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A B S T R A C T   

Marine debris, particularly plastic debris is a ubiquitous global pervasive problem. The international community 
recognizes that a reduction in plastic debris density is central to sustainable ocean use based on reduction 
performance metrics. Although many national databases already exist or are being developed, an internationally 
accepted index of plastic debris density does not currently exist. Standardized methods for monitoring marine 
debris can help inform policy decisions to reduce sources marine debris and support mitigation effectiveness. 

Vietnam recently committed to addressing marine debris nationally and internationally and developed 
ambitious targets to manage and reduce ocean plastic debris, yet Vietnam does not currently have a national 
marine debris monitoring database. This study identified international best practices and standards; developed a 
marine plastic database for accurate, efficient information gathering, management, and reporting; and developed 
a centralized database platform for future marine plastic debris management in Vietnam that can be adapted for 
other jurisdictions.   

1. Introduction 

Marine debris, particularly marine plastic pollution is a ubiquitous 
global pervasive problem (Derraik, 2002; Barnes et al., 2009; Walker, 
2018; UNEP, 2016, 2020), recognizing no international boundaries 
requiring multiple solutions to reduce ‘leakage’ at local, national, 
regional and international levels (Xanthos and Walker, 2017; Schnurr 
et al., 2018; UNEP, 2018a; ASEAN Framework of Action on Marine 
Debris, 2019; BRS Conventions, 2019; Adam et al., 2020; Clayton et al., 
2020; ASEAN, 2021; Bezerra et al., 2021). Many initiatives exist to 
reduce marine plastic debris at different governance levels, including 
government policies, awareness campaigns, marine plastic monitoring, 
collaboration of international organizations, private sector, and non- 
governmental organizations (NGOs) (UNEP, 2018a; Prata et al., 2019; 
Walker and McGuinty, 2021). 

Internationally, the United Nations (UN) Sustainable Development 
Goal (SDG) 14 addresses marine plastic pollution (UN, 2015). Goal 14 
will be achieved in target 14.1: By 2025, prevent and significantly reduce 
marine pollution of all kinds, in particular from land-based activities, 
including marine debris and nutrient pollution, to be measured by indicator 
14.1.1: Index of coastal eutrophication and floating plastic debris density 

(UN, 2019). The international community recognizes that a reduction in 
floating plastic debris density is central to sustainable ocean use based 
on reduction performance metrics. However, an internationally 
accepted index of floating plastic debris density does not currently exist 
(Kershaw et al., 2019; Walker, 2021a). 

Until recently, reliable estimates of mismanaged plastic waste 
entering oceans, especially via rivers were lacking (Meijer et al., 2021; 
Weiss et al., 2021). In 2010, Jambeck et al. (2015) estimated 4.8-12.7 
million metric tons (Mt) entered oceans globally, but in 2016, Borrelle 
et al. (2020) estimated twice that amount (19–23 Mt) and is predicted to 
reach 53 Mt. annually by 2030. Therefore, tracking and performance 
indicators to report on the extent and magnitude of marine plastic 
pollution and subsequent reduction in density requires establishment of 
reliable baseline data, such as abundance, size, classification and char-
acterization (Smail et al., 2020). Currently, the Joint Group of Experts 
on Scientific Aspects of Marine Environmental Protection (GESAMP) is 
coordinating with the United Nations Environment Program (UNEP) 
towards science-based solutions to reduce marine plastic debris (Ker-
shaw et al., 2019). Additionally, the European Union (EU) Marine 
Strategy Framework Directive (MSFD) Technical Group on Marine Litter 
(TGML) has been working in close collaboration with EU Member States 
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to develop a joint master list of marine debris/litter categories (Fleet 
et al., 2021). 

Thus, there is an urgent need for establishing compatible national 
and regional marine debris databases for sharing data with the inter-
national community (Ambrose, 2021). Many national databases already 
exist or are being developed and often rely on gathering data using 
citizen scientists (Bergmann et al., 2017; Ambrose et al., 2019; Chen 
et al., 2020; Fauziah et al., 2021) or remote sensing to understand ma-
rine debris management (UNEP, 2018a; Salgado-Hernanz et al., 2021). 
For example, in Spain in 2014 a standardized national Monitoring 
Program for Marine Litter was designed for monitoring the state of the 
marine environment with results helping to inform national policy and 
target the most heavily polluted areas (Martín-Lara et al., 2021). 

Standardized methods for monitoring marine debris can help shape 
its broader understanding and potential sources but requires an inte-
grated approach with compatible and interoperable data (Fleet et al., 
2021). Further, a robust database for management and reporting of 
marine plastic debris can facilitate collection of data for specific in-
dicators, impacts on ecosystems or economies, and ultimately improve 
standardization and comparability (JRC, 2013; Fleet et al., 2021). A 
well-developed platform can also support policy decisions to reduce 
sources marine debris and support effectiveness of mitigation and policy 
efforts through enhanced waste tracking, citizen science efforts, and 
environmental remediation (Xanthos and Walker, 2017; Schnurr et al., 
2018; Martín-Lara et al., 2021). 

1.1. Management of marine plastic debris in Vietnam 

Vietnam is adversely impacted by marine plastic debris from do-
mestic and transboundary sources as well plastic imports from high in-
come countries (Brooks et al., 2018). In 2015, Vietnam was identified as 
one of five Asia Pacific countries (including China, Indonesia, 
Philippines and Thailand) collectively responsible for ~60% of ocean 
plastic pollution (with Vietnam ranking fourth) (Jambeck et al., 2015). 
In another study by Meijer et al. (2021), Vietnam ranked eighth globally 
for plastic emissions to oceans. However, there is a paucity of data 
quantifying marine plastic debris in Vietnam, as most studies have 
previously focused on river discharge of plastic debris (e.g., van 
Emmerik et al., 2018, 2019a,b; Lahens et al., 2018; Giles et al., 2021; 
Meijer et al., 2021). The lack of reliable scientific data on marine debris 
has been identified by the Ministry of Natural Resources and the Envi-
ronment (MONRE) and the Vietnam Administration of Seas and Islands 
(VASI) as a knowledge gap which prevents Vietnam from making 
informed decisions on how to reduce sources of plastic pollution, 
monitor progress, and to inform clean-up strategies (VASI, 2020). 

Vietnam recently committed to addressing marine debris nationally 
and internationally, including at the G7 Leaders' Summit on the Ocean 
Plastic Charter in Canada, and developed ambitious targets to manage 
and reduce ocean plastic debris (VASI, 2020; Supplementary material). 
In 2018, Vietnam developed the National Action Plan (NAP) for Man-
agement of Marine Plastic Debris by 2030, including resolutions for 
preventing, controlling, and significantly reducing pollution of the ma-
rine environment. In the NAP annual monitoring of debris is listed as a 
specific objective that needs to be implemented. Vietnam aims to be a 
regional leader in Southeast Asia in minimizing ocean plastic waste 
(VASI, 2020). Other countries in the region (e.g., China and Malaysia) 
are already gathering baseline marine debris data and establishing their 
own national databases (Chen et al., 2020; Fauziah et al., 2021). To 
achieve these goals, accurate data of marine plastic debris types and 
locations (e.g., quantities and locations within specific marine envi-
ronments, including mangrove forests as they are known to trap debris 
and abundant in Vietnam) is urgently required (Ivar do Sul et al., 2014; 
Kershaw et al., 2019; Martin et al., 2019). Accurate marine plastic debris 
data will help fill knowledge gaps, that policy makers can use to identify 
priority areas and evaluate efficacy for future mitigation actions (Giles 
et al., 2021). The NAP calls for development of an internationally 

compatible national database to help Vietnam to make better-informed 
strategic decisions to address marine debris, and for Vietnam to provide 
more reliable and comprehensive data to regional and global marine 
debris tracking systems and platforms. 

