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ABSTRACT  

Microplastic contamination in fluvial systems has emerged as a growing environmental concern linked to urban 

expansion and inadequate plastic waste management. In this study, we assessed the abundance, morphology, color, 

and polymeric composition of microplastics in the surface waters of the Chili River (Arequipa, Peru). Particles were 

identified using stereoscopic microscopy and classified according to shape and color, while chemical characteriza-

tion was performed through FTIR-ATR spectroscopy. Detailed morphological analysis was conducted using scan-

ning electron microscopy coupled with energy-dispersive spectroscopy (SEM-EDS). The analysis revealed a pre-

dominance of fibers of various colors (60–80%), followed by foams and fragments. Chromatic distribution varied 

across sampling sites, with bluish green being the most prevalent color, particularly at TB, where it accounted for 

30% of the fibers. FTIR analysis enabled the identification of widely used conventional polymers, including poly-

ethylene (52.4%), polyethylene terephthalate (23.8%), ethylene-vinyl acetate, and polyurethane. SEM micrographs 

exhibited irregular surfaces, cracks, delamination, and cavities, consistent with progressive physical degradation. 

EDS analysis was also used as a complementary tool to evaluate elemental surface features and possible inorganic 
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deposits, while polymeric identification was based primarily on FTIR-ATR results. These findings suggest that the 

microplastics present in the Chili River are compatible with environmental aging and secondary fragmentation 

processes, reflecting the influence of urban activities on fluvial contamination dynamics.  

1. INTRODUCTION 

Since the mid-twentieth century, plastics production has surged to exponential levels, posing a global threat 

that impacts almost every ecosystem globally (Yang et al. 2024).  Projections indicate that more than 700 million 

tons of plastic waste could accumulate in aquatic and terrestrial environments by 2040 (Lau et al. 2020). This 

increase, driven by unsustainable consumption patterns and deficiencies in waste management systems, has 

positioned plastic pollution as one of the most pressing emerging environmental challenges worldwide (Barnes 

et al. 2009; Peng et al. 2018). Due to their persistence and slow degradation rates, polymers such as polypro-

pylene (PP), polycarbonate (PC), and polyvinyl chloride (PVC) can remain in the environment for extended 

periods, progressively fragmenting into particles smaller than 5 mm, known as microplastics (MPs) (Österlund 

et al. 2023).  

Rivers serve as fundamental transport pathways for microplastics from terrestrial sources to the oceans, 

functioning both as conduits and temporary reservoirs (Yang et al. 2024; Joshi et al. 2025). It is estimated that 

countries with high levels of mismanaged plastic waste may contribute substantially to riverine plastic discharge 

into marine environments (Upadhyay and Bajpai, 2021; Belli et al. 2026). Additionally, recent studies have 

demonstrated that microplastics represent not only a physical contaminant but also a relevant fraction of fossil-

derived particulate organic carbon in fluvial systems, potentially altering biogeochemical processes and the 

global carbon cycle. For example, in large-scale systems such as the Yellow River, annual transport has been 

estimated at up to 7.73 × 10¹⁶ particles delivered to the ocean, underscoring the magnitude of the problem at the 

watershed scale (Liu et al. 2025). 

Numerous investigations have documented the widespread presence of microplastics in river systems with 

varying degrees of urbanization and anthropogenic pressure. Studies conducted in tropical rivers in Malaysia 

have shown that MP abundance and composition are strongly influenced by urban activities, wastewater dis-

charge, and hydrodynamic conditions (Anuar et al. 2023). In Asian river systems (Xiang et al. 2026), population 

density, industrialization, and regional climatic variability have been identified as key drivers influencing the 

spatial distribution and ecological risk of microplastics. Likewise, the Jamuna River in India reported high con-

centrations of fibers and fragments, with polymers such as PE, PET, and PP predominating, along with moderate 

to high ecological risk indices (Islam et al. 2025). In the Latin American context, recent assessments in Brazilian 

rivers highlight the predominance of fibers and common polymers such as PE and PP, while emphasizing the 

need for more comprehensive regional studies (Lebreton and Andrady, 2019; Belli et al. 2026). In this sense, 

the Amazon basin has been identified as a critical region in the transfer of plastics to the Atlantic Ocean, with 
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the Amazon River recognized as one of the main global contributors (Giarrizzo et al. 2019; dos Santos Silva et 

al. 2024). 

