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Effective mitigation of plastic pollution in catchment—coastal systems depends on
community understanding of pollution pathways, risk perception, and policy
support. This study assessed plastic-waste awareness, microplastic awareness,
risk perception, policy support, and future engagement intention among school,
university, and community-course centre respondents within an Eastern Black
Sea source-to-sea project context linked to the Anli and Caglayan river catch-
ments (n = 151). A venue-stratified questionnaire was analysed using ordinal-
appropriate non-parametric and regression-based methods. The results showed
a clear knowledge—concern asymmetry: plastic-waste awareness was moderate
(mean = 3.25), whereas microplastic awareness was lower (mean = 2.52), despite
high risk perception (mean = 4.38) and strong policy support (mean = 4.16).
Microplastic awareness was the strongest cross-sectional correlate of higher
plastic-waste awareness (odds ratio [OR] = 2.41), while plastic-waste awareness
was positively associated with future engagement intention (OR = 2.29). A venue/
life-stage-associated mismatch was also evident: school respondents reported
higher microplastic awareness but lower risk perception and policy support than
other respondent groups. Policy support was consistently high, particularly for
reqular river and coastal clean-ups, educational awareness initiatives, and de-
posit-refund systems, aligning with locally perceived pollution sources such as
bottles, plastic bags, and household waste. Despite strong policy support,
reported plastic-product use remained moderate, indicating an awareness—
action gap. Overall, the findings identify favourable attitudinal conditions for
intervention, but also limited microplastic awareness and incomplete behavioural
translation. Because the study was cross-sectional, these patterns indicate
associations rather than causal pathways. Strengthening microplastic-focused
communication, aligning interventions with locally perceived sources, and
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integrating education with participatory and infrastructure-based measures are
therefore critical for catchment-based plastic-pollution management in the
Eastern Black Sea region.

KEYWORDS

Black Sea, catchment-based management, deposit-refund systems, microplastic
awareness, ordinal logistic regression, plastic-waste awareness

1 Introduction

Plastic pollution constitutes a persistent systemic pressure
across terrestrial, freshwater, coastal, and marine ecosystems and
remains a major environmental-governance challenge (UNEP,
2021; TUCN, 2024; GPAP, 2026). Global plastic production has
reached approximately 460 million tonnes annually, while recycling
remains near 9%, and plastics constitute an estimated 85%
of marine litter (UNEP, 2021; IUCN, 2024; GPAP, 2026).
Mismanaged plastic waste can leak into aquatic environments,
fragment into smaller particles, and persist over long temporal
scales. Current estimates indicate that 11-14 million tonnes of
plastic enter the oceans annually, adding to 75-199 million tonnes
already present in marine environments, with plastic waste pro-
jected to triple by 2060 (UNEP, 2021; IUCN, 2024; GPAP, 2026).
These trends underscore the need for coordinated life-cycle gover-
nance, including source reduction, improved waste management,
circular-economy transitions, and international instruments such as
the emerging Global Plastics Treaty.

Plastic inputs to aquatic and marine systems are strongly linked
to land-based activities and waste-governance failures (Jambeck
et al.,, 2015; Terzi and Seyhan, 2017; Meijer et al., 2021). Inadequate
waste management, stormwater runoff, littering, and riverine trans-
port dominate many marine-litter pathways, although fishing,
shipping, and aquaculture also contribute to plastic inputs
(MclIlgorm et al., 2011; UNEP, 2020; TUCN, 2024). Rivers connect
inland consumption, household waste generation, stormwater
drainage, disposal practices, and downstream coastal accumulation
(Lebreton et al., 2017; McGlade et al., 2021). Plastic pollution in
catchment-linked coastal regions should therefore be framed as a
source-to-sea governance challenge requiring coordinated manage-
ment across terrestrial, freshwater, coastal, and marine systems,
rather than solely as shoreline contamination (Mathews and Stretz,
2019; UNEP, 2020; IUCN, 2024).

Microplastics intensify this source-to-sea challenge. These par-
ticles, commonly defined as plastics smaller than 5 mm, originate
from primary sources or secondary fragmentation of larger debris
(Pop et al., 2023; Akdemir et al., 2025; Khorsandi et al., 2025; Terzi
et al.,, 2026). Compared with macroplastic litter, microplastics are
less visible, more difficult to monitor and remove, and less readily
understood by non-specialist audiences (Tekman et al., 2022; Aliani
et al., 2026). Public-perception research consistently shows that
general concern about plastic pollution is often high, whereas
detailed understanding of microplastic sources, pathways, exposure
routes, and mitigation options remains limited (Baechler et al,
2024; Caminiti et al., 2025; Tekin et al., 2026). This distinction
matters because policy support and behavioural participation

Frontiers in Marine Science

depend not only on broad environmental concern but also on
whether communities understand how everyday plastic use, dis-
posal practices, and waste leakage contribute to downstream con-
tamination (Henderson and Green, 2020; Baechler et al., 2024;
Caminiti et al., 2025).

Ttirkiye provides a relevant setting for examining plastic-waste
awareness, microplastic awareness, risk perception, and policy
support because of its substantial plastics sector, domestic value
chain, and exposure across the Mediterranean, Aegean, Marmara,
and Black Sea basins (Giindogdu and Walker, 2021; Karasik, 2022;
UNDP, 2023). The country has also faced persistent plastic-waste
management challenges, including low recycling rates, landfill
dependence, uncollected waste, open dumping, and pressures
associated with the global plastic-waste trade after China’s 2018
import restrictions (Katz, 2019; Giindogdu and Walker, 2021;
Karasik, 2022; UNDP, 2023). Within Tirkiye, the Black Sea is
particularly important for source-to-sea plastic-pollution research
because northern catchments drain into a semi-enclosed basin
where land-based inputs, riverine transport, coastal settlement,
and hydrodynamic retention may intensify pollution pressures
(Lazar et al., 2021; Seyhan et al, 2025; Terzi et al., 2025).
Previous studies along the southeastern Black Sea coast show that
plastic and expanded polystyrene/Styrofoam dominate marine litter
by both count and weight, highlighting regional vulnerability to
persistent accumulation (Terzi and Seyhan, 2017; Karasik, 2022).
Despite increasing environmental monitoring, community-level
understanding of plastic-waste pathways, microplastic risks,
policy support, and public engagement remains underexplored.

Tiirkiye has introduced several policy instruments to reduce
plastic consumption and improve waste governance, including the
Zero Waste Project, packaging-waste regulation, recycling contri-
bution fees, plastic-bag charging, deposit-return planning, and
emerging single-use-plastic measures under the Roadmap for
Single-Use Plastics, Marine Litter and Microplastics (TRT World,
2019; Karasik, 2022; European Environment Agency, 2025; CSB,
2026). These initiatives support broader transitions towards waste
prevention, circular-economy alignment, extended producer re-
sponsibility, improved collection and recycling, reduced single-use
consumption, and reduced leakage into aquatic environments
(Senturk and Dumludag, 2021; European Environment Agency,
2025; Anadolu Ajansi, 2026; CSB, 2026). Their effectiveness,
however, depends on implementation conditions, including infra-
structure, institutional coordination, public trust, behavioural com-
pliance, and access to practical alternatives (Truelove et al., 2022;
Milbreta et al., 2025). Public concern and policy support do not
necessarily translate into sustained behavioural change, particularly
where convenience barriers, habits, weak infrastructure, or limited

frontiersin.org


https://doi.org/10.3389/fmars.2026.1884662
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Seyhan et al.

technical understanding persist (Giindogdu et al., 2018; Hartley
et al, 2018a, Hartley et al., 2018b; Konstantoglou et al., 2023;
Caminiti et al., 2025).

Accordingly, locally grounded assessment of public awareness,
risk perception, policy support, and future engagement intention is
central to effective plastic-pollution governance (Henderson and
Green, 2020; Baechler et al., 2024; Caminiti et al., 2025). Survey-
based approaches can identify knowledge gaps, salient risk percep-
tions, and socially acceptable interventions; however, many studies
in this field remain constrained by inconsistent terminology, weak
validation, and limited methodological rigour (Burns and Kho,
2015; Caminiti et al., 2025). Robust local baselines should therefore
distinguish plastic-waste awareness from microplastic awareness,
use reliable indices for risk perception and policy support, and
evaluate how perception-based variables relate to future engage-
ment intention.

The present study addresses this need by assessing plastic-waste
awareness, microplastic awareness, risk perception, policy support,
perceived sources and pathways, self-reported behaviour, and future
engagement intention among school, university, and community-
course centre respondents within an Eastern Black Sea source-to-sea
project context linked to the Arili and Caglayan river catchments. The
analysis was guided by a pragmatic source-to-sea environmental-
behaviour framing, in which risk perception represented threat ap-
praisal, policy support represented perceived acceptability of structural
mitigation measures, and future engagement intention represented
intention-oriented environmental behaviour. Four expectations were
evaluated: (1) microplastic awareness would be positively associated
with plastic-waste awareness; (2) risk perception would be positively
associated with policy support; (3) plastic-waste awareness would be
positively associated with future engagement intention; and (4) venue/
life-stage groups would differ in awareness, risk perception, and policy
support, although age-venue interdependence required cau-
tious interpretation.

Using a venue-stratified design and ordinal-appropriate de-
scriptive, non-parametric, and regression-based methods, the
study provides a structured local baseline for catchment-based
plastic-pollution governance. It examines awareness levels, per-
ceived risks, policy support, venue/life-stage-associated differences,
cross-sectional correlates of awareness and engagement, and per-
ceived plastic sources and pathways. The findings are expected to
contribute to plastic-pollution perception research and to inform
locally relevant interventions, including education, source reduc-
tion, infrastructure improvement, deposit-refund systems, and
participatory monitoring in Eastern Black Sea catchments.

2 Materials and methods
2.1 Study area and project context

This cross-sectional questionnaire survey was conducted within
an Eastern Black Sea source-to-sea project context linked to the

Arl and Caglayan river catchments. These catchments drain into
the southeastern Black Sea and represent locally important
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freshwater—coastal systems associated with settlement, recreation,
daily mobility, and ecosystem services. The study targeted catch-
ment-linked educational and community venues in which school-
age, young-adult, and adult/community respondents could observe,
experience, or interpret riverine and coastal plastic pollution.

The survey assessed plastic-waste awareness, microplastic
awareness, perceived ecological and human-health risks, policy
support, perceived plastic-pollution sources and pathways, self-
reported pro-environmental behaviours, and future engagement
intention in local environmental education, awareness, or clean-
up activities.

