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Abstract

Microplastics (MPs) adsorb hazardous substances and are ingested by a wide range of organisms;
therefore, indicators for managing their environmental concentrations are needed. Ideally, threshold
values should be based on health impacts. However, the diversity of MPs and the complexity of their
environmental behavior make it difficult to establish unified environmental concentration standards.
In this study, we propose a threshold for the presence of MPs on sandy beaches based on “visual
cleanliness,” derived from the amount of MPs that people find psychologically unacceptable. Three
types of MPs were used: white polypropylene (PP), blue PP, and white polystyrene (PS; expanded
polystyrene). For defining a narrow-range cleanliness threshold, volume concentration was more
appropriate than mass concentration. White particles were expected to be less noticeable because they
tended to blend with white shell fragments, which are ubiquitous on beaches. In contrast, blue
particles were expected to be less acceptable owing to their rarity. However, we found no difference
in unacceptability between white PP and blue PP. The threshold, defined as the volume concentration
at which half of the respondents find MPs psychologically unacceptable, ranged from 1 to 2 cm?-
MPs/m?-sand. Gender, age, travel time to the beach, and frequency of beach visits did not influence
unacceptability. Strong concern about marine plastic pollution and experience in cleaning public
spaces were associated with a tendency toward low tolerance for MP contamination on beaches.

Keywords: microplastic; sandy beach; cleanliness threshold; psychological acceptability; mass
concentration; volume concentration

1. Introduction

Since their invention in the 20th century, plastics have rapidly proliferated owing to their light
weight and durability, with global production increasing several hundred-fold since 1950 [1].
Concomitant with the increase in plastic use, waste generation has increased, and the leakage of
inadequately managed plastic waste into the environment has become a serious issue [2]. It is
estimated that approximately eight million tons of plastic enter the oceans each year [3], making it a
major contributor to marine plastic pollution problems. Small plastic particles are referred to as
microplastics (MPs). Some MPs are manufactured as primary MPs, whereas others originate as
secondary MPs when larger plastics fragment under ultraviolet radiation and wave action [4]. MPs
have been detected across a wide range of environments —from the ocean surface to the deep sea,
sandy beaches, terrestrial environments, and even the atmosphere [5-7] —indicating that pollution is
expanding not only as macro-litter but also as fine particles.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Large plastic debris is ingested by seabirds and marine mammals, causing gastrointestinal
blockage and malnutrition [8,9]. On the other hand, MPs are readily taken up by a wider variety of
organisms, raising concerns about not only physical impacts but also physiological effects [10,11].
MPs also readily adsorb persistent organic pollutants (POPs) and additives [12], potentially
increasing toxicological risks within organisms [13,14]. In addition to detection in the digestive tracts
of marine organisms [10], MPs have been found in human feces [15], blood [16], and placentas [17],
and their potential to reach the central nervous system has been discussed [18]. These findings
underscore the importance of addressing MPs from the perspective of protecting both ecological and
human health.

International efforts to reduce plastic use and strengthen waste management initiatives are
underway. United Nations Environment Programme (UNEP) has initiated a process to establish a
global plastic pollution treaty [19]. Countermeasures include reducing plastic use and waste
generation, ensuring proper waste treatment, and recovering plastic waste already in the
environment [20,21]. Monitoring environmental MPs is considered essential for evaluating the
effectiveness of these measures [22]. However, no unified environmental concentration standards
exist, and risk assessments remain highly uncertain [23]. Although specific regulations exist—such
as bans on microbeads in cosmetics [24,25] —unified environmental concentration standards have yet
to be established.

