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[bookmark: _Toc210833542]Navigating this report
	PART 1: Introduction
This introductory content sets the scene for the report.

	PART 2: Evidence review
The Challenges and interpretation section summarises techniques and recognises that our understanding of the impact of exposure to microplastic particles on human health is emerging, that our knowledge is complicated by the lack of standardised methodologies for detecting their presence and then assessing possible impacts over complex body systems and describes some of these challenges. 
The section, Exposure routes and pathways, summarises evidence on human exposure to microplastic particles.
The Detecting microplastics section discusses studies about where microplastic particles have been detected in the human body.
The Biokinetics section explains theories about how particles are cleared, absorbed, and transported around the body.
The section, Microplastics and human health outcomes, discusses published, peer-reviewed evidence from in vivo human, experimental, and in vitro preclinical studies on the association between exposure to microplastic particles and human health outcomes (including any potential impact on the underpinning biological processes that drive health or disease development and progression).

	PART 3: Jurisdiction scan and comparative analysis
This section outlines the approaches to regulating microplastic pollution and health exposures used in Australia, Canada, China, the European Union, New Zealand, Singapore, South Korea, the United Kingdom, and the United States of America. 

	PART 4: Policy options for the Australian Centre for Disease Control to consider.
This section analyses options that the Australian Centre for Disease Control could consider to addressing emerging concerns about microplastics.


These sections are followed by a comprehensive reference list and appendices that provide supplementary details that complement Parts 2, 3 and 4.
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Executive summary

[bookmark: _Toc210833543]Executive summary
The Australian Centre for Disease Control commissioned Allen + Clarke to undertake a review of domestic and international health advice on the health effects of microplastics. This report delivers two key outputs:
1. An evidence review on the potential associations between exposure to microplastic particles and health outcomes (including plausible mechanistic or biological processes that drive health or disease development and progression in humans)
2. A comparative analysis of health advice and jurisdictional approaches to managing health-related risks from microplastics in Australia, Canada, China, the European Union, New Zealand, Singapore, South Korea, the United Kingdom, and the United States and advice provided by international organisations.
This report answers five questions.
[image: A reponse to the first question]
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Part 1: Introduction

[bookmark: _Toc210833546]1	Introduction
Microplastics are very small pieces of plastic (particle size ≤5 mm diameter in any dimension). Nanoplastic particles are ≤0.1 or 1 μm in any dimension (depending on the definition used in individual studies).1,2 For this review, we have focused on microplastics ≤5 mm, with no lower particle size boundary (that is, inclusive of nanoplastics). This does not mean that larger particles may not also pose a health (or environmental) risk. 
[bookmark: _Toc201745082][bookmark: _Toc201746122][bookmark: _Toc206412322][bookmark: _Toc210833547]1.1	Ubiquitous, unique, and complex
Primary microplastics are intentionally manufactured to be small (such as nurdles, microbeads, some synthetic fibres, industrial abrasives, or glitter). Secondary microplastic forms from the breakdown of larger pieces of plastic. They can be created from any plastic item including from synthetic textiles and floor coverings, medical and dental products, consumer goods made of plastics such as toys, packaging, furniture, appliances, tyres, printer inks, and paints. Secondary microplastics are the most common source of microplastic.1,3 
Microplastics are complex pollutants consisting of the base polymer(s) and a wide range of additives that enhance plastic performance such as pigments, stabilisers, fillers, biocides, flame retardants, plasticisers, heavy metals, and inert fillers as well as unknown by-product non-intentionally added substances (NIASs). They are not a single well-defined chemical and the variety in the individual chemicals that contribute to microplastic is vast: there are more than 16,000 chemicals known to be present in or associated with plastics.4,5 Common polymers discussed in this review are: 
polyamide (PA)
polyamide 6 / 66 (nylon)
polycarbonate (PC)
polyethylene (PE)
polyethylene terephthalate (PET)
polymethyl methacrylate (PMMA)
polypropylene (PP)
polystyrene (PS)
polyurethane (PU)
polyvinyl chloride (PVC)
polyester (PES). 
Toxicological information is not available for most of these substances. 
Microplastic particles come in a range of shapes, colours, and sizes depending on whether they are a primary or secondary microplastic. They can be spherical, a fibre, a fragment, a film, or a foam. The chemical and physical properties of microplastic particles are diverse. The toxicity of individual microplastic particles depends on the physical and chemical characteristics of the polymer type, those of any additives or NIASs, and their combined surface chemistry. Some additives in plastics may pose additional health risks (including cadmium or lead). Under certain conditions, microplastic particles can leach residual monomers or unbound additives such as phthalic acid esters or di-(2-ethylhexyl) phthalate (DEHP), bisphenols like bisphenol A (BPA), per- and polyfluoroalkyl substances (PFAS), polycyclic aromatic hydrocarbons, and metals as well as other chemicals associated with biocidal or UV stabilising properties. Many of these are known to influence some human health outcomes and could influence human health independently from the microplastic particle. Toxicological data for some of these substances is provided in Appendix E.
Morphological (as well as chemical) characteristics can influence the toxicity of individual particles. Smaller particles are more easily transported into and around the body or are more easily able to interact at a cellular level (size). Rough fragments and fibres are likely to present greater toxicological risk compared with spheres because of potential mechanical action (shape). Chemical and physical properties like particle charge may influence effects as some cationic particles can more readily interact with some cells.6 Weathering of microplastic particles can also alter the shape and polarity of the particle, which further influences how it might interact with other chemicals or compounds, or at a cellular or molecular level. 
A wide range of chemicals can adsorb to plastics, including heavy metals7–11 and organic compounds such as pharmaceuticals,12,13 and persistent organic compounds14–17. Differences in the physicochemical properties of different plastic polymers results in differing adsorption capacity, with some having much higher capacity than others (for example PVC compared with high density polyethylene, HDPE). Sorbed chemicals can further influence the particle’s chemical composition, behaviour, and potential for health (or environmental) risk as well as enabling the transport of these additional substances either across the environment or into people via inhalation or ingestion. 
Biofilms can form on the plastic surfaces after being colonised by microorganisms, which then influences the type of pollutants they can transport. Microplastics can be an effective carrier of biofilms due to their surface texture and hydrophobic or hydrophilic properties. Microplastics can interact with microbes and may carry pathogens and promote antimicrobial resistance. They can also release associated chemicals to the organism they are interacting with. 
Plastic polymers are a durable and biostable products, taking many years to break down. When they degrade, they break into smaller and smaller pieces moving from the micro- to the nano-scale, where their biological interactions become more complex, less predictable, and more difficult to assess.  
Table 1: Hazard summary by chemical, physical or biological property18,19
	Toxicological 
	Physical properties
	Vectors

	Effects from inherent additives and NIASs including those which are hazardous to human health (for example, phthalates and BPA)
	Related to the morphology of the particle:
· size <10 µm may cross biological barriers
· fibres or fragment shape may cause blockage or abrasion
· pigments and other additives that may cause health effects
	Effects from harmful microbiological or pathogenic contamination via adsorption

	Effects from the plastic polymer(s) (noting that many polymers are biostable)
	
	Formation of biofilms

	Effects from chemical contaminants sorbed by the plastic in the environment
	
	