2.2 Study design, participants, and
sampling framework

A structured questionnaire was administered using a venue-
stratified sampling design to capture perceptions across distinct
demographic, educational, and life-stage contexts. The sample
comprised 151 respondents recruited from three Eastern Black
Sea survey venues linked to the project’s educational and commu-
nity-engagement framework: primary school students from Findikli
Tlkokulu (n = 33), university students primarily from Artvin Coruh
University (n = 56), and participants recruited through the com-
munity-course centre, locally known as Findikli Halk Egitimi
Merkezi (n = 62). These groups are hereafter referred to as
school, university, and community-course centre respondents.

The venues provided structured access to school-age, young-adult,
and adult/community participants within the Arih-Caglayan source-
to-sea project context. Participation was voluntary and anonymous.
Respondents with consent and usable core questionnaire data were
retained; no additional exclusion criteria were applied beyond absence
of required consent or unusable core responses. Venue-specific re-
sponse rates could not be calculated because recruitment denominators
were not recorded consistently across venues.

The venue-based structure enabled comparisons among youn-
ger school participants, university students, and community-course
centre respondents. The overall sample had a mean age of 39.3
years, a standard deviation of 22.7 years, and a median age of 36
years. Age composition differed strongly across venues: median age
was 10 years among school respondents, 22 years among university
respondents, and 63.5 years among community-course centre
respondents. Supplementary Table 1 provides detailed sample
characteristics and data-audit information.

Because recruitment was venue-based rather than population-
random, the sample represents a structured education-sector and
community sample, not a statistically representative sample of a
single district or province. The design therefore supports compar-
ison across selected demographic and educational contexts and
identification of locally relevant patterns in plastic-waste awareness,
microplastic awareness, risk perception, and policy support.

2.3 Survey instrument and thematic
domains

The questionnaire was developed for the CARESEA project
context to capture locally relevant plastic-waste awareness,
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microplastic awareness, risk perception, policy support, perceived
sources/pathways, self-reported pro-environmental behaviours, and
future engagement intention in the Arili-Caglayan catchment
setting. The project team reviewed items for content relevance,
clarity, and contextual appropriateness. Before field administration,
the questionnaire was clarity-pretested with 15 individuals from
different age groups to evaluate comprehensibility, wording, and
response-scale interpretation; these individuals were excluded from
the analytical sample. Minor wording adjustments were made
where necessary. Turkish wording was used during field adminis-
tration, and English terminology was harmonised during data
cleaning and manuscript preparation; no formal back-translation
procedure was conducted.

The cleaned questionnaire dataset included 38 original survey
variables covering socio-demographic characteristics, residential
context, river and catchment exposure, awareness, risk perception,
policy support, perceived sources and pathways, pro-environmental
behaviours, and future engagement intention. Survey items were
organised into five Likert-type response-scale families:

* Policy support/agreement items: 1 = strongly disagree; 5 =
strongly agree.

* Risk-perception items: 1 = no likelihood; 5 = definitely.

* Ecological importance/evaluation items: 1 = not important;
5 = very important.

* Awareness/knowledge items: 1 = no knowledge; 5 = very
good knowledge.

* Observation/frequency items: 1 = never; 5 = always.

Throughout the study, plastic-waste awareness refers to self-
reported knowledge of general/visible plastic waste, whereas
microplastic awareness refers to self-reported knowledge of
microplastic pollution. Microplastic literacy is used only as an
interpretive discussion term denoting practical understanding of
microplastic sources, pathways, risks, and mitigation options.

These Likert-scale structures informed descriptive analysis,
inferential testing, and venue-specific visualisation. Figure panels
were organised around five thematic response families: policy
support, risk perception, ecological importance/local pollution
evaluation, awareness, and observation/frequency patterns.

2.4 Data cleaning, recoding, and analytic
dataset construction

Data cleaning and statistical analyses were conducted in R
(version 4.5.3; RStudio 2026.05.1-225), using tidyverse-based
workflows and packages for psychometrics, non-parametric testing,
effect-size estimation, ordinal and bias-reduced regression model-
ling, and multivariate analysis (psych, rstatix, effectsize, ordinal,
brglm2, broom, car, and FactoMineR). Variable names were
standardised using reproducible column labels.

Likert-type responses were recoded to numerical scores from 1
to 5, with higher values indicating stronger agreement, higher
perceived risk, greater ecological importance, higher self-reported
knowledge, or more frequent observation/use. Text and multi-
response variables were harmonised across English and Turkish

Frontiers in Marine Science

10.3389/fmars.2026.1884662

entries where necessary. After recoding, the analytic dataset com-
prised 67 variables derived from 38 cleaned survey variables;
Supplementary Table 1 summarises the dataset structure and
respondent distribution. Missingness was assessed across analytic
variables, available cases were used for each outcome, and imputa-
tion was not applied because missingness was limited for core
structured Likert-scale variables and concentrated mainly in open-
ended items and future engagement intention.

2.5 Composite indices

Two composite indices were constructed a priori: a risk perception
index and a policy support index. The risk perception index comprised
three items assessing perceived human-health and aquatic-ecosystem
risks. The policy support index comprised seven items measuring
support for plastic-pollution mitigation policies.

For each respondent, the composite score was calculated as the
arithmetic mean of the non-missing item scores:

Xi= 7 2%
=1
where X; is the composite score for respondent i, k is the
number of items in the scale, and Xj; is the numeric score for item j.
Higher composite scores indicated stronger risk perception or
stronger policy support.

2.6 Reliability and construct assessment

Internal consistency was assessed using Cronbach’s alpha and
McDonald’s omega total, separately for the seven-item policy
support scale and the three-item risk perception scale. Because
the items used ordinal Likert-type response scales, ordinal/
polychoric alpha was calculated as a sensitivity analysis. One-
factor exploratory factor analysis evaluated whether each item set
supported a unidimensional construct interpretation. Confirmatory
factor analysis and multi-group measurement-invariance testing
were not conducted because the study was exploratory and sub-
group sizes were modest, particularly for the school group.
Reliability coefficients, ordinal reliability sensitivity results, and
factor loadings are reported in the Supplementary Material.

Cronbach’s alpha was calculated as:

k (E}ll#)
a=—0»[ 15+
k-1 o7

where k is the number of scale items, 0}-2 is the variance of item j,
and 0% is the variance of the total scale score.

2.7 Descriptive and inferential statistical
analysis

Descriptive statistics were calculated as sample size, mean,
standard deviation, median, standard error, and 95% confidence
interval (CI), where appropriate. Because the survey relied primarily
on ordinal Likert-type responses, inferential analyses used non-
parametric methods.
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One-sample Wilcoxon signed-rank tests compared Likert item
medians against the neutral midpoint of 3. Kruskal-Wallis tests
evaluated differences across survey venue groups, age groups, and
residential context. When Kruskal-Wallis tests indicated significant
differences, Dunn post hoc tests with Holm adjustment were
applied. Kruskal-Wallis effect sizes were expressed as epsi-
lon-squared.

Associations among plastic-waste awareness, microplastic
awareness, observation frequency, ecological importance, local
plastic-pollution evaluation, risk perception, and policy support
were assessed using Spearman rank-order correlations. Correlation
p-values were Holm adjusted where appropriate.

Ordinal logistic regression identified cross-sectional correlates of
ordered plastic-waste awareness. Predictors included microplastic
awareness, the risk perception index, the policy support index, age
group, residential context, survey venue, and gender. Odds ratios
(ORs) were calculated from model coefficients. The proportional-
odds assumption was assessed using nominal tests. Reduced model
specifications alternately excluded age group or survey venue to
evaluate model sensitivity. Predictor collinearity was assessed using
generalised variance inflation factors (GVIFs).

Future engagement intention was modelled as a binary outcome
using bias-reduced logistic regression based on Firth-type penalised
likelihood. This approach was selected because the outcome was
imbalanced, with substantially more “yes” than “no” responses
among respondents with available future engagement data.
Reduced models evaluated sensitivity to model complexity.
Statistical significance was interpreted at p < 0.05, and exact p-
values and confidence intervals were reported where available.

2.8 Multi-response analysis

Several questionnaire items allowed multiple responses, includ-
ing perceived riverside macroplastic categories, surface-floating
plastic categories, primary sources of plastic pollution, entry path-
ways into local habitats, environmental dispersion mechanisms,
sectoral plastic-use perceptions, and self-reported pro-environmen-
tal behaviours.

Multi-response variables were separated into individual re-
sponse mentions, summarised as frequencies, and expressed as
percentages of total mentions. These analyses identified the most
frequently perceived plastic categories, sources, pathways, disper-
sion processes, sectoral contributors, and behavioural responses.

3 Results

3.1 Sample structure and data
completeness

Supplementary Table 1 summarises the analytic sample and
venue distribution. Data completeness was high for core structured
questionnaire items, with complete Likert-scale data for the prin-
cipal awareness, risk-perception, policy-support, observation, and
evaluation variables. Missingness was concentrated mainly in open-
ended questions and future engagement intention.
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Future engagement intention data were unavailable for 33
respondents, representing 21.9% of the total sample. Among
respondents with available engagement data (n = 118), 94 respon-
dents (79.7%) reported willingness to participate in future environ-
mental education, awareness, or clean-up activities, whereas 24
respondents (20.3%) reported no such intention. This missingness
pattern and positive-response imbalance were considered when
interpreting future-engagement models.

3.2 Reliability and structure of the
composite scales

Both composite indices showed strong internal consistency. The
seven-item policy support scale yielded Cronbach’s alpha = 0.868
and McDonald’s omega total = 0.877, whereas the three-item risk
perception scale yielded Cronbach’s alpha = 0.848 and McDonald’s
omega total = 0.855. Ordinal/polychoric reliability sensitivity anal-
ysis produced similarly strong estimates for policy support (ordinal
alpha = 0.907) and risk perception (ordinal alpha = 0.913),
supporting aggregation of Likert-type items into exploratory com-
posite indices (Supplementary Table 2).

Exploratory factor analysis further supported one-factor solu-
tions for both scales. Policy support factor loadings ranged from
0.571 to 0.804, with the strongest loading for educational awareness
initiatives. Risk perception factor loadings ranged from 0.739 to
0.926, with the strongest loading for harmful effects of plastic waste
on aquatic ecosystems (Supplementary Table 3). These results
indicate internally coherent scales suitable for exploratory compos-
ite-based analyses, although confirmatory construct validation and
measurement-invariance testing require larger subgroup-ba-
lanced samples.

3.3 Overall awareness, risk perception, and
policy support

Table 1 presents descriptive statistics for the key numeric
variables. Plastic-waste awareness was moderate (mean = 3.25,
SD = 0.916, median = 3), whereas microplastic awareness was
lower (mean = 2.52, SD = 1.03, median = 2), indicating limited self-
reported knowledge of microplastic pollution.