Recent research in high-Andean systems of southern Peru has also reported significant microplastic con-

centrations in strategic freshwater reservoirs, such as the Colca–Chili system in Arequipa. These studies indicate 

that climatic factors such as wind dynamics, precipitation, and solar radiation play a crucial role in particle 

transport, fragmentation, and degradation, favoring the accumulation of fibers and particles smaller than 1 mm 

(Banda et al. 2025). In the Arequipa context, the Quilca–Vítor–Chili watershed has shown a predominance of 

fibers and polymers such as PE and PP associated with urban sources and the weathering of larger plastic debris, 

which contributes to the generation of secondary microplastics (Larrea Valdivia et al. 2025). Therefore, the 

present study aims to characterize the shape, color, and polymeric composition of microplastics in the surface 

waters of the Chili River using stereoscopic microscopy, FTIR-ATR, and SEM-EDS, and interpret their degree 

of environmental transformation through the integration of chemical and morphological evidence. Within this 

context, this research seeks to advance understanding of microplastic behavior in urban fluvial systems of the 

Andean region and to provide scientifically robust information for evaluating their environmental impact. 

2. MATERIALS AND METHODS 

2.1. Reagents and equipment 

The materials used in this study were made of glass or stainless steel to prevent contamination from plastic 

residues. Likewise, all reagents were of analytical grade and purchased from Sigma-Aldrich. Infrared spectro-

scopic analyses were conducted using a Bruker FTIR-ATR system (Model 3120), while morphological identi-

fication was performed with a LABTRON stereomicroscope (Model LSM-B12). High-resolution imaging and 

elemental characterization were carried out using a Thermo Scientific (Model Scios 2) scanning electron mi-

croscope equipped with energy-dispersive spectroscopy (SEM-EDS). 

 

2.2. Study area 

Arequipa is the second most populous city in Perú, located on the western slope of the Andes at an altitude 

of approximately 2,320 m above sea level. Based on data from the National Institute of Statistics and Informatics 

(INEI), the metropolitan area of Arequipa has an estimated population ranging between 1.1 and 1.2 million 

inhabitants. Several industrial facilities operate both within and around the city, some of which are situated 

along the banks of the Chili River. The Chili River forms part of the Quilca–Vítor–Chili watershed system, 

which covers an area of 13,529 km². Its river network flows predominantly from east to west before discharging 

into the Pacific Ocean (Carpio Fernández et al. 2022). 

In this study, four sampling sites were selected along an approximately 8 km urban stretch of the river, 

identified as Chilina (CH), Av. La Marina (AM), Tingo (TI), and Tiabaya (TB) (Fig. 1). Sampling was con-

ducted during three periods: May (after the rainy season, which extends from December to March) and subse-
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quently in July and September. The initial sampling campaign followed a period of intense rainfall that gener-

ated extreme turbidity and significant sediment transport, conditions that hindered microplastic identification. 

These points were selected due to their accessibility and because they include areas of tourist, recreational, and 

agricultural relevance.  

  

 

Fig. 1: Sampling sites on the Chili River in the city of Arequipa 

 

2.3. Sampling of water 

Surface water from the river was collected from the designated sites (Fig. 1). No plastic materials were 

used during sampling to prevent contamination. At this stage, river water was collected using a 10 L stainless 

steel bucket with a lid, which was immersed to a depth of approximately 5 cm against the current. The collected 

water was transported to the laboratory in sealed 4 L glass bottles and collected in triplicate at each sampling 

point. Every material used throughout the procedure was thoroughly rinsed with distilled water prior to use to 

minimize potential contamination.  

 

2.4. Sampling preparation  

First, the material retained on the sieve was transferred to a glass beaker for subsequent treatment with 

potassium hydroxide. In parallel, 1 L of water was measured and filtered through a 200 µm mesh, followed by 

organic matter digestion (Mahmud, Roy, Md. Mahmud Kamal Bhuiyan, et al. 2025), with minor modifications. 

