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Abstract

Currently, the presence of anthropogenic microparticles (AMPs) in products intended 
for human consumption has been increasingly reported in science literature. However 
the presence of these pollutants in industrialized beverages has not yet been evaluated 
in many countries. The present study focused on the abundance of AMPs in beverages 
consumed in Brazil: mineral water, soda, juice (pure and not pure), milk and beer. AMPs 
were found in all samples analyzed, with average of 101.89 ± 161.34 AMPs/L. The highest 
average concentration of AMPs was detected in fruit juice, packaged in carton (547.7 ± 
427.7 AMPs/L), while the lowest was found in pure fruit juice, packaged in PET bottles 
(average of 9.1 ± 9.4 AMPs/L). Juice represents the main source of exposure for Brazi-
lian population by the estimated daily intake, followed by water and soda, highlighting a 
continuous human exposure to these contaminants. This study provides a valuable basis 
for future assessments of the potential health risks associated with human exposure to 
AMPs and for the development of public policies aimed at reducing their concentrations 
in products intended for human consumption.
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Resumo

Atualmente, a presença de micropartículas antropogênicas (MPAs) em produtos destina-
dos ao consumo humano tem sido cada vez mais relatada na literatura científica. Contu-
do, em muitos países a presença desses poluentes em bebidas industrializadas ainda não 
foi avaliada. O presente estudo focou na abundância de MPAs em bebidas consumidas no 
Brasil: água mineral, refrigerante, suco (integral e não integral), leite e cerveja. MPAs fo-
ram encontradas em todas as amostras analisadas, com média de 101.89 ± 161.34 MPAs/L. 
A maior concentração média de MPAs foi detectada em suco de fruta envasado em em-
balagem cartonada (547.7 ± 427.7 MPAs/L), enquanto a menor foi encontrada em suco de 
fruta integral, envasado em garrafas PET (média de 9.1 ± 9.4 MPAs/L). O suco representa a 
principal fonte de exposição para a população brasileira, de acordo com a ingestão diária 
estimada, seguido por água e refrigerante, evidenciando uma exposição humana contí-
nua desses contaminantes. Este estudo fornece uma base valiosa para futuras avaliações 
dos potenciais riscos à saúde associados à exposição humana às MPAs e para elaboração 
de políticas públicas voltadas para a redução de suas concentrações em produtos desti-
nados ao consumo humano.

PALAVRAS-CHAVE: Segurança alimentar; Poluição; Risco de ingestão; Micropartículas 
antropogênicas.

1. Introduction

The production and consumption of polymeric materials and other 
synthetic compounds have grown exponentially in recent decades (Napper 
& Thompson, 2020), driven by the increasing demand for plastic polymers, 
which resulted in a production of approximately 414 million metric tons of 
these materials in 2023 (Plastics Europe, 2024). This proliferation, coupled 
with inefficient management and disposal systems, emerge as one of the 
main environmental and public health concerns (Amato-Lourenço et al., 
2020; Lee et al., 2024).

Synthetic or semi-synthetic materials often incorporate chemical ad-
ditives to meet specific commercial purposes, such as bisphenol A, phthala-
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tes, and flame retardants (Teuten et al., 2009; Campanele et al., 2020), which 
may pose risks to human health when released from the matrix, absorbed 
by organisms, and transferred along food chains through bioaccumulation 
and biomagnification (Kumar et al., 2022). Furthermore, particles derived 
from these materials can interact with hazardous contaminants such as he-
avy metals, polycyclic aromatic hydrocarbons, polychlorinated biphenyls, 
organochlorine pesticides, and pharmaceuticals (De-La-Torre, 2020; Tang 
et al., 2020; Vasudeva et al., 2025), which are associated with clinical alte-
rations in liver function, insulin resistance, reproductive and neurological 
disorders, as well as endocrine and cardiovascular dysfunctions (Karbalaei 
et al., 2018; Campanele et al., 2020; Senathirajah et al., 2021).