Despite this awareness gap, respondents reported high risk
perception and strong policy support. The risk perception index
had a mean of 4.38 (SD = 0.724, median = 4.67), and the policy
support index had a mean of 4.16 (SD = 0.725, median = 4.29).
Policy support, risk perception, ecological importance, and local
plastic-pollution evaluation showed strongly right-skewed distribu-
tions, whereas awareness responses were more centrally distributed
for plastic-waste awareness and shifted towards lower categories for
microplastic awareness (Figures 1-4).

3.4 Policy support for mitigating plastic
pollution

Policy support was consistently high across all seven mitigation
items and significantly above the neutral midpoint of 3 (Table 2).
The strongest support was observed for regular cleaning of rivers
and coastal areas (mean = 4.38, 95% CI = 4.24-4.52), educational
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TABLE 1 Descriptive statistics for age, plastic-waste awareness, microplastic
awareness, and the composite risk perception and policy support indices
among respondents from Eastern Black Sea educational and community
venues linked to the Arii—Caglayan source-to-sea project context.

iable n Mean SD Median
Age 151.00 39.30 22.70 36.00
Plastic-waste awareness 151.00 3.25 0.92 3.00
Microplastic awareness 151.00 2.52 1.03 2.00
Risk perception index 151.00 4.38 0.72 4.67
Policy support index 151.00 4.16 0.73 429

Values are pooled across school, university, and community-course centre survey venues and
reported as sample size (n), mean, standard deviation (SD), and median.

10.3389/fmars.2026.1884662

awareness initiatives (mean = 4.36, 95% CI = 4.22-4.50), and
deposit-refund systems for beverage packaging (mean = 4.27).
Support was also high for installation of filter grates in stormwater
drainage systems, elimination of microplastics in cosmetic prod-
ucts, restriction or banning of single-use plastic products, and
improvement of waste-collection containers and infrastructure.
One-sample Wilcoxon signed-rank tests confirmed that all seven
items differed significantly from the neutral midpoint. Figure 1
shows that agreement-side responses predominated across all
venues, indicating that high policy support was not confined to a
single respondent group. School respondents showed lower mean
support than university and community-course centre respondents
for several items, particularly waste-collection infrastructure,

Venue-specific support for plastic-pollution mitigation policies among respondents from Eastern Black Sea educational and community venues
linked to the Arili-Caglayan source-to-sea project context. Diverging stacked Likert bar charts show response distributions for seven policy-support
items among school, university, and community-course centre respondents. Responses were recorded on a five-point agreement scale ranging
from 1 = strongly disagree to 5 = strongly agree. Bars represent within-venue response distributions. Item labels report venue-specific mean scores
with 95% confidence intervals (Cls). Significance markers indicate one-sample Wilcoxon signed-rank tests against the neutral midpoint of 3:

[l strongly disagree | Disagree
Restricting or banning single-use plastic products
(Mean: 4.09 [3.86-4.32] ***)  °*
Eliminating microplastics in cosmetic products .
(Mean: 3.79 [3.43-4.15] ***)
Improving waste collection containers and infrastructure %
(Mean: 3.67 [3.26-4.07] **)
Deposit-refund systems for beverage packaging .
(Mean: 4.09 [3.78-4.4] **)
Installation of filter grates in stormwater drainage systems 2%
(Mean: 3.76 [3.4-4.12] **)
Regular cleaning of rivers and coastal areas o
(Mean: 4.25 [3.91-4.59] ***)
Educational awareness initiatives for citizens, students, and local actors P
(Mean: 3.82 [3.46-4.17] ***)
Restricting or banning single-use plastic products -
(Mean: 3.8 [3.55-4.06] ***)
Eliminating microplastics in cosmetic products
(Mean: 4.04 [3.79-4.28] ***) %
Improving waste collection containers and infrastructure N
(Mean: 4.27 [4.03-4.51] ***)
Deposit-refund systems for beverage packaging e
(Mean: 4.2 [3.97-4.43] ***)
Installation of filter grates in stormwater drainage systems P
(Mean: 4.18 [3.95-4.41] ***)
Regular cleaning of rivers and coastal areas
(Mean: 4.34 [4.11-4.57) =) “*
Educational awareness initiatives for citizens, students, and local actors "
(Mean: 4.46 [4.24-4.69] **)
Restricting or banning single-use plastic products ..
(Mean: 4.13 [3.83-4.43] ***)
Eliminating microplastics in cosmetic products P
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p < 0.05; p <0.01; p < 0.001; ns, not significant.

Neutral [ Agree [JJil trongly agree

School (n = 33)

7%

76%

4%

84%

4%

100%

66%

75%

84%

86%

88%

85%

71%

4%

Percentage of responses

Statistcs: Mean & 95% CI; one-sample Wicoxon signed-1ank test against midpoint 3. °p < 0.05; p < 0.01; *"p < 0.001; ns = not signiicant.

Frontiers in Marine Science

06

frontiersin.org


https://doi.org/10.3389/fmars.2026.1884662
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Seyhan et al.

10.3389/fmars.2026.1884662

.No' i Low il

Human-health risk from riverbank/coastline plastic pollution
(Mean: 4.03 [3.64-4.42] ***)

2

D/I’I

Harmful effects of plastic waste on aquatic ecosystems o .

(Mean: 4.09 [3.77-4.41] ***)

@

Perceived human-health harm from plastic waste entering water bodies
(Mean: 4.06 [3.73-4.39] ***)

@

% 9%

Human-health risk from riverbank/coastline plastic pollution
(Mean: 4.38 [4.18-4.57] ***)

%

Harmful effects of plastic waste on aquatic ecosystems
(Mean: 4.55 [4.36-4.75] ***)

Perceived human-health harm from plastic waste entering water bodies
(Mean: 4.46 [4.26-4.66] ***)

1%

Human-health risk from riverbank/coastline plastic pollution
(Mean: 4.32 [4.11-4.54] ***)

@

%

Harmful effects of plastic waste on aquatic ecosystems
(Mean: 4.45 [4.27-4.64] ***)

%

Perceived human-health harm from plastic waste entering water bodies
(Mean: 4.61 [4.46-4.76] ***)

2

%

FIGURE 2

ns, not significant.

High i . Definitely
School (n = 33)
24% 24% 70%
12% 39% 79%
15% 36%

0% 100%

University (n = 56)

1% 36% 88%

- b
5

_ h

5% 32%
25%

0%
0% 3 50% 75% 100%

Community Course Centre (n = 62)

| - - h
T - _ -
T b _ b
0% 80%

40%
Percentage of responses

Statistcs: Mean  95% CI; one-sample Wilcoxon signed-rank test against midpoint 3. *p < 0.05; **p < 0.01; **'p < 0.001; ns = not significant

Venue-specific risk perception of plastic pollution among respondents from Eastern Black Sea educational and community venues linked to the
Arili-Caglayan source-to-sea project context. Diverging stacked Likert bar charts show response distributions for three risk-perception items among
school, university, and community-course centre respondents. Responses were recorded on a five-point risk-perception scale ranging from 1 = no
likelihood to 5 = definitely. Bars represent within-venue response distributions. Item labels report venue-specific mean scores with 95% confidence
intervals (Cls). Significance markers indicate one-sample Wilcoxon signed-rank tests against the neutral midpoint of 3: p < 0.05; p < 0.01; p < 0.001;

stormwater filter grates, microplastic elimination in cosmetic prod-
ucts, and educational awareness initiatives. Nevertheless, all school-
level policy-support means remained above the neutral midpoint,
with the highest support for regular cleaning of rivers and coastal
areas (mean = 4.25).

University respondents showed high agreement across most
policies, whereas community-course centre respondents showed the
strongest overall endorsement, particularly for educational aware-
ness initiatives (mean = 4.55), regular cleaning of rivers and coastal
areas (mean = 4.48), and deposit-refund systems for beverage
packaging (mean = 4.44). Overall, the response pattern supports a
comprehensive mitigation portfolio combining educational, regu-
latory, infrastructural, economic, and clean-up-oriented measures.

3.5 Risk perception, ecological importance,
and evaluation of local plastic pollution

Respondents reported high perceived ecological and human-

health risks associated with plastic pollution (Table 3). The highest-
scoring item was perceived human-health harm from plastic waste

Frontiers in Marine Science

entering water bodies (mean = 4.44, 95% CI = 4.31-4.56), followed
by harmful effects of plastic waste on aquatic ecosystems (mean =
441, 95% CI = 4.28-4.54) and human-health risk from riverbank/
coastline plastic pollution (mean = 4.28, 95% CI = 4.14-4.42). All
three items were significantly above the neutral midpoint. Figure 2
shows strong clustering in the “high likelihood” and “definitely”
categories across venues. School respondents reported slightly lower
risk perception than university and community-course centre
respondents, although their distributions remained skewed towards
high perceived risk.

Perceived ecological importance was also high. Respondents
rated the importance of river and marine ecological conditions in
daily life with a mean score of 4.43 (95% CI = 4.32-4.54), and
evaluated plastic pollution in the Caglayan and Arili streams as a
serious local problem (mean = 4.30, 95% CI = 4.18-4.42;
Supplementary Table 4). These perceptions were consistently high
across venues, with limited between-group variation (Figure 3).
Collectively, these results indicate that respondents framed plastic
pollution as a locally salient freshwater—coastal, ecosystem, and
human-health issue rather than as a distant environmental problem.
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FIGURE 3

Venue-specific perceptions of ecological importance and local plastic-pollution severity within the Arili-Caglayan source-to-sea project context.
Diverging stacked Likert bar charts show response distributions for perceived importance of river and marine ecological conditions in daily life and
evaluation of plastic pollution in the Caglayan and Arili streams as a local problem among school, university, and community-course centre
respondents. Responses were recorded on a five-point importance/evaluation scale ranging from 1 = not important to 5 = very important. Bars
represent within-venue response distributions. ltem labels report venue-specific mean scores with 95% confidence intervals (Cls). Significance
markers indicate one-sample Wilcoxon signed-rank tests against the neutral midpoint of 3: p < 0.05; p < 0.01; p < 0.001; ns, not significant.

3.6 Awareness and frequency of
observation

Awareness-related items revealed a pronounced knowledge
asymmetry (Supplementary Table 5). Plastic-waste awareness was
slightly above the neutral midpoint (mean = 3.25, median = 3),
whereas microplastic awareness was significantly below the mid-
point (mean = 2.52, median = 2). Figure 4 shows moderate plastic-
waste awareness across venues and lower microplastic awareness,
particularly among university and community-course centre re-
spondents. School respondents reported comparatively higher
microplastic awareness (mean = 3.00) than university (mean =
2.44) and community-course centre respondents (mean = 2.34).

