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Abstract 

Microplastic (MP) pollution is a global environmental issue affecting marine and 

terrestrial ecosystems. In Costa Rica, concern is growing, with recent findings in marine 

environment, cattle and pig livers. This study quantified and characterized MPs in 

chicken livers and gizzards intended for human consumption. Samples were collected 

from local butcher shops, digested chemically, and analyzed by microscopy and Fourier-

transform infrared spectroscopy (FTIR). MPs were detected in 82.80% (n = 77) of 93 

livers and 86.84% (n = 99) of 114 gizzards, predominantly as translucent and blue fibers. 

Several polymers, including polypropylene, polyesters, nylon, PMMA, and PVC, were 

identified, though differentiation from natural cellulose fibers remained challenging. The 

widespread presence of MPs in poultry offal highlights potential risks to food safety and 

environmental health, emphasizing the need for improved analytical methods, 

contamination control in production chains, and further research to assess health 

impacts. 

Keywords: microplastics, poultry, chicken, food safety, FTIR 

Resumen 

La contaminación por microplásticos (MP) es un problema ambiental global que afecta 

a ecosistemas marinos y terrestres. En Costa Rica la preocupación crece, con hallazgos 

recientes en ecosistemas marinos, hígados de bovinos y cerdos. Este estudio cuantificó 

y caracterizó MPs en hígados y mollejas de pollo destinados al consumo humano. Las 

muestras se obtuvieron en carnicerías locales, se sometieron a digestión química y se 

analizaron mediante microscopía y espectroscopía infrarroja por transformada de 

Fourier (FTIR). Se detectaron MPs en el 82,80 % (n = 77) de 93 hígados y en el 86,84 

% (n = 99) de 114 mollejas, predominando fibras translúcidas y azules. Se identificaron 

diversos polímeros, entre ellos polipropileno, poliésteres, nailon, PMMA y PVC; sin 
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embargo, la diferenciación entre fibras sintéticas y celulosa natural presentó dificultades. 

La amplia presencia de MPs en vísceras de pollo plantea riesgos potenciales para la 

inocuidad alimentaria y la salud ambiental, lo que resalta la necesidad de métodos 

analíticos más precisos, un mayor control de la contaminación en la cadena productiva 

y más investigaciones sobre su impacto en la salud. 

Palabras clave: microplásticos, aves de corral, pollo, seguridad alimentaria, FTIR

  

 

Introduction  

 

Microplastic (MP) contamination is a significant global environmental problem, 

affecting ecosystems from deep marine environments to polar regions and 

coastlines on every continent (Blumenröder et al., 2017; Cox et al., 2019; Blettler 

et al., 2018; Dris et al., 2018; Horton et al., 2017; Ramachandraiah et al., 2022). 

This pollution also impacts freshwater and terrestrial systems, and MPs can even 

be transported through atmospheric condensation and deposited as rain in 

remote areas (Allen et al., 2019). 

Although MPs in marine organisms are increasingly documented, their presence 

in terrestrial environments remains less studied. Horton et al. (2017) reported that 

plastics released into terrestrial ecosystems are four to twenty-three times higher 

than in marine environments, yet research on their effects on terrestrial fauna is 

scarce. MPs have been detected in milk, meat, food products, and blood (Van 
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Der Veen et al., 2022), as well as in edible species such as earthworms and 

chickens (Huerta Lwanga et al., 2017). 

In Central America, published data are minimal (Ivar Do Sul & Costa, 2014), with 

only Panama reporting MPs in non-edible crustaceans (Davidson, 2012) and 

Costa Rica confirming their presence not only in marine environments (Astorga 

et al., 2022; Johnson et al., 2018) but also in the livers of cattle and pigs intended 

for human consumption (Soto-Barrientos et al., in press). Despite these 

advances, knowledge on the occurrence, sources, and impacts of MPs in the 

country remains limited, underscoring the need for further research to fully 

understand their implications for public health and the environment. Therefore, 

this study aims to quantify and characterize microplastics in chicken livers and 

gizzards intended for human consumption in Costa Rica. 