Within this context, anthropogenic microparticles (AMPs), including 
microplastics (MPs), synthetic and semi-synthetic fibers, cellulose-based 
regenerated fibers, paint particles, and other anthropogenic debris smal-
ler than 5 mm, have attracted considerable scientific attention due to their 
widespread distribution and potential environmental and human health 
impacts (Andrady, 2017; Athey & Erdle, 2022; Finnegan et al., 2022). Among 
these particles, MPs are recognized for their high adsorption capacity, and 
potential to transport and release toxic contaminants into the environment 
(Karbalaei et al., 2018; Kim et al., 2021). These microparticles may be inten-
tionally manufactured at sizes below 5 mm or result from the degradation 
of larger items, such as household utensils, fishing nets, and even the wa-
shing of textiles (Browne et al., 2011; Andrady, 2017; Fu & Wang, 2019). As 
a consequence, they are widely distributed in both aquatic and terrestrial 
environments, being incorporated into biota (Fu & Wang, 2019; Napper & 
Thompson, 2020; Wang et al., 2021) and transferred along food webs throu-
gh predator–prey interactions (Le Guen et al., 2020). This process ultimately 
leads to increasingly frequent human exposure through inhalation, dermal 
contact, or ingestion (Sangkham et al., 2022; Yang et al., 2022).
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Among exposure routes, the ingestion of contaminated food stands 
out as one of the main entry points of these microparticles into the human 
body (Tang et al., 2024). Their presence has been documented across a wide 
range of food sources, including fish (Patidar et al., 2024; Jin et al., 2025), 
mollusks (Chinfak et al., 2024; Ribeiro et al., 2025), crustaceans (Amponsah 
et al., 2024; Mercy & Alam, 2024; Khan et al., 2025), vegetables (Conti et al., 
2020; Bai et al., 2025), salt (Yang et al., 2015; Suteja et al., 2025), sugar and 
honey (Liebezeit & Liebezeit, 2013; Basaran et al., 2024a; Schuab et al., 2025), 
beer (Liebezeit & Liebezeit, 2014; Kosuth et al., 2018), milk and dairy pro-
ducts (Kutralam-Muniasamy et al., 2020; Visentin et al., 2024; Visentin et al., 
2025), soft drinks (Altunisik, 2023; Basaran et al., 2024b; Hoseinzadeh et al., 
2024; Ta et al., 2025), energy drinks (Shruti et al., 2020), tea (Hernandez et al., 
2019; Chaïb et al., 2025), coffee (Al-Mansoori et al., 2025) and water (Mason et 
al., 2018; Schymanski et al., 2018; Samandra et al., 2022; Nocón et al., 2023). 
Once ingested, these microparticles and their associated contaminants can 
accumulate in the body (Yang et al., 2022), being detected in organs (Zhu et 
al., 2024; Oliveira et al., 2025), blood (Leslie et al., 2022), excretions (Schwabl 
et al., 2019; Huang et al., 2022; Massardo et al., 2024), human breast milk (Ra-
gusa et al., 2022), and semen (Montano et al., 2023).

Given their potential adverse effects (Chakraborty et al., 2024; Chen et 
al., 2024), it is essential to identify the sources of human ingestion of these 
particles. Although this task is complex, it is known that plastic packa-
ging and containers act as vectors of contamination, and consequently, of 
other pollutants in human food (Winkler et al., 2019; Du et al., 2020; Fadare 
et al., 2020). Additionally, the risk of contamination during the production 
of industrialized foods should be considered, due to the widespread pre-
sence of these particles in freshwater systems and the atmosphere (Ama-
to-Lourenço et al., 2020; Altunisik, 2023).
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Among globally consumed foods, industrialized beverages stand out, 
either due to potential contamination of raw materials or exposure to con-
taminants throughout the production process until reaching the final con-
sumer (Adjama et al., 2024). In Brazil, research on anthropogenic micropar-
ticles has focused primarily on environmental contamination, including 
sediments (Gerolin et al., 2020; Camargo et al., 2022; Zanetti et al., 2025), 
aquatic systems (Garcia et al., 2020; Olivatto et al., 2024), and organisms 
(Mateos-Cárdenas et al., 2021; Schuab et al., 2023; Jankauskas et al., 2024; 
Rabelo et al., 2025). The presence of these particles has also been repor-
ted in organisms consumed by the population (Nunes et al., 2021; Bom & 
Sá, 2022; Alves & Figueiredo, 2023; Cruz et al., 2023) and in drinking water 
(Pratesi et al., 2021).

Quantification of human ingestion is challenging mainly due to uncer-
tainty on the concentration of these particles in food items (Kwon et al., 
2020; Socas-Hernández et al., 2024), a critical factor for health risk assess-
ment (Eriksen et al., 2023). Despite this, there is a significant knowledge gap 
concerning the presence of these microparticles in industrialized beverages 
consumed in developing countries such as Brazil (Sewwandi et al., 2023). 
In this context, the present study aims to assess the abundance of these 
particles in different commercial beverages in Brazil, thereby allowing an 
estimation of the Brazilian population’s exposure through ingestion.

