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HIGHLIGHTS

« Scalable framework for plastic assessment in semi-enclosed coastal environments.
» UAV surveys and modeling enable cleanup validation and seasonal debris tracking.
+ Community-led efforts expanded institutional support and monitoring networks.

ARTICLE INFO ABSTRACT

Handling Editor: Jun Huang This study presents the first integrated assessment of plastic pollution at the Kura River delta, where
the river enters the hydrologically enclosed Caspian Sea. We applied a modular toolbox comprising four
complementary components: high-resolution hydrodynamic modeling to predict debris convergence zones,
UAV-based mapping to survey shoreline conditions, automated object-based image analysis for debris detection
and classification, and standardized field monitoring by trained community participants for ground-truthing
and source identification. Using this framework, we identified debris accumulation hotspots and developed a
replicable approach for assessing plastic pollution in semi-enclosed systems. Surveys along a 1.2 km shoreline
recorded over 600 items, dominated by beverage containers by count and marine-sourced plastics by weight.
Transboundary inputs were confirmed through labeled debris from five countries. The initiative also expanded
institutional collaboration, trained over 150 participants, and established a local monitoring network. These
findings highlight the value of integrating technical diagnostics with community engagement to enable scalable,
site-adapted responses to plastic pollution.
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1. Introduction as a terminal sink for plastics and other contaminants (Kosarev, 2005;
Ginzburg et al., 2021). Recent studies report widespread microplas-

Plastic pollution remains a pervasive global threat, with over 8.3 bil- tic presence in Caspian waters, sediments, and biota (Ghayebzadeh

lion metric tons produced since the 1950s and only 9% recycled (Geyer
et al., 2017). Each year, up to 12 million metric tons of plastic enter
aquatic environments, posing risks to biodiversity, ecosystem services,
and food security (Jambeck et al., 2015; Gall and Thompson, 2015;
Law, 2017). While land-based sources transported by rivers dominate
marine plastic inputs (Lebreton et al., 2017), research has largely
focused on open ocean systems, leaving semi-enclosed water bodies
underexplored (Kosarev, 2005; Ghayebzadeh et al., 2020; Ginzburg
et al., 2021; Manbohi et al., 2021).

The Caspian Sea, the world’s largest enclosed inland basin, lacks
natural outflow and exhibits limited internal circulation, functioning
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et al.,, 2020; Manbohi et al., 2021). Key pollution sources include
mismanaged waste, fishing, tourism, riverine inflow, and direct dis-
charge (Gholizadeh et al., 2024; Azadkar Langroudi et al., 2024).
Among the major inflows, the Kura-Aras basin, shared by Turkey,
Georgia, and Azerbaijan, is a critical yet poorly monitored contribu-
tor. The Kura River delivers substantial plastic loads to the southern
Caspian, but lacks standardized assessment protocols (Mousavi et al.,
2025). Modeling and field observations suggest long-term retention
of debris at the Kura delta due to low-energy hydrodynamics and
sediment-trapping features (Lahijani et al., 2024; Van Emmerik et al.,
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Fig. 1. Transboundary map of the Kura-Aras River Basin. The Kura River
discharges into the Caspian Sea near Neftchala, Azerbaijan.
Source: Adapted from EUWI* (Plus, 2024).

2022; Ginzburg et al., 2024). With over 90% of regional waste misman-
aged, plastic inputs are expected to increase without intervention (Kaza
et al., 2018).

The Neftchala coastline, adjacent to the ecologically significant
Qizilagach Bay and Ramsar site, represents a high-risk convergence
zone for debris accumulation. Its shallow estuary, limited flushing,
and mudflat geomorphology make it a natural trap for plastic waste
(Ginzburg et al., 2024; Li et al., 2016).

Despite mounting evidence of contamination, effective response is
constrained by the absence of regionally adapted monitoring frame-
works. This pilot study addresses that gap by applying an integrated
methodological toolbox at the river-to-sea interface of the Kura River.
It comprises four complementary components — high-resolution hydro-
dynamic modeling, UAV-based shoreline mapping, automated object-
based image analysis, and standardized field monitoring by trained
community participants — applied to assess shoreline and floating debris
accumulation over a 1.2 km transect at the Kura River delta during
two seasonal campaigns (August 2021 and November 2022). The goal
is to demonstrate a transferable and scalable model for diagnosing
and managing plastic pollution in enclosed and semi-enclosed coastal
systems.