Thus, marine plastic monitoring data and information are crucial for 
Vietnam to inform national policy and action on reducing ocean plastic 
pollution but cannot be successfully accomplished without proper data 
organization and management (MOEJ, 2019). In accordance with NAP 
(VASI, 2020), the aims of this study were to: (i) identify international 
best practices and standards leading to information sharing across 
Southeast Asian nations and internationally; (ii) develop a marine 
plastics database that encompasses accurate, efficient and up-to-date 
information gathering, management, and reporting; and (iii) develop a 
centralized platform for future marine plastic debris management in 
Vietnam. 

2. International best practices and standards for marine debris 
monitoring 

2.1. Identifying international standards and best practices for marine 
debris data storage and management 

Vietnam has committed to monitor and manage marine plastic waste 
(VASI, 2020). Therefore, alignment with international best practice and 
standards is critical. International standards were identified, and a 
comparison of current regional and international marine debris man-
agement platforms and models were assessed. Marine monitoring da-
tabases were sourced via scholarly research platforms Scopus (www. 
scopus.com) and Google Scholar (www.scholar.google.com) using key-
words “marine debris”, “marine plastic debris”, “marine litter”, “moni-
toring”, “survey”, “marine environment”, “beach”, “shoreline”. 
Reviewing international standards and assessing platforms/models 
helps identify components required for developing a centralized data 
storage and management platform for MONRE and VASI. Fig. S1 shows 
information gathering phases required to identify and select a suitable 
model/platform for a centralized data storage platform for marine 
debris data management for use nationally in Vietnam and 
internationally. 

Most international organizations call for regular and standardized 
monitoring, collection, storage, transmission and management of ma-
rine plastics data (Kershaw et al., 2019; Fleet et al., 2021). Recent ma-
rine plastic debris monitoring frameworks from international 
organizations such as the UNEP, Association of South East Asian Nations 
(ASEAN), GESAMP, G7 Oceans Plastics Charter, G20 Nations, and other 
national and regional bodies, recognize a need to understand the long- 
term changes in marine debris to successfully develop and implement 
mitigation strategies (G7, 2019; ASEAN, 2021). Enforcement of existing 
international, regional or national regulations are lacking and un-
dermines the ability of the international community to implement so-
lutions (UNEP, 2020; Walker, 2021a). 

A major challenge of using existing technologies for monitoring 
marine debris, is size classification and readiness levels. Grouping 
available technologies together based on marine debris size categories as 
well as technology readiness levels established by the U.S. National 
Oceanic and Atmospheric Administration (NOAA), was used to support 
prioritization of data standardization and integration (Opfer et al., 2012; 
NOAA, 2017). Recently, marine debris monitoring studies and data have 
increased dramatically, complicating the ability to share compatible 
datasets (Kershaw et al., 2019). Despite growing interest in marine 
debris monitoring by organizations and citizen scientists (Ambrose 
et al., 2019), wide variations in monitoring approaches can distort data 
integrity (e.g., how it was collected, stored, managed and reported). 
Thus, it is critical to distinguish best practices and internationally 
accepted standards before compiling a summary of available marine 
debris databases and datasets (Kershaw et al., 2019). 

To inform platform development, common standards and practices 
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for tracking marine debris were grouped into five categories: four core 
sub-indicators of marine debris reduction; marine debris monitoring 
technologies; internationally recognized and accepted terms and debris 
characterization; indicators of marine debris; and management objec-
tives of marine debris data collection and storage (UNEP, 2018b, 2020). 
Grouping these five categories together helps link relevant marine debris 
data and science to societal behaviour change and policymaking de-
cisions (Ambrose, 2021). Lack of standardized marine debris parame-
ters, data criteria, observation methods, as well as methods for 
extracting information and knowledge from available data, currently 
limits our understanding of sources, transportation trajectories, global 
distribution, and impacts of marine debris (MOEJ, 2019). 

2.1.1. UNEP four core sub-indicators of marine debris reduction 
Existing international organizations such as the UNEP and GESAMP 

guidelines determine agreed indicators for reporting on marine plastics 
debris (Kershaw et al., 2019). Reoccurring indicators demonstrate 
classifications at global, national, and regional scales. Indicator orga-
nization and consistency is important as it provides a measure of the 
environment, along with indicators and monitoring methods used to 
inform policy and impacts on environmental, social and economic fac-
tors. Four UNEP core marine debris reduction sub-indicators include: 
plastic debris washed/deposited on beaches/shorelines (beach debris); 
floating plastic debris and debris in the water column; plastic debris on 
the seafloor/seabed; and plastic ingested by biota (e.g., seabirds, fish, 
turtles) (UNEP, 2018b). 

2.1.2. Marine debris monitoring technologies 
Monitoring is defined as “the repeated measurement of a characteristic 

of the environment, or of a process, to detect a trend in space or time” 

(Kershaw et al., 2019). Indeed, UN SDG Goal 14 will need to use stan-
dardized monitoring protocols to measure “floating plastic debris density” 
in indicator 14.1.1 (UN, 2019). Common international monitoring 
practice involves using various technologies and reporting in numbers of 
items (volume), density (e.g., items/m2 on a beach or in grams/m3 in 
seawater) and mass (weight). Different types (categories) and sizes of 
plastic debris (macroplastic vs. microplastic) result in different distri-
bution patterns in the marine environment which poses challenges for 
monitoring and source control (MOEJ, 2019). The contrast between 
distribution, abundance, sampling and identification requires different 
approaches, including use of new technologies, although is important to 
recognize limitations of using new technology and their efficacies. For 
example, human visual observations (i.e., low-technology) is a proven 
and reliable source of data collection (Opfer et al., 2012; Lee et al., 
2019). Common and reoccurring monitoring technologies used in in-
ternational marine debris data management include: human observation 
and supported platforms (widely used, including low and high- 
technology); sharing of scientific knowledge, research and develop-
ment (widely used, includes low and high-technology); visual imagery 
and video (moderately used, high-technology); GPS tags and trans-
mitters (moderately used, high-technology); and, data modeling 
(moderately used, low and high-technology), including the development 
of an integrated marine debris observing system (IMDOS) (Kershaw 
et al., 2019; Maximenko et al., 2019). 

2.1.3. Internationally recognized and accepted terms for debris 
characterization 

Consistent and reliable methods of sampling, monitoring and char-
acterization is important to optimize marine debris data management. 
Using definitions that are widely accepted and understood is key for 

Table 1 
Assessed alignment/compliance of international data platforms with desired data storage, management and reporting capabilities and characteristics. Coloured 
cells indicate alignment/compliance levels (green = compliant; yellow = partially compliant; red = poorly compliant). 
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sharing data and information effectively (UNEP, 2018b). For example, 
many organizations, including academics inconsistently use different 
size classifications for plastic debris items, making it increasingly diffi-
cult for comparison (Hartmann et al., 2019). Common definitions help 
measure, monitor, manage and store data. UNEP and GESAMP guide-
lines, define important internationally recognized terms for global ma-
rine debris data storage and reporting and are shown in Table S1 (UNEP, 
2020). 

2.1.4. Indicators of marine debris and management objectives 
Indicators provide a measure of the state of the environment, such as 

the abundance of plastic debris in the ocean (Kershaw et al., 2019). 
Good practice in reporting and data management includes information 
gathered from: beach/shoreline clean-ups; water column; seafloor/ 
seabed; and biota ingestion. Across numerous international organiza-
tions (e.g., G20, ASEAN, UNEP and GESAMP), monitoring program 
design considers management objectives. As marine debris is globally 
ubiquitous, a consistent approach to the following elements is consid-
ered good practice and common themes addressing policy questions and 
effective data-driven decision-making: compliance; efficacy of reduction 
measures; environmental setting; and citizen science engagement. In the 
ASEAN region, marine debris is a transboundary issue. This requires 
integrated and robust regional and national action plans to address 
marine debris. In the ASEAN Framework of Action on Marine Debris, 
four priority objectives and priority areas include: (i) policy support and 
planning; (ii) research, innovation, and capacity building; (iii) public 
awareness, education, and outreach; and (iv) private sector engagement 
(ASEAN Framework of Action on Marine Debris, 2019; ASEAN, 2021). 