2. Material and Methods

2.1 Samples

A total of six types of beverages, belonging to different categories 
and brands, were purchased from markets in the city of Vitória, state of 
Espírito Santo, Brazil. The samples included: two mineral waters from dif-
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ferent brands, two beers from different brands, one lemon soda, two gua-
raná soda, one milk, one “orange-flavored” juice, and one apple pure jui-
ce. All beverages were purchased and analyzed in triplicate, a procedure 
considered appropriate for exploratory analyses of anthropogenic micro-
particles, allowing statistical validation of the results and assessment of 
variability among samples, totalizing 30 samples. Brand selection conside-
red national coverage, taking into account their predominance and wide 
distribution in Latin America. Market sampling was conducted randomly 
to ensure overall representativeness of the local market and to avoid bia-
ses associated with specific production batches. This strategy aimed to 
reduce the possibility of detecting isolated contamination events from a 
single production line. The main characteristics of the samples, including 
packaging type, volume, and beverage category, are described in the Su-
pplementary Material. Brand names were omitted for ethical reasons and 
to preserve the impartiality of the analysis.

2.2. Extraction of Anthropogenic Microparticles

AMPs were extracted from the samples using the filtration method 
described by Shruti et al. (2020). Samples were filtered using a vacuum 
pump and a 1.2 μm glass fiber membrane (GF/C Whatman), which allows 
the retention of the full size range reported in the literature for these parti-
cles (Frias & Nash, 2019) and requires less analysis time compared to smal-
ler pore-size filters (0.47 μm), thereby reducing the risk of contamination. 
All filters were carefully transferred to pre-cleaned Petri dishes using stain-
less steel forceps (ABS STAINLESS L18- W4 0424), covered with aluminum 
foil, and dried in an oven at 50°C for 24 hours for subsequent analysis.
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2.3. Characterization of Anthropogenic Microparticles

The filters were analyzed by visual inspection and documented photo-
graphically using a stereomicroscope equipped with a digital camera (Moti-
cam Pro 252A). The entire surface of each filter was carefully examined, and 
detected microparticles were measured and classified according to their 
morphology (fibers, fragments, spheres/pellets, films, and foams) and co-
lor, following the identification protocols of GESAMP (2019), Lusher et al. 
(2020), and Miller et al. (2021). The morphological categories were defined as 
follows: fibers (elongated particles with length significantly greater than wi-
dth), fragments (irregularly shaped particles resulting from the degradation 
of larger items), spheres/pellets (rigid, rounded, or spherical particles), films 
(flexible particles with smooth or angular edges), and foams (compressible 
particles that deform under pressure and return to their original shape). Size 
classification was performed using Motic Images Plus 3.0 software. To en-
sure accurate identification and avoid overestimation of anthropogenic mi-
croparticles, only particles meeting the following criteria were considered: 
homogeneous coloration, resistance to compression and heat, and absence 
of cellular structures, as proposed by Hidalgo-Ruz et al. (2012) and Beckin-
gham et al. (2023). Furthermore, to ensure consistency in the analyses, all 
samples were evaluated under the supervision of the same researcher, mini-
mizing subjectivity in microparticle identification.

2.4 Contamination prevention

Preventive contamination measures were taken during both sampling 
and laboratory analysis (Prata et al., 2021; Ta & Promchan, 2024). All flasks, 
beakers, Petri dishes, and filtration kits were pre-cleaned using distilled 
water that had been previously filtered through 1.2 μm pore size glass fiber 
filters (GF/C Whatman) to prevent the introduction of exogenous MPs du-
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ring the process. Work surfaces were cleaned with 70% ethyl alcohol befo-
re and during the experiments. Doors and windows remained closed, and 
air conditioning units were turned off during the extraction and analy-
sis of AMPs. Additionally, all glassware and equipment were covered with 
aluminum foil when not in use, as a precaution against the deposition of 
airborne particles. Blank tests were also conducted for all laboratory pro-
cedures and sample identifications, using glass fiber filters placed in open 
Petri dishes exposed to the air. In cases where contamination was detec-
ted in the blank tests, the corresponding values were subtracted from the 
respective samples. Throughout all stages of processing and analysis, the 
use of 100% cotton lab coats and latex gloves was mandatory to minimize 
secondary sources of contamination.