 

Materials and methods 

 

Samples  

A total of 93 chicken livers and 114 gizzards were analyzed, these samples were 

collected across the country, in the primary meat production regions as follows: 

livers 33 from Huetar Atlántica, 30 from the Central Region, 21 from Huetar Norte, 

and 9 from Chorotega; gizzards 54 from the Central Region, 37 from Huetar 

Atlántica, 13 from Huetar Norte, and 10 from Chorotega (Fig. 1). Sample sizes 

per region were determined based on availability and logistical constraints. 
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Therefore, unequal distribution may introduce regional bias, for this reason, 

statistical comparisons were only made between tissue types. To minimize the 

risk of contamination from packaging or handling, all samples were placed in 

clean, airtight containers upon collection and transported on ice to the laboratory. 

 

Figure 1. Distribution of sample points in the regions of main meat production in Costa 
Rica. Green points are liver samples, and blue points are gizzard samples. 

Figura 1. Distribución de puntos de muestreo en las principales regiones de producción 
de carne en Costa Rica. Los puntos verdes corresponden a las muestras de hígados, y 
los puntos azules a las muestras de mollejas. 

 

 

 

Tissue Processing  
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The tissue process was performed in the Coastal Marine Studies Laboratory 

(LEMACO) at the School of Biological Sciences from National University of Costa 

Rica (UNA). All the laboratory implements were rinsed three times with distilled 

water to reduce possible contamination. Additionally, all glassware was 

meticulously washed, oven-dried, and covered with aluminum foil when not in use 

(Astorga et al., 2022). The sample processes were conducted within a laboratory 

fume hoods, particularly during solution preparation, sieving, and filtration. 

For chemical digestion, entire livers and gizzards were processed. The tissue 

was subjected to chemical digestion with 10% potassium hydroxide (KOH) 

solution to extract MPs, following the methods described by Cole et al. (2013), 

Kühn et al. (2017), and Bessa et al. (2019). Samples were incubated at 60°C and 

300 rpm for 24 hours in a temperature-controlled orbital shaker. After digestion, 

the content was sieved through a 60 µm stainless steel sieve and transferred to 

a clean glass Petri dish. Excess water was evaporated in an oven at 45°C for 30 

hours, with dishes covered by perforated aluminum foil to allow evaporation while 

preventing airborne contamination (Enders et al., 2020).  

For quality control of the experiment, 67 negative controls were performed during 

the treatments with potassium hydroxide, observation, identification and 

validation of microplastics. All particles identified in these controls were fibers, 

and any similar particles found at tissue samples were excluded from the analysis 

(Jabeen et al., 2017). 

Identification and Validation of Microplastics  
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The glass Petri dish with the digest process residual of both types of tissues 

(livers and gizzards) were examined, and all possible plastics particles retain by 

sieved between 60 µm to 5000 µm were classified as MPs, those particles were 

measured and photographed using an OPTIKA SZ-ST2 stereo microscope 

equipped with an AMSCOPE MU1000 camera and AMPSCOPE software for 

image analysis (Andrady, 2011), and further categorized by type as fibers 

(elongated), fragments (irregular pieces), pellets, or films (thin). Additionally, they 

were categorized by color (Enders et al., 2020; Hidalgo-Ruz et al., 2012; Martin 

et al., 2017; Qiu et al., 2016). Statistical comparisons were conducted between 

the MPs concentration (per gram of fresh tissue) in liver tissue and gizzard tissue 

using paired tests. Prior to selecting the appropriate paired test, normality was 

assessed using the Shapiro-Wilk test, and variance was tested using the Fisher 

test (Zar, 2010). Statistical analyses were performed using R Statistical Software 

(R Core Team, 2020). 

FTIR analysis 

Microplastic identification was confirmed using Fourier-transform infrared 

spectroscopy (FTIR) analyses conducted with a Micro-FTIR (Spotlight Frontier 

System 400) equipped with a mercury-cadmium-telluride detector. Before taking 

measurements, the detector reservoir was filled with liquid nitrogen, and several 

parameters were established and controlled as recommended by Andrade et al. 

(2020) and Rathore et al. (2023). 

Point spectra measurement mode was used for MPs identification. A manual 

mapping of the sample holder was conducted, where each observed particle was 
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subjected to 64 scans in reflectance mode. Particle images were captured using 

Omnic™ Picta™ software, and the process took several hours per sample. 

Collected point spectra for each particle were compared against a reference 

polymer spectrum to achieve chemical identification. The identification was 

performed using the instrument’s libraries or by processing the data with the 

Open Specy library. 

