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Abstract
Plastic pollution is ubiquitous, and the Arctic is no exception. One important step to understand the extent of the problem,

and to monitor its impact is to have repeatable, comparable, and relevant measures across time and space that allow for the
detection of marine litter trends. Arctic shorelines are a critical part of monitoring efforts. Pan-Arctic monitoring of litter on
shorelines is also an essential component to examine global trends. Based on previous work examining litter in some regions
of the Arctic, we suggest steps towards more harmonized protocols that include community-based monitoring, crowdsourced
science programs, and science team-based surveys that are specific for the Arctic. Specifically, we recommend that shoreline
survey sites for long-term monitoring be established where possible and be at least 50 m and surveys carried out at regular
intervals of at least twice a year by any type of research team. Criteria for the selection of sites should be grounded in Indigenous
and other local community and regional priorities, and should result in representation of both remote shorelines impacted
by distant-source marine litter and shorelines impacted by more local sources. Results of any Arctic shoreline litter surveys
should be made regularly available either through publications which include data sets, and/or accessible databases to promote
regional comparisons and trend analysis across the pan-Arctic.
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1. Introduction
Plastic pollution is a global issue, affecting all environ-

ments from mountaintops to deep oceans (MacLeod et al.
2021; Padha et al. 2022). The presence and accumulation of
litter, including plastic litter is not recent (Scott 1971; Cundell
1973; Merrell 1980), but the exponential increase in the level
of litter gained scientific interest in the recent decade (Serra-
Gonçalves et al. 2019; Cesarano et al. 2021; Ansari and Farzad-
kia 2022). Litter is defined as any persistent, manufactured,
or processed solid materials directly or indirectly, intention-
ally or unintentionally, discarded, disposed of, abandoned,
or lost in the environment. This also includes marine litter
entering the marine environment via rivers, sewage outlets,
storm water outlets, or winds (OSPAR 2010, 2020; Opfer et
al. 2012). Here, we use the term “litter” to refer to all plastic
items or fragments (litter, debris, garbage) larger than 2.5 cm
in size. However, some types of smaller mesoplastic particles
within the size range of 0.5–2.5 cm, such as industrial pel-
lets, different specific small items, as well as fragments, can
in some cases also be registered during surveys, although not
always in the same manner. Microplastics can also be moni-
tored on shorelines (see Chapter 6.3 of GESAMP 2019, for a

more detailed description of those methods), but in this dis-
cussion, we focus on macroplastic litter items (>2.5 cm), as
microplastics monitoring in the Arctic is covered in other
papers included in this special collection (e.g., Martin et al.
2022). The most common types of plastic litter vary among
regions but often include single-use items such as plastic bags
and cigarette filters (Novotny and Slaughter 2014; Addamo et
al. 2017). Marine litter items from packaging or transporta-
tion such as strapping bands, nets, and rope from fishery-
related activities have been documented for decades at high
latitudes (Walker et al. 1997).

While there is, currently, a focus on microplastics in many
regions, macroplastics also have negative impacts on wildlife
and economies. Wildlife, including marine mammals, tur-
tles, fish, and seabirds, can suffer from macroplastics in
many ways, including entanglement/confinement at sea or
at the nest sites, ingestion during foraging, or ingestion
by chicks being fed macroplastic pieces by adults (Kühn
and van Franeker 2020). Following exposure in the environ-
ment, macroplastics will also eventually break down into mi-
croplastics, making the pollution more accessible to a larger
number of taxa (Lavers et al. 2014; O’Hanlon et al. 2017;
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Blettler and Mitchell 2021). In addition to the damages caused
to wildlife, macroplastics also have a large negative impact
on global economies with an increase in clean-up costs, po-
tential damage to shipping or fishery equipment, and a de-
cline in tourism (Fadeeva and Van Berkel 2021; McIlgorm et
al. 2022).

Monitoring of litter can be used to identify important litter
sources and thereby inform relevant actions for effective mit-
igating measures to reduce plastics, and to evaluate the effec-
tiveness of existing legislation and regulations (Galgani et al.
2013; Grelaud and Ziveri 2020; Chassignet et al. 2021). Assess-
ment of litter on shorelines provides data for spatial and tem-
poral assessments, such as amounts, composition, and path-
ways of plastic accumulation (Moriarty et al. 2015; Tekman et
al. 2017; Alomar et al. 2020). For example, examination of lit-
ter from an uninhabited island in the central South Atlantic
Ocean has demonstrated that vessel traffic may be the source
of the island’s litter as opposed to local or long-range trans-
port (Ryan et al. 2019).

Shorelines are an important environmental compartment
for monitoring marine litter (GESAMP 2019), because they (i)
are where marine litter is often present in high densities, (ii)
offer a measurable gradient from land-based sources com-
pared to monitoring the seafloor or sea surface, shoreline
monitoring, (iii) are more accessible, and (iv) have lower tech-
nological requirements and environmental impacts. As a re-
sult, shorelines are typically the first environmental compart-
ment considered for quantifying marine litter, and surveys of
plastics on shorelines are also part of many citizen science
projects worldwide (e.g., Serra-Gonçalves et al. 2019; Kawabe
et al. 2022).

Shorelines, at the confluence of the terrestrial and aquatic
environments, may accumulate plastic items from local land-
and sea-based sources as well as stranded plastic items from
long-distance marine transport (Lebreton et al. 2019; Strand
et al. 2021). As such, monitoring marine litter on shorelines
is a widely used indicator of local, regional, and national lit-
ter amounts and composition of litter (Lebreton et al. 2019;
OSPAR 2020; HELCOM 2021). For example, oceanic backtrack-
ing simulations for seven OSPAR beaches in Norway and Sval-
bard have demonstrated drift time, the possible origins of
plastic, and whether it is possible for plastic from a partic-
ular source to reach a particular beach. The results show that
it is highly probable that most of the litter observed on the
Arctic OSPAR beaches in the study originated from regional
fishing areas (Strand et al. 2021).

Litter on some shorelines has been monitored and reported
on for decades, but not in a uniform manner. Sandy beaches
are the most commonly monitored type of shoreline, and
only 4% of shoreline studies worldwide monitor plastics in
coarse, gravel sediments, or vegetated shores (Melvin et al.
2021). Virtually no study systematically sampled the zone of
natural accumulation of organic material, encompassing the
wrack line, or strand line (Melvin et al. 2021). Long-term data
sets have been published that examine trends in shoreline
litter over several decades from some areas (Rees and Pond
1995; Schulz et al. 2013), while other areas received little to
no attention regarding the amount of litter on shorelines,
and global reviews of shoreline monitoring revealed that be-

tween one quarter and two-thirds of the sampled shorelines
have only been surveyed in single events, and thus may be im-
pacted by the accumulation of litter for longer times (Serra-
Gonçalves et al. 2019; Melvin et al. 2021). It is also impor-
tant to note that in many regions, shoreline surveys for litter
are often performed in combination with wider clean-up ac-
tivities through different organizations that may have differ-
ent metric and categories for data (e.g., the Great Canadian
Shoreline Cleanup, Clean Up Australia, Keep Norway Beauti-
ful; Konecny et al. 2018), usually with the help of volunteers
(Jorgensen et al. 2021). There are also examples of involve-
ment of local groups in citizen science-driven data genera-
tion, such as involving school children in a nationwide realm
in Denmark covering also several Arctic sites in Greenland
and Faroe Islands (Syberg et al. 2020). Even recently published
peer-reviewed studies can present beach litter data that are
difficult to compare. Some studies focus on sharing data that
are single visits to remote sites and represent the first avail-
able data for a region (Andrades et al. 2020; Mallory et al.
2021), while other studies track data over 6 years of moni-
toring via monthly surveys (Watts et al. 2017). This wide ar-
ray of collection methods and frequency can render any tem-
poral or spatial comparisons difficult. Yet, protocols for such
surveys should match as best as possible other monitoring ef-
forts to have more comparable data across spatial or temporal
scales. Mitigating the tensions between harmonized methods
and often necessary variations in landscapes and practices is
one goal of this article.

