doi.org/10.1016/j.
marpolbul.2007.05.004.

Ivar do Sul, J.A., Costa, M.F., 2014. The present and future of microplastic pollution in
the marine environment. Environ. Pollut. 185, 352-364. https://doi.org/10.1016/].
envpol.2013.10.036.

Kiihn, S., Bravo Rebolledo, E.L., van Franeker, J.A., 2015. Deleterious effects of litter on
marine life. In: Bergmann, M., Gutow, L., Klages, M. (Eds.), Marine Anthropogenic
Litter. Springer International Publishing, pp. 75-116. https://doi.org/10.1007/978-
3-319-16510-3 4.

12

Marine Pollution Bulletin 222 (2026) 118747

Landim, A.P.M., Bernardo, C.O., Martins, 1.B.A., Francisco, M.R., Santos, M.B., Melo .
R., N, 2016. Sustentabilidade quanto as embalagens de alimentos no Brasil.
Polimeros 26, 82-92. https://doi.org/10.1590/0104-1428.1897.

Lavers, J.L., Bond, A.L., Hutton, 1., 2014. Plastic ingestion by flesh-footed shearwaters
(Puffinus carneipes): implications for fledgling body condition and the need for
monitoring plastic pollutio n in the marine environment. Environ. Pollut. 187,
124-129. https://doi.org/10.1016/j.envpol.2013.12.020.

Leite, A.S., Santos, L.L., Costa, Y., Hatje, V., 2014. Influence of proximity to an urban
center in the pattern of contamination by marine debris. Mar. Pollut. Bull. 81 (1),
242-247. https://doi.org/10.1016/j.marpolbul.2014.01.032.

Li, S., Wang, P., Zhang, C., Zhou, X., Yin, Z., Hu, T., Zhu, L., 2020. Influence of
polystyrene microplastics on growth, photosynthetic efficiency and aggregation of
freshwater microalgae Chlamydomonas reinhardtii. Sci. Total Environ. 714, 136767.
https://doi.org/10.1016/j.scitotenv.2020.1367.

Lima, A.K.D.S,, Silva, A.C., Pereira, L.F., Bezerra, C.M., Soares, L.S., Castro, A.C.L.,
Marinho, Y.F., Funo, I.C.D.S.A., Lourenco, C.B., 2022. Anthropogenic waste on the
sandy macrotidal beaches of the Amazon region. Mar. Pollut. Bull. 184, 114124.
https://doi.org/10.1016/j.marpolbul.2022.114124.

Lincoln, S., Andrews, B., Birchenough, S.N.R., Chowdhury, P., Engelhard, G.H.,
Harrod, O., Pinnegar, J.K., Townhill, B.L., 2022. Marine litter and climate change:
inextricably connected threats to the world’s oceans. Sci. Total Environ. 837,
155709. https://doi.org/10.1016/j.scitotenv.2022.155709.

Macreadie, P.I., Nielsen, D.A., Kelleway, J.J., Atwood, T.B., Seymour, J.R., Petrou, K.,
Connolly, R.M., Thomson, A.C., Trevathan-Tackett, S.M., Ralph, P.J., 2017. Can we
manage coastal ecosystems to sequester more blue carbon? Front. Ecol. Environ. 15,
206-213. https://doi.org/10.1002/fee.1484.

Marsh, K., Buguso, B., 2007. Food packaging — roles, materials and environmental issues.
J. Food Sci. 72, 3. https://doi.org/10.1111/j.1750-3841.2007.00301.x.

Monteiro, R., Pardal, E.C., Andrade, M., Mendes, S.D., Moraes, C.G., Silva, J.R.S.,
Fernandes, M.E.B., 2024. Plastic nests: the first record of the Yellow-rumped Cacique
(Cacicus cela) and the Great Kiskadee (Pitangus sulphuratus) building nests with
discarded fishing material on the Amazon Coast. Mar. Pollut. Bull. 207, 116805.
https://doi.org/10.1016/j.marpolbul.2024.116805.