2. Integrated methodological toolbox

This study developed a modular toolbox to assess plastic accu-
mulation at the river-sea interface of the hydrologically enclosed
Caspian Sea. The approach integrates hydrodynamic modeling, UAV-
based shoreline mapping, automated object-based image analysis, stan-
dardized field monitoring, and stakeholder engagement in an iterative
assessment framework (Fig. 2) (Van Emmerik et al., 2022; Merlino
et al., 2023; Jambeck and Johnsen, 2015). The study area is located
near Neftchala on the southwestern Caspian coast, where the Kura
River delta forms a low-energy estuarine environment (Fig. 1). The
exact 1.2 km pilot transect used for field surveys is marked on the map
for clarity.

Hydrodynamic simulations were conducted using the Finite Volume
Coastal Ocean Model (FVCOM) (Chen et al., 2003) over the full south-
ern Caspian basin, with horizontal grid resolution refined to ~10 m near
the Kura River mouth. The model was forced with 2020 ECMWF wind
fields and river discharge data from the Girag Kasaman hydrological
station, run for the full year 2020 to capture seasonal hydrodynamic
variability, and used to identify persistent low-energy convergence
zones aligned with observed plastic accumulation (Ghaffari et al., 2013,
2025).
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Model outputs guided the selection of the pilot transect, chosen
for its modeled retention potential, proximity to the Kura inflow, and
confirmed accessibility for UAV flights and shoreline surveys (Mei-
jer et al., 2021; Ghaffari et al., 2025). Two field campaigns (August
2021, November 2022) were conducted to support temporal compa-
rability following a Reproducible Assessment Pipeline (RAP) (National
Academies of Sciences, Engineering, and Medicine, 2019).

Prior to each campaign, over 2000 high-resolution UAV images were
acquired at altitudes of 30-100 m during low tide and processed into
georeferenced orthomosaics (UTM-WGS84 Zone 39S). Image analysis
in Trimble eCognition Developer (Trimble Inc., 2024) applied object-
based segmentation and supervised classification trained on annotated,
field-verified plastic samples (Goncalves et al., 2020; Martin et al.,
2018; Merlino et al., 2020). This workflow enabled the detection of
colored plastics and derelict fishing gear, although spectral confusion
with light-colored substrates limited white plastic classification.

Shoreline surveys targeted the same 1.2 km transect and followed
standardized protocols adapted from the Ocean Conservancy and Deep
Dive methods (Falk-Andersson, 2021; De Frond et al., 2025). Field
teams — comprising trained community participants and project
scientists — collected, photographed, and geotagged each debris item,
classifying it by type, source category, and behavioral origin. All recov-
ered waste was bagged, logged, and transferred to certified recycling
facilities in Baku.

Institutional partners contributed across project phases: national
research institutes and NGOs co-led survey design, field implementa-
tion, and data analysis; governmental agencies facilitated site access,
provided logistical support, and coordinated waste transfer; and private
sector partners contributed transport, equipment, and dissemination of
results through outreach activities and stakeholder workshops.

By integrating basin-scale hydrodynamic modeling with high-
resolution UAV mapping, automated image classification, and ground-
validated field data, the toolbox enables robust identification of ac-
cumulation drivers, supports adaptive monitoring, and is transferable
to other semi-enclosed systems where conventional diagnostics are
limited (Ghaffari et al., 2025; Van Emmerik et al., 2022).

3. Composition and accumulation

Temporal comparison of the two field campaigns revealed both
stable patterns and notable shifts in plastic composition along the
1.2 km shoreline transect. A statistical summary of item counts, pro-
portions, and temporal changes between surveys is provided in Fig.
3 and the accompanying tables, summarizing category-level compo-
sition and country-of-origin profiles. Non-alcoholic PET bottles and
associated components (caps, rings, labels) consistently dominated the
debris profile, accounting for approximately 82% of total items across
both surveys combined. Their widespread presence — despite interim
cleanup - indicates rapid reaccumulation, high mobility, and dual
sourcing from riverine transport and local littering (Lebreton et al.,
2017; van Emmerik and Schwarz, 2020; Jambeck and Johnsen, 2015).
Their floatability aligns with model-predicted convergence near the
Kura River mouth (Ghaffari et al., 2013).

Other categories remained stable. Household cleaner containers
appeared exactly 12 times in both surveys, suggesting localized, low-
mobility inputs likely from chronic domestic leakage or runoff rather
than episodic activity (Browne et al., 2011; Ryan et al., 2009; Haarr
et al., 2022). This pattern indicates entrenched waste pathways with
limited seasonal variation.