Here, we summarize the current status regarding litter
shoreline monitoring in the Arctic, with the aim to provide
suggestions for future monitoring programs across the pan-
Arctic to facilitate comparisons among surveys and establish
trends. The long-term goal is to offer a systematic monitor-
ing scheme specific to the Arctic that answers the require-
ments of the international scientific community, Indigenous
and other local Arctic communities, and different levels of
government.

2. State of knowledge on monitoring
litter on shorelines, globally, and in
the Arctic

Many countries across different continents have imple-
mented regular monitoring programs for litter on shore-
lines (GESAMP 2019), and there are several papers and re-
ports that cover these extensively. We briefly discuss some
of these programs to compare and contrast them with Arctic
programs. Coordination of these programs occurs at differ-
ent governmental and organizational levels through frame-
works such as the multinational European Marine Strategy
Framework Directive (MSFD), the NOAA Marine Debris Pro-
gram in the United States, and the United Nations Envi-
ronment Programme Regional Sea Conventions (EU 2021;
Galgani et al. 2013; Lippiatt et al. 2013; OSPAR 2020; Burgess
et al. 2021; Fleet et al. 2021; HELCOM 2021). In Australia, the
Commonwealth Scientific and Industrial Research Organisa-
tion conducts nationwide coastal litter surveys (Willis et al.
2022), while in regions of India work is done primarily by
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Fig. 1. Locations and sampling frequency of existing monitoring programs (A) and opportunistic surveys (B) of marine litter
on shorelines of oceans, rivers, and lakes in the Arctic and subarctic regions (excluding Norwegian “Rydde” and “Rent Hav”
portals). Base map: https://gadm.org/, projection: North Pole Lambert Azimuthal Equal Area 1288, and coordinate system:
GCS WGS 198. Ocean Conservancy information include data from 1 January 2015 to present, exported on 23 August 2022
(https://www.coastalcleanupdata.org/reports). Deep Dive Grid Arendal locations were manually imported based on approximate
locations.

research institutions (Perumal et al. 2021). The Group of Ex-
perts on Scientific Aspects of Marine Environmental Protec-
tion (GESAMP) has also published suggested guidelines for
the monitoring and assessment of macro- and microplastics
in the marine environment (GESAMP 2019). In addition, ef-
forts are ongoing to harmonize surveys and obtain data on
marine litter pollution that are comparable at larger scales
(González-Fernández and Hanke 2017; Fleet et al. 2021; ht
tps://www.euroqcharm.eu/en/). This implies that those large
global frameworks for monitoring of litter on shorelines
(GESAMP, MSFD, NOAA, OSPAR) are relatively standardized,
yet some national and regional variations in protocols exist,
and those guidelines have to be widely adopted and used to
reach broad-scale standardization. Over time, these shoreline
monitoring activities are necessary to create a baseline, iden-
tify priority areas, and assess if there are changes in condi-
tions that need to be addressed through management or pol-
icy (see Linnebjerg et al. 2020 for a list of regional and interna-
tional policy frameworks pertaining to Arctic countries). This
could, for instance, involve implementation or adjustments
to Indigenous-led, local, national, or regional action plans to
reduce plastic pollution.

More specific to the Arctic, knowledge of amounts, distri-
bution, composition, and sources of litter on shorelines do
exist (e.g., Bergmann et al. 2017; Halsband and Herzke 2019;
Mallory et al. 2021), but this knowledge is relatively scarce
and fragmented, and to a large extent based on noncoordi-
nated efforts (Melvin et al. 2021). Within the Arctic Monitor-

ing and Assessment Programme (AMAP) boundary, which has
its own guidelines (AMAP 2021), the NOAA and OSPAR pro-
grams, perform their own monitoring (specifically in Alaska
for NOAA, and in northern Norway, Svalbard, Iceland, and
East Greenland for OSPAR; Fig. 1). Continuing to use these
existing monitoring frameworks for litter monitoring will be
advantageous for time series consistency and data compara-
bility (Table 1). However, these two frameworks can also be
challenging to harmonize and more detailed comparisons at
a larger Arctic scale, as the historical data are generated with
different monitoring methods and to date pan-Arctic assess-
ments are lacking.

There are also other programs that have been collecting
information on shoreline litter in the Arctic region. Several
programs and national databases have information gathered
from surveys carried out by researchers, institutions, or ded-
icated crowdsourcing communities. This information ranges
from single assessments of macroplastics and litter items
collected opportunistically by volunteers, to regular coastal
clean-up campaigns; data are collected using platforms such
as the Debris Tracker (formerly known as the Marine De-
bris Tracker) or the Ocean Wise Shoreline Cleanup (https:
//debristracker.org; www.shorelinecleanup.ca). According to
the online tracking tool of Debris Tracker, data on shore-
line litter are very heterogeneous within the AMAP Arctic
boundary. For example, there are over 5000 entries for coastal
Nunatsiavut, and 2000 entries for in Alaska, but less than 300
entries for coastal northern Norway and less than 100 entries
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Table 1. Summary of the OSPAR and NOAA protocols for shoreline litter monitoring.

Characteristics OSPAR Protocol (OSPAR 2020) NOAA Protocol (Burgess et al. 2021)

Beach type Sand, gravel, or pebble and
exposed to the open sea

Accessible all year-round
Accessible for litter removal
Preferably, the survey sites are

not subject to other cleaning

Sand or pebble
Not necessarily accessible all year-round

Sample unit 100 m (minimum 50 m) 4 (or more) × 5 m transects in a 100 m length of shoreline

Litter size >5 mm∗ >2.5 cm

Frequency Four times a year, if possible Not specified

Collection Recording counts by litter category
Removal and disposal of litter
Marking litter if removal not possible

Recording counts by litter category
Removal optional but encouraged and documented

∗Only items >2.5 cm were used for assessment.

for coastal Iceland (from 2010 until 15 July 2022). One consid-
eration of these entries is that many of them are for litter that
are not on shorelines, but in coastal cities, and occasionally
inland freshwater rivers and lakes, and data are often col-
lected during single clean-ups rather than continuous mon-
itoring efforts. Thus, the type of data collected needs to be
carefully considered before being used in global analysis.

To complement the monitoring guidelines set by AMAP
(AMAP 2021), a desktop study (PAME 2019) reviewed the ex-
periences and results of Arctic shoreline macroplastics assess-
ments. The PAME (2019) concluded that there was a paucity
of current available data, with insufficient timeline and geo-
graphical coverage to assess any patterns. Importantly, the in-
comparability of shoreline litter survey data in the Arctic pre-
cludes statistical analysis of trends in amounts, distribution,
and composition of litter in Arctic areas at the time of publi-
cation. This is important to consider in that Arctic shoreline
litter data often have more data points and a longer history of
data collection than any other plastic pollution compartment
(e.g., water, biota; Provencher et al. 2022).