Mugilarasan, M., Karthik, R., Purvaja, R., Robin, R.S., Subbareddy, B., Hariharan, G.,
Rohan, S., Jinoj, T.P.S., Anandavelu, 1., Pugalenthi, P., Ramesh, R., 2021.
Spatiotemporal variations in anthropogenic marine litter pollution along the
northeast beaches of India. Environ. Pollut. 280, 116954. https://doi.org/10.1016/j.
envpol.2021.116954.

Mugilarasan, M., Karthik, R., Robin, R.S., Subbareddy, B., Hariharan, G., Anandavelu, I.,
Jinoj, T.P.S., Purvaja, R., Ramesh, R., 2023. Anthropogenic marine litter: an
approach to environmental quality for India’s southeastern Arabian Sea coast. Sci.
Total Environ. 866, 161363. https://doi.org/10.1016/j.scitotenv.2022.161363.

Munari, C., Corbau, C., Simeoni, U., Mistri, M., 2016. Marine litter on Mediterranean
shores: analysis of composition, spatial distribution and sources in north-western
Adriatic beaches. Waste Manag. 49, 483-490. https://doi.org/10.1016/j.
wasman.2015.12.010.

Murphy, F., Russell, M., Ewins, C., Quinn, B., 2017. The uptake of macroplastic &
microplastic by demersal & pelagic fish in the Northeast Atlantic around Scotland.
Mar. Pollut. Bull. 122 (1-2), 353-359. https://doi.org/10.1016/].
marpolbul.2017.06.073.

NOAA Marine Debris Program, 2024. The Mystery of How Long Until It's Gone. https://
doi.org/10.1016/j.marpolbul.2014.12.050.

Nobre, C.R., Santana, M.F.M., Maluf, A., Cortez, F.S., Cesar, A., Pereira, C.D.S., Turra, A.,
2015. Assessment of microplastic toxicity to embryonic development of the sea
urchin Lytechinus variegatus (Echinodermata: Echinoidea). Mar. Pollut. Bull. 92
(1-2), 99-104.

Novikov, M.A., Gorbacheva, E.A., Prokhorova, T.A., et al., 2021. Composition and
distribution of marine anthropogenic litter in the Barents Sea. Oceanology 61,
48-57. https://doi.org/10.1134/50001437021010148.

OSPAR, 2009. Marine Litter in the North-East Atlantic Region: Assessment and Priorities
for Response. United Kingdom, London.

OSPAR Commission, 2007. OSPAR Convention for the Protection of the Marine
Environment of the North-East Atlantic: Assessment of the Impact of Marine Litter.

Pereira, L.C.C., Oliveira, S.M.O., Costa, R.M., Costa, K.G., Vila-Concejo, A., 2013. What
happens on an equatorial beach on the Amazon coast when La Nina occurs during
the rainy season? Estuar. Coast. Shelf Sci. 135, 116-127. https://doi.org/10.1016/j.
ecss.2013.07.017.

Pereira, L.C.C., Vila-Concejo, A., Costa, R.M., Short, A.D., 2014. Managing physical and
anthropogenic hazards on macrotidal Amazon beaches. Ocean Coast. Manag. 96,
149-162. https://doi.org/10.1016/j.ocecoaman.2014.05.00.

Pereira, L.C.C., Vila-Concejo, A., Short, A.D., 2016. Coastal morphodynamic processes on
the macro-tidal beaches of Pard State under tidally-modulated wave conditions. In:
Short, A., Klein, A. (Eds.), Brazilian Beach Systems, Coastal Research Library, vol.
17. Springer, Cham. https://doi.org/10.1007/978-3-319-30394-9 4.

Pereira, L.C.C., Sousa-Felix, R.C., Costa, R.M., Jimenez, J.A., 2018. Challenges of the
recreational use of Amazon beaches. Ocean Coast. Manag. 165, 52-62. https://doi.
org/10.1016/j.ocecoaman.2018.08.012.