2.5 Statistical analysis

Analysis of variance (ANOVA) was conducted for assessing statistical 
differences among AMPs concentrations in different types of beverages, 
using RStudio software (RStudio Team, 2021). To meet the assumptions 
of normality, variance homogeneity, and independence, the original data 
were transformed using the Box-Cox method for calculating Euclidean 
distance between them. The variables included for analysis were: (i) types 
of beverages (beer, soda, juice, water and milk) (ii) types of beverages from 
different brands (beer1, beer2, fruit juice, pure fruit juice, guarana soda 1, 
guarana soda 2, lemon soda, milk, mineral water 1 and mineral water 2) (iii) 
types of packaging (carton, aluminum can and plastic). Tukey’s post-hoc 
tests were performed to identify which pairs of groups differed from each 
other. Differences are considered statistically significant when p < 0.05.
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2.6 Estimated Daily Intake of Anthropogenic Microparticles

The exposure of the Brazilian population to AMPs was estimated 
through the calculation of the Estimated Daily Intake (EDI), using an equa-
tion adapted from Socas-Hernández et al. (2024):

where C represents the mean concentration of AMPs (items.L-1) and 
I corresponds to the average beverage consumption (L). Data on per capi-
ta beverage consumption in Brazil were obtained from Instituto Brasileiro 
de Geografia e Estatística, in portuguese (IBGE, 2019) and Serviço Geoló-
gico do Brasil (SGB). Since IBGE reports intake values in grams per day, 
an approximate mean density of 1 g.mL-1 was adopted for all beverages, 
allowing the conversion of values to liters (Socas-Hernández et al., 2024).

3. Results

An average of 1.83 ± 1.84 AMPs was found in the blank tests, equally 
divided between fibers and fragments (50% each), with sizes ranging from 
0.02 to 3.7 mm. These values were subtracted from the results of the beve-
rage samples. A total of 589 anthropogenic microparticles were detected 
across the all analyzed samples, consisting of triplicates of ten beverages 
from different brands. All samples contained AMPs in various forms (fi-
bers, fragments, films, pellets, and foams), sized, and colors. Examples of 
the particles identified are presented in Figure 1.
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Figure 1. Photographs of anthropogenic microparticles detected during this study on 
different types of beverages. (A - D and I): fragment, (E - H): fiber.

Mean AMPs concentrations varied widely among the beverages from 
different brands, ranging  from 9.14 ± 9.4 to 547 ± 428 particles/L, which 
were also reflected in the grouped means of each beverage category: Beers 
(54.8 ± 49.9), Lemon soda (22.8  ± 25.2), Mineral water (49.2 ± 18.4), Milk 
(63.5 ± 46.5), Juices (277.9 ± 399.9), and Guaraná soda (84.4 ± 125.8). The 
highest concentrations were detected in the fruit-based drink packaged in 
a carton, while the lowest concentrations were observed in the pure fruit 
juice packaged in polyethylene terephthalate (PET) bottles (Figure 2).
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Figure 2. Comparison of anthropogenic microparticles concentration (mean and stan-
dard variation) among beverages from different brands.

AMPs sizes ranged from 0.05 mm to 4.04 mm. Beer showed the largest 
particles and widest size range (0.32 to 4.04 mm), whereas milk contained 
the smallest particles, with a mean size of 0.24 mm and the narrowest ran-
ge, from 0.09 mm to 0.41 mm (Figure 3). Regarding packaging type, beve-
rages in carton packages exhibited the highest AMPs concentrations and 
the smallest particle sizes, while those in plastic bottles had the lowest 
concentrations, and those in aluminum cans presented larger particles (Fi-
gures 2 and 3).

https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.132


Summa Med. Health Sci. 2026; 2: e132
summajournals.org/smhs

What’s in Our Drinks? First Comparison of Anthropogenic Microparticles 
Contamination in Industrialized Beverages in Brazil
Alver et al.   |        10.63923/smhs.2026.132

12

Figure 3. Comparison of anthropogenic microparticles size (mean and standard devia-
tion) among beverages from different brands.

Among the identified shapes, fragments were the most prevalent 
(62.5%), followed by fibers (31.9%), films (3%), and pellets (2%). Foams ac-
counted for only 0.5% of the samples. The most frequently observed shape 
was fiber, detected in 96.7% of the samples, followed by fragments, present 
in 86.7%. A higher proportion of fragments was found in most of the analy-
zed beverages, except for Beer 2, pure fruit juice, and guaraná soda, which 
exhibited a greater abundance of fibers (Figure 4). Regarding color, AMPs 
were identified in black, blue, red, gray, pink, purple, yellow, brown, oran-
ge, white, and transparent. The most common colors across all beverages 
were black (53.3%) and blue (21.2%), although relative color dominance 
varied among beverages from different brands (Figure 5).