2.2. Assessment of marine debris monitoring databases 

Eleven marine debris monitoring platforms were identified 
(Table S2). Table 1 summarizes best practices and international stan-
dards of marine debris monitoring platforms compared to data storage, 
management and reporting criteria. Considerations used for develop-
ment of data storage, management and reporting for MONRE and VASI 
to meet the needs of NAP and the international community include:  

• Interoperability of databases to ensure disseminated data storage and 
management can be integrated into regional and global monitoring.  

• Ensure guidelines are based on sampling and analysis methods that 
are generally accepted and widely available.  

• Ensure data collected is representative of marine debris size ranges 
present in the environment to avoid challenges when comparing 
spatial or temporal trends on marine debris obtained using different 
sampling methods. 

• Accounting for inherent heterogeneity of marine debris distribu-
tions, which can result in variations of abundance that may exceed 
an order of magnitude at any “one” site (Kershaw et al., 2019).  

• Increasing automation of sampling and sample analysis may allow 
for greater throughput of material and reduce uncertainty.  

• Based on 27 databases and datasets review by Smail et al. (2020), 
most databases contained beach and shoreline data, followed by 
seafloor/seabed, water column, sources of marine plastic, and plastic 
ingested by biota.  

• Beach and shoreline monitoring databases use citizen scientists to 
collect debris data.  

• Additional challenges relate to effective partnerships, moving 
beyond pilot projects, ongoing funding to maintain system, data 
democracy, data longevity and continuity.  

• Existing UNEP and UN SDG 14 data “to conserve and sustainably use 
the oceans, seas and marine resources for sustainable development”, 
not yet standardized (Walker, 2021a). 

• Opportunity to label data that is compliant with UN SDG method-
ology for formal reporting that can be extracted and analyzed 

separately from other data that follows different methodologies but 
may still be used for some decision making.  

• Best practice for features in platform/models for data storage and 
management: usability; accessibility; capacity; political buy-in; 
governance; and sustainability.  

• Commonly proposed operational features: data ingestion portal; 
standardization and interoperability; knowledge resource repository; 
data processing and analysis; data visualization; and open platform.  

• Leverage UNEP digital ecosystem elements to achieve sustainability 
outcomes through raw data, analytics, insights and infrastructure 
can increase efficiency and processes. 

2.3. Good international practice 

Key themes for development of a robust marine debris national 
database for Vietnam were identified from good practice and stan-
dardization from international organizations:  

• Databases accommodate inherent heterogeneity of marine debris 
distributions. 

• Databases must be interoperable to ensure data storage and man-
agement interconnectedness with data exchange and monitoring 
capabilities.  

• Guidelines based on accepted sampling and analysis methods that 
are widely available internationally, nationally and regionally. 

• Marine debris sample data representative of environmentally rele-
vant size ranges.  

• Utilize sampling automation and sample analysis to reduce data 
uncertainties.  

• Datasets include beach/shoreline, seafloor/seabed, water column, 
sources of marine plastic, and plastic ingestion information.  

• Beach/shoreline databases use citizen science programs.  
• Effective partnerships and funding maintain system integrity and 

data democracy.  
• Label data compliant with UN SDG methodology for formal reporting 

and have datasets be separately extracted from other data following 
different methodologies.  

• Features should be user-friendly, accessible (open source, offline, 
online), capacity, and have political buy-in and governance.  

• Strong operational features include data ingestion portal, knowledge 
and resource repository, data processing and analysis, data visuali-
zation, and open-source capabilities. 

2.4. Framework elements for design of marine plastic database 

Based on best practices and generally accepted principles for marine 
debris database management, these elements were used for develop-
ment of the Vietnam national platform: 

• Flexibility to accommodate wide variations in distributions of ma-
rine debris abundance.  

• Interoperable between systems and ensures consistent data 
exchange.  

• Includes information and criteria of main indicators and sources of 
marine debris.  

• Engage citizen science programs and data collection.  
• Include operational features consistent with peer and comparative 

platforms. 

2.5. Comparative assessment of current marine debris management 
platform and models 

A comparative assessment of current regional and international 
marine debris management platforms was conducted. To make accurate 
predictions, recommendations, and policy-decisions about how to 
effectively develop a robust monitoring platform for marine debris, it 

T.R. Walker et al.                                                                                                                                                                                                                               



Marine Pollution Bulletin 173 (2021) 112948

5

was critical to understand which platforms were available and to un-
derstand their functionality. Information of the main outputs generated 
by each platform and model for marine data storage, analysis, decision- 
making and management are provided (Table S3). 

3. Case study in Vietnam 

Marine plastics data and information are crucial for Vietnam to meet 
national and international commitments to address marine debris and 
inform national policy and action on reducing ocean plastic pollution 
(MOEJ, 2019). To establish a centralized database platform, collection 
of marine plastic item data, their disaggregation, and links to different 
marine environments needs to rely on international standards and the 
NAP objectives. Thus, monitoring of the following marine environments 
using good international practice and standards in Vietnam is recom-
mended: beach/shorelines; mangrove forests; drainage basins; water 
columns/sea surface; and seafloor/seabed. Based on NAP requirements 
(VASI, 2020) and findings from international organizations (e.g., UNEP, 
GESAMP and current marine plastics data collection initiatives), inter-
national best practices were incorporated for database development. To 
develop a national monitoring platform for Vietnam and inform action 
on marine plastic debris, it was important to understand what existing 
platforms and data currently exist. It was also important to identify 
policy questions guiding collection of marine plastic debris data (Ker-
shaw et al., 2019; Table 2). 

3.1. Perspectives of international organizations 

Inclusion of international guidance and priorities and targets for 
Vietnam, including those found in the NAP helped form links to dis-
aggregated data categories used in this study: data structuring; gender 
marking for sex-disaggregated data; debris coding and classification; 
and data analysis. Monitoring data needs to be collected in a structured 
and formal manner to allow for reliable assessment. Collection should 
include recording supplementary data to describe monitoring activities 
(i.e., metadata) (Kershaw et al., 2019). Further, a monitoring and data 
collection program should have a clear and organized data management 
policy, including implementation of data capture standards, quality 
control, storage, proper data structuring, gender disaggregation, coding, 
classification, analysis, sharing, reporting and communication (Smail 
et al., 2020). Marine debris data quality is also important to confirm, 
especially when programs rely on citizen scientists (Kershaw et al., 
2019), for data sharing between partner organizations such as Southeast 
Asian nations and ministries and regulatory bodies in Vietnam. 

Currently, there is no international data governance on marine 
debris, but some regional centers exist. For Vietnam, it is critical that 
regional plans of sharing and creating a database platform include 
proper data collection for marine plastic debris. Furthermore, recording 

the type of debris according to an agreed list of categories can prove to 
be effective, especially to display information about the relative 
importance and potential sources of debris, or other specific policy 
concerns including targeted reduction measures (restrictions on certain 
items or waste management protocols) (Kershaw et al., 2019). Category 
lists, used in international practice, tend to be hierarchal, creating room 
for flexibility on the number of major categories, sub-categories, and 
additional descriptors (Smail et al., 2020). Based on the international 
review, categorization and disaggregation of marine plastic debris items 
are grouped accordingly: type of plastic material (rigid, film, foam or 
bead), functionality (packaging, bags, disposable single-use items, rope/ 
strapping, fishing equipment, building/construction, textiles, elec-
trical), brand and other descriptive elements (sector-specific, sub-function 
details, geographic boundaries). 