Pessoa, R.M.C., Jiménez, J.A., Costa, R.M., Pereira, L.C.C., 2019. Federal conservation
units in the Brazilian Amazon coastal zone: an adequate approach to control
recreational activities? Ocean Coast. Manag. 178, 104856. https://doi.org/10.1016/
j.ocecoaman.2019.104856.

Pinto, K.S.T., Pereira, L.C.C., Vila-Concejo, A., Gorayeb, A., Sousa, R.C., Costa, R.M.,
2011. Effects of the lack of coastal planning on water quality and land use on a
macrotidal beach (Atalaia, Para) in the Amazon Region. J. Coast. Res. 64,
1401-1405.


https://doi.org/10.3390/biology11101375
https://doi.org/10.3390/biology11101375
https://doi.org/10.1016/j.marpolbul.2018.04.061
https://doi.org/10.1016/j.marpolbul.2018.04.061
http://www.dhn.mar.mil.br/chm/tabuas
https://doi.org/10.1016/j.marpolbul.2018.06.063
https://doi.org/10.1016/j.envpol.2019.03.097
https://doi.org/10.1016/j.envpol.2019.03.097
https://doi.org/10.1016/j.ocecoaman.2018.10.034
https://doi.org/10.1016/j.ocecoaman.2018.10.034
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0150
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0150
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0150
https://doi.org/10.1016/j.marpolbul.2021.112346
http://www.blueflag.global/criteria/
https://doi.org/10.5894/rgci566
https://doi.org/10.1016/j.scitotenv.2021.150392
https://doi.org/10.1016/j.eng.2019.11.014
https://doi.org/10.1016/j.eng.2019.11.014
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0180
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0180
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0180
https://doi.org/10.1016/j.marpolbul.2014.12.041
https://doi.org/10.1038/s41559-017-0116
https://doi.org/10.1038/s41559-017-0116
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1016/j.ocecoaman.2017.07.009
https://doi.org/10.1016/j.ocecoaman.2017.07.009
https://doi.org/10.1016/j.envpol.2016.06.015
https://doi.org/10.1016/j.envpol.2016.06.015
https://doi.org/10.1016/j.scitotenv.2022.153162
https://doi.org/10.1016/j.scitotenv.2022.153162
https://doi.org/10.1007/s10661-020-8202-9
https://doi.org/10.1007/s10661-020-8202-9
https://doi.org/10.3389/fmars.2021.644569
https://doi.org/10.1016/j.heliyon.2024.e24954
https://doi.org/10.1016/j.heliyon.2024.e24954
https://portal.inmet.gov.br/
https://portal.inmet.gov.br/
https://doi.org/10.1016/j.marpolbul.2007.05.004
https://doi.org/10.1016/j.marpolbul.2007.05.004
https://doi.org/10.1016/j.envpol.2013.10.036
https://doi.org/10.1016/j.envpol.2013.10.036
https://doi.org/10.1007/978-3-319-16510-3_4
https://doi.org/10.1007/978-3-319-16510-3_4
https://doi.org/10.1590/0104-1428.1897
https://doi.org/10.1016/j.envpol.2013.12.020
https://doi.org/10.1016/j.marpolbul.2014.01.032
https://doi.org/10.1016/j.scitotenv.2020.1367
https://doi.org/10.1016/j.marpolbul.2022.114124
https://doi.org/10.1016/j.scitotenv.2022.155709
https://doi.org/10.1002/fee.1484
https://doi.org/10.1111/j.1750-3841.2007.00301.x
https://doi.org/10.1016/j.marpolbul.2024.116805
https://doi.org/10.1016/j.envpol.2021.116954
https://doi.org/10.1016/j.envpol.2021.116954
https://doi.org/10.1016/j.scitotenv.2022.161363
https://doi.org/10.1016/j.wasman.2015.12.010
https://doi.org/10.1016/j.wasman.2015.12.010
https://doi.org/10.1016/j.marpolbul.2017.06.073
https://doi.org/10.1016/j.marpolbul.2017.06.073
https://doi.org/10.1016/j.marpolbul.2014.12.050
https://doi.org/10.1016/j.marpolbul.2014.12.050
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0320
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0320
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0320
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0320
https://doi.org/10.1134/S0001437021010148
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0330
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0330
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0335
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0335
https://doi.org/10.1016/j.ecss.2013.07.017
https://doi.org/10.1016/j.ecss.2013.07.017
https://doi.org/10.1016/j.ocecoaman.2014.05.00
https://doi.org/10.1007/978-3-319-30394-9_4
https://doi.org/10.1016/j.ocecoaman.2018.08.012
https://doi.org/10.1016/j.ocecoaman.2018.08.012
https://doi.org/10.1016/j.ocecoaman.2019.104856
https://doi.org/10.1016/j.ocecoaman.2019.104856
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0365
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0365
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0365
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0365