Because MPs adsorb hazardous substances [12] and are ingested by diverse organisms [10],
indicators for managing their environmental concentrations are needed [26]. Ideally, thresholds
should be based on health impacts [13]. However, the diversity of MPs and the complexity of their
environmental behavior make it difficult to establish unified environmental concentration standards
[23]. In contrast, “cleanliness thresholds” that can be used to maintain comfortable environments or
guide cleanup activities are relatively easy to propose. On sandy beaches, MPs can be visually
identified with relative ease [27], suggesting that thresholds may be derived from the amount of MPs
that people find psychologically unacceptable. In urban design and concrete engineering, several
studies have evaluated appearance-based acceptability [28-30]. Notably, Suyama et al. (2022)
investigated the relationship between bubble area ratio and psychological acceptability, proposing
appearance-based management criteria for exposed concrete [31]. Takase et al. (2020) examined the
relationship between the degree of kudzu overgrowth on road slopes and psychological acceptability
using photographs, aiming to reduce vegetation management costs [32]. Both studies also evaluated
how respondent characteristics (age, gender, frequency of exposure to the target environment, etc.)
influenced acceptability. Following these approaches, the present study aims to propose a threshold
for MP presence on sandy beaches based on “visual cleanliness.”

2. Methods

2.1. Research Interests

This study has three primary research interests. First, we aim to determine the appropriate unit
for expressing the threshold concentration of MPs. Visual perception detects the size—not the
weight— of objects. Considering the presence of low-density materials, such as expanded polystyrene,
we hypothesize that volume concentration will yield more consistent psychological acceptability
results across different materials than mass concentration.

Second, because the inner surfaces of seashells are often white, we investigate whether white
MPs are more psychologically acceptable than MPs of other colors (blue, in this study). Third, we
attempt to identify the amount of MPs on sandy beaches for which half of the respondents perceive
the beach as dirty (i.e., psychologically unacceptable).

In addition, we examine whether respondents’ personal characteristics influence their
psychological acceptability. Based on our subjective expectations, individuals who live near the sea
or have strong environmental concerns may be more sensitive to beach contamination and thus less
tolerant of MPs, even at low concentrations.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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2.2. Survey Procedure

An online questionnaire survey was conducted by a research company specializing in internet-
based surveys. The company maintains a panel of 2.4 million residents in Japan. Among these,
individuals aged 18 years or older were invited to participate, and data collection continued until 500
valid responses were received. The survey took place from November 10 to 15, 2023. Titled
“Questionnaire on the Visually Acceptable Amount of Microplastics on Sandy Beaches”, it consisted
of ten questions administered in Japanese.

The questionnaire comprised two categories: respondent characteristics and psychological
acceptability of MPs. Respondent characteristics included seven items: gender, age, travel time from
home to the nearest beach, frequency of beach visits, subjective level of concern about marine plastic
pollution, experience in cleaning public spaces, and a trap question. In the trap question, respondents
were shown four plastic materials —polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC),
and polystyrene (PS)—and asked which they believed contributed most to marine pollution.
However, the question text also instructed respondents to “select polystyrene regardless of your
personal opinion” (Instruction X). PS was intentionally placed last to prevent inattentive respondents
from accidentally selecting the correct answer by choosing the first option. Although this method
could not perfectly distinguish between attentive (optimizing) and inattentive (satisficing)
respondents, those who followed Instruction X were referred to as “optimizing respondents,” and
those who did not were referred to as “satisficing respondents.”

To assess the psychological acceptability of MPs, respondents were shown eight photographs of
sand (actual beach sand) placed in an aluminum tray (34 cm wide and 24 cm deep), onto which
increasing amounts of MPs had been added. They were asked to choose the photograph number for
which they began to perceive the sand as dirty (i.e., psychologically unacceptable). Three types of
MPs were used: white PP (from clothespins), blue PP (from clothespins), and white PS (expanded
polystyrene). These materials were crushed into particles 2-5 mm in size. The densities of PP and PS
were 0.91 and 0.018 g/cm?, respectively [33]. Because the three types of MPs were evaluated separately,
respondents answered three acceptability questions. The mass of PP applied per unit sand area was
set at 0, 200, 500, 1,000, 2,000, 5,000, 10,000, and 20,000 mg-MPs/m?-sand (and 50,000 mg for PS volume
calculations). These values were derived from by previous field surveys in which visually identified
hotspots on sandy beaches contained approximately 250-30,000 mg-MPs/m?-sand, and MPs below
200 mg-MPs/m?-sand were not visually detectable [27] (see the blue line in Figure 3(i)). Applying the
same mass to PS resulted in extremely large volumes due to its low density. Therefore, in this study,
the three types of MPs (two materials) were standardized by volume, calculated from mass and
density. To prevent respondents from noticing that identical option numbers corresponded to
identical volume concentrations across materials, some PS volume concentrations were adjusted.
Table 1 shows the MP concentrations used, and Figure 1 presents example photographs from the
questionnaire. The full questionnaire is provided in the Appendix.