BPA = bisphenol A; NIASs = non-intentionally added substances; µm = micrometre. 
[bookmark: _Toc201745083][bookmark: _Toc201746123][bookmark: _Toc206412323][bookmark: _Toc210833548]1.2	Purpose of this report
The presence and impacts of microplastics in and on the environment are well-documented. People are exposed to microplastic particles through a range of complex and often unavoidable pathways. Microplastic particles can enter the human body, with evidence suggesting that particles are also cleared. There is evidence that some very small particles can cross internal biological barriers and may enter some human cells, but analytical limitations mean that we cannot yet quantify this. Most evidence on microplastic and human health is experimental. Epidemiological evidence about the possible impact of microplastic exposure on human health outcomes remains limited. Much remains uncertain but this is an active area of research. The Australian Centre for Disease Control (CDC) would like to understand any potential health impacts of microplastics. This report: 
summarises evidence on the potential human health impacts of microplastic particles 
identifies policy approaches used in other jurisdictions to respond to concerns about exposure to microplastic particles, particularly from a health perspective. 
The CDC can use this report to prepare for any upcoming policy response projects related to exposure to microplastic particles and human health. It can also support the work of agencies such as the Food Standards Australia New Zealand (FSANZ), the National Health and Medical Research Council (NHMRC), the Department of Climate Change, Energy, the Environment and Water (DCCEEW), and the Australian Industrial Chemical Introduction Scheme (AICIS). 
[bookmark: _Toc201745084][bookmark: _Toc201746124][bookmark: _Toc206412324][bookmark: _Toc210833549]

1.3	Methodology
A two-step method was used to prepare this report.
	1
	[image: Images of two documents]
An evidence review on the potential associations between exposure to microplastic particles and health outcomes (including any potential impacts on the underpinning biological processes that drive health or disease development and progression).

	2
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A comparative analysis of health advice and jurisdictional approaches to managing health-related risks from microplastics in Australia, Canada, China, the European Union, New Zealand, Singapore, South Korea, the United Kingdom, and the United States and advice provided by the International Agency for Research on Cancer (IARC), the United Nations Environment Program (UNEP), the Food and Agriculture Organization (FAO), the World Health Organization (WHO), and the Stockholm Convention.
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Further methodology details are included in Appendix A.Part 2: Evidence review


Part 2: Evidence review

[bookmark: _Toc210833550]2	Challenges and interpretation
	[image: Information logo] 
Studies use a range of analytical methods to detect microplastic particles. Isolating and analysing microplastic particles includes:
sample collection, ideally with appropriate measures in place to minimise sample contamination from the air, collection tools, clothing, personal protective equipment (PPE), etc.
pre-treatment and purification of the sample to digest organic matter before filtering to isolate any microplastic particles present from the matrix they are in
identification, quantification, and morphological characterisation by:
optical microscopy (visual observation of morphology or surface characteristics)
spectroscopy: Fourier Transform Infrared (FTIR), Raman analysis, laser-direct infrared (LD-IR), or scanning electron microscopy (SEM)
elemental analysis: energy-dispersive x-ray spectroscopy (EDS, EDXS)  
chromatography: pyrolysis gas chromatography-mass spectrometry (Py-GC/MS) or thermal extraction desorption gas chromatography mass spectrometry (TED-GC/MS).
A summary of these detection techniques is provided in Appendix B.


The understanding of exposure to microplastic particles and human health has emerged over the past five years,20,21 but significant knowledge gaps remain. Translating research findings to real-world human health impacts is challenging.22 As an area of emerging knowledge, well-canvassed methodological challenges influence the scope, direction, and depth of both epidemiological and experimental studies. These challenges are summarised in Figure 1 and elaborated below.
Figure 1: Challenges affecting the depth of the evidence base
[bookmark: _Toc201746126][image: Image summarising the methodological challenges affecting the study of microplastics]
[bookmark: _Toc206412326][bookmark: _Toc210833551]2.1	Small and difficult to find
Microplastic particles are very small. Finding and extracting them for analysis is hard, especially as they get smaller. Many analytical techniques have limits of detection 10 or 20 µm, meaning that they cannot detect particles smaller than this size. We know that the number of particles found increases with decreasing limits of detection (for example, an average of 3,031 particles were detected with a limits of detection of 1 µm compared with 211 particles when the detection limit was 100 µm23). While larger particles (>10 µm in diameter) are easier to isolate (and therefore analyse), particles of this size are less likely to cross internal barriers in humans, meaning that they are more likely to be cleared.2,24 Particles smaller than the limits of detection are not found, cannot be reported on, and cannot contribute to analysis. Studies using a detection technique with a higher limit of detection may underestimate abundance of particles present in a sample and subsequent analysis may underestimate any associations between presence and a biological effect or health outcome.
[bookmark: _Toc201746127][bookmark: _Toc206412327][bookmark: _Toc210833552]2.2	Many methods, little standardisation
Different techniques are used to isolate and analyse microplastic particles. Bespoke methods (including those under patent protection) are common. Each method or combination of methods has advantages and limitations (see Appendix B). Refinements or bespoke approaches continue to develop. Specific uncertainties associated with processing, visualisation, or characterisation include:
no standard definition for microplastics (including an agreed threshold for nanoplastics)
no standardised approaches for the pre-treatment, extraction, and processing of samples, which can affect the accurate detection and quantification (for example, samples may contain undigested biological matter which affects spectral results; aqueous extraction may not be effective in oil-based samples, etc.) 
no standardised protocols for managing or reporting background/procedural contamination during specimen collection, processing, and analysis (but it is likely to be difficult to maintain sterility, especially as particle size decreases25)
methods that may not accurately detect plastic polymers in some biosamples (see box, A note about Py-GC/MS, on page 42)26
variation in the spectral reference library used and the pre-selected (or adjusted) match threshold (for example, a match threshold of 65 percent will characterise more particles as a particular polymer compared to a match threshold of 70 percent)
reliance on spectral libraries that do not include weathered plastics, which appear to be more commonly found in human biosamples 
variation in the limit of detection used (see Small and difficult to find) (for example, the limit of detection in Raman analysis depends on the particle’s size, the type of matrix it is in, how that matrix is processed, the laser wavelength used and its power, the detector sensitivity, and the presence of interfering fluorescence)
decreasing identification sensitivity with decreasing particle size27
mathematical errors in the way that abundance or concentration is calculated.
Plastic is ubiquitous including in laboratories. Controlling for background or procedural contamination is critical for ensuring accurate detection and identification of microplastic particles. Failure to adequately control for contamination is likely to overestimate the presence and characterisation of microplastic particles in a sample. Variation in methods make it difficult to replicate study results. It also limits the easy comparison of study findings, especially for studies that have used a bespoke method or a lower match threshold level. If particles cannot be found or accurately identified, characterised, and quantified, errors in the findings are likely. Subsequent analysis may present inaccurate data about presence and biological effect or health outcome, leading to either over- or under-estimation of health risk. 
Use of multiple analytical techniques (including orthogonal approaches) can reduce uncertainty and provide more information about complex particles, and combined approaches can address the limitations of individual techniques. Standardised spectral databases could enable more realistic assessments, including of weathered plastics or those that have sorbed contaminants. Validated protocols could help to minimise background and/or procedural contamination and ensure samples are processed cleanly. 
	[image: Information logo]
International standards exist for the detection, identification and quantification of microplastic particles in environmental samples and from textiles (for example, ISO/TC 38 ISO 4484-2, ISO 5667-27:2025, and ISO 44 24187:2023). Work to expand harmonisation efforts for testing in water and textiles is ongoing, recognising that this is a complex area with early hurdles focused on determining the items that should be measured before developing plausible and reproducible techniques to sample, detect, and analyse any particles that are present. There are no equivalent standards for human sample matrices. Developing an agreed international standard(s) for processing, detecting, and reporting on microplastic particles in a range of human sample matrices would better enable comparison between studies, greater sharing of information, and the production of consistent, reliable, and defensible evidence.25 
Publication of a checklist to assist in the assessment of health-related plastics research is underway (Minderoo Foundation). The checklist focuses on assessing confidence criteria, approaches to managing background or procedural contamination, the plausibility of reported finings, and detection methods and limitations.  These tools will be helpful for researchers and for those interpreting their work.