Observation-frequency items clustered near the neutral mid-
point (Supplementary Table 6). Respondents reported moderate
frequencies of noticing plastic waste in rivers (mean = 3.02),
encountering plastic waste on beaches (mean = 2.86), and noticing
plastic waste while swimming in rivers or the sea (mean = 3.11);
none differed significantly from the midpoint. Figure 5 shows
dispersed distributions for these observation variables, indicating
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heterogeneous direct experiences with plastic pollution. By contrast,
personal plastic-product use was significantly above the midpoint
(mean = 3.23, 95% CI = 3.07-3.38), with the highest mean among
community-course centre respondents (mean = 3.47). This combi-
nation of moderate observed pollution, high perceived risk, and
frequent plastic-product use identifies everyday consumption as a
potential intervention target.

3.7 Descriptive differences by venue

The three survey venues represented distinct demographic
profiles (Supplementary Table 7). Median plastic-waste awareness
was identical across venues (median = 3), whereas microplastic
awareness was higher among school respondents (median = 3) than
among university and community-course centre respondents (both
median = 2). Conversely, risk perception and policy support were
lower among school respondents. The mean risk perception index
was 4.06 among school respondents and 4.46 among both univer-
sity and community-course centre respondents. The mean policy
support index increased from 3.92 among school respondents to
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FIGURE 4

Venue-specific self-reported plastic-waste and microplastic awareness among respondents from Eastern Black Sea educational and community
venues linked to the Arili-Caglayan source-to-sea project context. Diverging stacked Likert bar charts show response distributions for two
awareness items among school, university, and community-course centre respondents. Responses were recorded on a five-point self-reported
knowledge scale ranging from 1 = no knowledge to 5 = very good knowledge. Bars represent within-venue response distributions. Iltem labels report
venue-specific mean scores with 95% confidence intervals (Cls). Significance markers indicate one-sample Wilcoxon signed-rank tests against the
neutral midpoint of 3: p < 0.05; p < 0.01; p < 0.001; ns, not significant.

TABLE 2 Pooled descriptive statistics for seven plastic-pollution mitigation policy-support items among respondents from Eastern Black Sea
educational and community venues linked to the Arili—Caglayan source-to-sea project context.

Policy item n Mean Median SD 95% ClI P-value

Improving waste collection containers and infrastructure 151 3.93 4.00 1.14 | 3.74-4.11 < 0.001
Restricting or banning single-use plastic products 151 4.00 4.00 1.03 | 3.84-4.16 < 0.001
Eliminating microplastics in cosmetic products 151 4.09 4.00 0.96 | 3.94-4.24 < 0.001
Installation of filter grates in stormwater drainage systems 151 413 4.00 098 | 3.97-4.28 < 0.001
Deposit-refund systems for beverage packaging 151 427 4.00 0.88 | 4.13-4.41 < 0.001
Educational awareness initiatives 151 4.36 5.00 0.89 | 4.22-4.50 < 0.001
Regular cleaning of rivers and coastal areas 150 4.38 5.00 0.88 | 4.24-4.52 < 0.001

Figure 1 presents venue-specific Likert response distributions for the same policy-support items.
Values are reported as sample size (1), mean, median, standard deviation (SD), 95% confidence interval (CI), and p-value from one-sample Wilcoxon signed-rank tests against the neutral
midpoint of 3.
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TABLE 3 Pooled descriptive statistics for perceived human-health and ecological risks associated with plastic pollution in riverine and coastal
environments within the Eastern Black Sea source-to-sea project context.

Risk-perception item n Mean Median SD 95% ClI P-value

Human-health risk from riverbank/coastline plastic pollution 151 4.28 4.00 0.90 | 4.14-4.42 < 0.001
Harmful effects of plastic waste on aquatic ecosystems 151 441 5.00 0.80 | 4.28-4.54 < 0.001
Perceived human-health harm from plastic waste entering water bodies 151 4.44 5.00 0.78 | 4.31-4.56 < 0.001

Values are reported as sample size (1), mean, median, standard deviation (SD), 95% confidence interval (CI), and p-value from one-sample Wilcoxon signed-rank tests against the neutral
midpoint of 3. Figure 2 presents venue-specific Likert response distributions for the same risk-perception items.

4.18 among university respondents and 4.28 among community- 3.8 Comparisons by venue, age, and

course centre respondents. residential context
Future engagement intention also varied descriptively. Among

respondents with available data, 62.5% of university respondents and Kruskal-Wallis tests indicated no significant differences in
95.2% of community-course centre respondents reported willingness  plastic-waste awareness by survey venue (H = 1.73, p = 0.421) or
to participate in future environmental activities. School respondents  residential context (H = 0.354, p = 0.838; Table 4). In contrast,
were excluded from cross-venue engagement comparisons because  policy support differed by venue (H = 11.0, p = 0.004, €* = 0.0605),
response coverage for this item was insufficient. as did risk perception (H = 7.08, p = 0.029, €* = 0.0343).
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FIGURE 5

Venue-specific observation frequency of plastic waste and personal plastic-product use among respondents from Eastern Black Sea educational and
community venues linked to the Arili-Caglayan source-to-sea project context. Diverging stacked Likert bar charts show response distributions for
noticing plastic waste in rivers, encountering plastic waste on beaches, noticing plastic waste while swimming in rivers or the sea, and personal
plastic-product use among school, university, and community-course centre respondents. Responses were recorded on a five-point frequency scale
ranging from 1 = never to 5 = always. Bars represent within-venue response distributions. Item labels report venue-specific mean scores with 95%
confidence intervals (Cls). Significance markers indicate one-sample Wilcoxon signed-rank tests against the neutral midpoint of 3: p < 0.05; p < 0.01;
p < 0.001; ns, not significant.
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Dunn post hoc tests showed that school respondents had
significantly lower policy support and risk perception than univer-
sity and community-course centre respondents, whereas the latter
two groups did not differ significantly. Age-group comparisons
showed stronger effects for policy support (H = 20.1, p < 0.001, €* =
0.116) and risk perception (H = 18.8, p < 0.001, €* = 0.107). Age
group and survey venue were strongly associated (x> = 218, df = 6,
P <0.001; Fisher simulated p < 0.001; Cramer’s V = 0.842): 81.8% of
school respondents were under 18 years old, 73.2% of university
respondents were aged 18-35 years, and 79.0% of community-
course centre respondents were aged 56 years or older. Venue-
related differences were therefore interpreted as venue/life-stage-
associated patterns rather than independent venue effects.

3.9 ltem-level venue differences

Item-level Kruskal-Wallis tests identified variables contributing
to venue/life-stage-associated differences. Significant differences
occurred for microplastic awareness, personal plastic-product use,
multiple policy-support items, human-health risk from riverbank/
coastline plastic pollution, and harmful effects of plastic waste on
aquatic ecosystems. Significant policy-support items included edu-
cational awareness initiatives, elimination of microplastics
in cosmetic products, restriction or banning of single-use
plastic products, installation of filter grates in stormwater drainage
systems, and improvement of waste-collection containers
and infrastructure.

For microplastic awareness, school respondents reported higher
scores (mean = 3.00, median = 3) than university respondents
(mean = 2.44, median = 2) and community-course centre respon-
dents (mean = 2.34, median = 2). This venue/life-stage-associated
difference was significant (H = 9.11, df = 2, p = 0.011). Dunn-Holm
tests indicated higher microplastic awareness among school respon-
dents than university respondents (adjusted p = 0.009) and com-
munity-course centre respondents (adjusted p = 0.048), whereas
university and community-course centre respondents did not differ
significantly (adjusted p = 0.359).

Overall, school respondents reported higher microplastic
awareness but lower policy support and risk perception across
several items. University and community-course centre respon-
dents generally did not differ significantly. This pattern indicates a
venue/life-stage-associated mismatch between self-reported

10.3389/fmars.2026.1884662

microplastic awareness and risk/policy salience; it does not dem-
onstrate causal translation from knowledge to responsibility.

3.10 Correlation analysis

Spearman’s correlation analysis showed a strong positive asso-
ciation between risk perception and policy support (p = 0.551;
Table 5). Plastic-waste awareness was positively correlated with
microplastic awareness (p = 0.396) and policy support (p = 0.292).
Local plastic-pollution evaluation was positively associated with risk
perception (p = 0.454) and policy support (p = 0.396), while
ecological importance was positively associated with risk perception
(p = 0.340) and policy support (p = 0.287). Observation variables
were also mutually correlated: riverine litter observation was
associated with beach litter observation (p = 0.487), and beach
litter observation was associated with plastic observation during
aquatic activities (p = 0.510). These correlations indicate internally
consistent perception patterns across related environmental obser-
vation domains.

3.11 Cross-sectional correlates of plastic-
waste awareness

Ordinal logistic regression identified microplastic awareness as
the strongest cross-sectional correlate of higher plastic-waste aware-
ness (Table 6). Each one-unit increase in microplastic awareness
was associated with higher odds of being in a higher plastic-waste
awareness category (OR = 2.41, 95% CI = 1.65-3.50, p = 0.001).
This association remained stable in reduced models that
alternately excluded survey venue or age group (OR = 2.38-2.46,
both p < 0.001).

Policy support showed a positive but borderline association
with plastic-waste awareness (OR = 1.60, 95% CI = 0.983-2.59,
p = 0.059). Risk perception, age group, residential context, survey
venue, and gender were not significant predictors in the adjusted
model. Nominal tests did not indicate major proportional-odds
violations for estimable predictors, including microplastic aware-
ness (p = 0.482), risk perception (p = 0.277), age group (p = 0.366),
survey venue (p = 0.464), and gender (p = 0.151). Collinearity
diagnostics did not indicate severe numerical multicollinearity,
with adjusted GVIF values ranging from 1.04 to 2.02. These
estimates indicate a close cross-sectional association between

TABLE 4 Kruskal—Wallis test results for differences in plastic-waste awareness, policy support, and risk perception across survey venue, age group, and
residential context among respondents from Eastern Black Sea educational and community venues linked to the Arili-Caglayan source-to-sea project

context.

Analysis n H statistic df P-value Epsilon-squared

Plastic-waste awareness by survey venue 151 1.73 2.00 0.421 < 0.001
Policy support by survey venue 151 11.00 2.00 0.004 0.061
Risk perception by survey venue 151 7.08 2.00 0.029 0.034
Policy support by age group 151 20.10 3.00 < 0.001 0.116
Risk perception by age group 151 18.80 3.00 < 0.001 0.107
Plastic-waste awareness by residential context 150 0.35 2.00 0.838 < 0.001

Effect sizes are reported as epsilon-squared (¢).
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TABLE 5 Spearman rank-order correlations among plastic-waste
awareness, microplastic awareness, risk perception, policy support,
ecological importance, local plastic-pollution evaluation, and plastic-
waste observation variables in the venue-stratified Arii—Caglayan
source-to-sea project sample.

