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Abstract: Plastic pollution is a growing environmental concern, with microplastics increasingly 

found in natural ecosystems and food products. This study evaluates the presence of microplastics in 

honey and compares their occurrence in natural and industrially processed samples. Various sample 

preparation methods were tested, and the most effective—based on oxidation and filtration—was 

used to isolate and identify potential synthetic particles. The analysis using microscopy and FTIR 

spectroscopy confirmed the presence of microplastic-like particles in all six honey samples, with 

colored fibers detected in four of them. Natural linden honey exhibited the highest proportion of 

colored fibers (26.7%), while industrial linden honey showed a similar trend (24.0%), suggesting a 

consistent susceptibility of this honey type to fiber contamination. These findings highlight the 

influence of plant origin and environmental exposure on microplastic contamination in honey. 
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1. INTRODUCTION 
 

Plastic pollution has emerged as one of the fastest-growing environmental problems of the 21st 

century, primarily due to the widespread production and use of plastic products, and limited recycling 

capacity. As plastic waste breaks down in the environment or when plastic materials wear down, rub 

against each other, or are simply used, small particles, called microplastics (MPs), typically defined 

as particles less than 5 mm in diameter, are released into the environment [e.g. 1, 2]. In recent years, 

MPs have been detected in virtually all ecosystems, from the deepest oceans to remote mountain 

regions. They have also been found in a wide range of food products and beverages, including beer, 

water, salt, and honey [3, 4]. This omnipresence is particularly concerning as MPs can enter various 

organisms, including the human body through ingestion and inhalation, posing potential health risks 

to both ecosystems and human health [5, 6, 7]. 

Honey contamination provides a specific example of how environmental pollution infiltrates natural 

food systems. Honeybees, through their active interaction with plants, air, soil, and water near the 

hive, are exposed to pollutants that can be transferred into their bodies and hive products [8]. While 

foraging for nectar, honeydew, pollen, water, and plant exudates such as propolis, bees encounter 

nearly all environmental compartments (Figure 1). Airborne MPs, originating from industrial zones, 

traffic emissions, and urban dust, pose a particular risk. According to the International Union for 

Conservation of Nature (IUCN), urban dust accounts for approximately 24% of MPs found in oceans, 

highlighting the magnitude of airborne contamination [9]. Once inside the hive, microplastic particles 

may persist through the natural honey-making process and end up in the final product. In addition to 

environmental exposure, plastic contamination may also occur during honey extraction, processing, 

filtration, or packaging [10]. Given their sensitivity and wide foraging range, honeybees are 

considered effective bioindicators for monitoring environmental quality [11,12,13]. The presence of 
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MPs in hive products raises important questions about honey’s food safety and the broader 

implications of microplastics in the human diet. 

 

 
 

Figure 1. Flow of microplastic particles through the environment and their potential transfer into 

honeybees and hive products 
Source: Bubik, 2025 (adapted from [10]) 

 

However, despite the growing recognition of this issue, research on MPs in honey remains limited. 

Most existing studies focus on aquatic organisms, while less attention has been given to terrestrial 

foods, such as honey, that are assumed to be less exposed. Furthermore, there is no standardized 

method for detecting or quantifying microplastics in honey, making comparisons between studies 

difficult and regulatory control almost impossible [14,15]. 

The aim of this study was to examine the presence of microplastics in different types of honey and to 

evaluate laboratory methods for sample preparation and particle detection. By comparing samples of 

natural and industrially processed honey across several types, this research contributes to a better 

understanding of microplastic contamination pathways and supports the call for more robust, 

standardized analytical methods. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Sample Collection 

 

This study analyzed six honey samples, acacia, floral, and linden, in both natural and industrially 

processed forms. The natural honey samples were of Slovenian origin, obtained directly from a local 

certified beekeeper to reflect minimally processed and regionally sourced products. The industrially 

processed honey samples represent widely available commercial products that are commonly used 

and sold across various stores in Slovenia. All samples were stored in sealed glass jars at room 

temperature prior to analysis. To minimize contamination, samples were handled using non-plastic 

laboratory tools, and all procedures were carried out in a clean, ventilated workspace. 

 

2.2 Method Selection 

 

The identification of microplastics in food products, particularly in complex matrices like honey, 

requires a reliable and selective method of sample preparation. Several studies have proposed and 

validated various approaches, including enzymatic digestion, chemical oxidation, and density 

separation as suitable pretreatment techniques for isolating synthetic polymers from organic-rich 

samples such as honey or seafood [16,17,18]. Following this established practice, we preliminarily 

tested multiple methods to evaluate their efficiency in breaking down the honey matrix, removing 

natural impurities, and preserving synthetic particles. 