For this purpose, 10% potassium hydroxide (KOH) was added at a ratio of 2:1 (solution to sample) for organic 

digestion and kept at 50 °C for 24 h. Following digestion of the organic content, density separation was per-

formed using a saturated sodium chloride (NaCl) solution (~1.2 g/cm³), facilitating the flotation of microplas-

tics. The ≥ 200 µm fraction corresponded to particles initially retained by the mesh, whereas the ≥8 µm fraction 
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corresponded to particles subsequently recovered through vacuum filtration. Both stages were part of the same 

sequential procedure applied to the same processed sample. 

Supernatant was carefully recovered and subjected to vacuum filtration using Whatman No. 4 filter paper, 

with an approximate retention size of 8 µm. All procedures were conducted in triplicate to verify recovery 

efficiency, employing analytical-grade reagents and ultrapure water. Finally, the filter papers were placed in 

glass Petri dishes, covered with aluminum foil, and preserved for subsequent microscopic analysis. 

Although procedural blanks and specific airborne contamination controls were not performed, glass and 

stainless-steel materials were used throughout all analytical stages, and the samples were kept covered with 

aluminum foil to minimize external contamination. Therefore, the predominance of fibers observed in this study 

should be interpreted with caution, considering the potential influence of environmental contamination inherent 

to microplastic processing. 

2.5. Microplastics Separation 

Once the MPs were extracted, the retained particles on the filter paper were examined under a stereomi-

croscope and manually sorted using ultra-fine forceps based on their shape and color. Although gravimetric 

quantification of the recovered particles would have provided additional information, this approach was not 

feasible due to the extremely small size of the MPs. 

Despite this limitation, the particles were successfully isolated and categorized for subsequent polymer 

identification using FTIR-ATR analysis. Selected MPs were also mounted onto double-sided carbon adhesive 

tape to enable detailed surface and morphological characterization by scanning electron microscopy coupled 

with energy-dispersive spectroscopy (SEM-EDS). Sample preparation required microscopic assistance to en-

sure precise manipulation and positioning of individual particles. 

2.6. Chemical characterization by FTIR-ATR 

Polymers were identified, and functional group analysis of the isolated MPs was conducted using a Bruker 

Model 3120 Fourier Transform Infrared (FTIR) spectrometer equipped with a diamond attenuated total reflec-

tance (ATR) accessory. Spectral measurements were acquired over a range of 4000–400 cm⁻¹, using 24 scans 

per sample at a resolution of 4 cm⁻¹. All analyses were performed in triplicate to ensure reproducibility. These 

spectra were normalized at 3760 cm⁻¹, a region where the baseline remained stable, and interference from at-

mospheric water vapor was minimal. This normalization was necessary because absolute absorbance intensity 

depends on the extent of contact between the sample and the ATR crystal surface, a parameter that cannot be 

precisely controlled during measurement.  

2.7. Scanning Electron Microscopy (SEM) and Energy-Dispersive Spectroscopy (EDS) 

The surface morphology of the microplastics was examined using scanning electron microscopy (SEM) 

equipped with an Everhart–Thornley detector (ETD), operating at a working distance of 7–12 mm. Elemental 

composition analysis was carried out by energy-dispersive X-ray spectroscopy (EDS). A Thermo Scientific 

Scios 2 microscope was employed to evaluate the morphological features of the MPs, using magnifications 
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ranging from 125× to 10,000×. To prevent charge accumulation during analysis, the samples were previously 

coated with a thin gold layer using a Q150R ES Plus sputter coater (Quorum Technologies) for 2 minutes prior 

to imaging. 

 

2.8. Data Analysis 

The results obtained were processed using Origin Pro 2025 software. Data are reported as mean values ± 

standard deviation (SD). Standard deviation was calculated to assess variability among sampling sites and par-

ticle categories. Given the exploratory nature of the study and the limited number of samples per site, inferential 

statistical tests were not applied. Accordingly, the analysis focuses on descriptive statistics to highlight distri-

bution patterns in particle shape, color, and polymer type. 