(a) White PP (Option 4; 1,000 mg-MPs/m?-sand) (b) Blue PP (Option 8; 20,000 mg-MPs/m?-sand)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0636.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 March 2026 d0i:10.20944/preprints202603.0636.v1

4 of 21

Figure 1. Example photographs of sand with MPs shown in the questionnaire. Tray size: 34 cm (width) x 24 cm
(depth). Option numbers correspond to Table 1 and the Appendix.

Table 1. Set MP concentrations.

PP
Volume cm3-MPs/m?2-
and 00 02 06 1.1 2.2 5.5 11.0 221 55.2
conc. sand
PS
Mass mg-MPs/m?2- 1,00 2,00 5,00 10,00 20,00 50,00
PP 0 200 500
conc. sand 0 0 0 0 0 0
Option
- 1 2 3 4 5 6 7 8 NU
No.
Mass mg-MPs/m2-
PS 0 4 10 20 40 100 200 400 1,000
conc. sand
Option
- 1 NU 2 3 4 5 6 7 8
No.

See Appendix for option numbers. NU: Not used, conc. = concentration.

The collected survey data were statistically analyzed following the work of Kanda (2013) [34].
All statistical analyses were performed with EZR (Jichi Medical University, Tochigi, Japan), a
graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria).

3. Results and Discussion
3.1. Respondent Characteristics

The numbers of optimizing and satisficing respondents were 245 and 255, respectively (49% and
51%). Except for Section 3.4, the analyses below used only the responses of optimizing respondents
(n = 245).

The ratio of male to female respondents was 63% to 37%, with males being overrepresented
(Figure 2(c); chi-square goodness-of-fit test, p < 0.01). This ratio differs from the actual ratio in Japan
in 2023 (49%:51%) [35]. The age distribution is shown in Figure 2(d). The sample distribution differed
from the population distribution (chi-square goodness-of-fit test, p < 0.01), with respondents in their
40s, 50s, and 60s appearing more frequently than in the general population (not statistically tested).
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Figure 2. Characteristics of respondents (optimizing respondents only, n =245). (c) gender, (d) age, and (e) access

to the beach and interest in the environment.

Figure 2(e) summarizes responses regarding travel time to the beach, frequency of beach visits,
subjective concern about marine plastic pollution, and experience in cleaning public spaces. More
than 60% indicated that traveling to the beach takes at least one hour (options 4 and 5). Regarding
beach visitation frequency, 92% reported visiting only a few times per year or almost never (options
4 and 5). Over 50% indicated strong or moderate concern about marine plastic pollution (options 1
and 2). More than 60% reported having no experience in cleaning public spaces (option 4; option 5
did not exist). Overall, the sample comprised individuals who live more than an hour from the beach,
rarely visit beaches, and have little experience with cleanup activities, yet express concern about
marine plastic pollution.

3.2. Whether Mass or Volume Concentration Produces More Consistent Results

We hypothesized that white PP and white PS with the same volume would yield similar levels
of psychological unacceptability. The concentration at which half of the respondents judged MP
presence as unacceptable was estimated using linear approximation. Using mass concentration
(Figures 3(f) and 3(h)), the threshold was approximately 1,500 mg-MPs/m?2-sand for white PP and 42
mg-MPs/m?-sand for white PS—more than a 30-fold difference. In contrast, using volume
concentration (Figures 3(g) and 3(i)), the thresholds were approximately 1.7 cm3-MPs/m?-sand for
white PP and 1.3 cm3-MPs/m?-sand for white PS—a 1.3-fold difference. Therefore, volume
concentration yielded more consistent results across materials. For defining a narrow-range
cleanliness threshold, volume concentration is more appropriate.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 3. Proportion of respondents who judged MP presence on sand as unacceptable (optimizing respondents
only, n = 245). (f) Mass concentration; (g) volume concentration; (h) mass concentration (up to a maximum of
2,000 mg-MPs/m?-sand); and (i) volume concentration (up to a maximum of 2.5 cm3-MPs/m?-sand).