[bookmark: _Toc201746129][bookmark: _Toc206412329][bookmark: _Toc201746128][bookmark: _Toc206412328]
[bookmark: _Toc210833553]2.3	Small sample sizes 
Many studies that detected microplastic particles in human organs and fluids had fewer than 20 samples, even for easily obtainable fluids. While the overall cost and technical challenges of microplastic detection may contribute to limited sample sizes, small samples sizes constrain understanding, either by reducing statistical power or by limiting generalisability of the findings.
[bookmark: _Toc210833554]2.4	Pristine plastics do not match real-world exposure
Non-human mammal and preclinical (in vitro) studies provide exposure using a small range of polymer compositions (mostly pristine PS or PE spheres). These particles:
have limited shapes, surface characteristics, surface chemistry, and little weathering: they are more like primary plastics (for example, 67 percent of early toxicity studies used commercially available PS spheres;2 later studies relied on PS spheres to provide exposure,28 but PS only accounts for seven percent of plastic products25,29)
are not standardised polymer compositions2
do not represent other environmentally available plastics which may include different additives or absorbed chemicals/substances
are administered in different sizes, from nanometres (nm) or particles that are too big to translocate across internal human biological barriers
are often administered in in high doses in order to generate an effect (for example, 5 mg/kg of body weight)
are often administered over a short duration (weeks or months, rather than years).
Many study exposures, doses, and durations do not accurately reflect human exposure, which is characterised by low-dose, long-term exposure to a range of polymer types, characteristics, surface chemistry, and potentially adsorbed chemicals/substances. In vitro studies examine cellular impact, but how these changes influence systemic effects is not currently well known.30 
Together, this limits the relevance of many experimental or preclinical in vitro study findings to the exposures experienced by people and limits our ability to characterise and quantify the potential health effects associated with a much more heterogenous real-world exposure.
[bookmark: _Toc201746130][bookmark: _Toc206412330][bookmark: _Toc210833555]2.5	Plastics are inherently complex
Plastics are made of the particle itself and the main polymer(s) plus a range of additives and performance enhancing substances. They are not one chemical alone. We know that some plastics-associated chemicals have potential adverse health effects including bisphenols, flame retardants, phthalates, PFAS, some alkylphenols and alkylphenol ethoxylates, polycyclic aromatic hydrocarbons, biocides, metals, and UV stabilisers (see Appendix E).1 We do not know if the particle itself is problematic, or if it is the main polymer or range of chemicals in or adsorbed to that particle, or a combination of several substances and particle morphology are of the greatest concern.
Co-exposures remains poorly understood. As noted by the UNEP, a substance-by-substance approach to assessing harm does not reflect actual real-world composition or exposures (and therefore likely biological responses).1 Few studies have reported on co-exposures with other chemicals or contaminants like heavy metals. When reported, studies have struggled to unpick the potential influence of each chemical, leaving a significant gap in knowledge – and creating difficulty in attributing any observed changes in biological processes or outcomes to the plastic alone. Confounding driven by environmental or chemical exposure (including as a vector of other contaminants, whether they are chemical or biological) is a significant issue.  
Experimental studies have shown a specific potential for DNA damage, organ dysfunction, immune response, neurotoxicity, and reproductive toxicity. While studies focus on risks related to specific diseases, the biological impacts may be more complex, affecting processes such as gene expression and oxidative stress. Some changes may only result from interactions of different chemical types over time. Some have impacts on human systems that do not immediately show up as disease but may contribute to elevated health risks in future. The toxicological effects of microplastics may vary depending on specific physical and chemical properties, including their ability to carry other toxic chemicals such as heavy metals and endocrine disruptors. The role of microplastics as carriers of other chemicals and microbes is ambiguous. It has been difficult to show that this is happening to any great extent in the body.25 
[bookmark: _Toc201746131][bookmark: _Toc206412331][bookmark: _Toc210833556]2.6	Limited breadth and depth in epidemiological evidence
Epidemiological evidence is scarce and is difficult to generate, with available studies almost always undermined by uncontrolled confounding. Studies may be limited by the technical challenges noted above. There is limited research on clearance, metabolism, internalisation, translocation, and accumulation/aggregation of microplastics in the human body.24 Non-human mammal and preclinical in vitro studies can provide mechanistic insight and most knowledge about toxicity and altered biological processes or health outcomes comes from these studies. Unpicking the mechanisms of toxicity is complicated, and we only know a little bit about a handful of polymer compositions. For some body systems, even less relevant data is available as most research relates to fish, bivalves, eels, or birds. Exposure dose, duration, and dose-dependency may also not reflect a real-world exposure (see above). Overall, the usability of preclinical studies to infer human health impacts is difficult as there are significant differences in biological complexity between rodents, cell-line or organoid studies, and what happens in a human body. A precautionary approach may need to balance mechanistic evidence with available in vivo evidence, but much remains uncertain.
[bookmark: _Toc201746132][bookmark: _Toc206412332][bookmark: _Toc210833557]2.7	Optimistic or inconsistent reporting of results
Study findings can be reported confidently in mass media, but also in academic literature. Findings (and framing) need to be reviewed critically (but fairly) to assess which results are relevant to human health. This review identifies papers that are widely cited and considers the findings and the methodological foundation on which conclusions or interpretations are based.
Differences in methodology drives some (appropriate) variation in reporting, but it also creates difficulty in comparing results across studies (for example, inhalation exposure data based on active sampling reports in m3, but passive sampling data reports in m2). 


The way that findings are reported and then subsequently interpreted include some common differences in:
reporting on quality assurance/contamination control procedures used during all parts of the study process (including for auxiliary components such as reagents)
what is detected (for example, some methods detect the number of particles; others detect the mass of the particles which confuses assessment of quantification)
whether all particles detected are microplastic: some studies did not determine this
infrequent reporting of the limit of quantification or limit of detection: many studies do not provide this data making it difficult to understand the limits of the study’s findings
quantification methods: some studies count each particle in a sample; others assess a proportion of the sample, assume even distribution of particles, and then extrapolate the findings to the whole (which can lead to either under- or over-estimation)
reporting presence: some report by abundance, others by concentration in a solid or a fluid, but these are not directly comparable making it difficult to compare results
calculations, such as using calculations designed for fibre rather than fragments.
Publication bias has not been systematically assessed in this review. While some studies report heterogeneity in outcomes (for example, differences in biological effects depending on polymer composition), we would expect to observe even greater variability given the vast range of potential plastic types and their diverse physicochemical properties.
[bookmark: _Toc201746133][bookmark: _Toc206412333][bookmark: _Toc210833558]2.8	Presence does not translate to effect
Humans routinely inhale and ingest small particles and may absorb some particles through the skin and other body openings. Most of these particles are eliminated through the body’s natural clearance mechanisms without causing significant harm. The presence of microplastic particles in a specific organ or body fluid does not in itself indicate an adverse health effect.
[bookmark: _Toc210833559]

3	Exposure routes and pathways
	People are exposed to microplastic particles through air, water, food, food packaging, and consumer, medical, and dental products. Microplastic particles can be inhaled or ingested, as well as injected, implanted, and possibly absorbed. It is likely impossible to avoid exposure, but people can make choices that may reduce microplastic exposure.