https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.63923/smhs.2026.132


Summa Med. Health Sci. 2026; 2: e132
summajournals.org/smhs

What’s in Our Drinks? First Comparison of Anthropogenic Microparticles 
Contamination in Industrialized Beverages in Brazil
Alver et al.   |        10.63923/smhs.2026.132

13

Analysis of variance (ANOVA) showed a significant difference among 
beverages analyzed from different brands (beer 1, beer 2, lemon soda, mi-
neral water 1, milk, fruit drink, mineral water 2, bottled guaraná soda, can-
ned guaraná soda and pure fruit juice). The Tukey test showed that the 
differences in AMPs concentration among the analyzed items were betwe-
en the fruit drink and guarana soda, lemon soda, and pure juice, and also 
between the pure juice and the guarana soda. Regarding the different pa-
ckaging (aluminum, carton and plastic), we found a significant difference 
between items packaged in carton and in plastic bottles (p < 0.05).

The estimated daily intake of AMPs by the Brazilian population, ex-
pressed as items.day-1.per capita, was calculated for each beverage category 
based on the average of the different brands (Table 1). Juice contributed the 
most to AMPs intake, with a mean value of 39.18 items.day-1.per capita. Wa-
ter (14.27 items.day-1.per capita) and soda (7.18 items.day-1.per capita) also 
presented significant contributions. Beer (1.92 items.day-1.per capita) and 
milk (1.02 items.day-1.per capita) showed relatively low AMPs intake values. 
The sum of all beverage categories resulted in a total EDI of 63.57 items.day-1.
per capita, indicating a considerable exposure of the Brazilian population to 
anthropogenic microparticles through daily beverage consumption.
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Figure 4. Comparison of the anthropogenic microparticles shape predominance (%) 
among beverages from different brands.

Figure 5. Comparison of the anthropogenic microparticles color predominance (%) 
among beverages from different brands.
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Table 1: Brazilian estimated daily intake (EDI) of anthropogenic microparticles (AMPs) 
from different beverage categories.

Beverage Per capita intake (L/day)* AMPs intake/day

Milk 0.016 1.016

Beer 0.035 1.918

Juice 0.141 39,184

Soda 0.067 7,182

Mineral water 0.29 14.269

*Data obtained from the Instituto Brasileiro de Geografia e Estatística (IBGE) and 
Serviço Geológico do Brasil (SGB

4. Discussion

The results of the present study suggest that AMPs contamination in 
industrially produced beverages in Brazil occurs regardless of beverage 
type or packaging material. All analyzed samples contained AMPs particles 
displaying a wide range of shapes, sizes and colors, indicating multiple 
potential sources of contamination (Basaran et al., 2024). The predominan-
ce of fragments and fibers, along with the diversity of colors, particularly 
black and blue, further supports the hypothesis of multiple origins. The 
highest concentrations of AMPs were observed in a fruit-based beverage 
packaged in multilayer carton and in beer stored in an aluminum can. Both 
samples showed a predominance of fragments, which may be attributed 
to the degradation of larger plastic items or the accidental introduction 
of AMPs during industrial processing (Mason et al., 2018; Sewwandi et al., 
2023). In contrast, the lowest AMPs concentration was found in pure fruit 
juice packaged in a PET bottle. 

Although plastic packaging is often associated with AMPs contami-
nation, the results indicate that beverages stored in non-plastic materials, 
such as aluminum cans, also exhibited higher levels of AMPs compared to 
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those packaged in plastic bottles. This finding suggests that contamination 
sources other than packaging material may play a substantial role in AMPs 
occurrence (Basaran et al., 2024). However, the highest AMPs concentra-
tion was observed in the fruit-based beverage packaged in a multilayer 
carton package. Since this type of packaging contains polyethylene layers 
in addition to paper and aluminum, the package itself may contribute to 
particle release during manufacturing, storage, transport, or handling, re-
presenting a potential source of contamination alongside industrial pro-
cessing (Ma et al., 2024).

Despite this possibility, the present results do not allow the observed 
contamination to be directly attributed to the packaging material. Since 
polymer identification was not performed, it is not possible to determi-
ne whether the detected particles are chemically compatible with polye-
thylene layers present in carton packages or originate from other sources 
associated with beverage production and processing.

Differences in AMPs concentrations among beverages may be more 
closely related to the complexity of industrial processing than to packa-
ging material. Beverages such as fruit-based drinks and soft drinks under-
go multiple production, transport, and storage stages involving numerous 
ingredients and additives, increasing the number of potential contamina-
tion pathways (Shruti et al., 2020; Diaz-Basantes et al., 2020). Conversely, 
pure fruit juice, which exhibited the lowest AMPs concentration, generally 
undergoes less processing and has a simpler formulation.

