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Introduction

Microplastic (MP) pollution in aquatic environments has become a major environmental concern due to its
widespread distribution and detrimental effects on aquatic organisms. Microplastics can accumulate and
biomagnify throughout aquatic food webs, posing substantial ecological risks and raising concerns about
potential threats to human health through the consumption of contaminated aquatic products. In fish, MPs
may cause direct physical damage by accumulating in the gastrointestinal tract, inducing false satiety, and
injuring the gills and other tissues. Moreover, MPs can act as carriers of chemical contaminants that
adsorb onto their surfaces during production or transport in aquatic environments. Once ingested, these
toxic compounds may be released within the fish, adversely affecting physiological functions, including
endocrine regulation and immune responses (Vazirzadeh et al., 2025).

Methodology

To investigate MP accumulation in rainbow trout (Oncorhynchus mykiss), six fish were collected from
each of eight selected trout farms in Fars and Kohgiluyeh and Boyer-Ahmad provinces at each sampling
event over a two-year period. Microplastics were examined in the entire gastrointestinal tract, gills, and a
5-g muscle sample collected from the dorsal musculature above the lateral line. In addition, samples of
incoming water (500 mL) and commercial feed (50 g) were collected to assess potential sources of MP
contamination (Giindogdu et al., 2021). To remove organic matter, tissue samples were digested with 10%
KOH at a tissue-to-solution ratio of 1:10 (v/v) (Devries et al., 2015). Following a 14-day digestion period,
the digested samples were sequentially filtered through stainless-steel sieves and 60-pm paper filters using
vacuum filtration to isolate MP particles. The isolated particles were initially characterized according to
their shape, color, and size using a stereomicroscope. Polymer composition was subsequently identified by
Raman spectroscopy (Gilindogdu et al., 2021).

Results

The gastrointestinal tract contained the highest total number of MPs regardless of particle size or shape.
However, when MP abundance was normalized to tissue weight, the gills exhibited the highest
concentration. Fibers were the predominant particle shape in all examined tissues, accounting for 47.98%,
87.62%, and 57.14% of the MPs detected in the gastrointestinal tract, gills, and muscle, respectively.
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The dominant particle size in the gastrointestinal tract exceeded 1000 um, whereas particles measuring
100-250 pm were most common in the gills and muscle tissue. Significant differences in MP
contamination were observed between the two provinces, with farm water from Fars Province containing
lower MP levels than that from Kohgiluyeh and Boyer-Ahmad Province. In feed samples collected from
the eight farms, fragments were the dominant particle shape (57.14%), with most particles ranging from
500 to 1000 pm. Moreover, Feed from farms in Fars Province contained higher MP contamination than
feed from farms in Kohgiluyeh and Boyer-Ahmad Province. Raman spectroscopy revealed a diverse range
of polymer types, predominantly polyurethane, polyamide, polyether, polystyrene, polyolefins, and
polyhalogenated polymers. Among these, polyamides were the most abundant polymers detected across all
examined tissues.