3.2. Assessment of marine plastics data collection initiatives 

A matrix was developed to identify if vetted marine plastic debris 
data collection, monitoring initiatives and platforms are aligned/ 
compliant with international guidance and practices for each aspect of 
data disaggregation addressed. Each initiative includes a series of 
identified advantages and value-additions to the data disaggregation 
categories. Some initiatives have a more well-rounded approach and all- 
encompassing platform as plastic marine debris databases and datasets. 
Different types and sizes of plastic debris result in different distribution 
patterns in the marine environment. Due to contrasting abundances and 
distribution patterns, sampling, identification and quantification of 
different sizes and types of plastic require different methodological ap-
proaches to monitoring and collection of data, confirming gaps in in-
ternational standardization (Smail et al., 2020). Disaggregation 
categories were assessed and compared against global initiatives with 
respect to the variety of international guidance and practices are pre-
sented in Tables 3 and S4. 

3.2.1. Data structure 
Marine debris monitoring on shorelines considers variables such as 

item sizes, colour, material, or weathering. Data sources include 
shorelines, water column, mangrove forests, drainage basins, and sea-
floor, but also includes sub-environments, including tide-line levels, 
benthic habitats, currents, winds and economic links. All marine debris 
initiatives focus on specific or different marine environments, but none 
include an all-inclusive platform. 

3.2.2. Gender marking 
Assessing marine debris databases and initiatives relative to gender 

marking and gender-led information on leakage, wastage and other links 
to economic and demographic information remains limited. However, 
inference between gender-specific activities linked to marine debris can 
be discovered through data disaggregation based on gender-specific 
variables, such as employment status and type and specific plastic 
items with gender differences. 

3.2.3. Debris coding and classification 
Developing a complete and accurate list of marine debris items can 

prove to be an effective way to monitor and manage progress, including 
the ability to inform policymakers and link classifications to gender 
information. However, guidance from international organizations cau-
tions against use of exhaustive lists based on limitations of regional 
expertise (i.e., researchers and citizen scientists) and the inability to 
accurately report. Global methodologies are absent in classifications but 
are recommended to investigate with an understanding that regional 
data collection and management is more important. Ability to share 
information globally is critical for the advancement of marine plastic 
debris reduction, and without quality data and sharing capacity and 
frequency, progress will be stalled. 

Table 2 
Recommended marine plastic debris data collection queries (modified from 
Kershaw et al., 2019).  

Key collection 
queries 

Marine environments Collection and 
recording 

Quantity, density, 
type, and location 
of debris 

Suggested environments: 
shorelines, sea surface, seafloor, 
mangrove forests, drainage basins 

Citizen science 
engagement 

Trend in space or 
time 

Technological 
solutions 

Potential sources Artificial 
intelligence 
techniques 

Impacts (human/ 
ecological/ 
economic) 

Remote sensing 
capabilities 

Mitigation measures Data modeling 
techniques  
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3.2.4. Data analysis 
Data analysis from international organizations links to effective 

recording, monitoring and categorization. Gathered with effective pro-
cesses and discipline, important decisions can be made while achieving 
national and regional policy goals and management objectives. 

3.3. Gender disaggregation practices 

Gender disaggregation and marking of marine plastic debris data 
remains a challenge across international organizations and for reporting 
in Vietnam. As a centrepiece to the future of UN SDGs, more specifically 
with Goal 14, gender inclusion and equality cannot be excluded from the 
development of a database and tracking progress on marine debris 
reduction in Vietnam (UN, 2019). Although international guidance is 

still inadequate on gender disaggregation, there are some assumptions 
for interpreting gender data disaggregation. For example, shampoo 
bottles marketed towards males in ASEAN nations may be assumed to 
have originated from the same sex, but this may not be completely ac-
curate since household members (children, mothers, partners, cousins, 
friends) could have discarded the plastic item into a marine environment 
or natural ecosystem. Another example can be illustrated as female and 
male-specific objects beyond obvious homogeneity (i.e., female and 
male-specific hygiene products) where interchangeability between 
genders is difficult to track and understand once items are discarded. 
Therefore, in some cases, there is possible gender disaggregation 
(abovementioned personal care and health care products). 

Roles of men and women in activities that result in marine plastic 
debris often differs. General observations on activities men and women 

Table 3 
Matrix of assessed alignment/compliance of marine debris data collection initiatives with international guidance. Coloured cells indicate alignment/compliance 
levels (green = compliant; yellow = partially compliant; red = poorly compliant). GM indicates Gender marking. 

Program Data structure GM Debris coding/classification Data analysis Miscellaneous
Marine 
Debris 
Tracker 
App

Consists of both accumulation and 

standing/concentration data. Data 

units relevant and consistent with 

international guidance for data 

structuring.

Debris coding and classification extensive and 

separated according to international guidance.

Open-source platform allowing citizen input and 

reporting.

Data sources based on surveys of specific 

shoreline areas. Verified data reviewed by 

NOAA before publication. Mobile 

application integration for volunteers and 

organizations participating in clean-ups.

Strong citizen science 

engagement, partner 

organizations, and 

shoreline surveys as data 

collection methods.

MDMAP Consists of both accumulation and 

standing/concentration data. Data 

units relevant and consistent with 

international guidance for data 

structuring.

Debris coding and classification extensive and 

separated according to international guidance. 

Open-source platform allowing citizen input and 

reporting. 

Data sources based on surveys of specific 

shoreline areas. Verified data reviewed by 

NOAA before publication.

Strong citizen science 

engagement, partner 

organizations, and 

shoreline surveys as data 

collection methods.

DebrisWatch 
App

Includes itemized and total counts 

of all items collected and observed. 

Specific locations sampled are separated by total 

clean-ups, average amount collected per clean-

up, and organization responsible. Application is 

used to survey clean-up area based on specific 

items separated by categories of plastic, 

cloth/textile, glass/ceramics, and includes 

subsections of these categories.

Mobile application integration for 

volunteers and organizations participating 

in clean-ups. Data management policy by 

EEA includes open access, sharing and 

readily available data for analysis.

Additional handling 

required for using this 

data for statistical 

analysis. Datasets not 

quality checked or 

monitored once survey 

data is inputted.

Clean Swell 
App

Data recorded directly from 

volunteer inputs to TIDES 

database. 

Mass of debris collected, total number of debris 

bags filled, total distance or area covered.

Itemized list of total debris collected separated

by most likely to find items, fishing gear, 

packaging materials, and other items such as 

personal hygiene products. Data can be reported 

and collected as land-based debris, underwater, 

or debris collected by watercraft.

Clean Swell mobile app integration.

Collect and itemizes debris found near and 

in water bodies. Groups of individuals 

collect debris and tally total number of 

specific items found as well as overall 

mass of total debris. Data recorded directly 

from volunteer inputs to TIDES database.

Annual international 

clean-ups. Site specific 

datasets available and 

archived from previous 

years data.

Riverine Provided tools allow harmonization 

of the approach for monitoring of 

floating macrodebris. 

EMODnet 
Chemistry

Strong density metrics and 

consolidation of databases of 

member states for greater 

harmonization. 

Data includes numbers of beach debris items, 

sea floor debris items, and floating macrodebris 

items and types (mainly microplastics)

Strong density metrics and consolidation 

of databases of member states for greater 

harmonization.

JAMSTEC Data structuring includes images 

attributed to a location, date 

Database has a total quantity of debris observed 

separated by debris type.

Database includes composite of filmed and 

photographed debris found on the seafloor 

observed, debris type (plastic, 

glass, rubber or cloth), presence of 

organisms, sediment characteristics 

as well as debris depth.

off the coast of Japan and Pacific. Raw 

data and images are available on the 

database with some restrictions.

Australian 
Marine 
Debris 
Database

Data structuring includes total 

number of clean-ups completed, 

number of items removed and 

itemized, and annual comparisons.