10.3389/fmars.2026.1884662

TABLE 7 Bias-reduced logistic regression model identifying cross-
sectional correlates of future engagement intention among respondents
with available engagement data from Eastern Black Sea educational and
community venues linked to the Arili—Caglayan source-to-sea project
context.

Plastic-waste awareness — Microplastic awareness 0.396 Plastic-waste awareness 2.29 1.12-4.66 0.023
Plastic-waste awareness — Policy support index 0.292 Microplastic awareness 111 0.57-2.16 0.750
Risk perception index - Policy support index 0.551 Risk perception index 1.37 0.50-3.71 0.541
Ecological importance - Risk perception index 0.340 Policy support index 0.52 0.16-1.65 0.264
Ecological importance - Policy support index 0.287 Age 36-55 9.13 1.36-61.30 0.023
Local pollution evaluation - Risk perception index 0.454 Age 56+ 4.86 0.32-73.90 0.255
Local pollution evaluation - Policy support index 0.396 River/riverbed proximity 1.28 0.28-5.84 0.751
Riverine litter observation - Beach litter observation 0.487 Community course centre 3.54 0.27-47.00 0.338
Beach litter observation — Aquatic activity litter observation 0.510 Male gender 0.26 0.08-0.92 0.037

microplastic awareness and plastic-waste awareness, without im-
plying causal direction.

3.12 Cross-sectional correlates of future
engagement intention

Bias-reduced logistic regression showed that plastic-waste
awareness was positively associated with future engagement inten-
tion among respondents with available engagement data (Table 7).
Each one-unit increase in plastic-waste awareness was associated
with higher odds of intending to participate in future environmental
activities (OR = 2.29, 95% CI = 1.12-4.66, p = 0.023). This
association remained positive across reduced model specifications
(OR = 2.26-2.56).

Respondents aged 36-55 years had higher odds of future
engagement intention than respondents aged 18-35 years, the
reference group (OR = 9.13, 95% CI = 1.36-61.30, p = 0.023),
whereas male gender was associated with lower odds of engagement

TABLE 6 Ordinal logistic regression model identifying cross-sectional
correlates of higher plastic-waste awareness among respondents from
Eastern Black Sea educational and community venues linked to the Arli—
Caglayan source-to-sea project context.

Predictor Estimate OR 95% Cl P-value
Microplastic awareness 0.88 241 1.65-3.50 0.001
Risk perception index -0.15 0.87 0.517-1.45 0.581
Policy support index 0.47 1.60 0.983-2.59 0.059
Age 18-35 0.88 2.40 0.424-13.6 0.321
Age 36-55 191 6.73 0.927-48.9 0.060
Age 56+ 1.80 6.07 0.735-50.1 0.094
River/riverbed proximity 0.26 1.30 0.550-3.07 0.550
University venue -0.68 0.51 0.106-2.43 0.397
Z::‘::”nity course 092 0.40 0‘(2)_660397 0.341
Male gender -0.11 0.90 0.464-1.75 0.757

Estimates, odds ratios (ORs), 95% confidence intervals (Cls), and p-values are reported.
Reference categories were age <18 years, coast/near-coast residential context, school survey
venue, and female gender.
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The outcome indicates willingness to participate in future environmental education, aware-
ness, or clean-up activities related to local river and coastal environments. Odds ratios (ORs),
95% confidence intervals (Cls), and p-values are reported. Reference categories were age 18-
35 years, university survey venue, coast/near-coast residential context, and female gender.
School respondents were excluded because the future engagement item was not available for
this group.

intention (OR = 0.26, 95% CI = 0.08-0.92, p = 0.037). Other
predictors were not significant. Collinearity diagnostics did not
indicate severe numerical multicollinearity, with adjusted GVIF
values ranging from 1.04 to 1.88. Wide confidence intervals,
particularly for age-related estimates, reflect the small number of
negative engagement responses; these results should therefore be
interpreted as exploratory available-case associations rather than
stable population-level estimates.

3.13 Perceived plastic categories, sources,
pathways, and actions

Multi-response analysis showed that bottles and plastic bags
were the most frequently observed macroplastic categories near
rivers and on water surfaces (Table 8). Among riverside
macroplastics, bottles accounted for 121 mentions (41.9%) and
plastic bags for 113 mentions (39.1%). Among surface-floating
plastics, plastic bags accounted for 118 mentions (45.0%) and
bottles for 107 mentions (40.8%).

Urban household waste was the most frequently perceived
source of plastic pollution (130 mentions; 33.6%). The most
commonly identified entry pathway was waste directly discarded
by people (126 mentions; 32.4%), and the dominant dispersion
mechanism was transport via water (127 mentions; 52.3%).
Packaging and packaging materials were identified as the leading
sectoral source of plastic use (142 mentions; 27.9%). The most
frequently reported pro-environmental behaviours were reducing
plastic consumption (97 mentions; 29.0%) and recycling or waste
management (82 mentions; 24.6%).

Together, these findings link visible pollution types, perceived
sources and pathways, and self-reported behavioural responses,
reinforcing the relevance of waste-collection infrastructure, clean-
up programmes, educational awareness initiatives, and deposit-
refund systems.
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TABLE 8 Pooled multi-response summary of perceived plastic categories, pollution sources, plastic-entry pathways, environmental dispersion
mechanisms, sectoral plastic-use perceptions, and self-reported pro-environmental behaviours among respondents from Eastern Black Sea
educational and community venues linked to the Arili—Caglayan source-to-sea project context.

Question Top response n Percentage of mentions
Riverside macroplastic categories Bottles 121 41.90
Plastic bags 113 39.10
Surface-floating plastic categories Plastic bags 118 45.00
Bottles 107 40.80
Primary sources of plastic pollution Urban household waste 130 33.60
Pathways of plastic entry Directly discarded by people 126 32.40
Environmental dispersion mechanisms Via water 127 52.30
Sectoral plastic use perception Packaging and packaging materials 142 27.90
Self-reported pro-environmental behaviour Reduce plastic consumption 97 29.00
Recycling and waste management 82 24.60

Percentages represent the proportion of total response mentions within each multi-response question.

4 Discussion ecological or human exposure (Garcia-Vazquez and Garcia-Ael,
2021; Baechler et al., 2024; Caminiti et al., 2025).

Effective plastic-pollution management in river-connected The results also indicate that current concern may derive

coastal systems requires integration of technical infrastructure primarily from the salience of visible macroplastic debris rather

with public awareness, risk perception, policy support, and future than detailed understanding of microplastic toxicity, exposure, or

engagement intention (Pahl and Wyles, 2017; Hartley et al., 2018a environmental fate. This interpretation aligns with studies showing

Hartley et al., 2018b; Baechler et al., 2024). The Arih and Caglayan that communities often recognise plastics as a dominant pollutant
catchments provide a structured social baseline for this governance ~ Put have limited access to formal information on microplastic
pathways, policy instruments, and structural mitigation options
(Baechler et al., 2024; Caminiti et al., 2025; Yenici, 2026). High risk

perception should therefore be interpreted as a favourable attitudi-

challenge. Respondents showed high environmental concern and
strong policy support, but uneven technical understanding, partic-
ularly for micro-scale pollutants. This combination indicates

favourable attitudinal conditions for intervention, alongside cogni- nal condition for engagement, not as evidence of advanced techni-

tive and behavioural gaps that may constrain translation of support cal literacy.
into sustained action (Giindogdu et al., 2018; Baechler et al., 2024;
Caminiti et al., 2025). 4.2 Risk perception: local ecological and
human-health salience
4.1 Knowledge—concern asymmetry and
microplastic literacy Respondents perceived plastic pollution as a serious risk to
human health and aquatic ecosystems, with the highest scores
The asymmetry between plastic-waste awareness and microplastic ~ assigned to human-health harm from plastic waste entering water
awareness represents a central finding. Respondents reported moderate ~ bodies and ecological harm in aquatic systems. This pattern
plastic-waste awareness but substantially lower microplastic awareness  indicates a locally grounded risk frame centred on water quality,
(Figure 4), consistent with evidence that plastic pollution is widely — seafood safety, ecosystem condition, and everyday exposure, rather
recognised while public understanding of microplastic formation,  than distant or abstract environmental degradation (Davison et al.,
transport, exposure pathways, and mitigation remains limited  2021; Baechler et al., 2024; Kili¢ and Evgin, 2025).
(Henderson and Green, 2020; Garcia-Vazquez and Garcia-Ael, 2021; The strong human-health framing differs from studies in which
Baechler et al.,, 2024). public concern centres primarily on marine wildlife, entanglement,
Microplastic awareness was the strongest cross-sectional corre-  and ecosystem injury (Hartley et al., 2018a, Hartley et al., 2018b;
late of higher plastic-waste awareness. This association suggests that ~ Lotze et al., 2018; Baechler et al., 2024), but aligns with evidence
microplastic literacy, defined here as practical understanding of  linking microplastic concern to perceived health risks, media
microplastic sources, pathways, risks, and mitigation options, may  narratives, and physical-health consciousness (Pop et al., 2023;
constitute an important component of broader plastic-pollution ~ Khorsandi et al., 2025; Kilig¢ and Evgin, 2025). The positive
understanding. Because the study is cross-sectional, this relation-  association between risk perception and policy support further
ship identifies association rather than causal direction. indicates that perceived threat is an important correlate of inter-
Nevertheless, the findings indicate that communication strategies ~ vention acceptance. Regional communication should therefore
should not treat microplastics as a secondary or specialist topic. ~ connect local plastic sources, riverine transport, exposure routes,
Microplastics can function as an explanatory bridge linking visible ~ and feasible mitigation measures, rather than relying solely on
litter, fragmentation processes, riverine transport, and potential ~ broad environmental messaging (Hartley et al, 2015; Pahl and
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Wyles, 2017; Garcia-Vazquez and Garcia-Ael, 2021; Baechler
et al., 2024).

4.3 Support for structural interventions

Policy support was high across all seven mitigation measures,
indicating broad receptiveness to a multicomponent management
portfolio (Figure 1). The strongest support was observed for regular
cleaning of rivers and coastal areas, educational awareness initia-
tives, and deposit-refund systems for beverage packaging (Table 2).
This preference structure suggests support for both visible remedial
actions and longer-term structural interventions targeting pollution
at source (Hartley et al., 2018b; Konstantoglou et al., 2023).