Release mechanisms for microplastic particles include plastic exposed to environmental processes (such as photo-oxidative degradation), physical fragmentation (mechanical stress), friction, thermal change, chemical processes such as a change in environmental acidity or alkalinity, enzymatic processes of microorganisms, or release from industrial processes. Released particles can then move through the environment and be inhaled or ingested by people. Other exposure routes may include medical exposure (injection or implantation) or via dermal contact. Microplastic particles are also cleared (excreted) by humans. This section summarises potential sources of microplastic particles, human exposure routes and pathways.
[bookmark: _Toc206412335][bookmark: _Toc210833560]3.1	Airborne microplastic particles 
3.1.1	Presence in indoor and outdoor air
Microplastic particles are released into the air from industrial processes, abrasion of materials including from textiles and tyres, wind dispersal of degraded fragments, resuspension of fallen fibres and fragments including road dust, and via ocean to atmosphere transfer.6,21 Sources may be industrial, agricultural, or domestic. Suspended airborne microplastic particles vary in size, but most are very small fragments or fibres (10 to 100 μm, or smaller) that increase in frequency with decreasing size.31,32 In addition, there has been speculation that the size of airborne microplastics is small as particles remain suspended in air for longer, with adsorption of other particles potentially increasing density and likelihood to settle.6,27 Airborne microplastic particles are respirable and of a size that can easily be inhaled and avoid the body’s mucociliary barriers, with particle <2.5 µm able to enter bronchioles and alveoli.
Airborne microplastic particles are likely to be ubiquitous, but abundance varies from place to place, in time, and with prevailing environmental conditions.2,33,34 Some factors underpinning airborne abundance are whether the air is urban or rural, indoor or outdoor, by proximity to industrial or coastal areas, and by the number of people present in any setting. Active or passive (deposition) sampling and the reported unit of measurement (m2 or m3) complicates reporting of airborne particulate data. Indoor air typically contains higher concentrations of microplastic particles compared with outdoor air, due to sources such as textiles, furnishings, and household dust. Identified airborne values range from 0.0065 to 1,583 particles/m3.31,33,35 
The type of microplastic particles present in any indoor air is likely to be influenced by the plastics that are used in that setting, air flow through or turbulence in the indoor space including the use of air conditioning and heating, human activities within that space including cleaning and maintenance methods which may release microplastic particles, and by the sampling techniques used to detect them.36 For example, some workplaces such as nailbars have higher abundance of microplastics; higher occupancy of a building has been linked to greater abundance of microplastic particles as has proximity to busy roads; and cooking methods and the management of plastic waste indoors can all contribute to plastic debris.35 Carpeted environments have more airborne PET, PES, PA and PS, but non-carpeted environments exhibited more PVC fibres (presumably from PVC-based flooring).35 
Australian data
Microplastic particles have been detected in Australian homes, workplaces, vehicles, and outdoor spaces. An active atmospheric sampling study of seven Queensland settings (including one outdoor setting) found airborne microplastic particles in all locations (concentration range 0.20 to 2.25 particles/m3; limit of detection not provided; locations were a house, a childcare centre, a restaurant, a school, a house where only elderly people live, an office, and inside a vehicle).37 The highest concentration was identified in a childcare centre (2.25 ± 0.38 n/m3), which was nearly twice as much as the next highest concentration (an office, 1.20 ± 0.14 n/m3). Microplastic particles were identified in the outdoor setting, but at a much lower concentration (0.17 ± 0.06 n/m3). Approximately 98 percent of particles were fibres of variable length (mean 707 ± 56.7 μm; median 434 μm; range 71.5 to 4,950 μm).37 Fibres were mostly PET (59 percent), PE (25 percent), PA (10 percent); polyacrylonitrile, PVC or PP (fewer than 5 percent). Differences in plastic type or size by indoor location were not reported. 
Another Australian study reported on the presence of microplastic particles in road dust along a rural to urban transect.38 Py-GC/MS was used to confirm the presence of microplastic particles (PP, PS, PET, PVC, PMMA and PE, mostly <250 µm) in the road dust, with increasing concentrations associated with increased traffic presence and population density. The rural concentration was 0.5 mg/g; the inner city concentration was 6 mg/g with a r2=0.63. This dust, including its microplastic content, may be resuspended by air currents and subsequently inhaled by individuals in the vicinity.
3.1.2	Exposure estimates from inhalation
International data	
A wide range of estimates of microplastics inhalation data are available, but there is as yet no standardised way to assess human inhalation exposure based on a respirable fraction of atmospheric particulates.2 Ranges have been reported without articulation of this dimension:
24.3 particles/m3 (indoor air) or 23.5 particles/m3 (outdoor air)39
A widely quoted study using a breathing thermal manikin theorised that a person might inhale up to 272 microplastic particles over a 24-hour period (limit of detection 11 µm; average 9.3 ± 5.8 NMP m−3; sample volume 16.8m3,; FTIR automated detection; indoor air in three Danish apartments in early winter)40 
Using a respiratory rate of 14.3 m3/day and inhalable microplastics particles present in the air (0 to 19.6 particles/m3), a review calculated that people inhale between 0 and 30 million microplastics particles per annum in indoor air and 1,900 to 100,000 microplastics particles per annum in outdoor air (limit of detection not stated, uncertainty about if this study only reviewed microplastic fibres, or all airborne fibres).41 
Some of this variation may be driven by differences in units of measurement (for example, m2 versus m3). A systematic review calculated a human inhalation exposure range based on primary animal, human and environmental studies using measurements of particles per m3 and data from the Agency of Toxic Substances and Disease Registry (ATDSR) which was American population averages for variables like bodyweight.36 Average inhalation exposure doses calculated using active sampling data varied by population group and setting. These are summarised in Figure 2. We have reported the active sampling data because it is generally a more sensitive method of detecting airborne concentration of microplastics and because a larger number of locations (n=29) contributed to the dataset.
Figure 2: Active deposition sampling average inhalation exposure (replicated)36
Passive sampling values were much higher than those reported in Figure 2 (for example, adult residential values were 2,192 particles/kg-Bw/day; infant residential values were 7,396 particles/kg-Bw/day). The authors of this study provided no explanation as to why the passive sampling were much higher, but this could be due to use of a different formula to calculate exposure (deposition rate in particles per m2 rather than airborne concentration), because passive sampling is generally less sensitive than active sampling methods,35 or because data from fewer passive sample locations was included in the analysis (29 locations contributed data to the active sampling analysis compared to 10 for the passive sampling analysis). 
Australian data
The Queensland indoor air study modelled estimates of inhalation exposure based on an airborne microplastic particle concentration of 0.20 to 2.25 particles/m3.37 It reported the highest exposures in males aged 18 to 64 years (3,187 ± 594 particles/year) and in males aged over 65 years (2,978 ± 628 particles/year). Children had much lower rates of estimated exposure, which differs from the systematic review estimates, and aligns more closely data from other countries.36,37 These estimated rates were lower than estimates from the other Australian study, which reported on dust in Sydney homes.42 That study found indoor deposition concentrations of microplastic fibres (range 22 to 6,169 fibres/m2/day), with estimated a mean annual inhalation rate of 0.2 ± 0.07 mg/kg/Bw/year and a mean inhaled microplastic count of 12,891 ± 4,472 fibres per year, some of which would have been airborne or which could have been resuspended in air following activity in the area. 
[bookmark: _Toc206412336][bookmark: _Toc210833561]3.2	Food and drink 
3.2.1	Presence in the food chain
Microplastics particles are ubiquitous in water sources including oceans, seas, lakes, rivers, and groundwater.43 They are released from plastic litter and wear and tear on plastic items. Macroplastic breaks down directly in water sources, from surface and leaf runoff which collects small particles and deposits them in waterways, from untreated wastewater or treated wastewater sources that cannot fully remove microparticulate matter, from industrial discharge, and via deposition from the air. Microplastics enter soils via similar mechanisms with sources including the breakdown of agricultural plastics, from tyres, or from the use of petrochemical-based fertilisers, and irrigation water that contain microplastic particles. Compost and biosolids may introduce plastics when applied to soil. Presence in soil can affect the soil’s properties44 as well as bioaccumulating in the food chain via water or soil. These particles can then be transferred to humans when we eat or drink (ingestion). 
Figure 3: Microplastics in the food chain (replicated)45