UA indicates “unacceptable.” The red horizontal line represents the proportion of respondents who judged the
presence of MPs as unacceptable (0.5), and the blue vertical line indicates the boundary between visually
identified non-hotspots and hotspots in Asakura (2024) [27]. Alphabet labels (j, k, L, m, n, o) in panel (i)
correspond to the volume concentrations shown in the photographs in Figure 5. In the legend, w denotes white

and b denotes blue. Conc.] indicates left-side concentration, and Conc.r indicates right-side concentration.

3.3. Threshold for MP Presence Considered Psychologically Unacceptable

We used volume concentration in the discussion that follows. For all three types of MPs,
unacceptability increased (acceptability decreased) with increasing volume concentration. The
proportion of respondents judging MP presence as unacceptable reached 50% between 1.1 and 2.2
cm3-MPs/m?-sand (hereinafter, “left-side concentration” and “right-side concentration,” respectively)
(Figure 3(i)). At both concentrations, no significant differences in unacceptability were observed
among the three MP types (proportion tests, p > 0.29). Even after considering multiple comparisons
(3 materials x 2 concentrations), no differences emerged. No difference was observed between white
PP and blue PP, despite the expectation that white particles would blend with shell fragments and
blue particles—being rarer—would be more noticeable. Similarly, no difference was observed
between white PP and white PS.

The volume concentrations at which unacceptability reached 50% were 1.7 cm3-MPs/m?-sand for
white PP, 1.6 for blue PP, and 1.3 for white PS. Based on these results, the cleanliness threshold,
defined as the concentration at which half of the respondents find MP presence unacceptable, would
fall within 1-2 cm3-MPs/m?-sand. Converting this to a one-dimensional length unit gave 1-2 x 10
cm or 1-2 x 106 m. Figure 4 shows enlarged versions of the photographs used in the questionnaire.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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(t) white PS, 0.6 (u) white PS, 2.2, right-side concentration

Figure 4. Enlarged versions of photographs used in the questionnaire. The red arrow indicates 5 cm. The

numerical values represent volume concentration (cm3-MPs/m?2-sand).

Two studies have explored the relationship between the visual intensity of undesirable features
and psychological acceptability. Suyama et al. (2022) investigated bubble area ratios on exposed
concrete surfaces and found that acceptability decreased as bubble area increased; thresholds of
0.30% for women and 0.53% for men were proposed as management criteria [31]. Takase et al. (2020)
studied kudzu overgrowth on road slopes and observed that acceptability decreased with increasing
vegetation, with half of the respondents becoming intolerant once the vines overtopped a fence [32].
The present study adopted a similar methodological approach.
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For MPs contained in solid matrices, such as sediments, units expressing the amount of MPs
relative to the amount of sediment generally consist of MPs in the numerator and sediment in the
denominator. Among reported indicators of MP abundance, particle count (expressed as particles,
fragments, number, MPs, etc.) is the most common; a Scopus abstract search yielded 23 matching
records (ABS((“microplastics” and “beach”) and (“particles/m2” or “fragments/m2” or “n/m2” or
“MPs/m2”))). Examples include the works of Al-Fares and Al-Zaidan (2025), Garcia-Varens et al.
(2025), and Guruge et al. (2025) [36-38]. When a single particle breaks into two, particle count
doubles, whereas mass and volume remain unchanged. Therefore, although particle count is the most
widely used unit for reporting MP abundance, it is inherently unsuitable as a measure of the true
quantity of MPs. Reports using mass (e.g., mg) are few, with only eight matching records
(ABS((“microplastics” and “beach”) and (“g/m2” or “mg/m2”))). These include studies by Alvarez-
Hernandez et al. (2019), Edo et al. (2019), Gonzalez-Hernandez et al. (2020), Hernandez-Sanchez et
al. (2021), Vanapalli et al. (2021), Arturo and Corcoran (2022), Grini et al. (2022), and Dominguez-
Hernadndez et al. (2026) [39-46]. Assuming densely packed PE, PP, PS, PVC, polyethylene
terephthalate (PET), etc., the density ranges from 0.87 g/cm? (PE gloves) to 1.4 g/cm? (PVC pipes) [33].
Converting the aforementioned cleanliness threshold to mass yields 870-2,800 mg-MPs/m?-sand,
corresponding to roughly a threefold maximum-to-minimum ratio. However, the apparent density
of PP rope containing air voids is 0.49 g/cm?, and that of expanded polystyrene is extremely low at
0.018 g/cm? [33]. Under these conditions, the cleanliness threshold range becomes 1.8-2,800 mg-
MPs/m?2-sand, with a maximum-to-minimum ratio of 1,600. Such a wide range makes mass-based
threshold impractical. As noted in Section 3.2, the presence of expanded polystyrene poses a major
obstacle when expressing the cleanliness threshold in terms of mass concentration. Finally, we found
no reports using MP volume (e.g., cm?), the unit adopted in this study (ABS((“microplastics” and
“beach”) and (“cm3/m2”))). Consequently, direct comparison of our results with previous studies is
difficult.