 



2.3 Microplastics Isolation and Identification 

 

The method selected for the isolation of microplastics from honey was based on chemical oxidation 

using hydrogen peroxide (H₂O₂) followed by vacuum filtration, a technique widely used in recent 

microplastic research to effectively digest organic matrices while preserving synthetic particles 

[17,18]. The procedure began by mixing honey and distilled water in a 1:3 ratio and gently heating 

the solution to 40–45 °C to ensure complete dissolution and homogenization. We then added an equal 

volume of 30% H₂O₂ to the diluted sample and allowed it to react at room temperature for 24 hours, 

enabling oxidative breakdown of organic matter (Figure 2, left). After oxidation, we filtered the 

solution using a vacuum filtration setup with glass fiber filters (8 µm pore size), which had been pre-

weighed and handled carefully to prevent contamination (Figure 2, right). The filters were left to dry 

at room temperature in a clean, closed glass container for at least 48 hours before we proceeded with 

microscopic analysis. 

 

Figure 2. Chemical oxidation of honey samples with hydrogen peroxide (left) and vacuum filtration 

of oxidized solution using glass fiber filters (right) 
Source: Hohkraut, 2024 

 

This method effectively removed natural organic matter while preserving suspected microplastic 

particles, particularly synthetic fibers, on the filter surface. Dried filters were examined under a 

microscope, and potential plastic particles were extracted and identified using FTIR spectrometry. 

 

 

3. RESULTS 

 

The sample preparation method based on hydrogen peroxide oxidation followed by vacuum filtration 

was confirmed to be effective for isolating microplastic-like particles from honey. The method 

successfully removed organic matrix components without damaging the suspected synthetic particles, 

which remained visible on the glass fiber filters.  

The analysis of six honey samples revealed the presence of potential microplastic particles in all 

samples, with colored, fiber-like particles detected in four of them. Table 1 summarizes the 

occurrence and distribution of microplastics in both natural and industrially processed honey. The 

total number of potential microplastics ranged from 36 in natural acacia honey to 56 in natural floral 

honey. Identified potential microplastic particles were categorized into two types—particles and 

fibers—with fibers further classified as either colored or uncolored.  

In natural honeys, particles dominated acacia (83.3%), while fibers were more prevalent in floral 

(53.6%) and especially in linden honey (56.6%), which also exhibited the highest proportion of 

colored fibers (26.7%). Industrial honeys displayed comparable overall particle loads (45–57), but 

their composition varied. Acacia honey contained a nearly equal distribution of particles (47.4%) and 

fibers (52.6%), with 16.7% of the fibers being colored. Floral honey was strongly dominated by 



particles (86.7%), with minimal fiber content (13.3%) and no colored fibers detected. Linden honey 

exhibited the highest fiber proportion among industrial samples (55.6%), and also the highest share 

of colored fibers (24.0%). 
 

Table 1. Summary of overall results from the analysis of natural and industrially processed honey 
Source: Bubik & Hohkraut, 2025 

Honey source Honey type 

Total No of 

potential 

microplastics 

Particles (%) Fibers (%) 
Colored Fibers 

(%) 

NATURAL 

Acacia 36 83.3% 16.7% / 

Floral 56 46.4% 53.6% 10.0% 

Linden 53 43.4% 56.6% 26.7% 

INDUSTRIAL 

Acacia 57 47.4% 52.6% 16.7% 

Floral 45 86.7% 13.3% / 

Linden 45 44.4% 55.6% 24.0% 

 

Linden honey had the highest proportion of colored fibers in both natural and industrial categories, 

suggesting a consistent pattern of increased susceptibility to this type of microplastic contamination. 

This type of honey may be particularly susceptible to microplastic fiber contamination due to several 

interrelated factors. Linden trees are commonly found in urban and roadside environments, where 

airborne microplastics, especially colored synthetic fibers from textiles and traffic, are more 

prevalent. The floral structure of linden blossoms, which bloom in dense clusters and attract bees for 

prolonged foraging, also increases the likelihood of microplastic deposition and transfer [19]. 

Additionally, hive management practices, such as the use of synthetic microfiber sheets to trap pests, 

can introduce additional fibers into the hive, which bees may fragment and incorporate into honey 

[20]. The physical properties of linden honey, including its lighter color and lower viscosity, may 

further facilitate the retention and visibility of microplastic fibers [21]. Last but not least, synthetic 

textile microfibers are recognized as a major environmental concern, representing the largest share of 

primary microplastics released globally into the oceans [9]. 