3.2.2	Presence in drinks 
Presence in bottled water 
Slightly over one-quarter (28.3 percent) of Australians consumed bottled drinking water in 2020, with an annual projected increase in consumption of 3.9 percent. There are significant differences in consumption reported by state or territory (for example, 63.14 percent of those in the Northern Territory consume bottled water, which is higher than the national average).46 Data from an Australian study of 48 samples reported an average of 13 ± 19 particles/L of bottled water (range 0 to 80 particles/L), with the majority of particles being PP, PET, PVC, and PE with an average fragment size of 77 ± 22 μm.46 Almost all samples contained microplastic particles, but the 11 Australian-manufactured products had approximately one-quarter of the particle concentration compared to the five international brands. The limit of detection for this study was >20 µm (LD-IR). It is possible that there are more smaller particles.
Data from international studies on bottled water confirmed microplastic fragments and fibres in most samples of bottled water (with reported detection in more than 92 percent of samples).47 Abundance was generally higher in these samples compared with those reported in the Australian data (possibly reflecting the lower limit of detection used in many of these international studies, presence of microplastic particles in the raw source water, or differences in the methods used to isolate and analyse particles (including variation by particle count and estimation to mass unit as a means of estimating abundance or concentration).23 While reported ranges were highly variable, most commonly, studies reported fewer than 400 particles/L, with most particles being smaller than 10 µm.29 Reported average ranges were:
lower: 2 to 23 particles/L (LOD >25 µm)29 or 10.4 particles/L (LOD ≥100 µm)47
medium: 94.37 particles/L of bottled water (LOD >6.5 µm);48 140 ±19 particles/L (LOD ≥50µm);47 325 particles/L (LOD >6.5 µm);47 or 359 ng/L (LOD 700 nm to 20 µm)49
higher: 4,889 particles/L (LOD >1 µm) with 95 percent of particles smaller than 5 µm47 
high: 240,000 ± 130,000 particles/L (LOD <1 µm), with 90 percent of particles <1 µm (quantification extrapolated from a count of 78 to 103 plastic particles per 0.2 x 0.2 mm field of view using a novel detection and quantification technique).50  
Three potential sources of microplastic particles in bottled drinks have been identified: 
1. raw water if it contains microplastics (see following section on tap water)
2. leaching from the bottle itself 
3. mechanical stress such as twisting or pushing the bottle cap or squeezing the bottle.29 
Common plastic types in bottled water were PET, PE, PP and PS. The type of plastic found in the bottled water was influenced by the plastic type of the bottle. One Australian study reported that approximately half (48 and 46 percent) of the plastic samples detected in the water (limit of detection 20 µm) were the same as the twistable plastic cap polymer. No consistent results were reported for push caps.46 This suggested that caps were a significant source of microplastic particles in the bottled water products. Consistent findings are reported (for example, in one study, PET particles dominated in samples from PET bottles;29 another study reported that only PE, PET, and PP were found in the bottled water samples and these were the same as the plastics in the bottles tested49). 
A review reported study results which suggested that returnable water containers had higher concentrations of microplastic particles compared with single-use PET bottles (28 to 241 particles/L versus 2 to 44 particles/L).51 This suggests that longer-term use of aging (and degrading) plastic packaging may increase exposure to microplastic particles. 
Presence in tap water 
Microplastic particles have been detected in tap water, but at lower concentrations than those reported for bottled water.47 Presence likely reflects sources such as the raw water, with final concentrations affected by the systems used to remove contaminants as part of production and treatment processes or mode of transport, cleaning of water treatment plants, any reintroduction of microplastic particles during transport of the water (although few studies reported on post-processing release of microplastics as a significant source), and (of course) the limit of detection in the contributing study. While water treatment processes remove contaminants, very small particulate matter remains, but the volume of this varies by treatment method and abundance of microplastic particles in the raw water. Reported removal percentages of 40.5 to 82 percent52 or 25 to 90 percent41 have been noted, depending on the water treatment methods used. Fragments and particles larger than 50 µm are more easily removed than smaller particles.29 One systematic review reported scepticism about the contribution of processing and treatment of water to the release of microplastic, but noted that filtration, disinfection, and cleaning processes can contribute to degradation of larger plastic components in the treatment plant and that these could enter tap water sources prior to or during treatment.29 With regard to limit of detection, the WHO reported that the smaller the particle, the greater the abundance in water.2 This is replicated in Figure 4.
Figure 4: Concentrations of microplastic particles in drinking-water by verified particle size (replicated)2 

Reported concentrations of microplastic particles in drinking water are highly variable:
338 ± 76 to 628 ± 28 particles/L (mostly fragments or fibres smaller than 10 µm)53
an average of 628 particles/L (range 0 to 1,247 fragments and fibres; limit of detection 10 µm) based on six studies47
 0 to 61 particles/L; mean of 5.45 particles/L (based on data from 14 countries).54
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A widely cited study (tap water from 14 countries) contained ‘anthropogenic debris’, but the study did not confirm whether all detected particles were plastic.

No Australian data for microplastic particle concentration or type/morphology in tap water was identified, but microplastic particles have been detected in fresh water samples (including groundwater, creeks, rivers and estuaries).55,56 It is not yet known if there is widespread contamination of sources of tap water. It is difficult to accurately generalise any presence of plastic in specific water sources to the level of exposure likely to be present in tap water generally or to generalise international findings to Australian water supplies.
Presence in other drinks
A small body of research has looked at concentrations of microplastic particles in other types of drinks. There is usually only a single study per drink type, studies had small samples sizes, and a variety of methods were used to isolate and analyse particles (including extrapolations of estimated concentration and simulations of real-world use, which may lead to inaccuracies). These studies demonstrated the presence of microplastics in bottled drinks but provided insufficient evidence of the contribution that bottle drinks make to ingestion of microplastics.
Average concentration in beer in Germany: 109 particles/L57
Average concentration in commercially available soft-drinks in plastic bottles or Tetra Paks in Turkey: 9 particles/L (noting that this figure aligns with some of the lower average concentrations reported in bottled waters)58
Average concentration in dairy milks (Mexico): 3 ± 2 to 11 ± 3.54 particles/L (average concentration 6.5 ± 2.3 particles/L).59
Average concentration in PA tea bags brewed at 95°C: 11.6 billion microparticles (3.1 billion nanoparticles) PET and nylon fibres/cup60 
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Using SEM and µRaman spectroscopy, this study reported microplastic release values between 5,800 and 20,400 particles/cup for fibres >1 µm (mass reported to be 24.7 to 167 μg/L). Only 1.6 to 5.3 percent of the particles present were attributed as PA. Review of the study method by other authors reported the lack of effective mechanisms to avoid procedural contamination and inaccurate attribution of particle composition, meaning that the reported results likely overestimate the concentration of microplastic particles.46