For some years now, several Arctic countries have initiated
monitoring activities for marine litter on shorelines accord-
ing to either recommended monitoring protocols (OSPAR and
NOAA; Fig. 1). In addition, Canadian data generated within
the Nunatsiavut Government monitoring program (M. Libo-
iron, Memorial University, personal communication (2023))
can provide other relevant Arctic data that can be compared
with the NOAA Marine Debris Monitoring and Assessment
Project (MDMAP) and OSPAR data. Within the AMAP region
shoreline litter data have been collected using several dif-
ferent frameworks (Fig. 1), as well as using several different
methods, resulting in data in several different databases (Fig.
2). While data for Arctic shoreline litter are housed in at least
six databases (Fig. 3), it also ranges in start dates from 2002
(i.e., OSPAR), to the most recent program starting in 2018 (i.e.,
GRID-Arendal).

3. Methods for shoreline surveys

3.1. Benefits
There are several benefits of monitoring litter on shore-

lines. First, macrolitter can give a good indication of sources,

origins, and pathways of plastics and other types of litter in
the environment because identification of macrolitter is rel-
atively easy compared to microplastics (Cashman et al. 2020;
Woo et al. 2021). In addition, the geography of the Arctic is
rich in shorelines, and data can be collected with relatively
time- and cost-effective efforts (Haseler et al. 2019) that do
not require expensive laboratory equipment and can also be
performed through both nationally coordinated support of
local teams and networks, community programs, and crowd-
sourcing projects by nonacademic personnel following basic
instructions and quality assessment/quality control (QA/QC)
procedures (Falk-Andersson et al. 2019; GESAMP 2019). Fi-
nally, shoreline surveys have lower environmental impacts
than seafloor, water column, or surface surveys, that require
boats and either trawls or remotely operated vehicles (Maes
et al. 2018; Choy et al. 2019).

3.2. Challenges
Arctic shorelines are often located in remote areas with dif-

ficult access because of the rugged nature of the landscape. In
some areas, sandy shorelines do not exist, but rather shore-
lines comprise rocks and pebbles. Morphology of shorelines
can vary and affect surveys and the detection of litter (Convey
et al. 2002; Aguilera et al. 2016). Moreover, shorelines in the
Arctic can be covered by ice and snow during long periods of
the year, thus preventing survey activities from taking place
consistently over time.

Different monitoring protocols are currently applied to
shoreline litter monitoring (e.g., OSPAR and NOAA MDMAP
protocols), which can be challenging or impossible to follow
in a rigorous manner in the Arctic based on local conditions
and seasonality, or can require additional effort when com-
bining data for circumpolar assessments. In addition, some
litter items relevant to the Arctic may currently be included
in a broader category from the existing protocols. For exam-
ple, in the NOAA protocol, shotgun cartridges are lumped
with other plastic and animals and aquaculture feed bags are
lumped with all other bags (see Supplementary material). In
Greenland, shotgun cartridges are one of the most common
pieces of nonfishing debris found on the shorelines (Kirkfeldt
2016); in Alaska, strapping bands are items of specific inter-
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Fig. 2. Sampling method (A) and data storage location (B) of marine litter on shorelines of oceans, rivers, and lakes in the Arctic
and subarctic regions. Base map: https://gadm.org/, projection: North Pole Lambert Azimuthal Equal Area 1288, and coordinate
system: GCS WGS 198.

Fig. 3. Public databases that store monitoring program and opportunistic survey data of marine litter on shorelines of oceans,
rivers, and lakes in the Arctic and subarctic regions and the years for which these data are available.

est (Merrell 1980; Raum-Suryan et al. 2009). As such, both
shotgun cartridges and strapping bands are important items
in Arctic litter, and should be singled out, and targeted for
management. Globally, one of the greatest challenges is the

harmonization of data to make them comparable across dif-
ferent studies (Serra-Gonçalves et al. 2019; Uhrin et al. 2022),
and this currently applies to existing data sets from the Arctic
shoreline litter data as well.
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Shoreline clean-ups are an important component to engag-
ing with the public on plastic pollution issues, but specific
site selection of clean-ups and their overrepresentation in
data sets can result in a misrepresentation of the amount of
litter on the shoreline during surveys (Baak et al. 2022). While
shoreline counts are an essential part of tracking litter pat-
terns, the public engagement of cleaning beaches in highly
used areas may cause a skew in composition of litter types
and litter estimates if targeted sites are within proximity of
communities (Rees and Pond 1995; Asensio-Montesinos et al.
2019). The physical characteristics of the shoreline (gradient,
substrate, exposition) are also responsible for the retention
and amount of litter present (Haarr et al. 2019). Clean-up
data are not easily comparable across clean-up or among or-
ganized monitoring data sets, and a large number of clean-up
data are required for meaningful analysis. This becomes par-
ticularly challenging when trying to compare litter data on
shorelines across large geographic areas that have different
levels of human use. Representation of remote shorelines in
the monitoring program is, thus, important to obtain data of
amounts, composition, and trends of litter primarily washed
ashore from the sea and subsequently more indicative of en-
vironmental reference levels in the sea. Furthermore, cat-
egorization of the investigated shorelines according to the
level of human use (e.g., urban, suburban, or remote/natural),
as recommended for instance in the HELCOM guidelines for
monitoring beach litter (HELCOM 2021), is also an important
prerequisite to try to accommodate the skewing of litter data
and to perform reliable assessments.

3.3. Monitoring strategies
The Arctic region is characterized by a low human popu-

lation density, a less developed infrastructure, and cold cli-
matic conditions. These special conditions call for particu-
lar attention in the design and establishment of shoreline
litter monitoring programs. Some shoreline litter surveys
have been conducted in different Arctic regions using the
internationally recommended OSPAR (OSPAR 2010, 2020) or
NOAA (Burgess et al. 2021) protocols, although often with
some modifications (Mallory et al. 2021). In the NOAA pro-
tocol, litter is counted, and removal is optional, while un-
der the OSPAR protocol the litter is removed from a site,
which is monitored four times a year, if snow cover allows
it (Table 1). A previous NOAA protocol (Lippiatt et al. 2013)
distinguished between “accumulation surveys” in which all
litter items falling within a 100 m shoreline segment were re-
moved and “standing-stock surveys” in which all litter items
were recorded but not collected from within subsampled
transects. These two methods are now phased out after sev-
eral iterations of project evaluation, as measuring accumula-
tion versus standing stock really depends on the frequency of
removal, frequency of surveys, and whether or not one can
control the incidence of clean-up activities between surveys
(Lippiatt et al. 2013). Differing survey protocols pose chal-
lenges for a wider pan-Arctic survey strategy because it would
complicate data comparisons (Fig. 2).

Different monitoring strategies for litter on shorelines are
outlined in GESAMP (2019). The work by GESAMP focuses

on several additional components that should be included
in shoreline surveys with a focus at the global scale. This
includes assessing litter in different substrates of shorelines
and how they may influence the retention of macroplastics,
and the effects of the direction of the prevailing winds on the
macroplastics accumulation on shorelines.

Given the advantages and limitations for the adaptation of
predetermined criteria in the OSPAR and NOAA monitoring
guidelines, along with other relevant criteria, with regard to
implementation of an Arctic monitoring strategy, there are
several Arctic-specific characteristics to consider. These in-
clude

� the shoreline typography and location (e.g., ur-
ban/populated versus remote/reference),

� survey frequencies and the importance of continuity in
monitoring surveys on selected shorelines,

� the expertise of the monitoring personnel,
� categories used for the registration of the different prede-

fined litter items,
� the presence of ice or snow,
� units for reporting data, and
� the quality assurance of the surveys.