Microscopic images of the filters showed visually distinguishable fibers and some particles (e.g. 

yellow and green, Figure 4a and b, respectively) against the clean filter background. The most striking 

results were recorded for the natural linden honey sample, where multiple red, blue, and black fibers 

were observed (Figure 4c and d). 

 

   
Figure 4. Colorful fibers detected in examination of filter papers. 

Source: Hohkraut, 2024 

 

Due to the small size of the fibers and fragility of some detected particles, FTIR spectroscopy did not 

provide conclusive identification of polymer types. Nevertheless, the visual characteristics under 

stereomicroscopy were consistent with microplastic fibers described in existing literature [e.g. 22,23]. 

Although none of the particles analyzed in this stage were suitable for precise polymer confirmation, 

further analysis using micro-FTIR (µFTIR) is planned, with a specific focus on fibrous particles, to 

provide more accurate chemical characterization. These results demonstrate that both natural and 

industrial honey types are consistently contaminated with MCs, though the relative proportions of 

particles, fibers, and colored fibers vary by botanical origin. The variation between honey types and 

production methods suggests that environmental exposure and processing techniques both contribute 



to contamination. These findings are consistent with other studies reporting airborne sources of 

microplastics, including urban dust and textile fibers, as potential routes of entry into beehives and 

final food products [9,24,25]. 

 

4. CONCLUSION 

 

This study confirmed that honey can be contaminated with fiber-like particles consistent with MPs, 

and that their occurrence varies depending on the type of honey and its method of production. Natural 

linden honey showed the highest number of suspected microplastic fibers, likely due to environmental 

exposure in the foraging zones of bees. Processed acacia honey also showed contamination, which 

supports the hypothesis that synthetic particles may be introduced not only from the environment but 

also during mechanical processing steps such as filtration, bottling, or packaging. The oxidation-

filtration method proved to be reliable for isolating potential microplastics in honey, particularly due 

to its simplicity and low cost. However, limitations remain in the ability to identify particle 

composition with FTIR spectrometry, especially when particles are small, thin, or embedded in filter 

fibers. 

Given the rising awareness of microplastic exposure in food systems, the results of this study 

contribute to a growing body of evidence that MPs are not confined to aquatic products but are also 

present in terrestrial, natural foods such as honey. Further investigations should focus on broader 

sampling, improved polymer identification, and risk assessment for human health. Regulatory 

attention will also be required to establish thresholds, quality control measures, and labelling 

standards for microplastic content in food products. 

 

 

LITERATURE 

 
[1] European Chemicals Agency (ECHA): Guidance for the identification of microplastics, [Internet] 

Available on: https://echa.europa.eu (Accessed: 20.08.2025). 

[2] Andrady, A.L.: Microplastics in the marine environment, Marine Pollution Bulletin, Vol. 62 (2011) No. 

8, pp. 1596–1605, ISSN 0025-326X. 

[3] Liebezeit, G.; Liebezeit, E.: Synthetic particles as contaminants in German beers, Food Additives & 

Contaminants: Part A, Vol. 31 (2014) No. 9, pp. 1574–1578, ISSN 1944-0049. 

[4] Kosuth, M.; Mason, S.A.; Wattenberg, E.V.: Anthropogenic contamination of tap water, beer, and sea salt, 

PLOS ONE, Vol. 13 (2018) No. 4, pp. e0194970, ISSN 1932-6203. 

[5] Smith, M.; Love, D.C.; Rochman, C.M.; Neff, R.A.: Microplastics in seafood and the implications for 

human health, Current Environmental Health Reports, Vol. 5 (2018) No. 3, pp. 375–386, ISSN 2196-

5412. 

[6] Prata, J.C.: Airborne microplastics: Consequences to human health?, Environmental Pollution, Vol. 234 

(2018), pp. 115–126, ISSN 0269-7491. 

[7] Wright, S.L.; Kelly, F.J.: Plastic and human health: A micro issue?, Environmental Science & Technology, 

Vol. 51 (2017) No. 12, pp. 6634–6647, ISSN 0013-936X. 

[8] Herrero-Latorre, C.; Barciela-García, J.; García-Martín, S.; Peña-Crecente, R.M. The use of honeybees 

and honey as environmental bioindicators for metals and radionuclides: A review. Environ. Rev. 2017, 25, 

463–480. https://doi.org/10.1139/er-2017-0029 

[9] IUCN: Primary Microplastics in the Oceans: A Global Evaluation of Sources, International Union for 

Conservation of Nature, Gland, Switzerland, (2017). 

[10] Al Naggar, Y.; Brinkmann, M.; Sayes, C.M.; AL-Kahtani, S.N.; Dar, S.A.; El-Seedi, H.R.; Grünewald, 

B.; Giesy, J.P. Are Honey Bees at Risk from Microplastics? Toxics 2021, 9, 109, ISSN 2305-6304. 