3.2.3	Estimates of exposure from ingestion via water
International data
While microplastic particles are present in bottled water, the wide range of reported concentrations and the variety in methods used to calculate these values (including numerical versus weight data) means that it is difficult to accurately understand the level of exposure likely if these products are consumed. One systematic review calculated annual intake based on consumption of 2 L of bottled water/day:
Lowest estimated intake was 7,952 particles/year (based on 10.4 particles/L)
Medium estimated intake was 102,220 particles/year (based on 280 particles/L)
Highest estimated intake was 3,569,000 particles/year (based on 4,889 particles/L).47 
Another study of 280 samples reported rate of 262 µg per year (based on drinking only bottled water, 2 L per day).49 
Similar uncertainty exists for tap water. One systematic review calculated annual intake based on consumption of 2 L of tap water per day. Estimated intakes ranged from 13,140 particles/year (based on 18 particles/L) to 458,440 particles/year (based on 628 particles/L).47 Other studies also reported annual estimates: one reported 4,700 particles/person/year (based on consumption of 1.4 L of tap water/day, with a particle concentration of 9.2 particles/L),41 another reported a low concentration of 339 µg (based to 2 L of tap water/day)49. 
Australian data
There is limited data about ingestion of microplastics from water sources in Australia. For those who consume bottled water, an annual dietary exposure value was calculated at 400 microplastic particles per annum (based on consumption of 30.8 L of bottled water per year).46
3.2.4	Presence in food 
Microplastic particles are present in a wide range of foods, with research about concentrations in specific food types summarised in a number of systematic and narrative reviews.27,51,55,61,62 
Microplastic particle concentrations in seafood (such as molluscs, crustaceans, and fish) have been a significant area of study due to the direct ingestion of water-borne particles by marine organisms, which are then eaten by humans. Reported average concentrations for seafood reported in the systematic reviews are summarised in Figure 5.51,55,61,62 A wide range of plastic polymers were detected across the seafood studies, with one systematic review reporting that PE and PP were the most commonly detected plastics in molluscs and fish, with PE and PA being the most abundant in crustaceans.62 Particle size and colour also varied. Heterogeneity in the contributing studies was observed in relation to the sample source (wild or farmed, geographical location), number of individual animals sampled in a study (often small, fewer than 50), sample processing methods, and in the methods of detection, identification and quantification.
Figure 5: Presence of microplastic particles in seafood 
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Microplastic particles have been detected in a wide range of other foods. Polymers reported in foods were PP, PET, PVC, PE, HDPE, low density polyethylene (LDPE), PA and PS.55
The same kinds of heterogeneity as reported for seafood studies apply to these studies,51 as well as counting versus estimation methods of determining concentration and not identifying all particles by polymer type. This creates uncertainty in the evidence base, especially for some food products where microplastic concentrations appear to be high. Regardless, there is evidence that microplastic particles are found in common foods. These are summarised in Table 2. 

Table 2: Concentration of microplastic particles in certain food types
	Food
	Concentrations

	Honey
	40 to 660 fibres/kg or 0 to 38 fragments/kg, with an average concentration 166 ± 147 fibres/kg and 9 ± 9 fragments/kg (Germany)55 or 0.10 particles/g (United States)51

	Meats
	Chicken, beef and pork: average concentrations 0.31 particles/g of chicken nugget, 0.12 particles/g of sirloin steak, and 0.02 particles/g of pork chop (United States)63

	Processed foods
	Processed foods with microplastics released during production and from the packaging (no quantification of concentrations provided in the systematic review)64,65

	Rice
	3.7 mg/100g (not washed) or 2.8 mg/100 g (washed) for products available in Australia (rice was grown in India, Pakistan, Thailand, or Australia)55

	Sugar
	Average reported concentrations were 0.44 particles/g51,61 or 343.7 particles/kg55 

	Vegetables (lettuce, carrots, onions, and fruits)
	Reported median IQR values for microplastics concentrations (<10 µm) ranged from 52,050 particles/g (lettuce, median size 2.52 µm) to 233,000 particles/g (apples, median size 2.17 µm) (Italy)66
NB these values are high. The study did not articulate methods used to control for background contamination nor did it confirm that all particles are plastic. 

	Salt
	Average concentrations varied depending on the type of salt and area of production, with reported concentrations ranging from 8 to 102 particles/kg (lake salt), 9 to 16 particles/kg (rock salt)55, or for sea salt: 0.11 particles/g;51 12 to 51 particles/100g (Tamil Nadu);61 23 to 58 particles/100g (Gujarat);61 140.2 particles/kg (Taiwan);61 16 to 84 particles/kg (Turkey);55 or 550 to 681 particles/kg (sea salt, no location)61 


µm = micrometre; g = gram; IQR = interquartile range; kg = kilogram; mg = milligram.
Microplastic particles can be introduced to food between production and consumption (for example, via packaging or food preparation and cooking methods).51,67 In home and commercial kitchens, there is evidence that plastic particles are released under mechanical and thermal stress (both heating and cooling) from common items such as plastic cutting boards or preparation surfaces, plastic kettles, plastic kitchen utensils, plastic bottles and bowls, non-stick cookware, cleaning products such as sponges or brushes, and plastic tableware.67 Food packaging including takeaway containers, disposable cutlery, and plates are significant sources of food-related microplastic.44,67 In addition, studies have shown that microwaving food in plastic containers can significantly increase the release of microplastic particles into the food,68,69 as can washing plastic products on high temperatures in dishwashers.70,71
PE, PET, PP, and PS are common plastics used in food packaging. Microplastic particles can degrade from a range of food packaging types and are a significant source of microplastics in the environment.72,73 Plastic additives (including BPA and phthalate) can leach from the food packaging into food products via mechanical stress, changes in temperature or pH, from prolonged contact with food, or (in the case of reuseable plastics) following age-related degradation. They have been found in infant formula, spices, breads, and salami.1,45 Other examples of microplastic released from food packaging included from takeaway packaging (3 to 29 particles per container made of PET, PS, or PE,72 or 145 to 5,520 microplastic particles over 5 to 10 orders depending on a range of factors including the packaging type and the heat of the food when put into that packaging67), bottles, teabags,60,74 or breastmilk storage bags (but advice on polymer type and real-world use conditions were not discussed in the study).75 
3.2.5	Exposure estimates via food or packaging
International data
Small differences in the foods eaten can change an individual’s exposure estimate considerably, and ingestion of microplastics from processed foods and plastic packaging is considered a major source of human exposure to microplastics.44 In addition, presence of microplastic particles in foods is likely to be directly related to the level of microplastics in the area where food is produced.62 For example, actual exposure to microplastic particles in seafood depends on the type and quantity of seafood eaten by an individual. It also depends which parts of the seafood are eaten, with reported ranges complicated by whether the particles were detected in the digestive tract, in the tissue, or in both. Examples of intake quantification should be interpreted cautiously in populations and at an individual level due to the inherent variation in likely exposure, but estimates were:
39,000 to 52,00 particles per annum (food and tap water, United States)48
74,000 to 121,000 per annum (inhalation, food, and tap water, United States)48
90,000 particles per annum (bottled drinks, United States)48 
0.64 to 36.5 g person/year or daily intake 508 to 2,510 particles/person (South Asia).76
Australian data
There is currently no Australian population estimate for average ingestion of microplastic particles per day or per annum. Full understanding of any food safety risk posed by microplastics relies on being able to accurately isolate and analyse microplastic particles (especially those in the nano-range). This includes determining plastic additives and composition of any microplastic particles present especially in complex matrices, understanding the impact of processes like weathering, leaching and sorption dynamics, and developing high-throughput analytical techniques.44 Without understanding these dynamics, accurate risk assessment is challenging.
[bookmark: _Toc206412337][bookmark: _Toc210833562]3.3	Medical treatment 
3.3.1	Presence in medical and dental products
Many medical (including surgical) and dental treatments rely on plastics.1 Common essential plastic items include gloves, face masks, and other PPE, infusion tubes, injection instruments, valves, artificial joints, prosthetic implants, lenses, surgical mesh, stents, catheters, cannulas, sutures, intravenous fluids, primary packing that encases drugs, external product packaging, wound dressings, dialysis tubing, hearing aids, transdermal patches, and dental/orthodontic products including fillings, orthodontic aligners and retainers, dentures, implants, and sealants.30,77,78 
Some medical exposure to microplastics bypasses the body’s barrier systems. Plastics can be directly introduced into the body through an intramuscular, intradermal or intravenous infusion of a drug or via enteral feeding, through short-term open wound exposure (such as during surgery), through longer-term direct contact with tissue (for example, contact with prosthetic implants or surgical mesh), through dermal contact with PPE products made of plastics or via topical treatments, and through inhalation (such as via the use of inhalers or nebulizers, with more microplastic particles released with increasing heat or steam). Often, exposure to plastics is necessary for health and wellbeing. Examples of microplastic presence in specific medical and dental therapies (including medicines and procedures used in Australia) are summarised in Table 3.
Table 3: Summary of microplastics in medical settings
	Medical device or procedure
	Concentrations reported in specific studies