LP. Souza et al.

Portman, M.E., Brennan, R.E., 2017. Marine litter from beach-based sources: case study
of an Eastern Mediterranean coastal town. Waste Manag. 69, 535-544. https://doi.
org/10.1016/j.wasman.2017.07.040.

Pévoa, A.A., Skinner, L.F., Aratijo, F.V., 2021. Fouling organisms in marine litter (rafting
on abiogenic substrates): a global review of literature. Mar. Pollut. Bull. 166,
112189. https://doi.org/10.1016/j.marpolbul.2021.11218.

Pévoa, A.A., Aratjo, F.V., Skinner, L.F., 2022. Macroorganisms fouled in marine
anthropogenic litter (rafting) arround a tropical bay in the Southwest Atlantic. Mar.
Pollut. Bull. 175, 113347. https://doi.org/10.1016/j.marpolbul.2022.1133.

Pévoa, A.A., de Souza, L.R., Henud, L.R., Tavares, M.G., Amorim, R.M., Soares-Gomes, A.,
2024. Macrofouling on marine litter in a Southwest Atlantic urban tropical bay and
surrounds. Mar. Pollut. Bull. 211, 17394. https://doi.org/10.1016/j.
marpolbul.2024.117394.

Prevenios, M., Zeri, C., Tsangaris, C., Liubartseva, S., Fakiris, E., Papatheodorou, G.,
2018. Beach litter dynamics on Mediterranean coasts: distinguishing sources and
pathways. Mar. Pollut. Bull. 129 (2), 448-457. https://doi.org/10.1016/j.
marpolbul.2017.10.013.

Rafa, N., Ahmed, B., Zahora, F., Bakaya, J., Ahmed, S., Ahmed, S.F., Mofijur, M.,
Chowdhury, A.A., 2024. Microplastics as carriers of toxic pollutants: source,
transport, and toxicological effects. Environ. Pollut. 15, 123190. https://doi.org/
10.1016/j.envpol.2023.123190.

Ramirez-Llodra, E., Mol, B.D., Coll, M., Sard4, F., 2013. Effects of natural and
anthropogenic processes in the distribution of marine litter in the deep
Mediterranean Sea. Prog. Oceanogr. 118, 273-287. https://doi.org/10.1016/j.
pocean.2013.07.027.

Rangel-Buitrago, N., Gracia, C.A., Velez-Mendoza, A., Carvajal-Flori’an, A., Mojica-
Martinez, L., Neal, W.J., 2019a. Where did this refuse come from? Marine
anthropogenic litter on a remote island of the Colombian Caribbean sea. Mar. Pollut.
Bull. 149, 110611. https://doi.org/10.1016/j.marpolbul.2019.110611.

Rangel-Buitrago, N., Neal, W.J., Williams, A.T., Verdejo, J.I., 2019b. Hazardous marine
litter on Colombian Caribbean beaches. Mar. Pollut. Bull. 141, 158-166. https://doi.
org/10.1016/j.marpolbul.2019.01.054.