The distribution of AMPs by shape and color observed in this study 
aligns with findings reported in several regions worldwide (Table 2). Interna-
tional studies have documented a wide range of AMPs concentrations in be-
verages, with high levels found in milk from India (Kiruba et al., 2022), Ban-
gladesh (Chakravorty et al., 2024) and Italy (Visentin et al., 2025), beer from 
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Mexico (Shruti et al., 2020) and France (Chaïb., 2025), and soft drinks from 
Poland (Nocoń et al., 2023). Conversely, lower concentrations have been re-
ported in fruit juices from China (Lam et al., 2024) and Turkey (Basaran et al., 
2024), highlighting how differences in industrial processing methods and 
national regulatory frameworks can influence contamination levels.

Table 2: Comparison AMPs, including MPs, presence in industrialized beverages across 
different studies and countries. Conc. = Concentration; NI = Not informed. (continued).

Country Beverages Conc. (average ± SD) Size 
(μm) Shape Colors Reference

Germany Beer
Fiber: 2 - 79

Fragment: 12 - 109
Granules: 2 - 66

NI
Fiber, frag-
ment and 
granules

NI Liebezeit e Li-
ebezeit, 2014

USA, Italy, 
India, Mexico, 
United King-
dom, France, 

Germany, 
Libyan, Brazil 

and China

Mineral water 7 ± 47 6.5 - 100 Fragment, 
fiber, foam NI Mason et al., 

2018

Germany Mineral water 2649 ± 2857 ≤1.5 – 5 Fragment Blue, yellow, 
violet and red

Oßmann et al., 
2018

Germany
Mineral water 

(PET and 
TetraPak)

PET: 14 ± 14
TetraPak: 11 ± 8 5 – 20 Fragment NI Schymanski et 

al., 2018

Ecuador Milk, beer 
and soda

Milk: 40
Soda: 32
Beer: 47

13.45 -
6741.48

Fiber and 
Fragment

Green, yellow, 
red, violet and 

blue
Diaz-Basantes 

et al., 2020

Thailand Water 140 ± 19 6.5 - >50 Fibers and 
fragments

Transparent, 
blue and brown

Kankanige & 
Babel, 2020

Mexico Milk 6.5 ± 2.3 <500  - 
2000

Fiber and 
fragment

Blue, red, pink 
and brown

Kutralam-Mu-
niasamy et al., 

2020

Mexico Soda and 
beer

Soda: 40 ± 24.53
Beer: 152 ± 50.97

100 - 
3000

Fibrer and 
fragment

Blue, brown, 
red, green and 

black
Shruti et al., 

2020
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Country Beverages Conc. (average ± SD) Size 
(μm) Shape Colors Reference

Thailand Water 140 ± 19 6.5 - 100 Fibers and 
fragments

Blue, green, red, 
brown, black 

and transparent
Kankanige & 
Babel, 2020

Ira Water 8.5 ± 10.2 NI Fragment 
and fiber

White, transpar-
ent and black

Makhdoumi et 
al., 2021

India Milk 301 < 500
Fiber, frag-
ment and 

pellet
Pink, purple 

and blue
Kiruba et al., 

2022

Malaysia Water 11.7 ± 4.6 25 - 5000 Fragment 
and fiber

Transparent, 
blue and green

Praveena et al., 
2022

Australia Water 13 ± 19 77 ± 22 Fragments 
and fibers NI Samandra et 

al., 2022

Turkey Soda (PET e 
Tetra Pak) 8.9 ± 2.95 10 – 

1000
Fragment, 
fiber and 

foam

Transparent, 
blue, grey, red, 

black, green 
and yellow

Altunisik, 2023

Turkey Milk 6 ± 5 25 - 5050 Fiber and 
fragment

Black, green, 
brown, grey, 
blue and red

Basaran et al., 
2023

Italy Soda 9.94 ± 0.33 36 - 2228 Fiber and 
fragment NI Crosta et al., 

2023

Polski Soda and 
water

Soda: 1000 - 1500
Water: 4167 - 14556 NI Fiber and 

fragment NI Nocoń et al., 
2023

Turkey Mineral water 
and soda

Mineral water: 1.13
Soda: 0.30

Water: 
470 - 970

Fiber e frag-
ment

Blue, trans-
parent, black, 
green, red and 

white

Basaran et al., 
2024

Ira Soda 21.90 ± 25.72 1 - 1500 Fiber and 
fragment

Black, red and 
green

Hoseinzadeh 
et al., 2024

China Juice and 
soda

Juice: 30 ± 28.5
Soda: 49.3 ± 54.5

30 - 
4257.1

Foam, frag-
ment and 

fiber

Transparent, 
white, red, pink, 
purple, orange, 
yellow, green, 

blue and black

Lam et al., 2024
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Country Beverages Conc. (average ± SD) Size 
(μm) Shape Colors Reference