3. RESULTS AND DISCUSSIONS 

3.1. Abundance and distribution of microplastics 

The surface water samples at the different sampling sites showed no visible debris and were characterized 

by a transparent appearance. However, given that microplastics (MPs) are not detectable to the naked eye, all 

samples were filtered using a 200 µm mesh to recover larger microplastic particles as well as associated organic 

residues. Results are shown in Table 1 and report the mean abundance of MPs in the surface waters of the Chili 

River across the four sampling sites during three seasons (autumn, winter, and spring). For the estimation of 

abundance, two size fractions (≥ 200 µm and ≥ 8 µm) were considered to obtain a comprehensive approximation 

of the total number of microplastics per liter of water. The findings indicate that MPs were present in all seasons 

and at all sampling sites, suggesting widespread contamination along the studied river stretch, both spatially and 

temporally. Clear differences were observed among sites and seasons. A descriptive pattern of increasing mi-

croplastics abundance from CH to TB was observed across the sampling periods (Table 1), suggesting cumula-

tive influence of urban activities along the studied rivers section.  

This spatial pattern may be associated whit the influence of downstream urban activities and aligns with 

findings reported for the Quilca–Vítor–Chili watershed, where a generalized presence of MPs in surface waters 

was documented, along with higher abundances associated with urban and agricultural pressures in publicly 

accessible sites (Larrea Valdivia et al. 2025). A similar trend was reported by (Kunz et al. 2023). In the Jamuna 

River (Bangladesh), where river sections flowing through densely populated areas exhibited significantly higher 

MP concentrations than less urbanized stretches, a pattern attributed to domestic effluents and urban waste in-

puts. In contrast, the seasonal increase in microplastic abundance may be interpreted as a response of the fluvial 

system to post-rainfall redistribution processes, peaking during spring. In this season, the highest abundance 

was recorded at site TB, with 23.00 ± 2.00 and 128.33 ± 4.02 MPs/L, whereas the lowest values were observed 

at CH, with 11.33 ± 1.53 and 32.33 ± 2.52 MPs/L (Table 1).  

During the rainy season (summer, December to March), however, MPs may become dispersed, diluted, or 

deposited in sediments and along riverbanks, thereby reducing their detectability within the water column. In 

contrast, during the dry and transitional periods (autumn to spring), characterized by elevated solar radiation 
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and higher temperatures, plastic debris exposed along the banks of the Chili River may undergo photo-oxidation 

and secondary fragmentation. These processes likely contribute to the generation of smaller microplastic parti-

cles and their gradual release into the river channel, which may explain the increased abundance observed during 

spring. This behavior was observed in the Ariyankuppam River (India), where surface-water MP concentrations 

do not reach their highest levels during periods of intense rainfall, but rather during subsequent stages when 

discharge decreases and previously deposited materials are remobilized (Joshi et al. 2025). In the same way, in 

fluvial sediments of the Qin River (China), surface sediment layers were found to accumulate MPs particularly 

fibers and small fragments which may be resuspended into the river channel under variable hydrodynamic con-

ditions (Ma et al. 2025). Similarly. the same behavior was reported in Asian rivers, where reduced discharge 

promotes the release of microplastics stored in sediments, thereby increasing concentrations in the water column 

(Yang et al. 2025).  

Moreover, integrating the 200 µm and 8 µm size fractions enabled the capture of a substantial proportion 

of fine microplastics, contributing to a more representative estimate of actual MP abundance per liter of water 

at the time of sampling (Fig. 2). An apparent increase in MP concentrations from Chilina (CH) to Tiabaya (TB), 

primarily driven by fibers. In addition, recent methodological studies caution that the inclusion of smaller size 

fractions may substantially elevate reported abundance values and complicate direct comparisons across studies. 

Nevertheless, this approach provides a more comprehensive assessment of the true magnitude of microplastic 

contamination in fluvial systems (Büngener et al. 2024; Venkatachalam and Radhakrishnan, 2025). 

In general, the findings for the Chili River are consistent with evidence reported for urban rivers worldwide. 

The observed patterns suggest that this river stretch may be influenced by anthropogenic activities, including 

informal dumping sites, solid waste discharge, restaurants, hotels, and densely urbanized areas, all of which 

contribute significantly to microplastic contamination along this section of the river. 