These criteria can be important for data comparison in
wider regional assessments of shoreline litter, where estab-
lishment of continuous monitoring efforts are required, and,
therefore, also need to be considered within the context of
the Arctic environment. Given the global experience, and
building on those surveys that have been carried out in the
Arctic, we make several recommendations for shoreline litter
monitoring specific to Arctic programs seeking to contribute
to large-scale monitoring objectives (Table 2).

3.4. Where to monitor
Several criteria are necessary to allow for surveys to con-

tribute to region-wide comparisons and trends assessment.
The first criterion for the selection of a survey location is
coastal morphology. Beach-like shorelines, to a large extent,
receive marine litter washed ashore from the sea and are eas-
ier and safer to thoroughly examine than rocky shores. How-
ever, in many parts of the Arctic shorelines are dominated
by rocks and cliffs, and beach-like coastal segments are dom-
inated by pebbles or different-sized stones will only occur in
smaller bays. Rocky shores are known to retain more plastics
of different sizes than their sandy counterparts (McWilliams
et al. 2018). The occurrence of sandy beaches, which are of-
ten preferred for international beach litter monitoring pro-
grams, are scarce in much of the Arctic, although they do oc-
cur in some areas (e.g., Mallory et al. 2021). In addition, these
beach-like segments are often delimited by rocky shores and
therefore not always a full 100 m in length. Therefore, shorter
shoreline segments should be accepted for Arctic shoreline
monitoring even though a 100 m segment is the recom-
mended length in both the OSPAR and NOAA guidelines. Lin-
ear length of the survey should be noted in the database for
future statistical work. As data become more available, we
will need to consider the statistical implications of represen-
tativity and probability that come with site selections. Pro-
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Table 2. Summary of recommended monitoring criteria for site selection and conduction of marine litter surveys on Arctic
shorelines.

Criteria Recommended site selection criteria and survey parameters

Coastal morphology Beach-like shoreline with sand, gravel, pebbles, or stones of different sizes, but not shorelines with cliffs;
preferably with clear depositional wash-up lines from both normal tidal conditions and more extreme
weather conditions.

Length of survey segment 100 m defined by start and end GPS positions, but shorter segments as low as 50 m can be accepted, if
limited by rocky shores.

Type of shorelines Remote shorelines, preferably located at an outer coastline (not inner fjords) and pointing toward the open
sea.

Urban or semi-urban shorelines, located in or close to town or settlements and receiving litter from local
activities.

Definition of survey area From the waterline to the back of the beach including the zone deposited during high-water levels caused
by storms. Slippery areas due to wrack on stones below the normal waterline in the tidal zone can be
excluded because of unsafe conditions for litter collection. A consistent and well-defined survey area of
the shoreline should be identified for temporal monitoring.

Accessibility The coastline should be accessible from land or by a boat.

Survey frequency At least one to two seasonal surveys should be performed per year per location, i.e., summer (May–July)
and/or autumn (August–October).

The presence of ice and snow Ice and snow act as temporary sink for litter, which is released as ice and snow melt (Scopetani et al. 2019),
and the presence and coverage of ice and snow should be noted.

Collection and registration of litter
items

When possible, all manmade litter items sized >2.5 cm should be collected and identified according to
categories of litter described in either the NOAA or OSPAR guidelines.

Removal of litter items Litter items should be removed from the shoreline when possible, and status of removal indicated in all
litter reporting. Regional guidelines need to be adhered to, which may prohibit picking up older
manmade items in some remote locations (Griebel 2014).

Larger litter items that cannot be transported to an appropriate waste disposal site, might be moved inland
away from the shoreline, so the items are not registered again during the next survey. Items too large to
move should be marked on site in a way that they would not be registered again.

grams should undertake regular reviews in the design and
site selection procedures. Those program reviews are neces-
sary for them to evolve alongside the policy needs.

The second criterion is the selection of a survey location
based on the expected relative impact from different litter
sources. The location can be chosen because the shoreline
predominantly receives litter washed ashore from the open
sea (reference or remote shoreline), or because the shore-
line is impacted by contributions from local sources (urban
or semi-urban shoreline; Cheshire et al. 2009). Hence, the
amounts and composition of marine litter can depend on
both the geographical location relative to marine and land-
based activities occurring in close proximity (Storrier et al.
2007), and the dominant hydrological conditions and wind
regimes that will transport litter from the sea (Cunningham
and Wilson 2003). This implies that the selection of the sur-
vey locations can determine the marine litter data that are
collected. In the design of a monitoring program for shore-
line marine litter, the type of information preferred or re-
quired from the effort (i.e., hours, counters) should therefore
be considered.

An appropriate shoreline used for long-term monitoring
is ideally located in an uninhabited area with minimal vis-
ible human activity nearby, preferably on an outer coast-
line and pointing toward the open sea. This means it will
principally reflect the pressures from long-range transport,
sea-based activities, and a more diffuse distribution of lit-
ter from land-based local sources. These characteristics al-
low for a reference value of litter deposition that does not

receive an overrepresentative amount of litter from local
sources.

In contrast to this, the selection of so-called urban or semi-
urban shoreline located in the vicinity of towns and smaller
settlements, including harbors, sewage effluents, and open
dump sites, will more notably reflect the impact of local lit-
ter sources. The ability and precision in the identification
of either local or regional/international sources of litter to
the marine environment can, thus, be influenced from the
types and locations of beaches included in the monitoring
program. Identification of litter sources is a prerequisite for
implementation of targeted actions toward their reduction.
Determination of the efficiency of mitigation actions also re-
quires measures of the amounts of litter released from the
source or trends of the amounts and composition observed
in the marine environment.

Another criterion is that the shoreline should be accessible
from land or by a boat (or other common form of transporta-
tion), so litter items can be easily removed from the shore-
line, and it can be revisited for future surveys on a yearly ba-
sis. This may or may not be achievable in some regions of the
Arctic given both the location of the sites, and the amount
and nature of pollution that is deposited. For example, in
some regions of Alaska discarded fishing nets weighing sev-
eral tons have been recovered from beaches, or the quantity
of debris encountered has required significant logistical sup-
port (Young 2009). As such, removal transport, and disposal
of this marine litter often requires a coordinated effort and
significant external resources.
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The removal of any items should respect the Indigenous
and other local authorities and communities, especially re-
garding the protection of archaeological artifacts. For exam-
ple, in Nunavut, “any tangible evidence of human activity
that is more than 50 years old” is defined as an archaeological
artifact (Griebel 2014). Personnel should be instructed on the
potential presence of any expected or possible archaeological
artifacts and best practices on how to avoid impacting them
during monitoring and removal activities; this may require
an archaeology permit.

3.5. Definition of survey area
A clear definition of the survey area and the units used for

registration of shoreline litter are essential to make the data
comparable among surveys using standardized approaches
(i.e., OSPAR and NOAA protocols). The survey area should
preferably be 100 m sections parallel to the waterline (see
monitoring type, below), but an adaptation for Arctic condi-
tions could include lengths 50–100 m based on accessibility
and availability.

Defining the survey area is also important for opportunistic
sampling. Some studies have implemented the 100 m section
using portable transects during visits to beaches from vessels
(Mallory et al. 2021). That project also used shorter transects
in some cases, and then used a normalization factor, demon-
strating how such protocols can be implemented on beaches
even when the protocol must be adapted.