For sample preparation, custom aluminum sample holders, gold-coated with lids 

to prevent contamination, were specifically designed in collaboration with the 

Materials Science and Engineering Research Center (CICIMA) at the University 

of Costa Rica (UCR) for MP analysis. Identified, measured, and photographed 

particles using an OPTIKA SZ-ST2 stereo microscope were placed in a glass 

container with ethanol. Suspensions of MP samples in ethanol were carefully 

deposited onto the gold-coated holders, allowing the ethanol to evaporate 

completely before proceeding with the analysis. To prevent contamination, the 

sample containers were washed three times with ethanol to ensure no residual 

MPs remained. The holders were kept covered with gold-coated lids and stored 

in a desiccator throughout the process to prevent external contamination. 

 

 

 

Results 
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Liver results  

A summary comparison between liver and gizzard results is provided in Table 1. 

Of the 93 liver samples analyzed, 82.80% (n = 77) tested positive for the presence 

of MPs, with an average concentration of 0.121 MPs per gram of tissue (±0.15) 

(Table 1). A total of 353 particles were identified, of which 96.60% (n = 341) were 

classified as fibers, with an average length of 1551 µm (range: 200–4830 µm). 

Most of these fibers were blue (35.48%), with the distribution of other colors 

detailed in Table 2. 

Fragments were the second most abundant particle type, with a total of 7 (1.98%), 

most of which were white translucent (n = 4, 57.14%) and averaged 1614 µm in 

size (range: 70–4870 µm). The third type detected was films, with five particles 

(1.42%), all white translucent, and an average size of 1076 µm (range: 650–1370 

µm). In total, 353 microplastics were found in 13 908 grams of digested liver 

tissue, with a cumulative particle length of 545.63 micrometers, resulting in an 

estimated 0.0392 µm of MPs per gram of digested tissue. 

Gizzard results  

Out of the 114 gizzards processed, 86.84% (n = 99) tested positive for the 

presence of MPs. A total of 452 particles were found, of which 96.68% (n = 437) 

were classified as fibers, with an average size of 1579 µm (range: 220–4980 µm) 

(Table 1). Many of these fibers were white translucent (40.27%), with the 

distribution of other colors detailed in Table 2.  

Fragments were the second most abundant particle type, with a total of 14 

(3.10%), most of which were white translucent (n = 9, 64.29%) and averaged 
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1636 µm in size (range: 210–3910 µm). The third type detected was one pellet 

(0.22%), red in color and measuring 1500 µm. In total, 452 microplastics were 

identified in 11,276 grams of digested gizzard tissue, with a cumulative particle 

length of 714.44 µm, resulting in an estimated 0.0401 µm of MPs per gram of 

digested tissue. 

Both tissues were compared by the paired Wilcoxon test, because they did not 

present normality (p<0.05) or homoscedasticity (p<0.05), resulting in a significant 

difference between the gizzard tissue and the liver tissue (W = 4149, p-value = 

0.0071), with the gizzard tissue having the highest amount of MPs. 

Table 1. Comparative microplastic concentrations in chicken liver and gizzard samples. 

Tabla 1. Concentraciones comparativas de microplásticos en muestras de hígado y 
molleja de pollos. 

Feature Livers Gizzards 

Total samples processed 93 114 

Samples with MPs (%) 82.80% (n = 77) 86.84% (n = 99) 

Total MPs detected 353 452 

MPs per gram (avg ± SD) 0.121 ± 0.15 0.187 ± 0.19 

MPs per gram (range) 0.013 – 0.2948 0.013 – 0.2948 

FIBERS   

Count (% of total MPs) 341 (96.60%) 437 (96.68%) 

Average size (µm) 1551 1579 

Size range (µm) 200 – 4830 220 – 4980 

Most common color Blue (35.48%) White translucent 
(40.27%) 

FRAGMENTS   

Count (% of total MPs) 7 (1.98%) 14 (3.10%) 

Average size (µm) 1614 1636 

Size range (µm) 70 – 4870 210 – 3910 
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Most common color White translucent 
(57.14%) 

White translucent 
(64.29%) 

OTHER PARTICLES   

Films 5 (1.42%), all white 
translucent, 1076 µm avg 

(650-1370) 

– 

Pellets – 1 (0.22%), red, 1500 µm 

 

Table 2. Color distribution of microplastics by particle shape in chicken livers and 
gizzards. 