In contrast, fishing-related debris declined from 23 to 14 items.
Comprising nets, ropes, and lines, these bulky items are typically
more visible and more effectively removed. Their decline may reflect
successful cleanup and limited re-entry, possibly due to reduced gear
loss or changing fishing intensity (Macfadyen et al., 2009; Richardson
et al., 2019).
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n the Caspian Sea pilot area at the Kura River mouth, illustrating its main

components: hydrodynamic modeling, UAV-based remote sensing and image analysis, field surveys and clean-ups, data processing, reporting, regulation, and the

growth of community engagement across sectors during the project.

Lighter items associated with recreational activity, such as food
wrappers and single-use utensils, rose from 3 to 11 items between
campaigns. This increase may reflect seasonal tourism or shifting con-
sumption patterns (Grelaud and Ziveri, 2020; Wilson and Verlis, 2017).
These items are rarely transported far and accumulate until actively
removed, reinforcing the need for behavioral interventions in tandem
with cleanups.

Labeling and barcode analysis revealed debris from Azerbaijan, Iran,
Turkey, Russia, and Ukraine, confirming the site’s role as a trans-
boundary accumulation zone (Meijer et al., 2021; Maximenko et al.,
2019). Modeled current pathways and field observations support the
conclusion that long-range transport contributes significantly to local
debris loads.

Together, these results reflect a complex pollution landscape shaped
by land-based inputs, marine activity, and hydrodynamic retention.
The repeated detection of mobile items, partial retention of heav-
ier gear, and an increase in tourist-associated waste underscore the
value of reproducible surveys. Transboundary labeling evidence fur-
ther highlights the need for regional coordination and harmonized
monitoring (Gacutan et al., 2022; Maximenko et al., 2019). Consistent
with recent multi-diagnostic frameworks (Ghaffari et al., 2025), this
study illustrates the potential of integrated, field-validated tools for
understanding plastic accumulation at critical coastal interfaces.

4. Community engagement

Community engagement was a foundational component of this
study, designed not as an outreach activity but as an embedded pillar
of the methodological framework. Reflecting best practices in citizen
science and environmental governance, the approach emphasized par-
ticipation across all project phases — from design to dissemination —
ensuring local ownership and co-produced knowledge (Robinson et al.,
2024; Payne-Sturges et al., 2015; Schmitz et al., 2010).

Structured according to international principles, including the ECSA
10 Principles for Citizen Science (European Citizen Science Association
(ECSA), 2015), the Tehran Convention’s regional protocols (Seyrafi,
2020), and the UNDP-GEF Kura II initiative (Klaphake and Kramer,
2011), engagement efforts aimed to go beyond consultation toward
equitable decision-making and mutual learning (Jones, 2023).

The initiative began with 5 core institutions from academic, civil,
and governmental sectors, and grew to involve 18 entities by the second
campaign, a 260% increase. This expansion was facilitated through
clean-up campaigns, workshops, and shared data events, supporting
evidence that diverse engagement enhances both scientific quality and
societal relevance (Payne-Sturges et al., 2015; Schmitz et al., 2010). A
qualitative breakdown of sectoral participation is shown in Table 1 and
Fig. 2.
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Azerbaijan: 289
Iran: 4
Russia: 3
Turkey: 1
Ukraine: 1
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Category Surveyl  Surveyll  Change (%)
Drink Bottles/Cans (non-alcohol) (82%) Oil/chemical containers 3 6 +100 1
Other plastic (fishnet) (6%) Drink Bottles/Cans (alcohol) 15 1 s 1
Cleaners containers ( 4%) Drink Bottles/Cans (non-alcohol) 236 270  +1451

Drink Bottles/Cans (alcohol) ( 3%) Cleaners' containers 12 12 0
Other plastic (fishnet) 23 14 -39 1
On-the-fly, food package ( 2%) Cosmetics 6 4 33 4
Qil/chemical containers ( 1%) On-the-fly, food package 3 11 +265 1
Total 298 318 +6.7

Fig. 3. Summary of plastic debris composition and trends from field surveys at the Kura River mouth. The pie chart shows item distribution, with non-alcoholic
drink containers dominating (82%). Tables indicate item origin and temporal variation across the two surveys. Top images display representative plastic debris

types, including branded transboundary waste.

Table 1
Growth in institutional engagement across sectors (Qualitative overview).