The width of the monitoring area is from the edge of the
high tide water level to the back of the beach/shoreline, char-
acterized by the first presence of dunes, rocks, or a vegetation
line (back barrier). Vegetation past the back barrier often acts
as a litter sink, so debris from within an additional 2 m (as per
Olivelli et al. 2020) into the back barrier can be counted, sep-
arately from the main beach, if the back barrier is permeable
to wind and water, and, thus, capable of trapping debris. For
Arctic beaches, a clear shift in the primary substrate or the
presence of a barrier is often less visible. Therefore, the width
could be the part of the beach directly affected by marine wa-
ter fluctuations including the zone deposited as a result of
storms. Being familiar with the beach being surveyed is im-
portant and much information could be acquired from local
and Indigenous knowledge.

3.6. Frequency of monitoring surveys
The NOAA protocol does not specify a monitoring fre-

quency, and the OSPAR guidelines recommend four annual
monitoring surveys per beach (winter, spring, summer, and
autumn), and recognize that snow, ice, and personal pres-
ence may limit surveys to summer months (Table 1; Fig. 1A).
In the Arctic, climatic conditions shorten the feasible period
for beach litter monitoring, as do often high costs and lo-
gistic constraints (Mallory et al. 2018). Hence, during winter
and spring, access to the beaches, particularly the remote
beaches, can be very difficult or even impossible. Further-
more, ice and snow cover can render monitoring impossible
or difficult. These challenges may limit the monitoring fre-
quency, as demonstrated in the frequency of past sampling
efforts in the region (Fig. 1B). The feasible number of surveys

under Arctic conditions may only be one to two surveys per
beach per year. Allowing fewer monitoring surveys per year
will affect the confidence in deriving baseline levels and as-
sessing trends for the Arctic. For instance, it has recently been
recommended for monitoring under the EU MSFD that na-
tional and subregional baseline levels be based on median
values of data from a minimum of 40 monitoring surveys
within a 6 year monitoring period because this constitutes an
optimum point for achieving a reasonable confidence inter-
val (van Loon et al. 2020). The median assessment value is ro-
bust against extreme values, which frequently occur in shore-
line litter monitoring. However, this level of survey on shore-
lines in many regions of the Arctic is not possible or prac-
tical and must be modified. Further analyses are, therefore,
needed to assess the implications of fewer available AMAP-
relevant survey data on the statistical power of trend analyses
(Smith and Markic 2013). This should be considered when de-
signing monitoring strategies for litter on shorelines in Arctic
and subarctic regions.

When ice and snow are present, it will almost certainly in-
fluence findings, with the number of litter items being under-
estimated in the presence of ice and snow. Therefore, pres-
ence of ice and snow and potentially the date of the last
snow storm must be noted in the survey forms and ensuing
database. Scopetani et al. (2019) conducted surveys focused
on microplastics on shorelines in sediment, ice, and snow,
and noted acute differences between the matrices. Even while
it presents challenges, some areas of the Arctic are covered
by ice and snow nearly year-round and these areas cannot
necessarily be left out of monitoring activities. Moreover,
some research questions about land use and seasonality can
only be answered with sampling during seasons with ice and
snow coverage. Thus, in addition to the measures introduced
above, consideration of harmonized sampling practices that
include shorelines partly covered by ice and snow are nonex-
istent so far (Melvin et al. 2021), but should be considered.
At the least, the percentage of the shoreline covered in snow
should be reported.

3.7. Litter registration
For shoreline litter surveys in the Arctic, recording of lit-

ter items has predominantly been performed according to
the OSPAR guidelines (e.g., data from Norway, Greenland, and
Iceland) and the NOAA guidelines (e.g., data from Alaska and
Canada). These two guidelines provide different litter item
lists (Supplementary material). The NOAA guidelines include
descriptions of 44 different litter types divided into six ma-
terial categories whereas the OSPAR list gradually has been
appended over time to include 126 different litter types di-
vided into 11 material categories.

Subsequently, the description of litter items in the OSPAR
and NOAA guidelines do not match and used separately, the
two guidelines will generate different information on the
composition of different types of litter items including, for
example, generation of a top 10 list of the most often regis-
tered litter items. Therefore, if wider Arctic assessments are
to include and compare marine litter data generated with
both guidelines, some level of aggregation of litter types is
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needed to obtain a more comparable data set. We propose a
resolution to this data challenge on how such an aggregation
of litter items particularly relevant to the Arctic could be per-
formed across multiple survey types to ensure inclusion of
categories that are common in Arctic data sets (Table 3).

In addition to the proposed list of aggregated litter items
useful for pan-Arctic assessments, it may also be worthwhile
to add some other more specific litter items that are relevant
to the Arctic because of local uses or frequency of occurrence
in the Arctic. This could include items related to cruise ships,
fishing activities, or items typically found in local communi-
ties and dump sites. Information of littering of these specific
items may also be relevant for future regional action plans
to combat marine litter in the Arctic. Litter codes for these
items could be introduced by subgrouping of existing litter
types in the OSPAR and NOAA lists.

Another key parameter to follow in Arctic shoreline lit-
ter monitoring will be source characterization (Uhrin et al.
2022), as warming conditions and changing sea ice regimes
may bring differing types, sources, and amounts of plastic to
the Arctic (Bergmann et al. 2022). Thus, in addition to group-
ing the items according to the material categories, the lit-
ter types can potentially also be grouped according to their
sources and uses. For instance, OSPAR (2010) has previously
proposed a division of the litter items with the main focus on
sea-based sources, i.e., resulting specifically from fishery and
aquaculture, or from shipping operation.

� Fishery and aquaculture,
� Ship galley waste, and shipping operational waste,
� Sanitary waste,
� Public littering (e.g., tourism),
� No source characterized.

For the Arctic, it would be important to differentiate lit-
ter from local communities versus long-range litter. In addi-
tion, litter originating from construction and mining activi-
ties, hunting, and land-based waste handling can also be rele-
vant to consider as part of a source assessment to the marine
litter from an Arctic perspective.

The assignment of shoreline litter items to the different
source categories can also be refined with the help of Arctic
communities which can identify common waste items that
are more likely locally derived versus those that come ashore
via long-range transport. Community members often have
detailed knowledge of local source patterns and pathways,
e.g., by a Matrix Scoring Technique based on the likelihood
that the litter items recorded originated from specific types
of characterized sources (Tudor and Williams 2004; Schäfer
et al. 2019).

Further developments in methods to perform source char-
acterizations from shoreline litter data are currently being
assessed in different national and international frameworks.
For instance, for the European MSFD monitoring, a new pro-
tocol has recently been developed as part of the Joint List of
Litter Categories for Marine Macrolitter Monitoring (Fleet et
al. 2021) with a more detailed source characterization of litter
items to better address most of the relevant litter items tar-
geted in the OSPAR and HELCOM regional action plan for ma-

rine litter, the European single-use plastic directive. As such,
this may also be relevant for other regions, such as the US
states and regional action plans for marine litter.

The general unit for reporting data should be the number
of litter items recorded per survey, corresponding to a 100 m
shoreline. Ideally the monitored shoreline length should be
100 m (see Section 3.4 “Where to monitor” and Table 2), but
if a different length is surveyed, data should be normalized
to the number of items per 100 m. Considering the process
of fragmentation undertaken by plastic, we recognize that
the number of litter items is not the only unit that can be
used to report litter items. When feasible, weight is also a
valuable method to report litter and can reveal varying con-
tributions of the different litter categories (Smith and Turrell
2021).