Support for deposit-refund systems is particularly relevant
because beverage bottles were among the most frequently perceived
plastic items in local rivers (Table 8). This correspondence indicates
alignment between policy preferences and locally experienced
pollution patterns. Previous research shows that deposit-refund
effectiveness depends not only on environmental motivation but
also on enabling conditions, including user convenience, accessible
return points, reliable infrastructure, and clear communication
(Zhou et al., 2020; Khedr et al., 2023; Konstantoglou et al., 2023).
Thus, the principal constraint in the studied catchments may lie less
in public acceptance than in implementation quality. Converting
policy support into sustained behavioural change will require visible
municipal coordination, adequate waste-collection and stormwater-
filtration infrastructure, reliable maintenance, and continued public
engagement. This interpretation is relevant to Tirkiye’s current
policy context, including plastic-bag charges, deposit-refund sys-
tems, reductions in single-use plastics, and circular-economy strat-
egies under the Zero Waste framework (Karasik, 2022; Anadolu
Ajansi, 2026; CSB, 2026).

4.4 Awareness—action gap and future
engagement intention

Plastic-waste awareness was positively associated with future
engagement intention, indicating that awareness may support
mobilisation in this exploratory cross-sectional sample. However,
high concern, strong policy support, and frequent personal plastic-
product use co-occurred, indicating a persistent awareness—action
gap. Similar patterns have been reported where individuals recog-
nise the environmental impacts of plastic pollution yet continue
plastic-bag use or limited waste separation (Giindogdu et al., 2018;
Hartley et al., 2018a, Hartley et al., 2018b; Caminiti et al.,, 2025).

The study did not directly measure affordability, convenience,
recycling access, municipal-service reliability, social norms, or
availability of reusable alternatives. These factors therefore cannot
be evaluated empirically here, but they represent plausible contex-
tual constraints through which intention may fail to translate into
sustained behaviour. Future intervention-oriented research should
measure these constraints explicitly.

These findings challenge a purely informational-deficit model.
Educational interventions should move beyond awareness-raising
and incorporate action-oriented components such as citizen-science
monitoring, school-based initiatives, clean-up activities, source-
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separation demonstrations, and feedback on locally collected waste.
Such approaches can strengthen perceived responsibility, reduce
behavioural barriers, and provide repeated opportunities for engage-
ment (Hidalgo-Ruz and Thiel, 2013; Hartley et al.,, 2015, Hartley
et al., 2018b).

4.5 Venue/life-stage mismatches and
audience differentiation

The venue/life-stage analysis revealed a mismatch between
knowledge and perception. School respondents reported higher
microplastic awareness than university and community-course
centre respondents, yet showed lower risk perception and policy
support. Because age and venue were strongly intertwined, this
pattern should be interpreted as a venue/life-stage-associated mis-
match, not as evidence that younger respondents failed to translate
knowledge into responsibility.

Education studies indicate that knowledge gains more effec-
tively influence attitudes and behaviour when learning is experien-
tial, participatory, and linked to concrete action (Hidalgo-Ruz and
Thiel, 2013; Hartley et al., 2015, Hartley et al., 2018a). Conversely,
university and community-course centre respondents showed
stronger risk perception and policy support despite lower
microplastic awareness. This pattern may reflect combined age,
educational-context, local-experience, and place-attachment effects,
but the present venue-stratified design cannot separate these
mechanisms. Previous studies show that age, environmental expe-
rience, social norms, and perceived proximity to pollution can
shape risk perception, although demographic patterns remain
context-dependent (Pop et al.,, 2023; Baechler et al., 2024;
Bergami et al., 2025).

These findings support differentiated communication. School
programmes should move beyond factual awareness towards par-
ticipatory and action-oriented learning. Adult and community
programmes should build on existing concern while strengthening
technical understanding of pollution sources, transport pathways,
and prevention options (Hartley et al., 2018a, Hartley et al., 2018b;
Ozkan Vardar and Cali, 2024; Yenici, 2026).

4.6 Perceived sources, pathways, and
catchment-based management

The multi-response findings link public perception with catch-
ment-based management priorities. Respondents identified bottles
and plastic bags as dominant visible plastic categories, urban
household waste as the leading perceived source, direct disposal
by people as the main entry pathway, water transport as the
dominant dispersion mechanism, and packaging materials as the
leading sectoral contributor (Table 8). This pattern indicates that
respondents connect local plastic pollution with everyday consump-
tion, household waste generation, and river-mediated transport.

Similar studies identify single-use packaging, household waste,
and public disposal behaviour as major perceived contributors to
aquatic and marine plastic pollution (Gindogdu et al.,, 2018;
Hartley et al., 2018b; Baechler et al., 2024). The present findings
support a catchment-based management approach integrating
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upstream waste prevention, source separation, packaging reduction,
deposit-refund systems, stormwater filtration, and riverbank waste
management with downstream coastal clean-ups. In the Arili and
Caglayan catchments, clean-ups remain important because they
received strong public support; however, they should form part of a
broader source-to-sea strategy rather than isolated remedial actions.
This approach aligns with current policy directions in Tiirkiye,
including Zero Waste implementation, plastic-bag charging, de-
posit-return planning, and the Roadmap for Single-Use Plastics,
Marine Litter, and Microplastics (Karasik, 2022; European
Environment Agency, 2025; Anadolu Ajansi, 2026; CSB, 2026).

4.7 Methodological contribution and
design limitations

This study contributes methodologically to plastic-pollution per-
ception research. Recent reviews indicate that many surveys in this field
lack validated instruments, psychometric testing, clear sampling
frames, or consistent reporting (Burns and Kho, 2015; Caminiti
et al, 2025). The present study strengthened analytical transparency
through internally consistent composite indices, reliability testing,
ordinal/polychoric reliability sensitivity analysis, exploratory factor
analysis, ordinal-appropriate inferential methods, and bias-reduced
logistic regression for imbalanced engagement data. These features
provide a structured regional baseline for future research.

Several limitations require caution. The venue-stratified, cross-
sectional sample does not support population-level representative-
ness or causal inference. The questionnaire did not include full item
batteries for subjective norms, perceived behavioural control, re-
sponse efficacy, self-efficacy, or personal norms; therefore, the
analysis represents a theory-informed exploratory baseline rather
than a formal test of the Theory of Planned Behaviour, Protection
Motivation Theory, or Value-Belief~-Norm theory. Age group and
survey venue were strongly intertwined, limiting separation of age,
life-stage, educational-context, and recruitment-setting effects.
Future engagement data were missing for 21.9% of respondents
and were concentrated among younger/school respondents; en-
gagement models therefore represent available-case exploratory
associations rather than full-sample estimates.

Although bias-reduced logistic regression, proportional-odds
diagnostics, VIF/GVIF checks, and reduced-model sensitivity anal-
yses improved statistical transparency, the small number of negative
engagement responses requires cautious interpretation of odds
ratios with wide confidence intervals. Self-reported measures may
also introduce social desirability bias, particularly for policy support
and future engagement intention. Future research should use larger
representative samples, longitudinal designs, intervention evalua-
tions, formal measurement-invariance testing, and integration of
observed behaviour or litter-monitoring data to assess whether
support for measures such as deposit-refund systems translates
into sustained behavioural change (Hartley et al., 2018b; Baechler
et al., 2024; Caminiti et al., 2025).
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5 Conclusions

The Arili and Caglayan catchments show favourable baseline
conditions for plastic-pollution mitigation, characterised by high risk
perception and strong policy support. However, limited microplastic
awareness indicates a clear knowledge-concern asymmetry. The
positive cross-sectional association between microplastic awareness
and plastic-waste awareness suggests that microplastic literacy should
be strengthened within future communication and education efforts,
while the association between plastic-waste awareness and future
engagement intention indicates that awareness may support
mobilisation. Nevertheless, frequent personal plastic-product use
confirms that knowledge alone is insufficient for sustained
behavioural change.

Venue/life-stage-associated differences further indicate the need
for audience-specific strategies. School programmes should move
beyond factual awareness towards participatory and action-oriented
learning, whereas adult and community programmes should build
on existing concern by improving understanding of pollution
sources, transport pathways, and prevention options. Education
should therefore be integrated with practical interventions, includ-
ing deposit-refund systems, improved waste-collection infrastruc-
ture, stormwater filter grates, regular river and coastal clean-ups,
and participatory monitoring. Overall, plastic-pollution manage-
ment in the study area should adopt integrated catchment-based
strategies that connect personal consumption and disposal practices
with river health, coastal water quality, and ecosystem protection.
Such an approach may help convert existing public concern into
informed and sustained environmental stewardship in the Eastern
Black Sea region, although longitudinal or intervention-based
evidence is required to evaluate behavioural change.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The study was conducted in accordance with the relevant ethical
principles for research involving human participants. Ethical ap-
proval was granted by the Rectorate of Karadeniz Technical
University on January 31, 2026, under document/reference number
E-82554930-050.01.04-772830, as part of the project “Cooperation
and Awareness for Pollution-free and Environmentally Sustainable
Black Sea.” The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed consent

frontiersin.org


https://doi.org/10.3389/fmars.2026.1884662
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Seyhan et al.

for participation in this study was provided by the participants’ legal
guardians/next of kin.

Author contributions

KS: Conceptualization, Data curation, Funding acquisition,
Project administration, Supervision, Writing - original draft,
Writing - review & editing. OD: Formal analysis, Methodology,
Visualization, Writing — original draft, Writing - review & editing.
YT: Conceptualization, Data curation, Investigation, Methodology,
Writing - original draft, Writing - review & editing. KO: Data
curation, Investigation, Methodology, Writing - original draft,
Writing - review & editing. NA: Data curation, Investigation,
Methodology, Writing - original draft, Writing - review & editing.
IA: Data curation, Investigation, Methodology, Writing - original
draft, Writing — review & editing.

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This research was supported by the
“Cooperation and Awareness for Pollution-free and Environmentally
Sustainable Black Sea” project (CARESEA, BSB00559), funded under
the Interreg VI-B NEXT Black Sea Basin Programme.

Acknowledgments

The authors greatly appreciate the participation of all respon-
dents in this study and gratefully acknowledge the support of the
local institutions that facilitated survey implementation.

References

Akdemir, T., Terzi, Y., Giindogdu, S., Oztiirk, R.C., and Gedik, K. (2025). Microplastic
contamination in high-altitude glacier lakes in Northern Anatolia. Environ. Sci. Eur. 37,
92. doi: 10.1186/s12302-025-01139-0

Aliani, S., Lusher, A., Suaria, G., Primpke, S., Roscher, L., De Witte, B., et al. (2026).
Toward harmonised monitoring of plastic pollution: description of a systematic review
to evaluate and apply reproducible methods. Microplast. Nanoplast. 6, 25. doi: 10.1186/
$43591-026-00184-7

Anadolu Ajans: (2026).Tiirkiye moves to ban single-use plastics under new circular
economy plan. Available online at: https://www.aa.com.tr/en/turkiye/turkiye-moves-
to-ban-single-use-plastics-under-new-circular-economy-plan/3859789 (Accessed May
8, 2026).