Rangel-Buitrago, N., Vergara-Cortes, H., Barria-Herrera, J., Contreras-Lopez, M.,
Agredano, R., 2019c. Marine debris occurrence along Las Salinas beach, Vina Del
Mar (Chile): magnitudes, impacts and management. Ocean Coast. Manag. 178,
104842. https://doi.org/10.1016/j.ocecoaman.2019.104842.

Rangel-Buitrago, N., Velez-Mendoza, A., Gracia, C.A., Neal, W.J., 2020. The impact of
anthropogenic litter on Colombia’s central Caribbean beaches. Mar. Pollut. Bull.
152, 110909. https://doi.org/10.1016/j.marpolbul.2020.110909.

Rangel-Buitrago, N., Velez-Mendoza, A., Mantilla-Barbosa, E., Arroyo-Olarte, H.,
Arana, A.V., Trilleras, J., Gracia, A.C., Neal, W.J., Williams, A.T., 2021a. Plastic
pollution on the Colombian central Caribbean beaches, 162, 1879-3363. https://doi.
org/10.1016/j.marpolbul.2020.111837 (Elsevier).

Rangel-Buitrago, N., Arroyo-Olarte, H., Trilleras, J., Arana, V.A., Mantilla-Barbosa, E.,
Gracia, C.A., Mendoza, V.A., William, J.N., Williams, A.T., Micallef, A., 2021b.
Microplastics pollution on Colombian Central Caribbean beaches. Mar. Pollut. Bull.
170, 112685. https://doi.org/10.1016/j.marpolbul.2021.112685.

Ranieri, L.A., 2014. Morfodinamica costeira e o uso da orla oceanica de Salinépolis
(Nordeste do Para). Instituto de Geociéncias, Universidade Federal do Pard, Belém,
20140SPAR (2007) (Tese (Doutorado em Geologia e Geoquimica)).

Rech, S., Macaya-Caquilpan, V., Pantoja, J.F., Rivadeneira, M.M., Madarriaga, D.J.,
Thiel, M., 2014. Rivers as a source of marine litter — a study from the SE Pacific. Mar.
Pollut. Bull. 82, 66-75.

Remy, F., Collard, F., Gilbert, B., Compere, P., Eppe, G., Lepoint, G., 2015. When
microplastic is not plastic: the ingestion of artificial cellulose fibers by macrofauna
living in seagrass Macrophyto detritus. Environ. Sci. Technol. 49 (18),
11158-11166. https://doi.org/10.1021/acs.est.5b02005.

Romeo, T., Pietro, B., Peda, C., Consoli, P., Andaloro, F., Fossi, M.C., 2015. First evidence
of presence of plastic debris in stomach of large pelagic fish in the Mediterranean
Sea. Mar. Pollut. Bull. 95 (1), 358-361. https://doi.org/10.1016/j.
marpolbul.2015.04.048.

Ryan, P.G., Moore, C.J., van Franeker, J.A., Moloney, C.L., 2009. Monitoring the
abundance of plastic debris in the marine environment. Philos. Trans. R. Soc. Lond.
Ser. B Biol. Sci. 364 (1526), 1999-2012. https://doi.org/10.1098/rstb.2008.0207.

Santos, A.M.P., Yoshida, M.P., 2011. Embalagem. EDUFRPE, Recife.

Santos, A.S.F., Freire, F.H.O., Costa, B.L.N., 2012. Plastic bags: sustainable disposal and
alternative routes to their substitution. Polimeros 22 (3), 228-237. https://doi.org/
10.1590/50104-14282012005000036.

Schnurr, R.E.J., Alboiu, V., Chaudhary, M., Corbett, R.A., Quanz, M.E., Sankar, K.,
Srain, H.S., Thavarajah, V., Xanthos, D., Walker, T.R., 2018. Reducing marine
pollution from single-use plastics (SUPs): a review. Mar. Pollut. Bull. 37, 157-171.