3.8. Logistics
Preferably, trained personnel should conduct repeated sur-

veys at specifically selected shorelines, revisited with regu-
lar frequency. This setup ensures high-quality monitoring
data and more easily enables trend analyses and compari-
son of surveys. Because access and surveying are difficult for
Arctic remote shorelines, the establishment of cross-linking
networks with both local people and external scientific per-
sonnel involved in other field activities in these remote ar-
eas may be valuable. For example, in High Arctic Canada,
seabird population monitoring (Gutowsky et al. 2022) is of-
ten paired with contaminant or plastic ingestion monitoring
(Provencher et al. 2009; Bianchini et al. 2022), maximizing
use of logistic and financial resources (Mallory et al. 2018).
The regularity of other field activities in specific remote ar-
eas may vary. This may, therefore, imply a trade-off between
the total number of shoreline surveys and the consistency in
the selected shorelines and monitoring personnel. We recom-
mend that the shoreline litter monitoring program is mainly
based on trained personnel revisiting the same shoreline lo-
cations. However, less experienced personnel can be a valu-
able resource to ensure a continued monitoring at remote
stations that will otherwise not be covered.

Community-based survey programs allow greater capacity
for regular and even continuous monitoring as well as provid-
ing locally relevant research questions and data interpreta-
tion, including identification of likely local sources of marine
litter (Falk-Andersson 2021). The Arctic Marine Litter Project
based at Wageningen University in the Netherlands actively
involves local stakeholders and experts in identifying shore-
line litter, as it leads to more robust interpretation (Strietman
et al. 2021). When outside researchers respect local knowl-
edge and capacities it can increase the number and success
of partnerships, including partnerships where communities
can lead and implement shoreline litter surveys that are spe-
cific to the region and contribute to globally comparable data
sets.

3.9. Safety
Monitoring should begin 1 h after high tide to prevent sur-

veyors being cutoff by incoming tide, and activities be under-
taken by a minimum of two people on remote shorelines.

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

H
av

fo
rs

kn
in

gs
in

st
itt

ut
et

 o
n 

03
/1

8/
24

http://dx.doi.org/10.1139/as-2022-0047


Canadian Science Publishing

816 Arctic Science 9: 807–824 (2023) | dx.doi.org/10.1139/as-2022-0047

Table 3. Examples of marine litter items with higher Arctic relevance because of local uses and sources.

Description OSPAR code NOAA category Material category

Melted plastic pieces, e.g., from outdoor incinerations 46, 47, 117 Other Plastic

Detonating cords for explosives including fragmented pieces 46 Other Plastic

Aquaculture and animal feed bags 23 Other Plastic

Strapping bands 39 Other Plastic

Plastic sanitary bags 102 Personal care products Plastic

Trawl nets and gill nets including pieces 115, 116 Ropes and nets Plastic

Shotgun cartridges 43 Shotgun shells and wads Plastic

Note: If included, separate reporting codes need to be defined. The list can be modified or expanded over time based on inputs, e.g., from local stakeholder and
rightsholder communities or from the process of developing the Arctic regional action plan.

This is particularly important in some areas of the Arctic,
where some of the largest tides globally can be found (e.g.,
Frobisher Bay). While approaching and monitoring shore-
lines, individuals should be mindful of their surroundings,
especially in regard to wildlife, such as polar bears (Ursus
maritimus, Phillips 1774). Dangerous or suspicious looking
items, such as ammunition, chemicals, fuel, and medicine
should not be removed. Instead, photos of the items should
be taken and sent to the relevant authorities.

4. Quality assurance/quality control

4.1. Quality assurance
Hands-on training for field workers is generally recom-

mended for conducting harmonized monitoring surveys on
the shorelines, registration of the specific litter items ac-
cording to the specifications in monitoring guidelines, and
reporting the data to relevant databases. An online mon-
itoring toolbox (https://marinedebris.noaa.gov/monitoring-t
oolbox) for NOAA MDMAP provides access to video tutorials,
shoreline survey protocols, and item categorization guides,
field datasheets, and examples of data uses. A link to the
MDMAP database where data visualizations may be viewed is
also available. All of the above are useful resources for train-
ing shoreline surveyors in the Arctic.

Trained and experienced surveyors can be established
within research programs or long-term, community-led pro-
grams that perform coordinated monitoring continuously,
or volunteers/crowdsourcing science doing single clean-ups.
Wider coordination of teams and networks monitoring differ-
ent sites can here benefit the general knowledge sharing of
how to perform the surveys, how to identify litter items, and
how to submit data to databases, by more harmonized and
quality-assured means. Detailed photo documentation of all
collected litter for each survey can be useful for later iden-
tification and confirmation (Bergmann et al. 2017). In many
cases, photo documentation of every item may not be possi-
ble. We recommend items that are difficult to categorize or
specifically notable for their low or high frequency should be
the priority, for documentation purposes. Alternatively, for
Arctic shorelines where access may be time-limited, survey
coordinators may consider photographing sections of shore-
lines transects to survey a larger number of sites in a short
time period (Mallory et al. 2021). This method should only be

used under time-restricted situations and if the litter items
cannot be collected. A correction factor may be applied to
consider detection limitation.

4.2. Quality control
Data collected during beach surveys should go through a

process of validation. This process can involve recounting the
number of plastic items found during the survey and having
several people agreeing on the type of litter found. Photo doc-
umentation might be helpful for this purpose. In addition,
the possibilities for QA/QC steps should also be considered
on data submitted to the monitoring databases prior to data
assessments, e.g., by outlier controls and being able to have
later contact with the actual data originators of the data sets.
Under regional sea conventions, the OSPAR supporting scien-
tific expert group (Intersessional Correspondence Group on
Marine Litter (ICG-ML)) has been appointed national QC coor-
dinators, responsible for assuring the quality of the submit-
ted data on beach litter into the OSPAR monitoring database.

4.3. Data management and reporting formats
for databases

To perform thorough spatial and temporal trend analy-
ses of the amount and composition of marine litter on Arc-
tic shorelines, the availability of quality-assured monitoring
data stored and secured in long-term databases is necessary.
These databases are most useful when they are easily ac-
cessed, and the data they contain can be easily queried or
exported in readily usable formats. The OSPAR beach litter
database (https://beachlitter.ospar.org) stores and secures ma-
rine litter data generated according to OSPAR beach litter
guidelines and collected at reference beaches in the North-
east Atlantic region, which includes some parts of the Arctic
Sea. The reported data need to be normalized to 100 m beach
segments. Currently, the database contains some AMAP rele-
vant data from Arctic and subarctic parts of Norway, Iceland,
Faroe Islands, East Greenland, and West Greenland. However,
OSPAR is considering not hosting data from locations outside
the OSPAR maritime area, even though they are generated us-
ing comparable data formats. This may affect the long-term
storage of the monitoring data from some locations, such as
West Greenland or Arctic Canada. Subsequently, the use of
another database must be considered, even though a wider
OSPAR database would be a better platform for the standard-
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ization and harmonization of monitoring efforts and data as-
sessments in these neighboring regional seas (Fig. 2B).

Monitoring data generated according to the NOAA MDMAP
guidelines can be reported to NOAA’s public database: https:
//mdmap.orr.noaa.gov/, which covers data from both mar-
itime areas and the Great Lakes in the USA. A search shows
data from 34 shoreline locations in Alaska, although only two
of these are in the AMAP region. The International Council
for the Exploration of the Sea (ICES) Database on Oceanog-
raphy and Marine Ecosystems database (https://www.ices.dk/
data/data-portals/Pages/DOME.aspx) can potentially also host
these types of beach litter databases for specific types of lit-
ter. However, as of this writing, this database is yet to host
significant relevant data, to our knowledge.