Baechler, B. R., De Frond, H., Dropkin, L., Leonard, G. H., Proano, L., and Mallos, N. J.
(2024). Public awareness and perceptions of ocean plastic pollution and support
for solutions in the United States. Front. Mar. Sci. 10, 2023. doi: 10.3389/
fmars.2023.1323477

Bergami, E., Ferrari, V., Scaramelli, M., Righi, S., and Prevedelli, D. (2025). Having fun
and raising awareness: Italian students monitor airborne microplastic in school
environments. Curr. Res. Environ. Sustainability 10, 100309. doi: 10.1016/
j.crsust.2025.100309

Frontiers in Marine Science

10.3389/fmars.2026.1884662

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmars.2026.1884662/
full#supplementary-material

Burns, K. E. A, and Kho, M. E. (2015). How to assess a survey report: a guide for readers and
peer reviewers. Can. Med. Assoc. J. 187, E198-E205. doi: 10.1503/cmaj.140545

Caminiti, C., Diodati, F., Puntoni, M., Balan, D., and Maglietta, G. (2025). Surveys of
knowledge and awareness of plastic pollution and risk reduction behavior in the general
population: A systematic review. Int. J. Environ. Res. Public Health 22 (2), 177.
doi: 10.3390/ijerph22020177

CSB (2026). “Roadmap for single use plastics, marine litter and microplastics,” in Ministry of
Environment, Urbanization and Climate Change. (Ankara, Ttirkiye: Ministry of Environment,
Urbanization and Climate Change). Available online at: https://webdosya.csb.gov.tr/db/cygm/
icerikler/tekup_en_20250812-2-20250812160118.pdf (Accessed May 2, 2026).

Davison, S. M. C., White, M. P., Pahl, S, Taylor, T., Fielding, K., Roberts, B. R,, et al.
(2021). Public concern about, and desire for research into, the human health effects of
marine plastic pollution: Results from a 15-country survey across Europe and Australia.
Global Environ. Change 69, 102309. doi: 10.1016/j.gloenvcha.2021.102309

European Environment Agency (2025). “Tiirkiye: Waste management country profile
with a focus on municipal and packaging waste,” in European Environment
Agency. (Copenhagen, Denmark: European Environment Agency). Available online
at: https://www.eea.europa.eu/en/topics/in-depth/waste-and-recycling/municipal-and-

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2026.1884662/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmars.2026.1884662/full#supplementary-material
https://doi.org/10.1186/s12302-025-01139-0
https://doi.org/10.1186/s43591-026-00184-7
https://doi.org/10.1186/s43591-026-00184-7
https://www.aa.com.tr/en/turkiye/turkiye-moves-to-ban-single-use-plastics-under-new-circular-economy-plan/3859789
https://www.aa.com.tr/en/turkiye/turkiye-moves-to-ban-single-use-plastics-under-new-circular-economy-plan/3859789
https://doi.org/10.3389/fmars.2023.1323477
https://doi.org/10.3389/fmars.2023.1323477
https://doi.org/10.1016/j.crsust.2025.100309
https://doi.org/10.1016/j.crsust.2025.100309
https://doi.org/10.1503/cmaj.140545
https://doi.org/10.3390/ijerph22020177
https://webdosya.csb.gov.tr/db/cygm/icerikler/tekup_en_20250812-2-20250812160118.pdf
https://webdosya.csb.gov.tr/db/cygm/icerikler/tekup_en_20250812-2-20250812160118.pdf
https://doi.org/10.1016/j.gloenvcha.2021.102309
https://www.eea.europa.eu/en/topics/in-depth/waste-and-recycling/municipal-and-packaging-waste-management-country-profiles-2025/tr-municipal-waste-factsheet.pdf
https://doi.org/10.3389/fmars.2026.1884662
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Seyhan et al.

packaging-waste-management-country-profiles-2025/tr-municipal-waste-factsheet.pdf
(Accessed March 14, 2026).

Garcia-Vazquez, E., and Garcia-Ael, C. (2021). The invisible enemy. Public knowledge
of microplastics is needed to face the current microplastics crisis. Sustain. Prod.
Consumption 28, 1076-1089. doi: 10.1016/j.spc.2021.07.032

GPAP (2026). “Global plastics treaty,” in World Economic Forum. Global Plastic
Action Partnership. (Geneva, Switzerland: World Economic Forum / Global Plastic
Action Partnership). Available online at: https://www.globalplasticaction.org/
globalplasticstreaty (Accessed May 8, 2026).

Giindogdu, S., and Walker, T. R. (2021). Why Turkey should not import plastic waste
pollution from developed countries? Mar. pollut. Bull. 171, 112772. doi: 10.1016/
j.marpolbul.2021.112772

Giindogdu, S., Yesilyurt, I, Erbas, C., and Giimiis, H. (2018). “Survey on awareness and
attitudes of citizens regarding plastic pollution in Hatay/Samandag Turkey,” in
International Marine & Freshwater Science Symposium (Mafresh-2018)(Kemer-
Antalya/Turkey), 134-138.

Hartley, B. L., Pahl, S, Holland, M., Alampei, L, Veiga, J. M., and Thompson, R. C.
(2018a). Turning the tide on trash: Empowering European educators and
school students to tackle marine litter. Mar. Policy 96, 227-234. doi: 10.1016/
j.marpol.2018.02.002

Hartley, B. L., Pahl, S., Veiga, J., Vlachogianni, T., Vasconcelos, L., Maes, T., et al.
(2018b). Exploring public views on marine litter in Europe: Perceived causes, conse-
quences and pathways to change. Mar. pollut. Bull. 133, 945-955. doi: 10.1016/
j.marpolbul.2018.05.061

Hartley, B. L., Thompson, R. C., and Pahl, S. (2015). Marine litter education boosts
children’s understanding and self-reported actions. Mar. pollut. Bull. 90, 209-217.
doi: 10.1016/j.marpolbul.2014.10.049

Henderson, L., and Green, C. (2020). Making sense of microplastics? Public under-
standings of plastic pollution. Mar. pollut. Bull. 152, 110908. doi: 10.1016/
j.marpolbul.2020.110908

Hidalgo-Ruz, V., and Thiel, M. (2013). Distribution and abundance of small plastic
debris on beaches in the SE Pacific (Chile): A study supported by a citizen science
project. Mar. Environ. Res. 87-88, 12-18. doi: 10.1016/j.marenvres.2013.02.015

IUCN (2024). “Plastic pollution: Issues brief,” in International Union for Conservation
of Nature. (Gland, Switzerland: International Union for Conservation of Nature).
Available online at: https://iucn.org/sites/default/files/2024-05/plastic-pollution-issues-
brief-may-2024-update.pdf (Accessed May 12, 2026).

Jambeck, J. R., Geyer, R.,, Wilcox, C,, Siegler, T. R, Perryman, M., Andrady, A., et al.
(2015). Plastic waste inputs from land into the ocean. Science 347, 768-771.
doi: 10.1126/science.1260352

Karasik, R. (2022). “Plastic pollution policy country profile: Turkey,” in Ni Pb 22-11
(Duke University, Durham, NC).

Katz, C. (2019). “Piling up: How China’s ban on importing waste has stalled global
recycling,” in Yale Environment (New Haven, CT, USA: Yale Environment 360, Yale
School of the Environment), vol. 360. . Available online at: https://e360.yale.edu/
features/piling-up-how-chinas-ban-on-importing-waste-has-stalled-global-recycling
(Accessed May 8, 2026).

Khedr, S., Rehdanz, K., Brouwer, R., van Beukering, P., Dijkstra, H., Duijndam, S., et al.
(2023). Public preferences for marine plastic litter management across Europe. Ecol.
Econ. 204, 107609. doi: 10.1016/j.ecolecon.2022.107609

Khorsandi, J., Blank, L., Momchilov, K., Dagovetz, M., and Batra, K. (2025). From
ocean to table: how public awareness shapes the fight against microplastic pollution.
Urban Sci. 9 (10), 418. doi: 10.3390/urbansci9100418

Kilig, K., and Evgin, D. (2025). Parental awareness of microplastic pollution and its
relation with healthy living education consciousness. Cocuk Dergisi / ]. Child 24, 233-
240. doi: 10.26650/jchild.2024.1396772

Konstantoglou, A., Fotiadis, T., Folinas, D., Falaras, A., and Rotsios, K. (2023).
Accessing consumer perceptions of the effectiveness of the deposit refund system.
Sustainability 15 (12), 9429. doi: 10.3390/su15129429

Lazar, L., Boicenco, L., and Moncheva, S. (2021). Impact of the Rivers on the Black Sea
Ecosystem (Bucharest, Romania: CD Press).

Lebreton, L. C. M., van der Zwet, ]., Damsteeg, ].-W., Slat, B., Andrady, A., and Reisser,
J. (2017). River plastic emissions to the world’s oceans. Nat. Commun. 8, 15611.
doi: 10.1038/ncomms15611

Lotze, H. K., Guest, H., O'Leary, J., Tuda, A., and Wallace, D. (2018). Public perceptions
of marine threats and protection from around the world. Ocean Coast. Manage. 152,
14-22. doi: 10.1016/j.0cecoaman.2017.11.004

Mathews, R. E., and Stretz, J. (2019).Source-to-sea framework for marine litter
prevention: preventing plastic leakage from river basins stockholm international
water institute (SIWI), stockholm, Sweden. Available online at: https://www.susana.
org/knowledge-hub/resources?id=3717 (Accessed May 8, 2026).

Frontiers in Marine Science

10.3389/fmars.2026.1884662

McGlade, J., Samy Fahim, L, Green, D., Landrigan, P., Andrady, A., Costa, M., et al.
(2021).From pollution to solution: A global assessment of marine litter and plastic
pollution. Available online at: https://www.unep.org/resources/pollution-solution-
global-assessment-marine-litter-and-plastic-pollution (Accessed May 8, 2026).