Discussion and conclusion

The present study investigated the occurrence, distribution, and characteristics of microplastics in different
tissues of rainbow trout -as the cold-species with the highest production rate in Iran- and examined
potential sources of contamination in aquaculture farms. In Kohgiluyeh and Boyer-Ahmad Province, the
highest mean microplastic abundance per gram of tissue was detected in the gills, approximately twice that
observed in the gills of fish from Fars Province. Microplastic concentrations in the incoming water of
farms in Kohgiluyeh and Boyer-Ahmad were also higher than those in Fars, suggesting that the greater
microplastic load in the incoming water may partly explain the higher accumulation in the gills. In
contrast, microplastic abundance per gram of muscle was significantly higher in fish from Fars Province,
where the feed also contained significantly more microplastics than feed from Kohgiluyeh and Boyer-
Ahmad. This pattern suggests that feed may contribute to microplastic transfer to muscle tissue, although
further studies are required to confirm this relationship. In line with present study, Shayana et al. (2022)
examined microplastics in the gastrointestinal tract, gills, and muscle of 56 fish belonging to Selar
crumenophthalmus and Decapterus macarellus from the Maldives. The mean abundance was 4.6 particles
per fish, with gills showing the highest abundance. Microplastics were mainly fragments (57.5%), fibers
(41.5%), and films (1%), and polyethylene (PE) and polypropylene (PP) were the dominant polymers. In
the present study, although the highest absolute number of microplastics was detected in the
gastrointestinal tract, gills showed the highest abundance after normalization by tissue weight. This may
be related to the continuous direct exposure of gills to the surrounding water and their large surface area,
which increases the probability of microplastic retention. The predominance of microplastics in the
gastrointestinal tract was also consistent with previous studies. Microplastics may enter fish through direct
ingestion or unintentionally with food and can cause intestinal obstruction and physical damage,
histopathological alterations, behavioral changes, and disturbances in lipid metabolism (Jovanovic, 2017).
In the present study, fiber-shaped particles were the most abundant. Atamanalp et al. (2021) similarly
reported the highest microplastic abundance in the gastrointestinal tract (40%) of two commercially
important fish species from the Black Sea, followed by the gills. Most particles were fibrous (51%), black
(49%), and 50-200 pm in size. Microplastics may enter aquaculture systems through incoming water,
feed, and secondary generation caused by abrasion and wear of farm equipment and materials (Vazirzadeh
et al., 2025). Feed may represent an important pathway because fishmeal can contain considerable
amounts of microplastics. Thiele ef al. (2021) reported 0.72 microplastic particles per fish and 123.9 +
16.5 particles per kg of fishmeal, with fibers and polyethylene among the dominant components. Thus,
part of the microplastics detected in the present study may have originated from feed ingredients, although
source-tracking studies are needed to determine the relative contribution of feed and water. Raman
spectroscopy revealed a diverse range of polymers in the present study, predominantly polyurethane,
polyamide, polyether, polystyrene, polyolefin, and polyhalofin. Similarly, Keshavarzifard et al. (2021)
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identified polyethylene terephthalate (46%), polypropylene (27%), and polystyrene (27%) as the dominant
polymers in white shrimp (Metapenaeus affinis) from the Persian Gulf. The diversity of polymers detected
in the present study suggests multiple potential sources, including urban and industrial wastewater and
plastic waste. Plastic debris can undergo physical degradation, producing smaller particles that may
subsequently enter aquatic environments and, ultimately, aquaculture systems. Interestingly, larger fish
(>750 g) contained fewer MPs per unit of muscle tissue (one particle per 203 g of muscle) than smaller
fish weighing 250-500 g (one particle per 55 g of muscle). This finding may be associated with faster
somatic growth in larger fish, together with reduced exposure to incoming water, which was identified as
the primary source of MP contamination. During a one-year production cycle, approximately 315,360 L of
water enters a farm for every kg of rainbow trout produced. Based on the measured MP concentrations in
incoming water, this volume introduces an estimated 197,100 MP particles into trout farms in the two
studied provinces. Overall, the findings indicate that microplastic contamination in rainbow trout farms is
likely associated with multiple pathways, particularly incoming water and feed. The differences observed
among provinces and tissues highlight the need for improved monitoring and source-control strategies to
reduce microplastic exposure in aquaculture systems. In conclusion, the findings demonstrate that farmed
rainbow trout from Fars and Kohgiluyeh and Boyer-Ahmad provinces are exposed to considerable MP
contamination. Nevertheless, most MPs accumulated in non-edible tissues, particularly the gastrointestinal
tract and gills, suggesting that the potential risk to consumers through the consumption of fish muscle is
relatively low.
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Table 1: Characteristics of rainbow trout farms sampled to investigate the microplastic contamination in Fars and

Kohgiluyeh and Boyer-Ahmad provinces.