Silva, G.C., 2014. Packaging and collection of solid waste: a study on the perspective of
tourism service providers on Praia do Atalaia-PA. 1983-7151. Revista Turismo -
Visao e Agao - Eletronica. 16, 144-166. https://doi.org/10.14210/rtva.vi6nl.

Marine Pollution Bulletin 222 (2026) 118747

Simeonova, A., Chuturkova, R., 2020. Macroplastic distribution (single-use plastics and
some fishing gear) from the northern to the southern Bulgarian Black Sea coast. Reg.
Stud. Mar. Sci. 37, 101329. https://doi.org/10.1016/j.rsma.2020.101329.

Sokolova, T., Krishna, A., Doring, T., 2023. Paper meets plastic: the perceived
environmental friendliness of product packaging. J. Consum. Res. 50, 468-491.
https://doi.org/10.1093/jcr/ucad008.

Soto-Navarro, J., Jorda, G., Compa, M., Alomar, C., Fossi, M.C., Deudero, S., 2021.
Impact of the marine litter pollution on the Mediterranean biodiversity: a risk
assessment study with focus on the marine protected areas. Mar. Pollut. Bull. 165,
112169. https://doi.org/10.1016/j.marpolbul.2021.112169.

Sousa, R.C., Pereira, L.C.C., Silva, N.L.S., Oliveira, S.M.O., Pinto, K.S.T., Costa, R.M.,
2011. Recreational carrying capacity of three Amazon macrotidal beaches during the
peak vacation season. J. Coast. Res. SI64, 1292-1296. https://www.jstor.org/stable/
26482383.

Sousa, R.C., Pereira, L.C.C., Trindade, W.N., Souza, I.P., Costa, R.M., Jiménez, J.A.,
2017a. Application of the DPSIR framework to the evaluation of the recreational and
environmental conditions on estuarine beaches of the Amazon coast. Ocean Coast.
Manag. 149, 96-106. https://doi.org/10.1016/j.0cecoaman.2017.09.011.

Sousa, R.C., Pereira, L.C.C., Costa, R.M., Jiménez, J.A., 2017b. Management of estuarine
beaches on the Amazon coast though the application of recreational carrying
capacity indices. Tour. Manag. 59, 216-225. https://doi.org/10.1016/j.
tourman.2016.07.006.

Steer, M., Cole, M., Thompson, R.C., Lindeque, P.K., 2017. Microplastic ingestion in fish
larvae in the western English Channel. Environ. Pollut. 226, 250-259. https://doi.
org/10.1016/j.envpol.2017.03.062.

Thompson, R.C., Olsen, Y., Mitchell, R.P., Davis, A., Rowland, S.J., John, A W.,
McGonigle, D., Russell, A.E., 2004. Lost at sea: where is all the plastic? Science 304
(5672), 838. https://doi.org/10.1126/science.1094559.

Thushari, G.G.N., Senevirathna, J.D.M., 2020. Plastic pollution in the marine
environment. Heliyon 6, E04709. https://doi.org/10.1016/j.heliyon.2020.e04709.

Torkashvand, J., Godini, K., Jafari, Aj, Esrafili, A., Farzadkia, M., 2021. Assessment of
littered cigarette butt in urban environment, using of new cigarette butt pollution
index (CBPI). Sci. Total Environ. 769 (15), 144864. https://doi.org/10.1016/j.
scitotenv.2020.14486.

Torn, K., Méller-Raid, T., Herkiil, K., Suursaar, U., Poldma, M., Martin, G., 2024.
Anthropogenic influence on coastal environments: variation of beach litter in regions
with diverse human activity. J. Coast. Res. 113, 473-477. https://doi.org/10.2112/
JCR-SI113-093.1.

UNEP, 2009. Marine Litter: A Global Challenge. UNEP, Nairobi.

UNEP, 2021. Regional Seas Programme. https://www.unep.org/explore-topics/oceans-
seas/what-we-do/regional-seas-programme.