4.4. Data generated by crowdsourcing
Crowdsourcing refers to coordinated but usually ad hoc

mobilization of local and tourist individuals for large-scale
clean-ups and/or in-depth data collection and later analysis.
Crowdsourcing activities have a strong component of pub-
lic engagement in the scientific and policy-making process,
and can act as an important removal action for combatting
plastic pollution in the environment. There are several ex-
amples of crowdsourcing and clean-up activities in the Arc-
tic that generate data for assessing amounts and composi-
tion of litter items on shorelines, including Canada (e.g., ht
tps://civiclaboratory.nl/2015/07/25/beach-clean-ups/; Liboiron
et al. 2020; https://shorelinecleanup.org/), Alaska (Polasek et
al. 2017), and Norway, where the nongovernmental organi-
zation Keep Norway Beautiful (https://ryddenorge.no/) is co-
ordinating and mapping clean-up activities in cooperation
with other groups and with the Norwegian Centre against
Marine Litter (https://www.marfo.no/). The crowdsourcing
data collected in Norway, which also include many AMAP-
relevant locations, are of sufficient quality to identify the
main sources of marine litter in Norway on a broad scale
but do have some limitations (Falk-Andersson et al. 2019).
In these projects, professional scientists typically accompany
the volunteer participants to ensure data quality and com-
parability (GESAMP 2019), and in some cases, they can ad-
dress temporal trends (Haarr et al. 2020). Comparable assess-
ments on the usefulness of crowdsourcing-generated data
have also been performed in Europe by the European En-
vironmental Agency, which hosts the database for the Eu-
ropean Marine Litter Watch (https://www.eea.europa.eu/pu
blications/marine-litter-watch). The wide range of protocols
and structures within crowdsourcing efforts create uncer-
tainty in how to integrate them with assessments based on
monitoring.

For cleanup-related crowdsourcing science, data can be
sent to and retrieved from a public data set at the Debris
Tracker website (https://debristracker.org/), the Norwegian
citizen science database “Rydde” hosted by MARFO (https:
//www.marfo.no/artikkel/rydde/), or the Marine Litter Watch
developed by the European Environmental Agency (https://
marinelitterwatch.discomap.eea.europa.eu). These platforms
can provide data frames, and sometimes produce quantita-
tive data on litter (e.g., total litter items per unit area (m2)

or per unit length (m) of a shoreline transect). One chal-
lenge with these platforms is that they often lack informa-
tion on effort; the denominator is unknown. This hampers
the comparability of this type of data to more standardized
surveys. One solution is for these online tracking tools to in-
corporate a unit of effort in relation to observations as has
been done with online bird observation tools (e.g., eBird;
https://ebird.org). These listed platforms or apps are exam-
ples, and it is recognized that additional apps or platforms
will be developed over time, although the specific internet
connectivity challenges of the Arctic may continue to make
them difficult to use there. New apps or platforms should be
evaluated for potential utility as part of monitoring efforts
on a case-by-case basis, and importantly, consider how the
data will be harmonized with existing data during the idea
development stage. Crowdsourcing projects and their result-
ing data are valuable in themselves, but if data generated can
be used in a comparative way with data from more systematic
and continuous monitoring efforts for marine litter on shore-
lines (e.g., for identifying sources and/or wider spatial and
temporal trend assessments in the Arctic), they could have
significantly more value.

4.5. Data from community-based monitoring
Unlike crowdsourcing science, community-based monitor-

ing is driven by Indigenous and other local researchers
who are also stakeholders and rightsholders in monitor-
ing plastics and other contaminants in a way that an-
swers local research questions and policy needs (Linnebjerg
et al. 2020). This approach ties together producers and
end users of the data at the local scale. This can be
done with or without outside researchers, but for the
sake of an interest in comparable data, partnerships with
outside researchers or research organizations can be a
valuable source of long-term monitoring and harmonized
data sets. Examples of partnered community-based plastic
monitoring programs in the Arctic include Oceans North
and Ocean Wise’s Arctic Community Ocean Plastics Ini-
tiative (Canada, https://www.oceansnorth.org/en/blog/2018
/08/monitoring-microplastics-in-an-arctic-community/), The
Saami Council’s Kola Waste Project (Russia, ACAP 2021),
and Nunatsiavut Government’s “Nunalinni kamatsianik
palastikkinik igitauKattatunik Nunatsiavummi/Community-
based monitoring of plastic pollution in Nunatsiavut” project
(Canada; Pijogge and Liboiron 2021).

5. Other considerations for litter
monitoring in the Arctic

As a supplement to basic NOAA and OSPAR adjusted mon-
itoring described above, other survey types can be relevant
for studying amounts and composition of litter on shorelines,
and these can provide additional information on sources and
trends. These survey types are, at the moment, either only ap-
plied on smaller geographical scales, need further research
and development, or are too time-consuming or expensive to
be implemented for monitoring on a wider scale.
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5.1. In-depth clean-ups’ analyses
An alternative survey based on more detailed, in-depth

analyses (in some studies called “deep dives”) has been de-
veloped for analyzing large amounts of litter collected from
large-scale clean-ups (Falk-Andersson 2021). This method can
be a way to more efficiently provide detailed insights on
sources and origin of marine litter at local or even (sub) re-
gional scales, because this type of study includes a more de-
tailed focus on the origin of different types of litter, for ex-
ample, fishery-related items (see GRID Arendal website for
an example of deep dive; https://deepdive.grida.no/). In addi-
tion, the framework for this type of survey can act as a useful
tool when communicating with specific groups of stakehold-
ers by involving them more directly. Such in-depth studies
of marine litter on shorelines have been performed in differ-
ent areas of northern Norway and Svalbard (Falk-Andersson
et al. 2018; Falk-Andersson and Strietman 2019) and have re-
cently been expanded to Greenland and Iceland (Strietman et
al. 2020, 2021; Strietman 2021). These surveys require both
the collection of significantly larger amounts of litter and a
more detailed registration of several of the litter items sur-
veys than is currently described in the NOAA and OSPAR mon-
itoring guidelines.

5.2. Large-scale aerial surveys
Aerial surveys using drones or small manned aircrafts can

be very helpful for carrying out rapid assessments of the dis-
tribution of macroplastic over larger geographical scales by
relying on the analyses of photo images (e.g., following ma-
jor natural events, such as storms and tsunamis, or following
accidents at sea; Martin et al. 2018; GESAMP 2019; Andriolo
et al. 2022). Aerial surveys also have the potential to identify
coastlines that are prone to accumulation, with high densi-
ties of accumulated plastic and other litter on the shorelines
with difficult access. This information can be used to opti-
mize the efforts of clean-up actions (Deidun et al. 2018). Fur-
thermore, aerial surveys, such as those carried over Hawaiian
Islands can be particularly valuable for assessing marine lit-
ter in remote areas and could potentially be applied in mon-
itoring programs (Moy et al. 2018). However, recognition of
specific sizes of groups and types of marine litter will depend
on image resolution, development of artificial machine learn-
ing algorithms for recognizing litter items, and amounts and
types of other natural material on the shorelines that can in-
terfere with identification (Deidun et al. 2018; Lo et al. 2020).

