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Carasobarbus luteus, Mesopotamichthys sharpeyi, Leuciscus vorax, and Oreochromis
niloticus. Fish samples were randomly collected by local fishermen from five sampling

Keywords: stations in November 2023. Following extraction and isolation procedures, the
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Micro-Raman spectroscopy, 19.2 particles in C. luteus, 4.20 + 5.2 particles in M. sharpeyi, 6.66 + 0.75 particles in L.
Edible fish.

abundance, morphology, size, color, and polymer types of the microplastics were

analyzed. The mean abundance of microplastics per 100 g of fish skin tissue was 11.09 +

vorax, and 4.36 + 8.3 particles in O. niloticus. Microplastics were detected in all examined
fish species. Fibers represented the dominant microplastic shape, with black-colored
particles being the most prevalent. Micro-Raman spectroscopy identified the primary
polymer types as polycarbonate, polyamide, and polyurethane. Most detected particles
ranged in size from 100 to >500 um. The identified polymers are commonly used in non-
packaging applications such as industrial equipment, automotive components, household
appliances, and textile products, suggesting that terrestrial and industrial sources may
contribute significantly to microplastic contamination in the Shadegan International
Wetland. Overall, the findings confirm the widespread presence of microplastics in the
skin tissues of edible fish species inhabiting this internationally important wetland

ecosystem.
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XTENDED ABSTRACT

Introduction

Microplastics (MPs), defined as synthetic or semi-synthetic polymer particles smaller than 5
mm, have emerged as pervasive contaminants in atmospheric, terrestrial, and aquatic
ecosystems worldwide. Primary MPs are intentionally manufactured at microscopic sizes, such
as microbeads used in personal care products, whereas secondary MPs originate from the
fragmentation and degradation of larger plastic debris through physical, chemical, and
biological processes. Due to their small size, buoyancy, and persistence, MPs are widely
dispersed in aquatic environments, making source identification and management challenging.

Wetlands, as transitional ecosystems between terrestrial and aquatic environments, act as
important sinks for MPs, particularly within sediments and biota, yet they remain less studied
than marine ecosystems. Microplastics pose ecological and public health concerns because they
can adsorb and transport toxic substances such as persistent organic pollutants, heavy metals,
and plastic additives including phthalates. In aquatic organisms, MPs may cause physical
damage, oxidative stress, inflammation, and facilitate the trophic transfer of contaminants.
Although the penetration of MPs through fish skin is considered unlikely because of protective
barriers such as scales and mucus layers, studies have demonstrated that MPs can adhere to fish
skin surfaces.

The Shadegan International Wetland, one of the largest and most ecologically important
wetlands in Iran, is exposed to substantial anthropogenic pollution from urban, agricultural, and
industrial activities, including effluents from numerous petrochemical facilities. Despite the
ecological and economic importance of this wetland, information regarding MP contamination
in its aquatic biota remains limited. Therefore, the present study aimed to investigate the
occurrence, characteristics, and polymer composition of MPs in the skin tissues of four native
edible fish species inhabiting the Shadegan International Wetland.

Materials and Methods

Sampling was conducted in the northern Shadegan Wetland using five stations selected via a
combined purposive-random approach, guided by proximity to MP sources (e.g., wastewater
outflows, fishing zones, tourism). A total of 56 fish Carasobarbus Iluteus (n=26),
Mesopotamichthys sharpeyi (n=14), Leuciscus vorax (n=5), and Oreochromis niloticus (n=11)
were collected with licensed local fishers. Samples were stored in ice-cooled containers using
plastic-free protocols to prevent contamination and transported to the laboratory. Fish skin
tissues were separated, rinsed with purified water, weighed, wrapped in aluminum foil, and
stored at —18°C until analysis. For MP extraction, tissues were digested using 10% potassium
hydroxide (KOH) at a ratio of 10 mL per gram of tissue and incubated at 60°C for 24 h. Digested
samples were filtered through Whatman Grade 42 filter paper, air-dried, and examined under a
stereomicroscope.