Sector Initial partners Final partners Growth level
NGOs 2 2 Steady
Academic 2 2 Steady
Public Institutions 1 3 Moderate
State Authorities 0 1 Moderate
Private Sector 0 10 High

Total 5 18 Significant

Private sector involvement, initially absent, expanded markedly to
ten partners, contributing logistics, co-hosting outreach, and supporting
dissemination. This uptake indicates an evolving civic awareness and
a shift toward broader environmental accountability, consistent with
trends in sustainability partnerships (Jones, 2023).

Workshops held in Neftchala and Baku drew over 150 partici-
pants, offering training on debris classification, shoreline surveying,
and geotagging. All materials were shared in Azerbaijani via open-
access channels, reinforcing inclusivity and capacity-building. These
sessions seeded the Neftchala Plastics Group, a community working
group that continues post-project as a local anchor for monitoring and
dialogue.

International partners contributed technical training and visual-
ization support, aligning local work with regional marine litter pro-
tocols and reinforcing scientific standards through co-developed out-
puts (Robinson et al., 2024).

Overall, the participatory model strengthened institutional memory,
expanded local capacities, and reinforced public commitment to re-
ducing marine litter. The integration of stakeholders — especially new
private partners — underscores the potential of inclusive, hybrid science-
society models to support actionable and scalable solutions for plas-
tic pollution, particularly in semi-enclosed coastal systems (Robinson
et al., 2024; Payne-Sturges et al., 2015; Schmitz et al., 2010).

5. Local practice in global context

This study provides insights into plastic pollution dynamics in semi-
enclosed and understudied systems, using the Caspian Sea as a case
study. In contrast to tropical river systems that rapidly export plastic
from dense populations to open oceans (Jambeck et al., 2015; Lebreton
et al,, 2017; Van Emmerik et al., 2022), the Caspian is shaped by
hydrological entrapment, slow circulation, and long retention times.

A key finding is the decoupling between item count and mass: while
PET bottles and wrappers dominate by number, derelict fishing nets,
though less frequent, contribute most of the mass. This aligns with

observations in northern European waters (Kershaw, 2016; Macfadyen
et al., 2009), underscoring how count-based surveys may underestimate
the impact of heavy, persistent materials.

The Kura River basin exemplifies a retention-dominated system.
With its long course, series of dams, and broad floodplain, much plastic
is likely trapped upstream, echoing global findings that only a small
fraction of mismanaged plastic reaches the sea (Meijer et al., 2021).
Once in the Caspian, limited circulation further reduces export, rein-
forcing the system’s role as a sink rather than a conduit (Van Emmerik
et al., 2022).

These findings challenge the generalizability of global assessment
tools optimized for marine-outflowing systems. Mitigation technologies
such as booms and traps are poorly suited to submerged or heavier
items like nets, which dominate here by mass (Macfadyen et al., 2009;
Kershaw, 2016). Behavioral sources - including artisanal fishing, illegal
dumping, and seasonal tourism - also imprint regional characteristics
on debris profiles.

Accordingly, this study supports a shift from universal export mod-
els to place-specific diagnostics that reflect local hydrodynamics and
source types. The Caspian’s plastic sink behavior highlights the need
for adaptive, regionally informed strategies. As the United Nations
Environment Programme stresses, plastic mitigation must “recognize
site-specific variation in plastic sources and behavior” (Kershaw, 2016;
UNEP, 2021). By integrating modeling, classification, and participatory
observation, this work offers a replicable framework for non-marine
outflowing systems where tailored approaches can replace “one-size-
fits-all” solutions.

The modular design of the toolbox enables adaptation to diverse
coastal and riverine contexts by adjusting spatial resolution, survey
frequency, and stakeholder engagement strategies according to lo-
cal environmental and institutional conditions. However, this pilot
application faced several limitations, including restricted seasonal cov-
erage due to pandemic-related restrictions, which affected volunteer
mobilization and coordination, reduced accuracy in detecting white
plastics in aerial imagery, and logistical constraints on UAV deploy-
ment during adverse weather. Future developments could incorporate
higher-frequency monitoring, integration of satellite and UAV data
streams, and automation of debris classification workflows. Additional
components could also be integrated where appropriate—for exam-
ple, drifter-based observations combined with high-resolution transport
modeling (Ghaffari et al., 2025), which have provided detailed insights
into plastic item dynamics and deposition in a tidal channel and
could be valuable in riverine systems. Embedding the approach within
national and regional monitoring frameworks would further enhance
policy relevance and support coordinated responses to transboundary
plastic pollution.
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6. Conclusions

This pilot study demonstrates that science-based, locally adapted
approaches can improve the understanding and mitigation of plastic
pollution at river-to-sea interfaces, even in environmentally complex
and geopolitically sensitive settings such as the Caspian Sea. By apply-
ing an integrated methodological toolbox — combining hydrodynamic
modeling, UAV-based sensing, automated image analysis, field surveys,
and participatory engagement — the study mapped plastic accumulation
hotspots, characterized debris composition, and traced source dynamics
in a semi-enclosed marine system.