Debris is counted and itemized based on 

specifications (weight, area, length of clean-up).

Data collected is vetted and approved 

before upload. Volunteers perform beach 

clean-ups of coastal areas on both land 

(beaches) and sea (near-shore).

Data reports generated 

for communities and 

partner organizations to 

identify marine debris 

trends. Attain local 

source reduction plans.

Litterbase Data structuring includes manual 

extraction from peer-reviewed 

literature. 

Aquatic and terrestrial debris, microplastic and 

nano-plastic.

Secondary data useful giving description 

of key species and biota ingestion.

Key species overviews (regionally 

economically, and biologically).

Quantitative geo-

referenced data.

Global 
Ghost 
Initiative

Total counts, location, dates and 

gear class. Measured in metrics (kg, 

area covered, height of gear, depth, 

counts of entanglement). 

Ghost gear including nets, lines, pots and traps. Citizen science and cruises use a mobile 

app integration to upload collected data.

Bulk data upload 

available online.

COASST Counts item specific characteristics 

observed during standardized beach 

surveys following protocols for 

sampling and structuring. 

Type, colour, material, size, loops, floppiness, 

brands, logos, languages, shininess, biofouling, 

weathering, intactness.

Measurements in metric units. Data 

analyzed and presented in densities (items 

per metric unit area). Citizen science 

trainees collecting data and uploading 

information.
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undertake is disproportionate to levels that can result in plastic leakage 
into the marine environment (i.e., local markets and fishing industry 
gender differences). Use of plastic items during regular day-to-day ac-
tivities beyond gender-marketed products contain specific plastic com-
pounds leading to wastage and leakage. Gender-related connections to 
creation of marine debris leads to broader gender disaggregation cate-
gories. Recognizing and supporting the leadership role that women play 
in combatting plastic waste and pollution is key to advancing global 
progress, as well as related SDGs such as marine biodiversity, public 
health, water and sanitation, and sustainable communities. At the same 
time, the unique perspectives and needs of women and marginalized 
communities, many of whom derive their livelihoods from waste 
collection in the informal labor sector, must also be taken into consid-
eration to shift to a plastic-free future and to develop effective data 
management and monitoring protocols. Key data disaggregation re-
quirements for Vietnam include:  

• Support and develop a global and regional gender strategy with 
applications for policymakers, commercial participants, intergov-
ernmental organizations, development banks, embassies, and NGOs 
working across the region on plastic pollution reduction.  

• Develop a country-level gender analysis and strategy translating 
from global and regional contexts to a Vietnam-specific setting.  

• Utilize a marine plastic debris database to inform and analyze gender 
disaggregation categories related to debris coding and classifica-
tions, locations and marine environments, and specific product types 
to educate, inform and execute solutions. 

3.4. Model for national database on tracking marine plastics debris 

Inputs to model development include identification of international 
standards to monitor and report on marine plastics debris; review and 

assessment of existing global and regional programs to monitor marine 
plastics and their related databases; and consideration of specific pri-
orities and the government of Vietnam NAP objectives. The model was 
developed in close collaboration with VASI, including review of draft 
iterations and model outputs which were discussed at a virtual work-
shop held on 26 June 2020 attended by VASI, Hanoi National Univer-
sity, representatives of relevant organizations of the government of 
Canada (including Global Affairs Canada, Environment and Climate 
Change Canada), the World Bank and the World Economic Forum. The 
model was developed to a demonstration level and includes a classifi-
cation system for marine plastics; marine plastics data collection forms 
designed for monitoring; initial functionality of the database design; and 
report outputs generated by the database. 

The model can be further updated into a fully functional national 
marine plastics database – including data collection, storage and 
reporting – in accordance with VASI priorities. The status of marine 
plastics classification has been reviewed at the international level, and 
further assessment has been made of “good practice” in marine plastic 
monitoring programs that have been implemented globally:  

• Marine plastics include any discarded plastic material found in the 
marine environment (including in tidal and non-tidal zones and es-
tuaries) and immediately adjacent terrestrial zone into which plastics 
that have formerly been in the marine environment have been 
transported (e.g., by wind) or ingested by or entangled with marine 
biota.  

• Effective actions to address marine plastic debris must be supported 
by an effective monitoring program to track presence and impacts of 
plastics in the marine environment, as well as effectiveness of mea-
sures to reduce and eliminate marine plastics debris. 

Table 4 
Framework for marine plastics monitoring.  

1. Presence of plastics in the marine environment 

Category of 
environment 

Definition Sub-category of 
environment 

Definition 

Shoreline The tidal interface between land and sea Sandy beach A beach where the surface area is at least 50% sand 
Rocky beach/bedrock A beach where the surface area is at least 50% loose stone or rock (rocky beach) or 

bedrock (bedrock beach) 
Salt marsh A wetland that is periodically inundated by the tide and that is characterized by 

salt-tolerant plants 
Mangrove forest 
(“mangrove”) 

A saltwater environment or environment periodically inundated by the tide and 
that is characterized by the growth of mangrove trees 

Mudflat An inter-tidal wetland that is devoid – or substantially devoid – of vegetation 
Water column The vertical expanse of water at and 

beneath the surface of the sea 
Sea surface The surface of the sea 
Sub-surface Water beneath the surface of the sea 

Seafloor The solid surface underlying the ocean Soft/sandy Seafloor is composed of fine-grained sediments, sand and/or mud 
Hard/rocky Seafloor is composed of loose stones/rock or bedrock   

2. Ingestion of plastics by marine organisms 

Type of organism Biota Definition 

Vertebrate Mammals Warm-bloodied aquatic marine biota that breathe air directly 
Fish Cold-blooded marine biota that breathes with gills 
Marine reptiles Cold-blooded biota that lay eggs 
Birds Warm-bloodied, feathered vertebrates 

Invertebrate Shellfish Shelled invertebrate periodically or always beneath the sea surface/seafloor 
Other invertebrates Invertebrate biota periodically or always beneath the sea surface/sea floor   

3. Entanglement of biota by marine plastics 

Type of organism Biota Definition 

Vertebrate Mammals Warm-bloodied aquatic marine biota that breathe air directly 
Marine reptiles Cold-blooded biota that lay eggs 
Fish Limbless cold-blooded vertebrate with gills and fins and living wholly in water 
Birds Warm-bloodied, feathered vertebrates  
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• There is wide agreement that monitoring of marine plastics should 
include occurrence of plastics in specific marine environments; and 
their occurrence entangled with or ingested by biota.  

• Definitions of basic terminology have been developed and are 
generally accepted at the international level.  

• There is a lack of standardization at international and national levels 
in monitoring, collection, storage, transmission and management of 
marine plastics data (Hermsen et al., 2018).  

• Marine plastics should be monitored against the same classification 
system regardless of the context in which they are found to ensure 
consistent reporting.  

• Monitoring of marine plastics should include the monitoring date; 
monitoring location; and size, form and functionality (Table S5). 

• Monitoring has focused primarily on presence of plastics in the ma-
rine environment yet monitoring of impacts of marine plastics on 
biota has not been widely assessed. Monitoring of plastic ingestion by 
biota has generally been at a research level and has been subject to 
widely varying procedures and standards. Monitoring of physical 
impacts of plastics on biota has generally been opportunistic and 
based on chance encounters with biota that has become entangled 
with marine plastics. Exceptions exist, such as the monitoring of 
whales (which may become entangled in marine plastics) by some 
governments in their respective coastal waters; even in this case, 
however, the focus is on monitoring the whales rather than on the 
monitoring of the wider potential for biota to become entangled in 
marine plastics. 