5.3. Modeling transport and identification of
vulnerable coastlines

Hydrodynamic modeling can provide information on the
importance of long-range transport with the North Atlantic
or Pacific Ocean currents and can identify coastlines that
are vulnerable to receiving larger amounts of litter from the
open sea, both on larger and more local geographical scales
(Jalón-Rojas et al. 2019; Uzun et al. 2022). For instance, in
Norway, oceanographic models for transport of floating lit-
ter and probability of stranding along the coast have been
developed along the entire coastline (Strand et al. 2021;
Mats Huserbråten, Institute of Marine Research, unpublished

data). The model will be validated with clean-up data from
the NGO Keep Norway Beautiful (https://holdnorgerent.no/).
Another Norwegian study has tested a GIS-based predictive
model to identify marine litter hotspots in northern Norway
that could predict a more effective site selection for maxi-
mizing removal of litter during organized coastal clean-up
actions (Haarr et al. 2019). Modeling efforts should focus on
understanding where accumulation of plastic litter may oc-
cur in the Arctic, and where regions with high levels of accu-
mulation may need targeted efforts to survey and contribute
a more holistic perspective on shorelines levels of litter at
the pan-Arctic level. The expansion of this type of work to
the broader pan-Arctic will greatly inform future shoreline
litter assessments.

5.4. Surveys of riverine litter inputs
In addition to marine shorelines, freshwater shorelines are

also an important environment to monitor (van Emmerik et
al. 2022). Rivers are natural pathways for litter, and the hu-
man density along rivers will influence the amount of lit-
ter, which then accumulates in lakes and can ultimately end
up on marine shorelines (Rech et al. 2014; Hoellein et al.
2015; Schwarz et al. 2019). Yet, litter monitoring on freshwa-
ter shorelines has received less attention than marine coastal
habitats (González-Fernández and Hanke 2017), and more ef-
fort is required to sample freshwater shorelines to better
assess the potential input of plastic pollution to the Arctic
Ocean (Blettler et al. 2018; Blettler and Wantzen 2019; Melvin
et al. 2021).

5.5. Weathering and fate of litter in the Arctic
marine environment

Research on litter weathering and fate on shorelines
should be carried out to better understand the process of
disintegration from macroplastics to microplastics (MacLeod
et al. 2021). Over time, the weathering and fragmentation
will decrease the particle size of litter items. This will render
the detection and the identification of the source of pollu-
tion more difficult. Shorelines are ideal environments to pro-
mote the chemical and mechanical weathering process (Arp
et al. 2021; Dąbrowska 2021) with the abrasion from the sand
and wave action, the exposure to solar ultraviolet (UV) radi-
ation, and the thermal and chemical actions (Corcoran et al.
2009). These processes might be slightly different in the Arc-
tic environment and represent a knowledge gap (Halsband
and Herzke 2019).

5.6. Data consolidation considerations
There is a need to recognize that shoreline litter data sets

are among the richest data sets on plastic pollution glob-
ally, including the Arctic region. However, we still lack both
large-scale regional and global assessments due to the ab-
sence of harmonized methods. There is a multitude of pro-
grams collecting data on litter in the Arctic, potentially pro-
viding essential information. However, those databases or re-
ports are sometimes difficult to query and hinder the use of
their valuable data to the wider community. Some groups
do regional reports that only use one method/database en-
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Fig. 4. Individual pieces count for each region from the Debris Tracker database in the year 2021 .

tries (e.g., NOAA, OSPAR), but there is a challenge in bring-
ing together multiple data sets (as discussed above). The lit-
ter types described by NOAA and OSPAR guidelines could
be comparable, with some harmonization (Supplementary
material). Some reports are only available in not widely
read languages, and therefore accessible to a limited public
(see https://holdnorgerent.no/wp-content/uploads/2022/09/Ry
dderapporten-2021-komp.pdf for an example). Some pro-
grams are victims of their own success and they have so much
data that it is impossible to query the database for a meaning-
ful period of time. For example, we found it difficult to extract
meaningful data from the Debris Tracker database (Fig. 4), as
query by country, region, or year is not possible.

Given the massive efforts to reduce plastic pollution in
the environment, and the need for evidence-based decision-
making, there is a need to prioritize efforts on shoreline lit-
ter data to examine pan-Arctic data sets together and start
to develop methods to reconcile different databases to un-
derstand temporal and spatial trends. Similar discussions are
taking place globally, aligning and examining the compara-
bility of databases (Hapich et al. 2022), but more of these
types of efforts are needed in the Arctic before any pan-Arctic
regional assessment can be carried out. This includes the
need to create accessible databases to promote regional com-
parisons and trend analysis across the pan-Arctic. Beyond the

Arctic, tracking marine debris trends globally is still a large
challenge, with for example, the lack of interoperability for
database platforms (Walker et al. 2021).

6. Recommendations for Arctic
shoreline monitoring

Being able to assess trends of either amount, composi-
tion, or distribution of macroplastics requires a large num-
ber of sampling points to achieve statistical power. Deter-
mining such trends on Arctic shorelines requires the estab-
lishment of a coordinated monitoring effort, which should
comprise more comparable harmonized surveys carried out
throughout the Arctic as performed within other Regional
Seas Conventions (e.g., OSPAR 2010 and HELCOM 2021). Fur-
thermore, past and future data should be shared with the
different stakeholders, rightsholders, government agencies,
and the scientific community through peer-reviewed publica-
tions and/or plain-language reports, supported with easily ac-
cessible databases. This is critical even for data not collected
in a standardized way, as researchers can begin to apply meta-
analysis techniques that can account for such differences.

Given that shoreline litter monitoring is carried out glob-
ally and is a major component of several plastic pollution ini-
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tiatives, we recommend several actions be the focus in the
Arctic region for shoreline litter assessments. Alignment of
the OSPAR and NOAA protocols are most relevant when it
comes to data assessments that combine data sets generated
with the two protocols.

1. Where possible surveys of shoreline litter be carried out
using existing protocols (OSPAR or NOAA), ideally using
a designated 100 m shoreline section, and no less than a
50 m section.
The choice of which protocol to use will be region-
dependent.

2. In addition to the standard litter item lists used, we rec-
ommend that all surveys use an extended list that includes
items that are commonly found in the Arctic (see Table 3).

3. Full descriptions of shorelines, including geomorphology,
substrates, wind patterns, seasonality, and presence of ice
and snow should be included in data.

4. Surveys should target remote shorelines that will reflect
long-range transport via water currents, and also shore-
lines that will inform questions related to potential local
sources of shoreline litter.

5. Training of the monitoring personnel should be pri-
oritized preferably by side-learning or alternatively by
use of detailed tutorials to achieve consistent data
collection.

6. Indigenous and other Arctic communities and their exist-
ing knowledge should be respected and partnered with
to increase capacity for long-term, regular data collection
and locally relevant analysis.

7. Establishment of shoreline locations for long-term con-
tinuous litter monitoring should be prioritized to obtain
high-quality data for trend assessment.

8. All shoreline data should be made available as soon as pos-
sible through the use of open, accessible, and easy to query
databases.

7. Conclusions
Shoreline litter surveys are among the most common

recordings carried out and highly recommended type of
plastic pollution monitoring in the world, and programs
for shoreline litter data collection in the Arctic have been
in place for several years. Unfortunately, no pan-Arctic,
widespread trend assessment can currently take place (PAME
2019), due to differences in monitoring strategies and pro-
tocols employed, and limitations in the spatial and tempo-
ral extent of existing data. Therefore, efforts for plastic pol-
lution monitoring should consider when, where, and how
to implement shoreline litter monitoring as part of the pri-
mary tools. But to use this type of data to inform policies,
action plans, and mitigation strategies, an equal amount of
effort is needed to ensure that data on amounts and as well
as litter composition are harmonized and available for trend
analysis, including regional assessments, on a regular basis.
Optimization and also development of new potential meth-
ods and tools should be limited to those that are fulfilling a
specific data gap or community need, as the proliferation of
databases and methods are currently hampering data synthe-

sis. Data management, accessibility, and trend analysis must
be primary components of any shoreline litter monitoring
program to facilitate future Arctic assessments on shoreline
litter.
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