Both area (m?) and mass (kg) are commonly used to express the amount of sediment. When
sediment type (e.g., sand) and sampling depth are consistent, area and mass can be interconverted
using the sediment’s dry bulk density. However, considering that MPs tend to accumulate near the
surface [47-50], deeper sampling yields consistent results when expressed per unit area but
artificially lowers MP abundance when expressed per unit mass because additional clean sediment
is included. In this study, only MPs on the sediment surface and visually exposed were recognized;
even slightly buried MPs were not detected. This limitation cannot be resolved even when using area-
based units.

Below, we introduce reported cases using the unit MP mass per sediment area, and position our
proposed cleanliness threshold within this context. Few studies have reported MPs on sandy beaches
in units of mass per area (mg/m?). Although our study uses mg-MPs/m?2-sand, we retain the original
units (mg/m?) when citing previous literature. In India, MPs ranged from approximately 300 to 1,500
mg/m? at the high tideline [51], and 1,323 + 1,228 mg/m? at the high tideline and 178 * 261 mg/m? at
the low tideline [52]. Some studies reported not only MP mass but also polymer types, allowing
conversion to volume using densities reported by Asakura (2022) [33]. In Hong Kong, MPs at the
high strandline ranged from 0.8 to 250,000 mg/m?, with a mean of 5,600 mg/m? [53]. The mass
fractions of dense plastics and expanded polystyrene were 71% and 29%, respectively. Thus, their
respective masses were approximately 4,000 mg/m? and 1,600 mg/m?2. Assuming densities of 1 g/cm?
for dense plastics and 0.02 g/cm? for expanded polystyrene, the corresponding volumes were 4 and
81" cm?3/m?, totaling 85 cm3/m?2. On sandy beaches (shoreline) in the Canary Islands, Spain, MPs
ranged from 8,500 to 103,000 mg/m?, with a mean of 36,300 mg/m2. Polymer composition was PE
(63%), PP (32%), and PS (3%, of which 30% was dense and 70% expanded) [40]. Their respective
masses were 23,000, 12,000, 330 (dense), and 7602 (expanded) mg/m?2. Assuming densities of 0.9, 0.9,
and 1.0 g/cm? for dense plastics and 0.02 g/cm? for expanded polystyrene, the corresponding volumes
were 25, 13, 0.31, and 422 cm?/m?, totaling 81 cm3/m?2. Using the same method, another study in the
Canary Islands yielded an estimated volume of 76 cm?m? [42]. The volume concentrations obtained