Microplastics were quantified and classified according to shape (fiber or fragment), color
(black, dark blue, red, green, and turquoise), and size (<100 um, 100-299 um, 300-499 um,
and >500 pm). Plastic identity was initially verified using the hot-needle test. Polymer
composition was further characterized by confocal Raman spectroscopy (LabRAM HR,
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Horiba) using Bio-Rad spectral reference libraries. Surface morphology and elemental
composition were examined using scanning electron microscopy (SEM; TESCAN VEGA3)
coupled with energy-dispersive spectroscopy (EDS; SAMx). Statistical analyses included
Kolmogorov—Smirnov normality tests, Spearman correlation analysis, and one-way ANOVA
atp <0.05.

Results

MPs were detected in the skin of 27 out of 56 fish (48.2%), across all species and stations. Mean
MP abundance per 100 g of skin was highest in C. luteus (11.09 + 19.2 MPs), followed by L.
vorax (6.67 = 0.75), O. niloticus (4.36 + 8.3), and M. sharpeyi (4.3 = 5.2). Morphologically,
fibers dominated (81%), with fragments (19%) found only in L. vorax. Size distribution showed
>500 um particles as most prevalent overall (45%), particularly in C. luteus (49%), whereas O.
niloticus exhibited a distinct pattern with 68% of MPs in the 100-299 pm range. Black was the
most common color (ubiquitous), representing 80% of MPs in O. niloticus.

Raman spectroscopy identified three polymers: polycarbonate (PC), polyurethane (PU), and
polyamide (PA). PC was dominant in O. niloticus (100%), C. luteus (55%), and M. sharpeyi
(52%), but absent in L. vorax, which contained only PU and PA. C. luteus showed the highest
polymer diversity. SEM analysis revealed linear, smooth, and concave fibers as well as irregular
porous fragments. EDS analysis showed carbon and oxygen as the predominant elements,
accompanied by trace levels of sulfur, aluminum, silicon, calcium, potassium, magnesium, and
nickel, suggesting adsorption of environmental contaminants onto MP surfaces. No significant
correlations were observed between MP abundance and fish biometric parameters such as body
length, body weight, or skin mass.

Conclusion

This study provides the first evidence of microplastic contamination in the edible skin tissues
of commercially important fish species from the Shadegan International Wetland, highlighting
a potential route of human exposure through fish consumption and indicating environmental
degradation within this internationally significant wetland ecosystem. The predominance of
high-density polymers such as polycarbonate suggests that industrial and urban runoff are likely
the principal sources of contamination. Given the use of fish skin in food, cosmetic, and
pharmaceutical industries, the occurrence of MPs raises important concerns regarding food
safety and public health. Environmentally, MP accumulation on fish skin reflects the trophic
infiltration of plastic pollutants and may serve as a useful bioindicator of declining water quality
in wetland fisheries. To reduce MP contamination and associated risks, integrated management
strategies are recommended, including: (i) implementation of advanced filtration technologies
in urban and industrial wastewater treatment systems to capture synthetic fibers and plastic
particles; (ii) construction of sedimentation ponds to reduce runoff-derived MPs, particularly
from road and tire wear; (ii1) establishment of long-term biomonitoring programs targeting key
fish species; and (iv) development of public awareness and community education programs
focused on reducing single-use plastics, improving waste management practices, and
minimizing the release of plastic fishing gear.

Overall, these findings emphasize the urgent need for stronger environmental regulations and
management actions to protect aquatic ecosystems, safeguard food security, and sustain
livelihoods dependent on wetland fisheries. Future studies should investigate the transfer of
MPs from skin to edible muscle tissues, quantify human dietary exposure, and evaluate the
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effectiveness of mitigation strategies aimed at reducing MP pollution in vulnerable freshwater
ecosystems.
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