Vandermeersch, G., Van Cauwenberghe, L., Janssen, C.R., Marques, A., Granby, K.,
Fait, G., Kotterman, M.J.J., Diogene, J., Bekaert, K., Robbens, J., Devriese, L., 2015.
A critical view on microplastic quantification in aquatic organisms. Environ. Res.
143 (Pt B), 46-55. https://doi.org/10.1016/j.envres.2015.07.016.

van-Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B.D., Van Franeker, J.
A., Eriksen, M., Siegel, D., Galgani, F., Law, K.L., 2015. A global inventory of small
floating plastic debris. Environ. Res. Lett. 10 (12), 124006. https://doi.org/10.1088/
1748-9326/10/12/124006.

Wang, C., Zhao, J., Xing, B., 2021. Environmental source, fate, and toxicity of
microplastics. J. Hazard. Mater. 407, 124357. https://doi.org/10.1016/j.
jhazmat.2020.124357.

Whiting, S.D., 1998. Types and sources of marine debris in Fog Bay, Northern Australia.
Mar. Pollut. Bull. 36 (11), 904-910. https://doi.org/10.1016,/50025-326X(98)
00066-6.

Williams, A.T., Rangel-Buitrago, N., 2019. Marine litter: solutions for a major
environmental problem. J. Coast. Res. 35 (3), 648-663. https://doi.org/10.2112/
JCOASTRES-D-18-00096.1.

Williams, A.T., Rangel-Buitrago, N., Anfuso, G., Cervantes, O., Botero, C., 2016. Litter
impacts on scenery and tourism on the Colombian north Caribbean coast. Tour.
Manag. 55, 209-224. https://doi.org/10.1016/j.tourman.2016.02.008.

Wilson, S.P., Verlis, K.M., 2017. The ugly face of tourism: marine debris pollution linked
to visitation in the southern Great Barrier Reef, Australia. Mar. Pollut. Bull. 117
(1-2), 239-246. https://doi.org/10.1016/j.marpolbul.2017.01.0.

Woods, J.S., Verones, F., Jolliet, O., V'azquez-Rowe, 1., Boulay, A., 2021. A framework
for the assessment of marine litter impacts in life cycle impact assessment. Ecol.
Indic. 129, 107918. https://doi.org/10.1016/j.ecolind.2021.107918.

Wright, S.L., Thompson, R.C., Galloway, T.S., 2013. The physical impacts of
microplastics on marine organisms: a review. Environ. Pollut. 483-492. https://doi.
0rg/10.1016/j.envpol.2013.02.031.

Zalewska, T., Maciak, J., Grajewska, A., 2021. Spatial and seasonal variability of beach
litter along the southern coast of the Baltic Sea in 2015-2019 recommendations for
the environmental status assessment and measures. Sci. Total Environ. 774, 145716.
https://doi.org/10.1016/j.scitotenv.2021.14571.