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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from the three case studies (81, 85, and 76 cm?m?) are similar and correspond to 38-85 times the
cleanliness threshold proposed in this study. The fact that the concentrations reported in the literature
exceed the maximum value shown in Figure 3(g) likely reflects measurements of MPs accumulated
along the tideline. It is also noteworthy that the proportion of expanded polystyrene changes
dramatically when switching between mass-based and volume-based units (*1 and *2). Other studies
lacked information on the proportion of expanded polystyrene or did not specify whether polymer
composition was based on particle count or mass, preventing conversion to volume concentration.
Figure 5 shows photographs taken during an MP survey conducted by one of the authors on sandy
beaches in Nagasaki Prefecture, Japan [27]. Because MPs at those sites consisted mainly of PP and PE
with no expanded polystyrene, MP volume was estimated from measured mass using a density of
0.9 g/cmd. If the cleanliness threshold proposed in this study were set at 1-2 cm?-MPs/m?-sand, then
scenes (j), (k), and (1) would be acceptable to more than half of the respondents, whereas scenes (m),
(n), and (o) would be unacceptable to at least half. Although the questionnaire photographs showed
only sand and MPs, actual field sites also included shells and plant debris. In our experience, plant
materials such as driftwood are easily recognized as natural, whereas shells near MPs are often
mistaken for MPs and perceived as “dirty.” For example, in Figure 5(1), all particles except those
indicated by green arrows are shells or seeds. Shells often have vivid colors—white, red, blue, yellow,
and purple—and their fragmented shapes resemble MPs, increasing the likelihood of
misidentification. It is not uncommon for colorful shell fragments to accumulate along the shoreline,
all of which are natural. Such factors may interfere with visual assessments of cleanliness.

(j) 0.01 (k) 0.17

1) 0.57 (m) 0.97

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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(n) 1.66 (0) 2.10

Figure 5. Photographs of MPs on actual sandy beaches arranged in the order of increasing concentration. The
red arrow indicates 5 cm. Numerical values represent volume concentration (cm3-MPs/m?-sand). From
photographs (m), (n), and (0), more than half of the respondents began to find the scenes psychologically
unacceptable. Positions corresponding to the volume concentrations of each photograph are shown in Figure
3(i).

Several studies also reported MP mass per sediment mass. In India, MPs were found at 81 mg/kg
in the intertidal zone [54] and approximately 1-4 mg/kg along shoreline transects [55]. In Belgium,
MPs ranged from 0.5 to 1 mg/kg at the high water mark [56]. Although quadrat areas were reported,
the total mass of collected sediment was not, preventing conversion from sediment mass to sediment
area. These authors likely possess unpublished data on area, mass, and other parameters. If MP
abundance could be expressed in multiple units, comparability across studies would improve.
Therefore, raw data should be archived online as supplementary materials.

3.4. Response Patterns of Satisficing Respondents

Although results from satisficing respondents were not used in this study’s main analyses, their
response patterns provided insight into survey behavior. Compared with optimizing respondents (n
= 245), satisficing respondents (n = 255) showed high unacceptability at low concentrations and low
unacceptability at high concentrations (Figure 6). At low concentrations, this occurred when
respondents marked “YES (unacceptable)” for the first photograph (option 1, 0 mg-MPs/m?2-sand). At
high concentrations, this occurred when respondents selected the last photograph without viewing
all eight images (option 8 lying above the curve formed by options 1-7) or selected option 9 (“all
acceptable”). These patterns suggest satisficing behavior —choosing the first or last option without
reading the question carefully [57].

—Oo—wPP
—e—bPP
—o—WwWPS

N
T

Satisficer > Optimizer

-
|

Ratio of unacceptability
for satisficer and optimizer

Optimizer > Satisficer

o

1 2 3 4 5 6 7 8
Response options ( «—Low High conc.—)

Figure 6. Ratio of unacceptability between satisficers and optimizers. Values above 1 on the vertical axis indicate

that satisficers show lower tolerance than optimizers. In the legend, w denotes white and b denotes blue.
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3.5. Influence of Respondent Characteristics on Acceptability

A multivariate logistic regression analysis was conducted using respondent characteristics —
gender (nominal), age (ratio), travel time to the beach (ordinal), frequency of beach visits (ordinal),
subjective concern about marine plastic pollution (ordinal), and experience in cleaning public spaces
(ordinal)—as explanatory variables, and acceptability (acceptable = 0, unacceptable = 1) as the
dependent variable. Because most respondents found low concentrations acceptable and high
concentrations unacceptable, our analyses focused on the left- and right-side concentrations near the
50% unacceptability threshold.