Mcllgorm, A., Campbell, H. F., and Rule, M. J. (2011). The economic cost and control
of marine debris damage in the Asia-Pacific region. Ocean Coast. Manage. 54, 643-651.
doi: 10.1016/j.0cecoaman.2011.05.007

Meijer, L. J. J., van Emmerik, T., van der Ent, R,, Schmidt, C., and Lebreton, L. (2021).
More than 1000 rivers account for 80% of global riverine plastic emissions into the
ocean. Sci. Adv. 7, eaaz5803. doi: 10.1126/sciadv.aaz5803

Milbreta, U., Milich, L., Andze, L., and Gusca, J. (2025). Some countries can say “No!”
to single-use plastics, others cannot: why do seemingly similar policies have different
outcomes? J. Sustainability Res. 7, €250004. doi: 10.20900/jsr20250004

Ozkan Vardar, D., and Cali, A. (2024). Mikroplastik kirliligi egitiminin 6nlisans
ogrencilerinin farkindalik seviyesine etkisi. J. Anatolian Environ. Anim. Sci. 9, 292-
298. doi: 10.35229/jaes.1463437

Pahl, S., and Wyles, K. J. (2017). The human dimension: how social and behavioural
research methods can help address microplastics in the environment. Anal. Methods 9,
1404-1411. doi: 10.1039/c6ay02647h

Pop, V., Ozunu, A, Petrescu, D. C,, Stan, A.-D., and Petrescu-Mag, R. M. (2023). The
influence of media narratives on microplastics risk perception. Peer] 11, e16338.
doi: 10.7717/peerj.16338

Senturk, G., and Dumludag, D. (2021). An evaluation of the effect of plastic bag fee on
consumer behavior: Case of Turkey. Waste Manage. (Oxford) 120, 748-754.
doi: 10.1016/j.wasman.2020.10.042

Seyhan, K., Diirrani, 0., Papadaki, L., Akinsete, E., Atasaral, S., Ozgeker, K., et al.
(2025). Bridging the gaps for a thriving Black Sea Blue Economy: insights from a multi-
sectoral forum of Turkish stakeholders. Front. Mar. Sci. 12. doi: 10.3389/
fmars.2025.1491983

Tekin, O.F., Arikan, 1., and Ali Boliikbas, M. (2026). Public awareness of microplastic
pollution among residents of a western Turkish province and how it is reflected in
demographics and behavioural practices. Arch. Ind. Hygiene Toxicol. 77, 57-64.
doi: 10.2478/aiht-2026-77-4030

Tekman, M. B., Walther, B. A., Peter, C., Gutow, L., and Bergmann, M. (2022).
“Impacts of plastic pollution in the oceans on marine species, biodiversity and
ecosystems,” in Wwf Germany. (Berlin, Germany: WWF Germany). Available online
at: https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/Plastik/ WWE-
Impacts_of_plastic_pollution_in_the_ocean_on_marine_species:biodiversity_and_
ecosystems.pdf (Accessed May 21, 2026).

Terzi, Y., Eryasar, A. R,, 1§seven, N., Yandy, I, Sahin, A., Oztiirk, R.C., et al. (2026). A
comparative study of microplastic contamination and ecological risk in beach and
bottom sediments along the southern Black Sea coast. Reg. Stud. Mar. Sci. 94, 104766.
doi: 10.1016/j.rsma.2026.104766

Terzi, Y., Giindogdu, S., Yandi, I, Altinpinar, I, Oztiirk, R.C., and Gedik, K. (2025).
Marine litter on the Turkish Black Sea shoreline: Abundance, composition, and
sources. Waste Manage. (Oxford) 205, 115027. doi: 10.1016/j.wasman.2025.115027

Terzi, Y., and Seyhan, K. (2017). Seasonal and spatial variations of marine litter on the
south-eastern Black Sea coast. Mar. pollut. Bull. 120, 154-158. doi: 10.1016/
j.marpolbul.2017.04.041

TRT World (2019).Plastic bag use in Turkey down by 50 percent after regulation.
Available online at: https://www.trtworld.com/article/12714852 (Accessed May 8,
2026).

Truelove, H. B., Raimi, K. T., and Carrico, A. R. (2022). Curbing single-use plastic with
behaviour change interventions. Nat. Rev. Earth Environ. 3, 722-723. doi: 10.1038/
543017-022-00356-y

UNDP (2023). Synopsis: Plastics in Tiirkiye. Available online at: https://www.undp.org/
turkiye/publications/synopsis-plastic-turkiye (Accessed May 8, 2026).

UNEP (2020). Source-to-Sea Approaches: Addressing Land-Based Marine Pollution
(Nairobi, Kenya: United Nations Environment Programme). Available online at:
https://www.unep.org/topics/ocean-seas-and-coasts/ecosystem-degradation-pollution/
source-sea-approaches (Accessed May 8, 2026).

UNEP (2021). From Pollution to Solution: A Global Assessment of Marine Litter and
Plastic Pollution (Nairobi, Kenya: United Nations Environment Programme). Available
online at: https://www.unep.org/resources/pollution-solution-global-assessment-
marine-litter-and-plastic-pollution (Accessed May 8, 2026).

Yenici, E. (2026). Human dimensions of marine litter: public awareness in the
urbanized area of Canakkale Strait: Human dimensions and public awareness of
marine litter. Mar. Rep. 5 (1), 84-96. doi: 10.5281/zenodo.19459095

Zhou, G., Gu, Y., Wu, Y., Gong, Y., Mu, X,, Han, H,, et al. (2020). A systematic review of
the deposit-refund system for beverage packaging: Operating mode, key parameter and
development trend. J. Cleaner Prod. 251, 119660. doi: 10.1016/j.jclepro.2019.119660

frontiersin.org


https://www.eea.europa.eu/en/topics/in-depth/waste-and-recycling/municipal-and-packaging-waste-management-country-profiles-2025/tr-municipal-waste-factsheet.pdf
https://doi.org/10.1016/j.spc.2021.07.032
https://www.globalplasticaction.org/globalplasticstreaty
https://www.globalplasticaction.org/globalplasticstreaty
https://doi.org/10.1016/j.marpolbul.2021.112772
https://doi.org/10.1016/j.marpolbul.2021.112772
https://doi.org/10.1016/j.marpol.2018.02.002
https://doi.org/10.1016/j.marpol.2018.02.002
https://doi.org/10.1016/j.marpolbul.2018.05.061
https://doi.org/10.1016/j.marpolbul.2018.05.061
https://doi.org/10.1016/j.marpolbul.2014.10.049
https://doi.org/10.1016/j.marpolbul.2020.110908
https://doi.org/10.1016/j.marpolbul.2020.110908
https://doi.org/10.1016/j.marenvres.2013.02.015
https://iucn.org/sites/default/files/2024-05/plastic-pollution-issues-brief-may-2024-update.pdf
https://iucn.org/sites/default/files/2024-05/plastic-pollution-issues-brief-may-2024-update.pdf
https://doi.org/10.1126/science.1260352
https://e360.yale.edu/features/piling-up-how-chinas-ban-on-importing-waste-has-stalled-global-recycling
https://e360.yale.edu/features/piling-up-how-chinas-ban-on-importing-waste-has-stalled-global-recycling
https://doi.org/10.1016/j.ecolecon.2022.107609
https://doi.org/10.3390/urbansci9100418
https://doi.org/10.26650/jchild.2024.1396772
https://doi.org/10.3390/su15129429
https://doi.org/10.1038/ncomms15611
https://doi.org/10.1016/j.ocecoaman.2017.11.004
https://www.susana.org/knowledge-hub/resources?id=3717
https://www.susana.org/knowledge-hub/resources?id=3717
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://doi.org/10.1016/j.ocecoaman.2011.05.007
https://doi.org/10.1126/sciadv.aaz5803
https://doi.org/10.20900/jsr20250004
https://doi.org/10.35229/jaes.1463437
https://doi.org/10.1039/c6ay02647h
https://doi.org/10.7717/peerj.16338
https://doi.org/10.1016/j.wasman.2020.10.042
https://doi.org/10.3389/fmars.2025.1491983
https://doi.org/10.3389/fmars.2025.1491983
https://doi.org/10.2478/aiht-2026-77-4030
https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/Plastik/WWF-Impacts_of_plastic_pollution_in_the_ocean_on_marine_species:biodiversity_and_ecosystems.pdf
https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/Plastik/WWF-Impacts_of_plastic_pollution_in_the_ocean_on_marine_species:biodiversity_and_ecosystems.pdf
https://www.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/Plastik/WWF-Impacts_of_plastic_pollution_in_the_ocean_on_marine_species:biodiversity_and_ecosystems.pdf
https://doi.org/10.1016/j.rsma.2026.104766
https://doi.org/10.1016/j.wasman.2025.115027
https://doi.org/10.1016/j.marpolbul.2017.04.041
https://doi.org/10.1016/j.marpolbul.2017.04.041
https://www.trtworld.com/article/12714852
https://doi.org/10.1038/s43017-022-00356-y
https://doi.org/10.1038/s43017-022-00356-y
https://www.undp.org/turkiye/publications/synopsis-plastic-turkiye
https://www.undp.org/turkiye/publications/synopsis-plastic-turkiye
https://www.unep.org/topics/ocean-seas-and-coasts/ecosystem-degradation-pollution/source-sea-approaches
https://www.unep.org/topics/ocean-seas-and-coasts/ecosystem-degradation-pollution/source-sea-approaches
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://doi.org/10.5281/zenodo.19459095
https://doi.org/10.1016/j.jclepro.2019.119660
https://doi.org/10.3389/fmars.2026.1884662
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Bridging the microplastic awareness gap: community awareness, risk perception, and policy support for mitigating plastic pollution in Eastern Black Sea catchments
	1 Introduction
	2 Materials and methods
	2.1 Study area and project context
	2.2 Study design, participants, and sampling framework
	2.3 Survey instrument and thematic domains
	2.4 Data cleaning, recoding, and analytic dataset construction
	2.5 Composite indices
	2.6 Reliability and construct assessment
	2.7 Descriptive and inferential statistical analysis
	2.8 Multi-response analysis

	3 Results
	3.1 Sample structure and data completeness
	3.2 Reliability and structure of the composite scales
	3.3 Overall awareness, risk perception, and policy support
	3.4 Policy support for mitigating plastic pollution
	3.5 Risk perception, ecological importance, and evaluation of local plastic pollution
	3.6 Awareness and frequency of observation
	3.7 Descriptive differences by venue
	3.8 Comparisons by venue, age, and residential context
	3.9 Item-level venue differences
	3.10 Correlation analysis
	3.11 Cross-sectional correlates of plastic-waste awareness
	3.12 Cross-sectional correlates of future engagement intention
	3.13 Perceived plastic categories, sources, pathways, and actions

	4 Discussion
	4.1 Knowledge–concern asymmetry and microplastic literacy
	4.2 Risk perception: local ecological and human-health salience
	4.3 Support for structural interventions
	4.4 Awareness–action gap and future engagement intention
	4.5 Venue/life-stage mismatches and audience differentiation
	4.6 Perceived sources, pathways, and catchment-based management
	4.7 Methodological contribution and design limitations

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