Table 1. Abundance of microplastics identified per liter of water sampled in May, July, and September 

Season 

Sampling  

Site  

May/Autumn July/Winter September/Spring 

≥200 µm ≥8µm ≥200 µm ≥8µm ≥200 µm ≥8µm 

CH 2.33 ±0.58 5.33±1.53 7.00±1.00 17.67±2.08 11.33±1.53 32.33±2.52 

AM 4.00±1.00 13.00±2.00 11.33±0.58 48.00±2.00 16.33±1.43 81.33±2.31 

TI 6.00±1.00 18.33±1.53 14.00±1.00 59.67±2.52 20.33±1.00 95.00±5.00 

TB  6.67±1.53 19.33±2.08 16.67±1.53 62.00±2.00 23.00±2.00 128.33±4.02 
CH: Chilina, AM: Avenida la Marina, TI: Tingo, TB:Tiabaya  
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Fig. 2. Total abundance of microplastics by season and water sampling site in the Chili River 

 

3.2. Types of plastics, shape and color 

Fig. 3 shows the morphological forms of MPs identified through stereoscopic microscopy at magnifications 

of 60× and 80×. Four primary microplastic morphotypes were distinguished: fragments, films, fibers, and 

foams-based on their color, morphology, and surface appearance under microscopic observation. The particles 

extracted from the filters corresponded predominantly to blue-green, pink, and purple fibers, indicating a sig-

nificant contribution from anthropogenic sources, particularly synthetic textiles and commonly used plastic ma-

terials. The larger fibers, fragments, films, and foams were selected and grouped for subsequent characterization 

by FTIR-ATR. However, some smaller MPs could not be manually retrieved using forceps due to their reduced 

dimensions and, consequently, were not subjected to spectroscopic analysis. This methodological limitation has 

been reported in similar studies and is associated with the inherent challenges of handling micrometric-scale 

MPs (Hidalgo-Ruz et al. 2012; Gune and Martin, 2025). 

Fig. 4 presents the percentage distribution of MPs by shape, color, and polymer type in the Chili River. 

Among the identified particles, fibers were the dominant form, representing 60% at site CH (46 fibers) and 80% 

at TB (195 fibers) (Fig. 4A). Foams constituted the second most abundant category, with 15 units at CH, ac-

counting for 20% of the total at that site. Films were observed in intermediate proportions, ranging from 5 to 

15% across sampling sites, whereas fragments were identified at comparatively lower percentages. These pat-

terns are consistent with those documented in other fluvial systems, where fibers typically constitute the most 

abundant fraction of MPs (Anuar et al. 2023; Harini et al. 2025; Khan et al. 2025a; Ullah et al. 2025). Similarly, 

the present findings align with reports from the Quilca Vitor Chili (Larrea Valdivia et al. 2025), indicating a 

predominant contribution from domestic discharges, synthetic textile fibers, and solid waste deposited along 

riverbanks.  
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Concerning the distribution of color (Fig. 4B), bluish-green particles exhibited the highest percentages, 

with similar values ranging from 25–30% at CH, AM, and TI, and approximately 30% at TB. These were fol-

lowed by pink (10–20%) and transparent particles (10–15%). Red particles showed intermediate proportions 

(5–12%), whereas black-gray particles remained below 10% at all sampling sites. The predominance of bright 

and visibly colored particles may reflect the contribution of secondary plastics derived from packaging materi-

als, household utensils, and dyed synthetic fibers. Additionally, variations in particle color may also be associ-

ated with environmental weathering processes, including pigment fading, bleaching, and photo-oxidative deg-

radation during prolonged exposure to sunlight and environmental conditions, which can alter the original col-

oration of plastic materials (Deocaris et al. 2023). Comparable patterns have been reported in other fluvial sys-

tems, though with considerable regional variability. For example, in the Buriganga and Turag rivers, white 

particles and colors such as red and black were dominant (Mahmud, Roy, Md Mahmud Kamal Bhuiyan, et al. 

2025) whereas in the Pearl River Delta, white (36%) and transparent (20.2%) particles prevailed (He et al. 2025). 