Table 2 shows the results for the left-side concentration of white PP. Gender, age, travel time,
beach visitation frequency, and cleanup experience did not influence unacceptability (p > 0.05), but
concern about marine plastic pollution did (p < 0.05). The negative coefficient (-0.30) indicates that
the higher numerical value for the concern-related option (i.e., the lower concern) was associated
with lower unacceptability. In other words, individuals with stronger concerns about marine plastic
pollution tended to be less tolerant of MP contamination on beaches.

Table 2. Results of multivariate logistic regression analysis for the left-side concentration of white PP.

Estimate Std. Error z p
(Intercept) 0.61 1.14 0.54 0.59
Gender -0.19 0.29 -0.65 0.51
Age 0.02 0.01 1.40 0.16
Time -0.19 0.14 -1.43 0.15
Frequency 0.13 0.22 0.58 0.56
Concern -0.30 0.14 -2.20 0.03 *
Cleaning -0.23 0.14 -1.70 0.09

p < 0.01, *p < 0.05

These findings partially align with previous studies. Suyama et al. (2022) reported that not age
but gender differences (women are less tolerant) influenced unacceptability [31], differing from the
present study. Takase et al. (2020) found no effect of gender or exposure frequency [32], consistent
with the present study, but noted that older individuals and those living farther away were less
tolerant [32], contrasting the present findings. Given these mixed results, no consistent trend can be
identified.

Table 3 summarizes factors influencing unacceptability (p < 0.05) across all MP types and both-
side concentrations. In all six cases, stronger concern about marine plastic pollution was associated
with lower tolerance (p < 0.05). Additionally, for two right-side concentration cases (blue PP and
white PS), more experience in cleaning public spaces was associated with lower tolerance (p < 0.05).
Table 4 shows the odds ratios. Although the ordinal scales are qualitative, a one-level increase in the
numerical value of concern or cleanup experience (i.e., less concern or less experience) reduced
unacceptability to approximately 0.7 times. Conversely, stronger concern or cleanup experience
increased unacceptability.

Table 3. Results of multivariate logistic regression analysis for three types of MPs and for both left- and right-

side concentrations.

Estimate Std. Error z p
wPPI Concern -0.30 0.14 -2.20 0.03 *
wPPr Concern -0.35 0.13 -2.64 0.01 o
bPP1 Concern -0.35 0.14 -2.53 0.01 *
bPPr Concern -0.39 0.13 -2.92 0.00 o
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bPPr Cleaning -0.39 0.15 -2.59 0.01 g
wPSl Concern -0.39 0.13 -2.92 0.00 **x
wDPSr Concern -0.30 0.13 -2.29 0.02 *
wPSr Cleaning -0.43 0.15 -2.83 0.00 *

*p <0.01, *p < 0.05

Abbreviations indicate color-material-left/right-side concentration. For example, wPPr denotes the right-side

concentration of white PP, and bPPI denotes the left-side concentration of blue PP.

Table 4. Results of multivariate logistic regression analysis for all three types of MPs and for both left and right-

side concentrations (odds ratios).

OR Lower Upper p
wPPl1 Concern 0.74 0.57 0.97 0.03 *
wPPr Concern 0.70 0.54 0.91 0.01 *
bPP1 Concern 0.71 0.54 0.93 0.01 *
bPPr Concern 0.68 0.52 0.88 0.00 o
bPPr Cleaning 0.68 0.51 0.91 0.01 o
wPSI Concern 0.68 0.52 0.88 0.00 *
wPSr Concern 0.74 0.57 0.96 0.02 *
wPSr Cleaning 0.65 0.48 0.88 0.00 i

OR: Odds ratio, **p < 0.01, *p < 0.05

3.6. Significance, Limitations, and Future Research

The findings of this study enable the establishment of an upper-limit threshold for MP presence
on sandy beaches to maintain visual cleanliness. Because individuals concerned about marine plastic
pollution tend to set stricter thresholds, it is important to involve actual beach users when
determining the final threshold, especially since few respondents in this study regularly visited the
sea.

This study fixed particle size; therefore, the influence of particle size variation remains unknown.
Understanding the minimum particle size detectable by visual inspection and the effect of particle
size on acceptability will improve threshold accuracy. Particle shape was also not considered, even
though it might influence acceptability. Only MPs visible on the sand surface were evaluated; buried
MPs were excluded because they could not be visually detected. Although numerical thresholds can
guide cleanup activities, field workers may find them difficult to apply directly. As Takase et al. (2020)
demonstrated in their study of kudzu overtopping a fence [32], it will be beneficial to identify
similarly intuitive visual cues or reference points for MPs.