Within a narrow 1.2 km coastal transect, plastic debris from five dif-
ferent countries was identified, highlighting the transboundary nature
of plastic pollution in the Caspian region and the need for coordinated
regional responses.

The modular design of the toolbox offers clear potential for ap-
plication in other coastal and riverine systems, with components that
can be adapted, expanded, or refined according to local conditions and
emerging technologies. This flexibility provides a strong foundation for
advancing integrated monitoring and management of plastic pollution
in diverse environmental and governance contexts.

The initiative also expanded stakeholder engagement from five to
eighteen institutions across public, private, and civil society sectors,
supporting a shift toward shared responsibility and sustained local
monitoring capacity.

Overall, the results show that pairing advanced technical methods
with local insight and inclusive governance can deliver practical, scal-
able solutions. The framework developed here is transferable to other
enclosed or data-poor aquatic systems, where conventional diagnostics
may be limited, and offers a model for aligning scientific assessment
with community-based implementation.

CRediT authorship contribution statement

Peygham Ghaffari: Writing — review & editing, Writing — origi-
nal draft, Visualization, Validation, Supervision, Software, Resources,
Project administration, Methodology, Investigation, Funding acqui-
sition, Formal analysis, Data curation, Conceptualization. Bert van
Bavel: Writing — review & editing, Validation, Methodology, Inves-
tigation, Formal analysis, Data curation, Conceptualization. Alexei
Bambulyak: Writing — review & editing, Methodology, Data curation.
Nils Erik Johansen: Writing — review & editing, Software, Formal
analysis, Data curation. Elnur Safarov: Writing — review & editing,
Resources, Methodology, Investigation.

Declaration of competing interest

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

Acknowledgments

This work was supported by the Norwegian Retailers’ Environment
Fund (Project ID: 11560). The authors gratefully acknowledge the
resources provided by the Norwegian e-infrastructure for computa-
tional support. We extend our sincere thanks to SALT.nu and to all
volunteers, institutions, and partner organizations in Azerbaijan whose
contributions made this study possible.

Data availability

Data will be made available on request.

Chemosphere 387 (2025) 144667

References

Azadkar Langroudi, Y., Sakhaei, N., Amini, F., Bagheri, S., Safahieh, A., 2024.
Microplastic pollution in two zooplankton groups on the southern coast of the
caspian sea. Iran. J. Fish. Sci. 23 (1), 133-149.

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T., Thomp-
son, R., 2011. Accumulation of microplastic on shorelines woldwide: sources and
sinks. Environ. Sci. Technol. 45 (21), 9175-9179.

Chen, C., Liu, H., Beardsley, R.C., 2003. An unstructured grid, finite-volume, three-
dimensional, primitive equations ocean model: application to coastal ocean and
estuaries. J. Atmos. Ocean. Technol. 20 (1), 159-186.

De Frond, H., Baechler, B.R., Debreceni, S., Diana, Z.T., Fox, R., Gutierrez, R.F.,
Leonard, G.H., Mallos, N.J., Sherlock, C., Weller, S., et al., 2025. Cleanups are
an important part of the solution to global plastic pollution. One Earth 8 (5).

van Emmerik, T., Schwarz, A., 2020. Plastic debris in rivers, wiley interdisciplinary
reviews. Water 7 (1), 1-24.

European Citizen Science Association (ECSA), 2015. 10 principles of citizen science.
URL: https://www.ecsa.ngo/10-principles/. (Accessed: 25 July 2025).

Falk-Andersson, J., 2021. Beach litter deep dives-a method for improved understanding
of sources of and behaviour behind littering. Marine Poll. Bull. 167, 112346.

Gacutan, J., Johnston, E.L., Tait, H., Smith, W., Clark, G.F., 2022. Continental patterns
in marine debris revealed by a decade of citizen science. Sci. Total Environ. 807,
150742.

Gall, S.C., Thompson, R.C., 2015. The impact of debris on marine life. Marine Poll.
Bull. 92 (1-2), 170-179.

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever
made. Sci. Adv. 3 (7), e1700782.