[11] Ruiz, J.A.; Gutiérrez, M.; Porrini, C. Biomonitoring of Bees as Bioindicators. Bee World 2013, 90 (3), 

61–63. DOI:10.1080/0005772X.2013.11417545 

[12] Al Naggar, Y.A.; Naiem, E.A.; Seif, A.I.; Mona, M.H. Honey bees and their products as bio-indicator 

of environmental pollution with heavy metals. Mellifera 2013, 20, 10–20. 

[13] ElSofany, A.; Naggar, Y.; Naiem, E.; Seif, A. Characterization of Apis mellifera Honey of Different 

Botanical and Geographical Origins in Egypt. J. Exp. Biol. 2018, 14, 75. DOI: 

10.5455/egysebz.20180523104927 

https://echa.europa.eu/
https://doi.org/10.1139/er-2017-0029
http://dx.doi.org/10.1080/0005772X.2013.11417545


[14] Lebreton, L.; Andrady, A.: Future scenarios of global plastic waste generation and disposal, Marine 

Pollution Bulletin, Vol. 133 (2018) No. 1, pp. 161–168, ISSN 0025-326X. 

[15] Geyer, R.; Jambeck, J.R.; Law, K.L.: Production, use, and fate of all plastics ever made, Science 

Advances, Vol. 3 (2017) No. 7, pp. e1700782, ISSN 2375-2548. 

[16] Flores, J.M., Miguéns, E. and González-Peñas, J., 2021. Analytical methods for the detection of 

microplastics in honey: A review. TrAC Trends in Analytical Chemistry, 142, pp. 116307. 

[17] Karami, A., Golieskardi, A., Choo, C.K., Larat, V., Galloway, T.S. and Salamatinia, B., 2017. The 

presence of microplastics in commercial salts from different countries. Scientific Reports, 7(1), pp. 46173. 

[18] Liebezeit, G. and Liebezeit, E., 2013. Non-pollen particulates in honey and sugar. Food Additives & 

Contaminants: Part A, 30(12), pp. 2136–2140. 

[19] Rani-Borges, B., Nicolosi Arena, M. V., Gomes, I. N., França de Carvalho Lins, L. H., Cestaro, L. de 

S. C., Pompêo, M., Ando, R. A., Alves-dos-Santos, I., Toppa, R. H., Martines, M. R., & Queiroz, L. G. 

(2024). More than just sweet: Current insights into microplastics in honey products and a case study of 

Melipona quadrifasciata honey. Environmental Science: Processes & Impacts. 

https://doi.org/10.1039/d4em00262h 

[20] Eva Crane Trust. (n.d.). How are microplastics affecting honeybees and are they in our honey? 

Retrieved from https://www.evacranetrust.org/en/page/how-are-microplastics-affecting-honeybees-and-

are-they-in-our-honey   

[21] Katsara, K.; Viskadourakis, Z.; Alissandrakis, E.; Kountourakis, N.; Kenanakis, G.; Papadakis, V.M. 

Microplastics’ Detection in Honey: Development of Protocols in a Simulation. Appl. Sci. 2024, 14, 4720. 

https://doi.org/10.3390/app14114720 

[22] Karami, A., Golieskardi, A., Choo, C. K., et al. (2017). The presence of microplastics in commercial 

salts from different countries. Scientific Reports, 7(1), 1–11. 

[23] Zhang, Y., Kang, S., Allen, S., Allen, D., Gao, T., & Sillanpää, M. (2020). Atmospheric microplastics: 

A review on current status and perspectives. Earth-Science Reviews, 203, 103118. 
https://doi.org/10.1016/j.earscirev.2020.103118 

[24] Wright, Stephanie L, and Frank J Kelly. “Plastic and Human Health: A Micro Issue?.” Environmental 

science & technology vol. 51,12 (2017): 6634-6647. doi:10.1021/acs.est.7b00423 

[25] Kwon, J. H., Kim, J. W., Pham, T. D., Tarafdar, A., Hong, S., Chun, S. H., ... & Jung, J. (2020). 

Microplastics in food: a review on analytical methods and challenges. International journal of 

environmental research and public health, 17(18), 6710. 

https://doi.org/10.1039/d4em00262h
https://www.evacranetrust.org/en/page/how-are-microplastics-affecting-honeybees-and-are-they-in-our-honey
https://www.evacranetrust.org/en/page/how-are-microplastics-affecting-honeybees-and-are-they-in-our-honey
https://doi.org/10.3390/app14114720
https://doi.org/10.1016/j.earscirev.2020.103118