13


https://doi.org/10.1016/j.wasman.2017.07.040
https://doi.org/10.1016/j.wasman.2017.07.040
https://doi.org/10.1016/j.marpolbul.2021.11218
https://doi.org/10.1016/j.marpolbul.2022.1133
https://doi.org/10.1016/j.marpolbul.2024.117394
https://doi.org/10.1016/j.marpolbul.2024.117394
https://doi.org/10.1016/j.marpolbul.2017.10.013
https://doi.org/10.1016/j.marpolbul.2017.10.013
https://doi.org/10.1016/j.envpol.2023.123190
https://doi.org/10.1016/j.envpol.2023.123190
https://doi.org/10.1016/j.pocean.2013.07.027
https://doi.org/10.1016/j.pocean.2013.07.027
https://doi.org/10.1016/j.marpolbul.2019.110611
https://doi.org/10.1016/j.marpolbul.2019.01.054
https://doi.org/10.1016/j.marpolbul.2019.01.054
https://doi.org/10.1016/j.ocecoaman.2019.104842
https://doi.org/10.1016/j.marpolbul.2020.110909
https://doi.org/10.1016/j.marpolbul.2020.111837
https://doi.org/10.1016/j.marpolbul.2020.111837
https://doi.org/10.1016/j.marpolbul.2021.112685
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0435
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0435
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0435
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0440
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0440
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0440
https://doi.org/10.1021/acs.est.5b02005
https://doi.org/10.1016/j.marpolbul.2015.04.048
https://doi.org/10.1016/j.marpolbul.2015.04.048
https://doi.org/10.1098/rstb.2008.0207
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0460
https://doi.org/10.1590/S0104-14282012005000036
https://doi.org/10.1590/S0104-14282012005000036
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0470
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0470
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0470
https://doi.org/10.14210/rtva.v16n1
https://doi.org/10.1016/j.rsma.2020.101329
https://doi.org/10.1093/jcr/ucad008
https://doi.org/10.1016/j.marpolbul.2021.112169
https://www.jstor.org/stable/26482383
https://www.jstor.org/stable/26482383
https://doi.org/10.1016/j.ocecoaman.2017.09.011
https://doi.org/10.1016/j.tourman.2016.07.006
https://doi.org/10.1016/j.tourman.2016.07.006
https://doi.org/10.1016/j.envpol.2017.03.062
https://doi.org/10.1016/j.envpol.2017.03.062
https://doi.org/10.1126/science.1094559
https://doi.org/10.1016/j.heliyon.2020.e04709
https://doi.org/10.1016/j.scitotenv.2020.14486
https://doi.org/10.1016/j.scitotenv.2020.14486
https://doi.org/10.2112/JCR-SI113-093.1
https://doi.org/10.2112/JCR-SI113-093.1
http://refhub.elsevier.com/S0025-326X(25)01223-8/rf0535
https://www.unep.org/explore-topics/oceans-seas/what-we-do/regional-seas-programme
https://www.unep.org/explore-topics/oceans-seas/what-we-do/regional-seas-programme
https://doi.org/10.1016/j.envres.2015.07.016
https://doi.org/10.1088/1748-9326/10/12/124006
https://doi.org/10.1088/1748-9326/10/12/124006
https://doi.org/10.1016/j.jhazmat.2020.124357
https://doi.org/10.1016/j.jhazmat.2020.124357
https://doi.org/10.1016/S0025-326X(98)00066-6
https://doi.org/10.1016/S0025-326X(98)00066-6
https://doi.org/10.2112/JCOASTRES-D-18-00096.1
https://doi.org/10.2112/JCOASTRES-D-18-00096.1
https://doi.org/10.1016/j.tourman.2016.02.008
https://doi.org/10.1016/j.marpolbul.2017.01.0
https://doi.org/10.1016/j.ecolind.2021.107918
https://doi.org/10.1016/j.envpol.2013.02.031
https://doi.org/10.1016/j.envpol.2013.02.031
https://doi.org/10.1016/j.scitotenv.2021.14571

	Marine litter pollution on Amazonian beaches: A risk assessment study with focus on non-urban beaches
	1 Introduction
	2 Methods
	2.1 Development of the Macro-litter Risk Index (MLRI)
	2.1.1 Sub-indexes details
	2.1.1.1 General Cleanliness Sub-index (GCsi)
	2.1.1.2 Cleaning and Maintenance Services sub-index (CMSsi)
	2.1.1.3 Debris Decomposition Time Sub-index (DDTsi)
	2.1.1.4 Environmental Risk sub-index (ERsi)
	2.1.1.4.1 Macro-litter Abundance Risk (MAR)
	2.1.1.4.2 Marine Biota Risk (MBR)

	2.1.1.5 Human Health Risk sub-index – HHRsi


	2.2 Field campaigns

	3 Study area
	4 Results
	5 Discussion
	5.1 Macro litter risk index (MLRI) for non-urban beaches: advantages, limitations, and applicability
	5.2 Environmental and human health risks of marine litter: origin, composition, and impact
	5.3 Implementation of public policies

	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