Although a standardized marine plastics classification system has not 
been established at the international level, “good practice” has identi-
fied that an effective classification system is based on a hierarchic 
framework (Fleet et al., 2021). Marine plastics classification should 
reflect limitations of the expertise (i.e., researchers and citizen scien-
tists) to classify and to accurately report marine plastics debris. Devel-
opment and application of a classification system for marine plastics 
must address the following key issues within the context of agreement at 
the international level regarding marine plastics monitoring and data-
base management, and “good practice” in the application of marine 
plastics monitoring initiatives:  

• Linkage between the classification system that is used for monitoring 
marine plastics and the classification of plastics within the database. 
This will ensure that the marine plastics monitoring initiative is 
seamless: collected data will not be misinterpreted or mis-classified 
after collection because the classification that is used at the point 
of data collection will be the same as classification within the 
database.  

• Simplicity for the user. The NAP indicates that citizens will play a 
role in monitoring marine plastics in addition to the roles of gov-
ernment officials and scientists. It is therefore essential that the 
classification system is readily understandable to people who are not 
trained in specific aspects of marine debris monitoring.  

• Linkage to data applications. Monitoring of marine plastics must:  
o Serve the needs of those who engage in actions to address the 

marine plastics issue. In particular, the classification system must 
link to – and inform on - points of leakage that result in the release 
of plastics to the ocean. 

o Provide a spatial and temporal context to the data that is moni-
tored and classified. This is necessary to allow researchers and 
policy makers to track the effects of measures to address marine 
plastics issues, and to facilitate dialogue at the international level 
regarding the transport of plastics into and out of Vietnam's 
jurisdiction. 

The framework for classification of marine plastics should address 
different types of marine environment. Table 4 identifies the framework 
for monitoring plastics in different marine environments. Three types of 
monitoring are identified: 

Presence of plastics in the marine environment. This type of monitoring 
identifies the prevalence of plastics in different marine environments, 
including shoreline, water column and seafloor. Each marine environ-
ment is further separated into sub-categories. Presence and impacts of 
marine plastics may be very different in different sub-categories of the 
same category of marine environment. For example, inter-tidal vegeta-
tion traps plastics and therefore plastics may be expected to accumulate 
in salt marshes and mangroves. The “presence of plastics” should 
therefore be monitored in each sub-category of environment (VASI, 
2020). 

Table 5 
Functional elements and components of the database and status of the model.  

Functional element Components Status of model 

Monitoring/data 
collection 

Classification system to 
address:  
Region Included 
Time periods Included 
Monitoring type Included 
Presence in the 
environment 

Included 

Entanglement Included 
Ingestion Included 
Plastic quantity (density 
by area or volume) 

Included 

Plastic characteristics Included 
Monitoring/data 
collection forms 
developed in accordance 
with classification system 

Included 

Data transmission/ 
interface between 
monitoring/data 
collection and data 
storage 

Uploading of data to 
database 

To be developed and 
transferrable between 
desktop, mobile and cloud 
infrastructure. 

Inclusion of data into 
database 
Archive of uploaded data 

Data storage Data storage to allow data 
retrieval/reporting 
according to selected: 

Excel-based model 
designed/developed at 
demonstration level to 
illustrate data storage of 
the following: 

Region(s) Included 
Time periods Included 
Monitoring type Included 
Presence in the 
environment 

Included 

Entanglement Included 
Ingestion Included 
Plastic quantity (density 
by area or volume) 

Included 

Plastic characteristics Included 
Archive To be developed and 

transferrable between 
desktop, mobile and cloud 
infrastructure. 

Reporting Production of reports Excel-based model 
designed/developed to 
illustrate reports based on 
data from single 
monitoring forms: 

By region Included 
By time period (quarter) Included 
Monitoring type Included 
Presence in the 
environment 

Included 

Entanglement Included 
Ingestion Included 
Plastic quantity (density 
by area or volume) 

Included 

Plastic characteristics Included 
Combinations of the 
above 

To be developed and 
transferrable between 
desktop, mobile and cloud 
infrastructure.  
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Table 6 
Master classification form for monitoring marine debris in all marine environments, including biota. Development details for the master classification form are provided in Supplementary materials Model S1. 
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Ingestion of plastics by marine organisms. Marine organisms (biota) 
regularly interact with marine debris in the ocean via entanglement or 
ingestion, especially microplastic ingestion causing harm or mortality to 
marine wildlife (Gall and Thompson, 2015; Karbalaei et al., 2018, 2019; 
Litterbase, 2021). This includes both commercially important species 
and species that are within the food chain of commercially important 
species. Plastics including microplastics have been found in commer-
cially important marine species that are commonly eaten by humans, 
including: shrimp; bivalves, such as oysters and mussels; and fish from 
different trophic levels (Karbalaei et al., 2018). The presence of micro-
plastics in the gastrointestinal (GI) tracts of over 150 fish species is well- 
documented, with microplastic content ranging in number from 0 to 20 
microplastics per fish and ranging in size from 130 μm to 5 mm (ECCC, 
2020). Consumption of microplastic contaminated fish is a potential 
source of microplastic intake by humans. Although, few studies have 
reported occurrence of microplastics in fish muscle (typically consumed 
by humans), concentrations are lower than those reported in GI tracts of 
fish (Karbalaei et al., 2018, 2019; ECCC, 2020). Tables S6 and S7 lists 
studies on the presence of microplastics in fish consumed by humans. 
The most common plastic polymers found in fish products are 
polyethylene-terephthalate (PET), polypropylene (PP), polyethylene 
(PE), polyester (PES), polyvinyl chloride (PVC), polystyrene (PS), 
polyamide/nylon (PA). Vietnam has >2000 fish, 1600 crustacean, and 
2500 shellfish species. Important commercial species in Vietnam include 
shrimp, tuna, sea bream, snappers, groupers and small pelagic fish (FAO, 
2005). Thus, potential indicator fish species for monitoring plastic in 
Vietnam could include: Goldstripe sardinella (Sardinella gibbosa) and 
Ornate threadfin bream (Nemipterus hexodon). Therefore, it is important 
to monitor the extent to which plastics are ingested by marine species. 
Monitoring how, where, why, and when organisms interact with marine 
debris is crucial for wildlife safety and ocean sustainability (Smail et al., 
2020). 

Ingestion of marine debris is a useful indicator for multiple species. 
Organism bioindicator selection for plastic ingestion monitoring should 
be site-specific. Currently, there are no internationally recognized bio-
indicator species or methods of sample collection or analysis due to the 
vast biodiversity across the planet and because many researchers adopt 
different methods of collection and analysis (G7, 2019). However, 
general guidelines for selection should consider: region specific indica-
tor species; non-threatened or protected species; species that can be 

easily retrieved (such as bivalves); invertebrate species (require less 
training and handling than vertebrate species); be cost-effective by 
overlapping with pre-existing programs; species which when measured 
are directly linked to impact and effects; species that are directly linked 
to measure and could be used to evaluate progress towards targets and 
effectiveness of mitigation activities. Use of these guidelines for selec-
tion of bioindicators, while not comprehensive and fully incorporating 
all debris, can be a useful starting point when establishing a marine 
debris monitoring program under the NAP (Smail et al., 2020). As with 
all data collection, having a consistent approach of how to sample and 
prepare data will have a number of long-term benefits, namely the 
ability to accurately compare data from across different regions of the 
world and to compare trends over time from the same national or 
regional locations within Vietnam. 

Entanglement of species by marine plastics. Mammals, reptiles, fish and 
birds may all become entangled in marine plastics. Currently, entan-
glement may be sufficiently uncommon that surveys to monitor entan-
glement may not be considered necessary; nevertheless, instances of 
entanglement should be recorded where they are encountered so that 
measures may be taken to address entanglement where these are 
determined to be necessary.  