Ghaffari, P., Isachsen, P., LaCasce, J., 2013. Topographic effects on current variability
in the caspian sea. J. Geophys. Res.: Ocean. 118 (12), 7107-7116.

Ghaffari, P., Solbakken, V.S., Haarr, M.L., Pires, R., Rydsaa, J., Leikvin, @., Her-
mansen, S., Borve, E., Espenes, H., 2025. Floating debris dynamics in a tidal
strait: Transport and retention in sundklakkstraumen, lofoten. Front. Mar. Sci. 12,
1612395. http://dx.doi.org/10.3389/fmars.2025.1612395.

Ghayebzadeh, M., Aslani, H., Taghipour, H., Mousavi, S., 2020. Estimation of plastic
waste inputs from land into the caspian sea: A significant unseen marine pollution.
Marine Poll. Bull. 151, 110871.

Gholizadeh, M., Hedayati, A., Pouladi, M., Sundaramanickam, A., 2024. Source of
plastic contamination of the rivers ending to the gorgan bay, southeast of the
caspian sea, Iran. Front. Mar. Sci. 11, 1150755.

Ginzburg, A.L, Kostianoy, A.G., Gholamalifard, M., 2024. Ecologically and biologically
significant Marine Protected Areas in the caspian sea: A review. Ecol. Montenegrina
60, 1-16, URL: https://www.biotaxa.org/em/article/view/86407.

Ginzburg, A., Kostianoy, A., Serykh, I, Lebedev, S., 2021. Climatic changes in
hydrometeorological parameters of the caspian sea (1980-2020). Sovrem. Probl.
Distantsionnogo Zondirovaniya Zemli Kosmosa 18 (5), 277-291.

Gongalves, G., Andriolo, U., Gongalves, L., Sobral, P., Bessa, F., 2020. Quantifying
marine macro litter abundance on a sandy beach using unmanned aerial systems
and object-oriented machine learning methods. Remote. Sens. 12 (16), 2599.

Grelaud, M., Ziveri, P., 2020. The generation of marine litter in mediterranean island
beaches as an effect of tourism and its mitigation. Sci. Rep. 10 (1), 20326.

Haarr, M.L., Falk-Andersson, J., Fabres, J., 2022. Global marine litter research
2015-2020: Geographical and methodological trends. Sci. Total Environ. 820,
153162.

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A.,
Narayan, R., Law, K.L., 2015. Plastic waste inputs from land into the ocean. Science
347 (6223), 768-771.

Jambeck, J.R., Johnsen, K., 2015. Citizen-based litter and marine debris data collection
and mapping. Comput. Sci. Eng. 17 (4), 20-26.

Jones, K., 2023. Community engagement in local communities: Hearing the voices of
the public. Sch. Public Policy Publ. 16 (1).

Kaza, S., Yao, L.C., Bhada-Tata, P., Van Woerden, F., 2018. What a Waste 2.0:
A Global Snapshot of Solid Waste Management to 2050. Technical Report,
World Bank, Washington, DC, http://dx.doi.org/10.1596,/978-1-4648-1329-0, URL:
https://openknowledge.worldbank.org/handle/10986,/30317. World Bank Urban
Development Series.

Kershaw, P., 2016. Marine Plastic Debris and Microplastics: Global Lessons and
Research to Inspire Action and Guide Policy Change. United Nations Environment
Programme, Nairobi, Kenya, URL: https://www.unep.org/resources/publication/
marine-plastic-debris-and-microplastics-global-lessons-and-research-inspire.
Prepared by Peter Kershaw, University of Surrey.

Klaphake, A., Kramer, A., 2011. Kura-aras river basin: burgeoning transboundary
water issues. In: Turkey’s Water Policy: National Frameworks and International
Cooperation. Springer, pp. 263-275.

Kosarev, A., 2005. Physico-geographical conditions of the caspian sea. In: Kostianoy, A.,
Kosarev, A. (Eds.), The Caspian Sea Environment. In: The Handbook of Environ-
mental Chemistry, vol. 5P, Springer, Berlin, Heidelberg, pp. 5-31. http://dx.doi.
org/10.1007/698_5_002.