4. Conclusions

We established a threshold for the presence of microplastics (MPs) on sandy beaches on the basis
of “visual cleanliness,” derived from the amount of MPs that survey respondents found
psychologically unacceptable. Three types of MPs were used: white PP, blue PP, and white PS
(expanded polystyrene). The densities of PP and PS were 0.91 and 0.018 g/cm?3, respectively. The main
findings are summarized below.

1. Mass concentration versus volume concentration:

At the concentration at which half of the respondents judged MP presence as unacceptable, PP
exceeded PS by more than a factor of 30 when expressed as mass concentration. In contrast, when
expressed as volume concentration, PP exceeded PS by only approximately 1.3 fold. Thus, volume
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concentration produced more consistent results across different materials. For defining a narrow-
range cleanliness threshold, volume concentration is therefore appropriate.

2. Color-based acceptability:

White particles were expected to be less noticeable because they tended to blend with white shell
fragments, which are ubiquitous on beaches. In contrast, blue particles were expected to be less
acceptable owing to their rarity. However, we found no difference in unacceptability between white
PP and blue PP.

Proposed cleanliness threshold:

3. Proposed cleanliness threshold:

If the threshold is defined as the volume concentration at which half of the respondents find MP
presence psychologically unacceptable, the range is 1-2 cm3-MPs/m?2-sand. Converted to a one-
dimensional length unit, this corresponds to 1-2 x 10 cm or 1-2 x 10® m.

4. Influence of respondent characteristics:

Gender, age, travel time to the beach, and frequency of beach visits did not influence
unacceptability. However, individuals with stronger concerns about marine plastic pollution, as well
as those with experience in cleaning public spaces, tended to be less tolerant of MP contamination on
beaches.

Appendix: Questionnaire Form

Questionnaire on Visually Acceptable Amount of Microplastics on Sandy Beaches
(1) Please indicate your gender.
(1) Male (2) Female
( )
(2) Please indicate your age.
(O Below20  (220s (330s (@40s (®50s (660 or older
( )
(3) How long does it take you to reach the beach from your residence when you go there for leisure
or work?
(1) Less than a few minutes (2) A few minutes to 30 minutes  (3) 30 minutes to 1 hour
(4)1to2hours (5) More than 2 hours
( )
(4) How frequently do you visit the beach or the sea?
(D Almost every day (2) Several times a week (3) Several times a month
(4) Several times a year (8 Hardly ever
( )
(5) Are you interested in the issue of marine plastic pollution?
© Very interested (2) Somewhat interested (3) Neutral
() Not very interested (5) Not interested at all
( )
(6) Have you ever participated in volunteer activities, events, or self-initiated efforts to pick up litter
or clean public spaces?
(1) More than 10 times (2) Several times (3) Once  (4) Never
( )
(7) Which type of plastic do you think has the greatest potential to cause marine pollution?
For this question, regardless of your actual opinion, please select polystyrene.
© Polyethylene @ Polypropylene 3 Polyvinyl chloride ® Polystyrene
( )
(8) The following photographs show sand mixed with fine plastic particles (microplastics).
The amount of microplastics increases from @D to (®.
Please indicate the number at which you begin to feel that the sand looks dirty (psychologically

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0636.v1
http://creativecommons.org/licenses/by/4.0/

14 of 21

unacceptable).

( )
@ )
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(9) All are acceptable

(9) The following photographs show sand mixed with a different type of microplastic.

The amount of microplastics increases from (1) to (8).

Please indicate the number at which you begin to feel that the sand looks dirty (psychologically
unacceptable).

( )
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(9) All are acceptable

(10) The following photographs show sand mixed with yet another type of microplastic.

The amount of microplastics increases from (1) to (8).

Please indicate the number at which you begin to feel that the sand looks dirty (psychologically
unacceptable).

( )
@ @
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(9) All are acceptable

This concludes the questionnaire.
Thank you very much for your cooperation.
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