• Plastic form. Different forms of plastic have different environmental 
and economic impacts: some forms of marine plastic are more likely 
to entangle biota than others, for example. Marine plastics take one 
of the following forms: 
o Rigid. Rigid plastics are those that maintain their form in the ma-

rine environment; plastic bottles are an example of rigid plastic. 
The most common rigid plastics include high density polyethylene 
(HDPE), polyethylene terephthalate (PET), polyvinyl chloride 
(PVC), polypropylene (PP) and polystyrene (PS). These types of 
plastics are used in both a wide variety of large-volume applica-
tions and more specialized applications. Additional rigid plastics 
are also used for specialized applications in electronics and elec-
trical equipment, and in industrial applications; high-impact 
polystyrene (HIPS), acrylonitrile butadiene styrene (ABS) and 
polycarbonate (PC) are among the most common marine plastics 
that have been used in these applications.  

o Film. Film plastics are those that form a flexible sheet, and which 
may be formed into a semi-enclosed format (e.g., as a bag). Many 

Fig. 1. Overview of database and reporting structure.  
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Table 7 
Simulated monitoring data sheet (data input portal form) for a sandy beach. 
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types of plastic may be manufactured in a film format. However, 
plastic film is most commonly a polyethylene, and among these the 
most common is low density polyethylene (LDPE).  

o Filamentous. Filamentous plastics are long and strand-like relative 
to their width or are products that have been made from fila-
mentous plastic; rope, fibres and nets are examples of filamentous 
plastic. Filamentous plastics commonly include polyethylene (PE), 
polyamide (PA) and PP.  

o Foam. The most common marine plastic in foam form is PS.  
o Pellet. These are hard plastic resin particles. All the above types of 

plastic (except foamed plastics) are initially produced as a pellet 
before they are formed into plastic products.  

• Plastic fragment size. Large fragments of plastic can be more easily 
removed from the marine environment than small fragments, but 
small fragments are more widely dispersed through the ocean and 
coastal zones and are more likely to be ingested by biota (Fleet et al., 
2021). Plastics degrade in the marine environment due to effects of 
ultra-violet radiation, bacterial action, chemical action, physical 
impact and other factors. Over time, these forces act on marine 
plastics to break them apart into progressively smaller pieces (i.e., 
“fragments”). Rigid and foam plastics, in particular, are susceptible 
to reduction in fragment size over time: rigid plastics tend to break 
into progressively smaller fragments that nevertheless retain their 
original structure; foam plastics may disintegrate into very large 
numbers of individual foam particles. Pellets are always small. There 
are also instances when there are multiple forms, different sizes or 
too many items to count; this can be record as a “patch”. Despite the 
lack of a definitive consensus by the scientific community about 
different size classifications (see Hartmann et al., 2019), for the 
purposes of this national monitoring database the following size 
classifications were adopted: mega, >1 m; macro, >25 mm to ≤1 m; 
meso, >5 mm to ≤25 mm; micro, ≤5 mm.  

• Plastic functionality. Degradation of marine plastic over time can 
make it difficult to identify its functionality prior to its entry into the 
marine environment. Nevertheless, it is frequently possible to use 
functionality (when it can be determined) to determine the point of 
leakage that has resulted in the presence of the plastic in the marine 
environment, including industrial activities that may be linked to 
specific plastic items collected. This may also allow linkage to the 
national waste source database (Table S5). 

The following is also required for analysis of data:  

• Monitoring location (e.g., latitude and longitude at the start and end 
of a survey).  

• Survey area for shorelines usually if the entire shoreline is monitored 
and cleaned for accumulation studies or measured along discrete 
transect lines for standing-stock assessments (e.g., 100 m of shore-
line) so that debris density can be recorded (e.g., items/m2 on a 
beach) (Cheshire et al., 2009; Opfer et al., 2012).  

• Sample volume for seawater so that plastic concentrations can be 
determined (e.g., grams/m3 in seawater).  

• Monitoring date allows trends in marine plastics to be identified over 
time (e.g., annually, quarterly, monthly, weekly). 

Some types of marine plastic monitoring require collection of data 
specific to the type of monitoring to be undertaken: 

• For water column beneath the sea surface and on the seafloor sur-
veys: depth of the monitoring survey.  

• For sea floor surveys: type of sea floor (i.e., hard/rocky or soft/ 
sandy).  

• For entanglement: type/species of biota that has been entangled.  
• For ingestion: type/species that has ingested plastics, and provision 

of data on fragment size that includes plastic fragments at micro-
scopic levels that may be identifiable to researchers. 

Fig. 2. Simulated data outputs of plastic form and plastic fragment size for a 
sandy beach. Numbers represent total numbers of items found for each frag-
ment size. 
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Accumulation monitoring provides information on the rate of 
deposition (flux) of debris onto shorelines and are well suited for beach 
cleanups, as debris is removed from the entire length of shoreline during 
each site visit. Accumulation monitoring is used to determine the rate of 
debris deposition (number of items per unit area, per unit time). Accu-
mulation monitoring can also provide information about debris type and 
weight but cannot be used to measure density of debris on a shoreline 
because removal of debris biases amounts of debris present during 
subsequent surveys (Opfer et al., 2012). Standing-stock assessments 
provide information on the amount and types of debris on shorelines and 
are used to determine the density (number of items per unit area) of 
debris present. Debris density reflects the long-term balance between 
debris inputs and removal and is important to help understand the 
overall impact of debris and is recommended for the national database 
(Opfer et al., 2012). 

For documentation and follow-up, name, and contact information 
(phone number/e-mail) of the person(s) responsible for recording the 
monitoring survey data is required. Integration of the monitoring 
framework together with additional information required to allow 
analysis and interpretation of data is presented, together with in-
structions for those who will undertake marine plastics monitoring 
surveys. The national database comprises three functional elements:  

• Monitoring/data collection that uses forms for collection of marine 
plastics data in either electronic or hardcopy format and that classify 
marine plastics with respect to variables required for analysis and 
decision-making, and in accordance with international guidance and 
good practice.  

• An Excel-based data storage system that organizes data within the 
database after it has been uploaded (see Excel file S1). Links to 
external software services and cloud infrastructure is also envisaged.  

• Generation of reports that will provide region/location-specific data 
to decision-makers and others regarding marine plastics with respect 
to: (i) form, fragment size and functionality of the plastics; (ii) time 
frames over which the plastics have been monitored and recorded; 
and (iii) context in which plastics have been observed (i.e., type of 
marine environment in which plastics occur, plastics that have been 
ingested or instances of entanglement). 

Each functional element of the database will include components 
required to ensure effective collection of data, storage, and management 
of data within the database and reporting of data (Table 5). 

3.4.1. Guide for using data collection for marine debris database and 
reporting model 

A master classification form integrates all elements discussed and 
provides a visual way for users to see how elements relate to each other. 
The master classification form is the basis for monitoring of marine 
plastics in all marine environments, including biota, and for organizing 
the database to store monitored data for analysis and decision making 
(Table 6). Details of the master classification form development are 
provided in supplementary materials Model S1. 

Fig. 1 shows the structure of the model database and reporting 
design. This overview illustrates how data is intended to be input and 
managed within the database, with linkage to policy development, data 
reporting (e.g., to the international community) and other outputs. The 
model database requires data from the “collection phase” (i.e., data that 
has been collected by monitoring surveys described in the user guide for 
marine plastics data-collection forms in supplementary materials Model 
S1. Guides for using data collection forms developed for the marine 
debris database and reporting model are shown in Model S1. These 
guides will enable VASI to review the model and its outputs, and to 
identify further adjustments to the model before it is scaled-up as the 
national database. 

The model database is designed with three “phases” (input, results 
and analysis phases) that collectively ensure receipt, classified storage 
and manipulation of marine plastics data. Administration of the model is 
coordinated through an integrated Excel-based spreadsheet that controls 
the functions within the model (see Excel file S1). An Excel-based data 
storage and management system was developed at demonstration-level 
to illustrate data storage and management envisaged for the national 
database. The Excel file is included in the supplementary materials (see 
Excel file S1). A simulated sample data sheet for a sandy beach is shown 
in Table 7 which was generated using Excel file S1. Simulated data 
outputs of plastic form, size and functionality/categories that can be 
generated by the database for this example sandy beach are shown in 
Figs. 2 and 3. Examples for other media/environments (e.g., shorelines, 
sea surface, seafloor, mangrove forests, drainage basins and biota) are 
shown in Model S1. 