Lahijani, H.A., Ghaffari, P., Leroy, S.A., Beni, A.N., Yakushev, E.V., Abtahi, B., Saleh, A.,
Behravesh, M., 2024. A note on the silent decline of the caspian environment.
Marine Poll. Bull. 205, 116551.


http://refhub.elsevier.com/S0045-6535(25)00615-0/sb1
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb1
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb1
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb1
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb1
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb2
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb2
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb2
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb2
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb2
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb3
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb3
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb3
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb3
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb3
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb4
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb4
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb4
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb4
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb4
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb5
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb5
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb5
https://www.ecsa.ngo/10-principles/
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb7
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb7
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb7
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb8
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb8
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb8
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb8
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb8
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb9
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb9
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb9
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb10
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb10
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb10
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb11
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb11
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb11
http://dx.doi.org/10.3389/fmars.2025.1612395
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb13
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb13
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb13
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb13
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb13
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb14
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb14
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb14
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb14
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb14
https://www.biotaxa.org/em/article/view/86407
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb16
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb16
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb16
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb16
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb16
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb17
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb17
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb17
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb17
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb17
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb18
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb18
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb18
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb19
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb19
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb19
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb19
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb19
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb20
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb20
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb20
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb20
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb20
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb21
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb21
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb21
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb22
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb22
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb22
http://dx.doi.org/10.1596/978-1-4648-1329-0
https://openknowledge.worldbank.org/handle/10986/30317
https://www.unep.org/resources/publication/marine-plastic-debris-and-microplastics-global-lessons-and-research-inspire
https://www.unep.org/resources/publication/marine-plastic-debris-and-microplastics-global-lessons-and-research-inspire
https://www.unep.org/resources/publication/marine-plastic-debris-and-microplastics-global-lessons-and-research-inspire
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb25
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb25
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb25
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb25
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb25
http://dx.doi.org/10.1007/698_5_002
http://dx.doi.org/10.1007/698_5_002
http://dx.doi.org/10.1007/698_5_002
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb27
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb27
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb27
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb27
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb27

P. Ghaffari et al.

Law, K.L.,, 2017. Plastics in the marine environment. Annu. Rev. Mar. Sci. 9 (1),
205-229.

Lebreton, L.C., Van Der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, A., Reisser, J.,
2017. River plastic emissions to the world’s oceans. Nat. Commun. 8 (1), 15611.

Li, W.C., Tse, H.F., Fok, L., 2016. Plastic waste in the marine environment: A review
of sources, occurrence and effects. Sci. Total Environ. 566, 333-349.

Macfadyen, G., Huntington, T., Cappell, R., et al., 2009. Abandoned, lost or otherwise
discarded fishing gear, vol. 523, United Nations Environment Programme Nairobi.

Manbohi, A., Mehdinia, A., Rahnama, R., Dehbandi, R., 2021. Microplastic pollution
in inshore and offshore surface waters of the southern caspian sea. Chemosphere
281, 130896.

Martin, C., Parkes, S., Zhang, Q., Zhang, X., McCabe, M.F., Duarte, C.M., 2018. Use of
unmanned aerial vehicles for efficient beach litter monitoring. Marine Poll. Bull.
131, 662-673.

Maximenko, N., Corradi, P., Law, K.L., Van Sebille, E., Garaba, S.P., Lampitt, R.S.,
Galgani, F., Martinez-Vicente, V., Goddijn-Murphy, L., Veiga, J.M., et al., 2019.
Toward the integrated marine debris observing system. Front. Mar. Sci. 6, 447.

Meijer, L.J., Van Emmerik, T., Van Der Ent, R., Schmidt, C., Lebreton, L., 2021. More
than 1000 rivers account for 80% of global riverine plastic emissions into the
ocean. Sci. Adv. 7 (18), eaaz5803.

Merlino, S., Locritani, M., Guarnieri, A., Delrosso, D., Bianucci, M., Paterni, M., 2023.
Marine litter tracking system: a case study with open-source technology and a
citizen science-based approach. Sensors 23 (2), 935.

Merlino, S., Paterni, M., Berton, A., Massetti, L., 2020. Unmanned aerial vehicles for
debris survey in coastal areas: Long-term monitoring programme to study spatial
and temporal accumulation of the dynamics of beached marine litter. Remote. Sens.
12 (8), 1260.

Mousavi, S.M.S., Taghipour, H., Nourani, V., Aslani, H., Ghayebzadeh, M.,
Ghasemzadeh, R., 2025. Estimation of plastic waste inputs from the kura-aras basin
into the caspian sea. Reg. Stud. Mar. Sci. 85, 104126.

National Academies of Sciences, Engineering, and Medicine, 2019. Reproducibility
and replicability in science. The National Academies Press, Washington, D.C.,
http://dx.doi.org/10.17226,/25303.