The same way, in highly urbanized systems such as the Diep River, black-gray particles accounted for up 

to 47% of the total MPs (Khan et al. 2025b), a distribution directly associated with tire wear and traffic-related 

particles, consistent with findings for heavily trafficked urban watersheds (Österlund et al. 2023). However, in 

the Chili River, the relatively low proportion of black particles and the predominance of colored fibers suggest 

that domestic discharges and urban solid waste represent the principal sources, rather than intense road runoff. 

Overall, the integration of shape, color, and polymer composition revelated the predominance of polyethylene 

(PE, 52.4%), followed by polyethylene terephthalate (PET, 23.8%), ethylene vinyl acetate (EVA, 19.0%), and 

polyurethane (PUR, 4.8%) (Fig. 4C), among the FTIR – confirmed particles. 

Fragment Fibre Film Foam 
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Fig. 3. Representative stereomicroscope images of the distinct microplastics forms detected in surface waters of the Chili River 

 

 

  

Fig. 4: (A) Percentage distribution of microplastic forms; (B) color distribution of MPs; and (C) relative abundance of polymers 

identified by FTIR-ATR 

 

3.3. Chemical characterization of polymers  

 

Before the spectroscopic analysis, selected microplastic (MP) particles were individually isolated and enu-

merated for FTIR characterization. A total of 34 visually identified particles and one additional particle labeled 

as P Mic were subjected to FTIR-ATR analysis. However, only 21 particles generated spectra with sufficient 

quality for reliable chemical identification. The remaining particles could not be conclusively identified due to 
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their extremely small size, limitations associated with the absence of a micro-FTIR system, or insufficient spec-

tral matching with the reference library. Therefore, the polymer percentages reported in this study correspond 

only to FTIR-confirmed particles and should not be interpreted as representative of all visually identified parti-

cles.  

The FTIR spectra of plastic macro-samples collected along the shore of the Chili River in Arequipa, Peru 

revealed distinct functional groups that allowed classification into three spectrally defined groups (Fig. 5): spec-

tra showing evidence of advanced environmental degradation, including  O-H or N-H vibration and/or emer-

gence of new carbonyl, aldehydic, and associated bands linked to hydrolysis and photo- oxidation (Norrish I 

and II) (Fig. 5A), spectra without clear O-H/N-H signatures of hydrolysis but with relatively complex fingerprint 

regions characteristic of intact or moderately aged engineering polymers (Fig. 5B), and spectra dominated by 

CH stretching and simple fingerprint patterns indicative of hydrocarbon-rich polymers with limited heteroatom 

functionality (Fig. 5C). Across all samples, characteristic absorption bands were consistently detected at 3200–

3500 cm⁻¹ (broad O-H/N-H stretching region), 2500–3100 cm⁻¹ (CH stretching of methylene and methyl 

groups), and 1600–1800 cm⁻¹ (carbonyl stretching), with additional features between 1600–1000 cm⁻¹ corre-

sponding to O–C=O, C–C, C–O–C, and C–C–O vibrations; weak interactions were noted at 1040 cm⁻¹ (C–N) 

and 800–400 cm⁻¹ (C–O and CH₂ bending), while polymer backbone linkages were suggested by C–C–C 

stretching near 1100 cm⁻¹. 

In Fig. 5A, samples Mic, 32, 22, and 20 exhibited O-H stretching band at ~3294 cm⁻¹ and H–O–H bending 

at 1648 cm⁻¹, which may indicate hydrolytic processes or the presence adsorbed moisture (Kotov, Keskitalo and 

Johnson, 2025). A distinct CHO band at 2722–2726 cm⁻¹ is compatible whit oxidative chain scission and may 

be with polyethylene glycol and ethylene vinyl acetate (EVA) systems (Demri et al. 1994; Allen et al. 2000). 