Database outputs (see Supplementary materials Model S1) were 
developed to support Vietnam in the development of its first national 
database on marine debris. The database will be managed and imple-
mented by the MONRE International Centre on Marine Plastic Debris. 
The national database is intended to become part of a global network of 
ocean, sea and marine data centers. Database information will be used 

Fig. 3. Simulated data outputs of functionality by rigid form of plastic for a sandy beach.  
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by Vietnam to inform national policy and action on reducing plastic 
pollution. The data is also meant to be shared with national and inter-
national stakeholders, development partners, civil society and the pri-
vate sector. 

3.5. Policy solutions recommendations on marine plastics debris 
management in Vietnam 

Although there are no international standards for monitoring marine 
debris to help inform policies to reduce plastic pollution, many countries 
around the world already have existing national marine plastics data-
bases or are currently developing and implementing them (Kershaw 
et al., 2019). There are numerous policy instruments available for 
Vietnam. Understanding the extent and magnitude of the plastic pollu-
tion problem, including understanding the types and categories of 
problem plastics in the environment, help inform government policies 
and strategies to reduce sources of plastic pollution (Ambrose et al., 
2019). As marine debris is a transboundary issue, solutions require in-
tegrated and robust regional and national action plans to address marine 
debris. Although action plans vary from country to country and by re-
gion, many have common objectives and priorities which include: (i) 
policy support and planning; (ii) research, innovation, and capacity 
building; (iii) raising public awareness, education, and outreach; and 
(iv) private sector engagement. 

There are numerous policy instruments available for governments at 
national or sub-national levels to reduce use and waste and improve 
recycling of single-use plastics. Policy instruments include regulatory or 
legislative bans on certain types of plastics. This has historically been 
focused on plastic grocery bags (Xanthos and Walker, 2017), but 
recently legislative bans have been expanded to include bans on 
microbeads and other types of single-use plastics (e.g., food packaging 
and utensils) (Xanthos and Walker, 2017; Schnurr et al., 2018; Adam 
et al., 2020; Clayton et al., 2020; Bezerra et al., 2021). Other policy 
instruments to reduce single-use plastics includes economic instruments 
such as taxes or levies (i.e., market-based instruments) (Adam et al., 
2020). Both taxes and levies involve applying nominal charges which 
are designed to change human behaviour and dissuade use of certain 
types of plastics (i.e., problem or harmful plastics) found in the envi-
ronment. Revenues from taxes or levies have been used in other juris-
dictions to fund green initiatives, such as education, green bond 
issuances and fund recycling schemes among others. Another policy 
instrument for local or federal governments to consider implementing is 
extended producer responsibility (EPR). EPR strategies leverage corpo-
rate resources and implement mandatory requirements to reduce plastic 
waste generated by consumers. Implementation of EPR strategies allows 
local jurisdictions to gain greater control over their waste streams and 
develop risk-sharing and waste management responsibilities between 
their operations and industrial participants including plastics (Diggle 
and Walker, 2020). 

While policy instruments have had varying degrees of success around 
the world to reduce sources of marine plastic pollution, top-down ap-
proaches may sometimes be difficult to implement (Clayton et al., 2020; 
Bezerra et al., 2021), can be ill conceived by governments if consumers 
have not been consulted (Nwafor and Walker, 2020) and may be un-
popular with the plastics industry (Walker, 2021b), manufacturers, re-
tailers and consumers lacking environmental awareness (Schnurr et al., 
2018). However, bottom-up approaches have been successful at 
reducing use of single-use plastics and ultimately sources of plastic 
pollution. Bottom-up approaches include voluntary reduction strategies 
by consumers and businesses alike, as well as raising public awareness 
about the environmental threats posed by plastic pollution to help 
induce attitude shifts at the societal level (Sandu et al., 2020; Adam 
et al., 2021). Voluntary reduction strategies by individuals such as use of 
reusable water bottles, bags and straws has increasingly become popular 
following popular media campaigns such as the “Blue Planet II” docu-
mentary by the BBC and the National Geographic slogan “Planet or 

Plastic” to raise awareness about the global plastic waste crisis (Schnurr 
et al., 2018). 

Industrial voluntary reduction strategies include business recogni-
tion programs and certifications for plastic waste reduction, in addition 
to the gamification and incentivization for consumer rewards to enhance 
reuse (Varkey et al., 2021). Public education and raising awareness can 
take many forms, but successful awareness campaigns include voluntary 
beach clean-ups by citizen scientists. Beach clean-ups by citizen scien-
tists can help remove stranded beach debris, although removal rates of 
plastic pollution pale compared to plastic pollution inputs into the 
world's oceans. However, one of the most impactful outcomes of 
empowering citizen scientists is that it helps compile useful plastic 
debris characterization data to help inform government policy and also 
helps trigger behaviour change and pro-environmental actions 
(Ambrose et al., 2019; Walker, 2021c). A 10-step roadmap based on the 
UNEP (2018c) report can help guide Vietnam to implement effective 
policy approaches to reduce plastic pollution in accordance with prior-
ities identified in the NAP (Table S8). Steps presented in this road map 
for policymakers in Vietnam should be reviewed and revised to ensure 
policy measures continue to be effective and appropriate (UNEP, 
2018c). Under the NAP, Vietnam proposes to conduct consistent and 
effective investigation, survey, review, research and formulation of 
mechanisms for marine plastic debris management (VASI, 2020). 

4. Conclusions 

This review and understanding of international guidance for data 
collection was critical for categorization and classification of marine 
plastic debris data. Key elements from international best practice helped 
guide development of principles to include in the design and manage-
ment of a marine debris database. There are no international agreements 
and standards for monitoring data collection and disaggregation. 
However, there is general agreement on marine environments to be 
monitored (e.g., shorelines, water columns, mangrove forests, seafloors, 
drainage basins) as well as monitoring of ingestion or entanglement of 
plastic debris by biota. Database design should include plastic categories 
including rigid, film, foam or beads and sorted by size and function. 

Data collection should hybridize between citizen science and pro-
fessional surveying given the abundant availability, widely distributed 
and capacity development of citizen science participants. Compared to 
costly government and academic monitoring, citizen science can be 
more cost-effective by covering larger areas and faster data trans-
mission, while data integrity and quality from structured surveying is 
imperative. Proposed platform features for data collection and disag-
gregation for Vietnam include ingestion data; functionality data; 
knowledge resource repository; data processing and analysis; data 
visualization capabilities; standardization and interoperability; open 
platform and cross-border interaction; detailed monitoring and training 
for citizen scientists; and additional information gathering at time of 
monitoring (storms, natural disaster, currents). Best practice principles 
include: 

Principle 1: Marine plastics must be monitored against the same 
classification system regardless of the environment in which they are 
found. 
Principle 2: The classification system should provide linked infor-
mation about the form of the plastic and functionality for which 
plastic was created. 
Principle 3: The classification should be built from general to spe-
cific information. 
Principle 4: The experience from global programs and initiatives 
should be used to inform the classification system developed for the 
NAP despite the absence of international and regional classification 
standards. 

Database outputs were developed to support Vietnam in the 
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development of its first national database on marine debris but can be 
used in other jurisdictions that lack their own marine debris monitoring 
database. The database will be managed and implemented by the 
MONRE International Centre on Marine Plastic Debris. The national 
database is intended to become part of a global network of ocean, sea 
and marine data centers. Database information will be used by Vietnam 
to inform national policy and action on reducing plastic pollution, and 
the data is meant to be shared with national and international stake-
holders, development partners, civil society and the private sector. 
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