	Single disposable syringe (5 mL)
	1.74 microplastics particles released from a single, disposable 5 mL syringe, which can directly enter the circulatory system77 

	Hypertonic (saline) solutions (13 brands)
	Average concentration of 62.82 ± 72.38 microplastics particles/1,000 mL across 13 brands of hypertonic (saline) solutions, which directly enter the circulatory system79

	Enteral nutrition formulas
	Average concentration of 45 ± 63 microplastics particles/L in 43 percent of enteral nutrition formulas that enter the gastrointestinal system (mean daily intake between 24 to 61 or 30 to 76 particles/day for females or males)80 

	Dialysate 
	0.0021 to 1,884 particles per week in 300 L of dialysate, which directly enter the circulatory system (NB sources include dialyser components, piping, bags, water storage tanks, and plastics used in water treatment)81
Concentration of microplastics in haemodialysis solutions was 0.29 ± 0.16 particles/L-1 or 0.34 ± 0.02 particles/L-1 in peritoneal dialysis solutions 82 

	Presence in operating theatre air
	Average concentration of 1,924 ± 3,105 microplastics particles per m2/day, which can enter an open cavity during surgery77

	Plastic devices used in percutaneous coronary interventions
	Before/after data reported an increase in microplastic particles in 23 patients’ blood (93.57 ± 35.95 versus 4.96 ± 3.40 particles/10 mL of blood), with larger particles identified in patients who had received plastic devices (213 versus 50 µm)83 

	Plastic devices used in paediatric cardiopulmonary bypass interventions
	Before/after data reported an increase in microplastic particles in 22 patients’ blood (37.4 ± 17.6 μg/g of blood compared to 24.3 ± 12.7 μg/g of blood at baseline)84 

	Orthodontic aligners
	Particles released during simulated use which can then be ingested (range 5 to 20 particles released in the simulated model)85,86 


µg = microgram; µm = micrometre; g = gram; L = litre; m2 = metres squared; mL = millilitre.
Leaching of microplastics from pharmaceutical containers into liquids and solids is possible, but this has yet to be quantified. A 2022 systematic review focused on the role of microplastics in pharmaceutical and medical products.30 It reported on sorption by microplastics of pharmaceutical products and noted that microplastic particles can bind many common (and essential) classes of medications including some antibiotics, insulins, beta-blockers, cardiac medicines, chemotherapies, benzodiazepines, anti-inflammatories, anticoagulants, and vitamins to the surface of PVC, PS, PE, EVA, and PO surfaces in packaging or administration tubes (adsorption), or via absorption. Modelled studies showed that plastic PE-based medical packaging could leach previously adsorbed compounds as well as plastic additives (including phthalates, BPA, and heavy metals) if age, pH, and temperature conditions are right (desorption). Theoretically, sorption processes could alter the therapeutic efficacy of a drug as less or different pharmaceutical compounds may be bioavailable to the patient.30 The extent or rate at which this happens, which polymers are involved and are also toxic to humans, and the overall impact on therapeutic outcomes was unknown. 
Topical application of medicines could result in penetration of the outermost layer of the epidermis by particles <200 nm, with preparations applied directly to open wounds able to easily enter the body; however, the extent which this happens and the therapeutic impact of this exposure remains unknown.30 Many of the human health issues raised related to plastics-associated chemicals like phthalates, bisphenols, or heavy metals, which are common additives in medical products, rather than being underpinned by evidence about specific polymers or morphotypes, which were largely absent in the available research. 
Medical face mask use increased during and following the COVID-19 pandemic. Medical masks are an essential component of PPE in many settings, protecting the wearer from a range of potential contaminants including harmful viruses and bacteria. They are also a potential source of exposure to microplastics for both the general population and health workforces. Masks are worn adjacent to the mouth and nose, enabling inhalation and ingestion of particles originating from the mask itself. Breathing patterns may also change with more oral breathing taking any contaminants or particles present deeper into the lungs.87 Two scoping reviews looked specifically at exposure to microplastics from disposable face masks made from PP, PE, PA, PS, PET, or PU.87,88 One reported that microplastics (mostly PP <2 mm) and additives like phthalate acid esters and organophosphate esters are released from facemasks under normal use conditions (such as when breathing in warm environments or through mechanical stress). Quantification of the release of particles and inhalation, ingestion, or dermal exposure was not provided.88 The second review reported on measures of exposure to microplastics from face masks, confirming that these release microplastics particles and additives.87 Only one contributing study reported on direct human respiratory exposure with effective contamination controls (rather than environmentally-focused water-based leaching methods or inadequate methods to isolate and quantify contamination).89 It reported that microplastics particles from the face masks were present in users’ nasal rinsings (10.6 ± 2.3 particles/mg). Particles were mostly <1 µm. While there is limited human data on this source, it appears plausible that use of disposable face masks made of plastics increases microplastics exposure, but face mask use also effectively reduces exposure to other things (like viruses or bacteria) that can make people sick.
3.3.2	Exposure estimates from medical or dental procedures
Estimates of exposure from medical or dental procedures are not available. Any estimate will be highly individualised with limited ability to provide data generalisable to Australians.
[bookmark: _Toc206412338][bookmark: _Toc210833563]3.4	Sources of microplastics in consumer products 
A vast number of consumer products are made of plastics.1 Microplastics are found in personal care products such as toothpaste, facial and body cleansers, cosmetics, sanitary items like tampons, condoms, household cleaning products, as well as in personal and household textiles.27,61,90 In theory, contact lenses can also release microplastic particles into the eye’s mucous membrane.27 Home-based 3-D printing is also a possible emerging issue.27 Some of these particles are primary microplastics, others are sources of secondary microplastics. Laundry cycles are considered to be a significant source of fibres found in wastewater, which may then make their way into food chains.44
Many cited examples of consumer products in the systematic reviews presented theoretical exposures based on dermal contact or accidental ingestion or inhalation, with few datapoints describing abundance or concentration with real-world use provided. In addition, it is not possible to determine release of microplastic particles from all possible consumer products as there are too many to count, and research to date has focused on only a small number of plastic polymers (namely PE).90 Specific technical challenges also exist, including isolating any microplastic present from the surrounding matrix (especially if that matrix is oil-based and an aqueous isolation method is selected).90 Further work to develop effective extraction methods is needed before accurate microplastic particle detection can occur for many products. 
A narrative review summarised research on microplastics particles and oral care products including toothbrushes, flosses, mouth sprays and washes, and whitening and regular toothpastes.78 It reported on a small number of studies that indicated release of (predominantly PE) microplastic fragments from these products. One study cited in the review reported exposure values of 48,910 particles/person/year with toothbrush use, as well as identifying microbeads in toothpaste). Not all microplastic particles released from oral hygiene products will be ingested as many are spat out at the end of cleaning. There was no data presented on ingested or absorbed particles from these products.
[bookmark: _Toc206412339][bookmark: _Toc210833564]3.5	Summary and overall estimates of human exposure
Together, this body of evidence indicates that people are exposed to microplastic particles in a wide range of settings, and it is likely that it is not possible to avoid exposure (although individual choices could minimise some exposures). 
Attempts to quantify a reliable daily exposure value for microplastic particles have been made, but this is challenging due to the limitations in our understanding of general and specific environmental exposure levels in different places (airborne and water), as well being significantly influenced by individual choices (such as the quantity of shellfish or bottled water consumed per day or the quantum of plastics present in a specific indoor location, and wide variation in estimations of each of these exposures). No standardised methods for quantifying exposure to microplastic particles exists as yet.43
One widely-cited (and now contested) study aimed to provide estimates for human consumption of microplastics.91 The authors extracted and standardised data from 59 studies, categorising microplastic particles into consumables, aquatic, and atmospheric. After standardising the estimated weight of particles and noting conservative assumptions about distribution, a Global Average Rate of Microplastic Ingestion (GARMI) was calculated. The GARMI was the estimated average rate of microplastics ingested by humans, measured in grams per week. Three scenarios were presented: 0.1 g, 0.3 g, or 5.5 g per week, with an averaged scenario at 0.7 g per week. 
The scenarios were based on quantity of water, shellfish, salt, and beer, consumed per week, calculated at three different mean particle masses:
0.1 g per week: assumes mass average from aquatic sources
0.3 g per week: assumes mass average from consumable sources (spherical)
5.5 g per week: assumes mass average from consumable sources (cuboid).
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In media and in other academic papers, the GARMI is widely quoted as a range: humans ingest between 0.1 and 5 g of microplastics per week or “humans consume 5 g or a credit card worth of plastic per week”. That is not what the study found nor how it reported its results. While the study’s calculation method has been contested, the original authors have also not updated their advice based on the additional exposure data now available. 