Carbonyl stretching (1740–1731 cm⁻¹) and ester-related bands (1160 cm⁻¹) confirmed early degradation stages 

(Allen et al. 2000; Jin, Chen and Zhang, 2010), with additional CH₂ and CH₃ vibrations (2917, 2867, 1375 cm⁻¹) 

and vinyl CH out-of-plane bending (995, 960, 840 cm⁻¹) supporting EVA identification  (Rozenberg, Loe-

wenschuss and Marcus, 1998; Allen et al. 2000). Sample 33 showed NH stretching (3287 cm⁻¹) and N–H bend-

ing (1534 cm⁻¹) (Coleman et al. 2002; Skrovanek, Painter and Coleman, 2002), alongside urethane carbonyl 

(1731 cm⁻¹) and urea carbonyl (1640 cm⁻¹) in polyether systems (Wang and Cooper, 2002), confirming polyu-

rethane (PUR) presence; strong C–O stretching (≈1090 and 1223 cm⁻¹) further indicated possible urethane net-

work rearrangements or oxidative modification (De Zea Bermudez, Carlos and Alcácer, 1999; Mishra et al. 

2006; Valdés et al. 2018). Sample 25 displayed CH₃ and CH₂ stretching (2956 and 2837 cm⁻¹) (Chen, Hay and 

Jenkins, 2012; Tariq et al. 2020). Furthermore, five diagnostic peaks (1714, 1240, 1090, 872, 724 cm⁻¹) corre-

sponding to ketones (C=O), aromatic/aliphatic ethers (C–O), and aromatic C–H bonds, consistent with polyeth-

ylene terephthalate (PET) (Chen, Hay and Jenkins, 2012; Ioakeimidis et al. 2016; Dodi et al. 2022; Dimassi et 

al. 2023). 

In Fig.5B, spectra lacked OH/NH vibrations; Samples 21, 18, 16, and 12 exhibited CH₃/CH₂ stretching 

(2956, 2917, 2866, 2837 cm⁻¹) (Tariq et al. 2020; Dimassi et al. 2023). Aging degradations are suggested by the 

initial presence of carbonyl (C=O) groups at   ~ 1740 cm-1, indicating oxidative modification rather than ester 
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formation. Shifts in bands at 1652 and 1560 cm-1 may reflect secondary oxidation products or conjugated struc-

tures formed during photo-oxidative aging. Norrish II contributes to the formation of carbonyl and vinyl groups 

via chain scission (Phan, Padilla-Gamiño and Luscombe, 2022). Samples exposed to deionized water show 

peaks at 1100 cm-1 and, especially, at 1000 cm-1; these bands are consistent whit C-O stretching and vinyl 

related vibrations associated with polypropylene oxidation rather than exclusively indicating a Norris type II 

reaction (Gewert, Plassmann and Macleod, 2015; Fernández-González et al. 2021; Phan, Padilla-Gamiño and 

Luscombe, 2022). The characteristic polypropylene peaks (1460, 1376, 1167, 997, 973 cm⁻¹) confirm polypro-

pylene composition (Oreski and Wallner, 2009; Glaser et al. 2019; Tariq et al. 2020). Overall, the coexistence 

of carbonyl formation and diagnostics polypropylene bands indicate photo-oxidative aging with chain scission 

processes rather than predominant crosslinking recombination products.  

In Fig. 5C, spectra of samples 29, 28, 27, 10, 5, 24, 14, 11, 4, 2, and 1 showed simpler functional group 

patterns dominated by CH stretching and limited fingerprint complexity, with diagnostic peaks at 2915, 2848, 

1463, and 718 cm⁻¹ assigned to CH₂ asymmetric stretching, CH₂ symmetric stretching, bending deformation, 

and rocking deformation, respectively, consistent with polyethylene (PE) (Chiu and Hsiao, 2005; Glaser et al. 