Tabla 2. Distribución de color de microplásticos según forma de partícula en hígados y 
mollejas de pollo. 

 Livers Gizzards 

Color 
Fiber 

n (%) 

Fragment 

n (%) 

Film 

n (%) 

Fiber 

n (%) 

Fragment 

n (%) 

Pellet 

n (%) 

Black 45 (13.20) - - 33 (7.55) - - 

Blue 121 
(35.48) 

- - 148 
(33.87) 

- - 

Blue and 
black 

- - - 1 (0.23) - - 

Green 3 (0.88) - - 3 (0,69) 4 (28,57) - 

Greenish 
blue 

36 (10.56) - - 32 (7,32) - - 

Pink 1 (0.29) - - 1 (0.23) - - 

Purple 3 (0.88) 1 (14.29) - 4 (0.92) 1 (7.14) - 

Red 10 (2.93) 1 (14.29) - 12 (0 

.75) 

- 1 (100.00) 

Translucen
t black 

3 (0.88) - - 6 (1.37) - - 

Translucen
t blue 

11 (3.23) - - 20 (4.58) - - 

Translucen
t colorless 

105 
(30.79) 

4 (57.14) 5 (100.00) 176 
(40.27) 

9 (64.29) - 

Translucen
t red 

- - - 1 (0.23) - - 
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Translucen
t red and 
blue 

1 (0.29) - - - - - 

Translucen
t sky blue 

1 (0.29) - - - - - 

Translucen
t yellow 

1 (0.29) - - - - - 

White - 1 (14.29) - - - - 

Total 
general 

341 (100) 7 (100) 5 (100) 437 (100) 14 (100) 1 (100) 

 

FTIR  

The preliminary analysis of the spectra obtained by Micro-FTIR revealed several 

absorption bands that allow the identification of some microplastics. However, the 

abrasion itself of the MP and the digestion treatment gives deficient resolution 

and missing areas of the spectrum, therefore the accurate material identification 

must be performed cautiously. In cases where instrument´s standard spectral 

libraries were insufficient, it was applied to the Open Specy library for precise MP 

identification, since this library is constantly updated with sample research 

spectrums around the world. 

The main polymers identified were polypropylene (PP), polyesters, polyvinyl 

chloride (PVC), polyethylene terephthalate (PET), polyethylene (PE) and alkaline 

resin. Table 3 shows the polymers identified with a Pearson's correlation 

coefficient above 0.7 for chicken gizzards and chicken liver.  

Table 3. Polymers identified with a Pearson’s correlation coefficient above 0.7 for chicken 
gizzards and liver. 

Tabla 3. Polímeros identificados con un coeficiente de correlación de Pearson superior 
a 0,7 para mollejas e hígado de pollo. 
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Sample PP 
Polyeste

r 
PV
C 

PET PE 
Alkalin
e Resin 

Cellulose 
Rubbe

r 

Chicken 
Gizzards 

3 8 5 1 1 4 N.I. 1 

Chicken 

Liver 
8 1 2 4 3 1 3 1 

 N.I. The polymer was not identified. 

Polyester microplastics were found in most chicken gizzards and polypropylene 

microplastics were found in chicken liver. Other particle spectra in the samples 

were identified as the same microplastics shown in Table 3, however they are not 

considered in this study as they have a lower Pearson's correlation coefficient. 

Poly (diallyl isophthalate) and polyurethane were identified in one particle with a 

0.8 Pearson's correlation coefficient, though these results are not conclusive and 

only give a slight insight of the existence of these microplastics in the sample, 

therefore more samples are required to confirm these results. Additionally, it was 

found to be a high average match with cellulose which is a biopolymer and jute 

fiber, suggesting the presence of natural fibers in the samples. 

 

Discussion 

The detection of MPs in chicken livers and gizzards intended for human 

consumption raises concerns about food safety and environmental 

contamination, indicating a potential route for plastics into the human diet 

(Sharma & Vidyarthi, 2024). Given their ubiquity (Galloway & Lewis, 2016), 

poultry exposure may occur via feed, commonly corn and soybean meal in Costa 

Rica (INEC, 2023), both reported to contain MPs (Garrido-Gamarro & Constanzo, 
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2022; Haluska, 2020; Shi et al., 2023; Walkinshaw et al., 2022), as well as 

through drinking water (Danopoulos et al., 2020). Cross-contamination during 

slaughter, processing and commercialization is also possible (Garrido-Gamarro 

& Constanzo, 2022; Lamourou et al., 2022), underscoring the need for 

contamination controls along the production chain (Sharma & Vidyarthi, 2024). 