Chemosphere 387 (2025) 144667

Payne-Sturges, D.C., Korfmacher, K.S., Cory-Slechta, D.A., Jimenez, M., Symanski, E.,
Carr Shmool, J.L., Dotson-Newman, O., Clougherty, J.E., French, R., Levy, J.I,
et al., 2015. Engaging communities in research on cumulative risk and social
stress-environment interactions: Lessons learned from epa’s STAR program. Environ.
Justice 8 (6), 203-212.

Plus, E.W.L, 2024. Pilot river basin — kura. https://www.euwipluseast.eu/en/about/
pilot-river-bassin/kura. (Accessed 18 June 2025).

Richardson, K., Asmutis-Silvia, R., Drinkwin, J., Gilardi, K.V., Giskes, I., Jones, G.,
O’Brien, K., Pragnell-Raasch, H., Ludwig, L., Antonelis, K., et al., 2019. Building
evidence around ghost gear: Global trends and analysis for sustainable solutions at
scale. Marine Poll. Bull. 138, 222-229.

Robinson, D., Sugden, H., Rao, P., Towers, A., Wysocka, J., Delany, J., 2024. What
makes an engaging environment? Lessons learnt from co-created research with
diverse community groups.. J. Particip. Res. Methods 5 (4), 1-23.

Ryan, P.G., Moore, C.J., Van Franeker, J.A., Moloney, C.L., 2009. Monitoring the
abundance of plastic debris in the marine environment. Phil. Trans. R. Soc. B 364
(1526), 1999-2012.

Schmitz, C.L., Stinson, C.H., James, C.D., 2010. Community and environmental sus-
tainability: Collaboration and interdisciplinary education. Crit. Soc. Work. 11
(3.

Seyrafi, S., 2020. Baselines in the convention on the legal status of the caspian sea.
Public Law Stud. Q. 50 (1), 275-310.

Trimble Inc., 2024. Trimble ecognition software. Available online: https://geospatial.
trimble.com/en/products/software/trimble-ecognition. (Accessed 17 June 2025).

UNEP, 2021. From Pollution to Solution: A Global Assessment of Marine Litter and Plas-
tic Pollution. Technical Report, United Nations Environment Programme, Nairobi,
Kenya, URL: https://www.unep.org/resources/pollution-solution-global-assessment-
marine-litter-and-plastic-pollution. (Accessed 24 July 2025).

Van Emmerik, T., Mellink, Y., Hauk, R., Waldschléger, K., Schreyers, L., 2022. Rivers
as plastic reservoirs. Front. Water 3, 786936.

Wilson, S.P., Verlis, K.M., 2017. The ugly face of tourism: Marine debris pollution
linked to visitation in the southern great barrier reef, Australia. Marine Poll. Bull.
117 (1-2), 239-246.


http://refhub.elsevier.com/S0045-6535(25)00615-0/sb28
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb28
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb28
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb29
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb29
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb29
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb30
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb30
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb30
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb31
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb31
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb31
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb32
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb32
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb32
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb32
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb32
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb33
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb33
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb33
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb33
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb33
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb34
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb34
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb34
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb34
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb34
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb35
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb35
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb35
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb35
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb35
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb36
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb36
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb36
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb36
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb36
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb37
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb38
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb38
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb38
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb38
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb38
http://dx.doi.org/10.17226/25303
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb40
https://www.euwipluseast.eu/en/about/pilot-river-bassin/kura
https://www.euwipluseast.eu/en/about/pilot-river-bassin/kura
https://www.euwipluseast.eu/en/about/pilot-river-bassin/kura
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb42
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb43
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb43
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb43
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb43
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb43
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb44
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb44
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb44
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb44
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb44
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb45
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb45
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb45
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb45
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb45
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb46
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb46
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb46
https://geospatial.trimble.com/en/products/software/trimble-ecognition
https://geospatial.trimble.com/en/products/software/trimble-ecognition
https://geospatial.trimble.com/en/products/software/trimble-ecognition
https://www.unep.org/resources/pollution-solution-global-assessment-marine-litter-and-plastic-pollution
https://www.unep.org/resources/pollution-solution-global-assessment-marine-litter-and-plastic-pollution
https://www.unep.org/resources/pollution-solution-global-assessment-marine-litter-and-plastic-pollution
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb49
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb49
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb49
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb50
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb50
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb50
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb50
http://refhub.elsevier.com/S0045-6535(25)00615-0/sb50

	River-to-sea plastic pollution: A pilot toolbox for the Caspian Sea
	Introduction
	Integrated Methodological Toolbox
	Composition and Accumulation
	Community Engagement
	Local Practice in Global Context
	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Data availability
	References