Plj?)gll;lcltai:)n First Second Geographic
Farm ID Location Water Source Capaci Sampling Sampling Coof dinpa tes
pacity Date Date
MT)
. Dena Highlands, Salt Waterfall and 2021-05- 202205 30.854604,
1 Sisakht, Kohglluyeh. and Upstream Springs 250 17 23 51503563
Boyer-Ahmad Province
) Chitab, Kohgiluyeh and Kher;an Ri.VeT 150 2021-05- 2022-04- 30.737080,
Boyer-Ahmad Province ~ (Kabgian River) 17 26 51.312434
Tangeh Sariz) Drainage Well
3 Kohgiluyeh and Boyer- ~ Adjacent to the 60 202311' 0>- 202226'04' 35(}75%2%25‘;’
Ahmad Province Bashar River ’
Gravity-Fed
A Taﬁg'e Slgﬂ;h %“d ]flaSh;' Water Supply 5 2021-05-  2022-06-  30.440228,
¢ Rum, Sohgiiuych an from the Bashar 31 11 51.734830
Boyer-Ahmad Province River
Gravity-Fed
Spring Water with
S Tang-e Tizab, Fars  pogic e i % 2021-06- 202205 30370922,
Province Pumping of Farm 12 07 51.792137
Effluent
Gravity-Fed River
Water via a -06- -07-
6 Kamfiruz, Fars Province Earthre‘rfl anél 40 20221 606 20212 507 3;%%9853%69‘;’
Concrete Canal
Gravity-Fed River
Water through a “11- -08-
7 Margoon, Fars Province Dirverrsiz)lr% 120 20211 41 ! 20222908 3;?5911%52‘;%
Concrete Canal
Gra.wity-Fed 2021-12-
8 Rostam County, Fars Spring Water 20 05 2022-04- 30.497910,
Province through a 09 51.270911

Concrete Canal
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Table 2: Abundance of microplastics observed in rainbow trout farms in Fars and Kohgiluyeh and Boyer-Ahmad

provinces
Province Farm No of MPs in different tissues and resources Total in Total in each
Water Feed Muscle Gill Gastrointestinal each farm province

1 2 1 0 16 8 272

Kohgiluyeh and 2 1 0 0 0 47 48be 1697
Boyer-Ahmad 3 3 1 2 29 23 56°¢
4 0 0 2 13 23 38be
5 0 0 0 7 19 262

6 3 3 2 11 29 48be b

Fars 7 0 2 1 10 37 50 150

8 1 0 2 11 12 26%

(p20.05) axiecs Jo xe g ol L 51 S e g > 0B sla Sile
Means that do not share a letter are significantly different (»>0.05).
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Table 3: Abundance of microplastic in different weight groups of rainbow trout sampled from farms in Fars and
Kohgiluyeh and Boyer-Ahmad provinces

. . Number of fish in No of MPs
Fish weight category - - -
each group Muscle Gill Gastrointestinal Total
Fish <250 g 9 16 12 38¢
Fish 251-500 g 25 25 58 110°
Fish 501-750 g 39 39 78 1582
Fish>750 g 23 17 50 920

(p20.05) axiecs Yo re g kol L 51 S ie gy w3l sla Sile
Means that do not share a letter are significantly different (p<0.05).
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Table 4: Estimated Abundance of microplastics in the feeds of rainbow trout farms in Fars and Kohgiluyeh and
Boyer-Ahmad provinces

. No of MPs
Province
Total in Four farms PerSg Per 1 kg Per 1 MT
Kohgiluyeh and Boyer-Ahmad 2 0.25 50 50,0002
Fars 5 0.625 125 125,000°

(©20.05) wiiecs o sne 5 bl a5 S i By > wBl sl e Sila
Means that do not share a letter are significantly different (p>0.05).
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Table 5: Estimated Abundance of microplastics in the waters of rainbow trout farms in Fars and Kohgiluyeh and
Boyer-Ahmad provinces

. No of MPs
Province
Total in 4 farms Mean per 0.5 L water Mean Per 1 L Per 1 m*
Kohgiluyeh and Boyer-Ahmad 6 0.375 0.75 750*
Fars 4 0.25 0.5 500°

(p20.05) oS Yo re g lol L 51 S e By > 0B sla Sile
Means that do not share a letter are significantly different (p>0.05).
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Figure 1: Distribution of color, size, and shape of microplastics found in the gastrointestinal tract of rainbow trout
from selected farms in Fars and Kohgiluyeh and Boyer-Ahmad provinces.
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Figure 2: Distribution of color, size, and shape of microplastics found in the gills of rainbow trout from selected farms
in Fars and Kohgiluyeh and Boyer-Ahmad provinces
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Figure 3: Distribution of color, size, and shape of microplastics found in the muscles of rainbow trout from selected
farms in Fars and Kohgiluyeh and Boyer-Ahmad provinces
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Figure 4: Distribution of color, size, and shape of microplastics found in the waters of selected rainbow trout farms in
Fars and Kohgiluyeh and Boyer-Ahmad provinces
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