MP ingestion in poultry has been associated with inflammation, oxidative stress, 

and impaired nutrient absorption, with possible impacts on gut microbiota and 

systemic health (Sharma & Vidyarthi, 2024).  

The higher MP concentration found in gizzards than in livers aligns with Bilal et 

al. (2023), reflecting the gizzard’s mechanical retention of particles and the 

potential for MPs to physically degrade there. Detection in livers suggests 

translocation from the digestive tract into systemic circulation (Sharma & 

Vidyarthi, 2024). 

According to the visual identification criteria for MPs outlined by Zhang et al. 

(2021), it is essential to consider the shape, size, and color of the MPs. These 

factors are critical for identifying the type of plastic (Zhang et al., 2021). This 

information does not clarify the origin of MPs or how these particles end up in 

animals. The colors of plastics result from the pigments used in their production. 

For instance, black plastics are often made with polyurethane, transparent 

plastics typically consist of polypropylene, opaque plastics usually contain low-

density polyethylene (LDPE), and white plastics are generally made from 

polyethylene. In terms of shape, fibers found in urban areas are linked to 
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industrial activities, while fragments are associated with mechanical and chemical 

degradation processes (Ramachandraiah et al., 2022).  

Preliminary Micro-FTIR analysis revealed detection challenges due to sample 

degradation, polymer blends, and spectral overlaps, consistent with previous 

studies (Riaz & Ashraf, 2015; Corami et al., 2020). Differentiating synthetic MPs 

from cellulose fibers is complicated by KOH digestion not removing cellulose 

(Fendall & Sewell, 2009; Geyer et al., 2017). Suggested improvements include 

pretreatment to remove natural fibers, density separation, and advanced 

digestion methods to increase polymer identification accuracy (Enders et al., 

2015; Lusher et al., 2013; Hurley et al., 2018). 

The identified polymers—polypropylene, polyesters, nylon, PMMA, and PVC—

have varying health and environmental risks. PP and PMMA are generally 

considered safe but can release harmful compounds under certain conditions 

(Yang et al., 2011; Bettencourt & Almeida, 2015). Polyesters contribute 

significantly to microfiber pollution and may contain hazardous additives such as 

antimony (Rudel & Perovich, 2009; Browne et al., 2008; Napper & Thompson, 

2016). Nylon production involves toxic chemicals and can emit hazardous fumes 

when heated (Patel & Bhatt, 2022; Hull & Stec, 2008; Mayer et al., 2024). PVC, 

widely used in flexible and rigid forms, is highly regulated but its additives can 

leach over time, raising ecotoxicological concerns (Carroll et al., 2017; 

Mersiowsky, 2002; Nosova & Uspenskaya, 2023; Nuamzanei et al., 2024; Shen 

et al., 2023; Sun et al., 2024). 
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The presence of microplastics in chicken livers and gizzards raises important 

environmental and health concerns. Identifying the exact sources of this 

contamination is difficult, but the implications for human health and food safety 

are substantial. To address this issue, a comprehensive approach is needed, 

which should include enhanced food safety practices, regulatory measures, 

public education, and ongoing research to better understand and reduce the risks 

associated with microplastic contamination in the food supply chain. 

Using complementary analytical methods and strict sample preparation protocols 

is essential for accurately quantifying and identifying microplastics in biological 

tissues. These measures are crucial for addressing the limitations related to 

spectral quality and polymer degradation. They will also contribute to the 

expanding body of research on microplastic contamination in animal tissues. This 

understanding is vital for evaluating environmental exposure and potential health 

impacts across different trophic levels. 

Conclusions 

This study confirms the presence of MPs in chicken livers and gizzards in Costa 

Rica, adding to recent reports in other livestock species. The findings raise 

significant concerns for food safety and public health, particularly given the 

detection of polymers with potential toxicological risks. Challenges in 

identification highlight the need for advanced analytical methods and larger 

sample sizes. Reducing MP exposure in the food chain will require coordinated 

research, stricter contamination controls, and increased public awareness. 
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