Bangladesh Milk 182.27 ± 55.13 <1000 - 
<1000

Fiber, frag-
ment and 

film

Transparent, 
black, red, blue, 

white, green, 
yellow and 

violet

Chakravorty et 
al., 2024

United King-
dom

Juice and 
Soda

Juice: 30 ± 11
Soda: 17 ± 4

Juice: 
33.1 ± 
21.9

Soda: 
31.0 ± 
12.8

Fragment 
and fiber - Al-Mansoori et 

al., 2025

France
Water, Soda, 
Lemonade, 

and Beer

Water: 2.9 ± 0.7
Soda: 31.4 ± 16

Lemonade: 
45.2 ± 21.4

Beer: 82.9 ± 13.9

30 - 500 Fiber and 
fragment - Chaïb et al., 

2025

Italy Milk 350 ± 529.9 24 - 4817
Fragment, 
fiber and 

pellets

Grey, brown, 
black, blue, red 
and transparent

Visentin et al., 
2025

South Africa
Alcoholic 

beverages and 
Non-alcohol-
ic Beverages

15 ± 7,6 20 – 
3000

Fibers, 
fragments, 

granules 
and films

Black, gray, 
blue, red and 

green
Ramaremisa et 

al., 2025

Thailand Soda 2 ± 3 to 39 ± 10 50 - 2000
Fragments, 
fiber and 

sphere
- Ta et al., 2025

Brazil

Beer, juice, 
soda lem-

onade, milk, 
mineral water 

and soda 
guarana

Beer: 54.8 ± 49.9;
Soda Lemonade: 22.8 

± 25.2;
Juice: 277.9 ± 399.9;

Milk: 63.5 ± 46.5;
Mineral water: 49.2 

± 18.4;
Soda guarana: 84.4 ± 

125.8.

50 - 4040
Fragment, 

fiber, foam, 
pellets and 

foam

Black, blue, 
red, grey, pink, 
yellow, brown, 
orange, purple, 

white and trans-
parent

Present study

According to Lam et al. (2024), the presence of AMPs in industrially 
produced beverages is to be expected, given that water, an essential com-
ponent of these formulations, can serve as a primary source of contamina-
tion. However, the persistence of contamination even after water filtration 
remains a relevant concern, particularly due to atmospheric deposition in 
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industrial settings, where synthetic particle concentrations in the air are 
notably high (Dris et al., 2017; Enyoh et al., 2019).

The predominance of fragments observed in the present study su-
pports this hypothesis, as this particle type is typically associated with de-
gradation processes occurring in the environment (Thompson et al., 2004; 
Browne et al., 2007; Andrady, 2011). Additional sources of AMPs include fi-
bers shed from workers’ clothing, equipment wear, plastic containers used 
for ingredient storage (Oßmann et al., 2018; Altunisik, 2023; Sobhani et al., 
2020), and even specific processing steps, such as filtration in dairy pro-
duction (Kutralam-Muniasamy et al., 2020). Mechanical abrasion and the 
fragility of packaging materials may also contribute to AMPs release during 
storage and transportation (Schymanski et al., 2018; Winkler et al., 2019).

In the present study, beverages packaged in multilayer cartons con-
tained smaller particles, whereas those in aluminum cans exhibited AMPs 
of marger dimensions, likely reflecting differences in manufacturing pro-
cesses (Sewwandi et al., 2023). This finding is particularly relevant becau-
se the smallest particles were observed in the beverage category that exhi-
bited the highest AMPs concentrations. The combination of high particle 
abundance and reduced particle size suggests a possible contribution 
from sources associated with industrial processing and bottling opera-
tions. Additionally, fibers were predominant in beverages packaged in PET 
bottles, a pattern previously described by Du et al. (2020) and confirmed 
in this study, where fiber particles were prevalent in samples of pure fruit 
juice and guarana soda 2.

The high variability observed in the data, as indicated by the large 
standard deviations, can be attributed to the randomness of production 
batches, which may have directly influenced the results. This suggests 
that isolated contamination events likely occurred in some samples. The 
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exceptionally high variability observed in the juicy category may indicate 
that contamination is not uniformly distributed throughout the production 
chain, but rather results from sporadic contamination events occurring at 
specific manufacturing or bottling stages. Such variability is expected in 
studies of this nature and reinforces the need for broad and continuous 
monitoring to understand AMPs contamination as a dynamic and multi-
factorial phenomenon.