2019; Maheswaran et al. 2022; Xu et al. 2024; Khan et al. 2025c). Overall, the FTIR results demonstrate the 

presence of EVA, polyurethane, PET, polypropylene, and polyethylene among the collected plastics, with clear 

evidence of hydrolytic and oxidative degradation processes occurring in the Chili River. 
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Fig. 5: FTIR spectra of the different microplastics identified in the surface waters of the Chili River: (A) EVA, PUR, and PET, (B) PP: 

and (C) PE 

 

3.4. Morphological Characteristics of Microplastics in Water 

Fig. 6 presents the morphological features of microplastics obtained by scanning electron microscopy 

(SEM). The micrographs (Fig. 6A–H) reveal polymer surfaces exhibiting varying degrees of environmental 

degradation. Fig. 6A-B shows a fibrous morphology with an irregular surface and adhered material accumula-

tion can be observed, whereas in other particles (Fig. 6C–H), cracks, delamination, cavities, and brittle fractures 

predominate. These characteristics are consistent with combined processes of mechanical abrasion, oxidative 

photodegradation, and physical erosion, as described in fluvial systems where SEM analyses frequently reveal 

rough surfaces, edge cracks, and irregular topography as consequences of environmental aging (Alam, Shammi 

and Tareq, 2023),(Mahmud, Roy, Md. Mahmud Kamal Bhuiyan, et al. 2025; Ullah et al. 2025; Venkatachalam 

and Radhakrishnan, 2025). Likewise, studies conducted in Southeast Asian rivers report surface fissures and 

structural cohesion loss associated with progressive oxidation and secondary fragmentation (Anuar et al. 2023). 

  SEM-EDS analysis was used as a complementary method to evaluate elemental surface features and 

possible inorganic deposits on the particles. Even though carbon and oxygen were commonly detected, these 

signals were not interpreted as independent confirmation of polymer identity, especially considering the gold 

coating applied before SEM analysis and the possible presence of environmental mineral or salt deposits. The 

occasional detection of Na, Cl, or K was therefore interpreted as evidence of superficial deposits rather than as 

part of the polymer structure. Polymer identification was based primarily on FTIR-ATR analysis. 

The observed morphological alterations are also comparable to reports in which SEM has been used to 

interpret the degree of weathering and transport potential, often associated with increased surface grooves, 

C 
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scratches, and rounded edges (Venkatachalam and Radhakrishnan, 2025). In that context, the presence of rough 

surfaces and linear fractures in particles from the Chili River may reflect prolonged environmental exposure 

and progressive degradation. This evidence is consistent with the FTIR results (Fig. 5A–C), where EVA, PUR, 

PET, PP, and PE exhibited oxidation-related signals and structural modifications, suggesting an ongoing envi-

ronmental weathering process in the Chili River. Overall, the combined SEM, EDS, and FTIR observations are 

consistent whit  environmental weathering and aging processes affecting the analyzed particles within the fluvial 

system. 
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Fig. 6: Scanning electronic microscopy (SEM) images: (A-B) Fibers; (C-D) Fragments, (E-F) Foam, (G-H) Film 

 

4. CONCLUSIONS 

The present study reveals the widespread presence of microplastics in the surface waters of the Chili River, 

highlighting the influence of anthropogenic activities on the generation, transport, and transformation of fluvial 

pollution. The predominance of fibers and fragments, together with the identification of conventional polymers 

such as PE, PP, PET, EVA, and PUR through FTIR-ATR analysis, reflects the contribution of commonly used 

plastic materials and their subsequent environmental fragmentation. The integration of spectroscopic and mi-

croscopic analyses enabled the identification of environmental transformation signals, including the formation 

of carbonyl groups and modifications in characteristic absorption bands, as well as surface features such as 

cracks, delamination, and cavities observed by SEM. This evidence is consistent whit environmental weathering 

and secondary fragmentation processes affecting the analyzed particles. 

Taken together, the results emphasize the importance of applying integrated approaches that combine mor-

phological and chemical characterization to better understand the environmental behavior of microplastics in 

Andean fluvial systems. The information generated provides a relevant scientific foundation for future risk as-

sessments and for the development of management and mitigation strategies aimed at reducing plastic pollution 

in the region. In this context, it is necessary to strengthen integrated solid waste management and urban dis-

charge control in the Chili River basin in order to reduce the generation and input of microplastics (MPs) into 

the fluvial system. Considering that river water is used for agricultural irrigation, the presence of MPs may 

represent a potential pathway for transfer to soils, crops, and livestock, with possible implications for the food 

chain and regional food security. Thus, future research should prioritize evaluating the accumulation, environ-

mental dynamics, and potential ecotoxicological effects of MPs in Andean agroecosystems. 
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