The choice of packaging materials for food products directly affects 
both product quality and shelf life (Salgado et al., 2021). Despite advances 
in research aimed at reducing the use of plastic packaging and replacing 
it with bio-based alternatives, the final cost of non-plastic packaging re-
mains economically unfeasible for the industry (Ghaani et al., 2016; Ab-
dulla et al., 2024). Thus, the resources saved through the use of conven-
tional materials, such as plastics, could instead be invested in improving 
production processes, for example, by installing filtration systems capab-
le of retaining microplastics before bottling. Giri et al. (2024) highlights 
that control and prevention measures for AMPs pollution have progressed 
promisingly, with technological, biological, or hybrid solutions; however, 
their effectiveness depends on coordinated global efforts.

The results obtained reveal that the intake of AMPs by the Brazilian 
population is strongly influenced by the type of beverage consumed. Juice 
stood out as the main source of exposure, presenting both high per capita 
consumption values and elevated AMPs concentrations. In contrast, the 
low contributions observed for beer and milk likely reflect both lower per 
capita consumption and reduced AMPs concentrations compared with 
the other beverages analyzed.

The total EDI value was 63.57 items·day⁻¹·per capita, corresponding 
to approximately 23,202 items·year⁻¹·per capita. This value is lower than 
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the estimates reported by Cox et al. (2019), who found annual intakes ran-
ging from 39,000 to 52,000 particles in the United States when conside-
ring both food and beverages. Regional differences in cultural, economic, 
and social patterns, as well as in production and consumption practices, 
may account for part of this discrepancy. From a toxicological and risk 
assessment perspective, although the annual intake estimated for the Bra-
zilian population is lower than that reported by Cox et al. (2019), the data 
indicate continuous and daily exposure to anthropogenic microparticles, 
underscoring the importance of further investigations into their potential 
effects on human health.

In addition to environmental concerns, the presence of AMPs in be-
verages poses a potential risk to public health. These particles can in-
teract with contaminants such as phthalates and bisphenol, substances 
commonly associated with plastics and already detected in processed 
food and beverages (Teuten et al., 2009; Lithner et al., 2011; Sewwandi et 
al., 2023). Their ingestion, therefore, raises significant concerns regarding 
food safety (Du et al., 2020).

In this context, the development and implementation of effective 
practices to mitigate contamination are essential, along with the promo-
tion of awareness campaigns and long-term research assessing human 
exposure to AMPs through the consumption of processed beverages. 
Furthermore, future studies should prioritize the chemical characteriza-
tion of particles using techniques such as FTIR and Raman spectroscopy, 
allowing the identification of polymer composition and providing a more 
accurate understanding of the relative contributions of packaging mate-
rials, industrial equipment, and other stages of the production chain to the 
contamination observed in beverages.
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5. Conclusion

This is the first study to report the presence of anthropogenic micro-
particles contamination in various industrialized beverages in Brazil, and 
also the first to present an EDI of these particles by the Brazilian popula-
tion. The high proportion of AMPs found highlights the need for practi-
cal strategies to regulate industrial processes and prevent contamination 
of human consumables. Among potential measures, the development of 
packaging that minimizes AMPs contamination and the implementation 
of more efficient filtration systems during industrial processing to reduce 
particle concentrations in the final product are noteworthy. It is further 
suggested for public policies that packaging for products intended for hu-
man consumption starts to include information regarding the presence or 
absence of anthropogenic particles, thereby promoting greater transpa-
rency and consumer awareness. Although this study has provided rele-
vant data on the presence of AMPs in industrialized beverages, it was not 
possible to perform chemical characterization of the microparticles using 
FTIR, Raman spectroscopy, or pyrolysis-GC-MS due to the unavailability 
of equipment. Such analyses are recognized as essential to confirms the 
composition of microparticles and to gain better understanding of their 
origin. The morphological and heat resistance criteria used to identify 
microparticles as anthropogenic, widely employed in the literature, are 
feasible and coherent. Nevertheless, the morphological results obtained 
make a significant contribution to advancing this topic in Brazil. Finally, 
through the evaluation of the EDI, it was found that the Brazilian is ex-
posed daily to the consumption of anthropogenic microparticles, such as 
microplastics, which may pose risks to human health. These results rein-
force the need for future studies incorporating spectroscopic techniques 
to improve the accuracy of contaminant identification and to strengthen 
mitigation strategies.
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