Critiques of the GARMI include that the data from primary studies were combined with incorrect averaging of reported particle sizes, that there were unrealistic assumptions about spherical and cubic particle shapes, and that the particle mass in both water and salt was overestimated due to methodological errors (in the GARMI calculations, not the primary studies) by several orders of magnitude.92 
A subsequent study questioned the GARMI and used a different method to calculate probabilistic lifetime exposure model for children and adults.93 This found ingestion in the scale of nanograms (not g) per day: 553 particles/person/day or 184 ng/child/day and 883 particles/adult/day. The differences arise in the way these two studies used assumptions to convert count to mass. The second study found that even the lowest GARMI estimate (0.1 g per week) was 25,000 times too high. When accounting for differences in particle shapes and size reported in the same primary studies used in the GARMI calculation, a median microplastic ingestion rate of 4.1 μg/week for adults was calculated. This equates to a credit card worth of microplastic particles not every week - but every 23,452 years.
The GARMI study has been cited over 700 times and is widely used in non-human mammal studies to calculate whether the exposure dose can be called plausible (that is, at scale) for real-world human exposure. This creates complexity in assessing whether those studies reflect an environmentally relevant dose given the uncertainty in the reliability of the GARMI results. 
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There is a wide agreement among researchers that standardised methods are needed to produce consistent, reliable, and comparable evidence on exposure. In addition, to enable accurate and replicable analysis of microplastics exposure in humans, the WHO and several researchers recommend the development and consistent use of a standardised risk assessment and analysis framework for future microplastics research.2,94–96
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4	Detecting microplastics in human tissues and body fluids
	Research into the impact of microplastic particles on human health is a new field of study. Most studies are cross-sectional. Microplastic particles have been found in some tissue samples in the respiratory, gastrointestinal, hepatic, renal/urinary, reproductive, nervous, and immune system organs, in thrombi/vein, bone marrow, atherosclerotic plaque, and skin samples, and in body fluids including blood, bronchoalveolar fluid (BALF), nasal secretions, meconium, urine, faeces, semen, ovarian follicular fluid, breastmilk, cerebrospinal fluid, and the aqueous and vitreous humor of the eye. Microplastic particles have been identified in some tumour tissue. Presence does not create or imply an association between microplastic and adverse health outcomes, only that particles have been found in particular organs and fluids.


A 2024 scoping review of 26 primary studies reported evidence that different sizes (<500 µm), shapes (fragments, fibres, beads, subspherical particles, and films), colours, and polymers (PA, PC, PE, PET, PMMA, PP, PS, PU, PVC, and PES, among others) have been isolated from samples of more than half of human organ systems and many body fluids. 
Small numbers of microplastic particles were detected in tissue samples from thrombi, veins, lung tissue, liver tissue, placental tissue, spleen tissue, and testes tissue.
No microplastics were detected in a study of three kidney samples.
The total number of samples of each fluid were generally fewer than 30.
Small numbers of microplastic particles (generally less than 100 particles per sample) were detected in breastmilk, sputum, semen, and urine and in some samples of meconium (suggesting that these particles can cross the placenta).
Greatest abundance was reported in skin and faeces (>1,000 particles per sample).97 
The limit of detection varied and 12 different detection, identification, characterisation, and quantification methods were used, which may explain variance in results. No comment was made on the abundance of each polymer nor their potential association with the location in which they were found. Risk of bias (RoB) was identified as high in studies relating to thrombi, lungs, and faecal samples including inadequate control for contamination or unclear reporting. 
A second review reported the presence of microplastics in a similar range of organs and body fluids (that is, the lung, the colon, the liver, the placenta, the spleen, and in blood, saliva, sputum, breastmilk, and meconium).98 This review drew on many of the same studies as the previous scoping review97 as well as noting new evidence that detected microplastic particles in a wider range of fluids including blood, BALF, cerebrospinal fluid, and enclosed body fluids (renal, hepatic, pelvic, or thyroid cyst fluid). No RoB analysis was completed.
Understanding of the presence of microplastic particles continues to grow. More than 27 polymers, additives, and pigments have now been detected in organ or tissue samples, most commonly PE, PS, PVC, PP, PET, PA, PU, and PMMA. Detailed study data is provided in Appendix D, including data on particle type and morphology by study. Microplastic particles have been detected in some tumour tissue, but the reported abundance or concentration ranges are wide with upper values often influenced by single samples (see Cancer section).99 Microplastic particles identified in the body are likely to represent the plastics that people are exposed to.100 A summary of study results is provided in Figure 6.
Figure 6: Map of where microplastics have been detected in the human body
[image: An image of the human body showing the organs and body parts where microplastics have been detected]
[bookmark: _Toc210833566]4.1	Small samples limit generalisability to people in Australia
Many studies seeking to detect microplastic particles were exploratory. They used small sample sizes (median = 19 samples per study; range = 1 to 1,057; see Appendix D). For many human organs and fluids, only one study has reported results (including for the stomach, kidney, gall bladder, the ovary, fallopian tubes, and prostate). Other organs are the subject to more research (for example, the placenta, fluids from the upper and lower respiratory system, urine, and semen). Microplastic particles may be identified in all samples in a study, or in a proportion of them. It is not yet clear whether the reported presence of microplastics applies universally across all population groups or individuals. It is possible that publication bias is present as few studies that reported no presence of microplastics were identified and some studies only found microplastic particle in 20 percent of samples101. There is currently no data on microplastic exposure for people living in Australia.
[image: ]
Upcoming research 
The Plastic Exposure Reduction Transforms Health (PERTH) study is seeking to detect common sources of exposure to primary metabolites of non-specified plastics-associated chemicals. Up to 200 participants will provide data about exposure to plastics-associated chemicals. Biomarkers will identify inflammation that could cause chronic disease, and some participants will be offered a diet and personal care options that are lower in plastics-associated chemicals. The status of this trial (recruiting or active) is unclear.

[bookmark: _Toc210833567]4.2	Variation in detection parameters may impact results
Incorrect or incomplete sample processing and inaccurate visualisation, characterisation technique, or extrapolation techniques based on a small proportion of samples can lead to inaccuracy in reported results (for example, if organic matter is nor fully digested before analysis, if quarter-samples are used and particles are not distributed evenly within the sample, or if calculations are incorrect). Recognising technique limitations and selection of the most appropriate technique (or combinations of techniques) and spectral database(s) are critical to accuracy. More information about techniques is provided in Appendix C.
Limit of detection and/or limit of quantification varies by technique and sample. Some studies reported the limits for all methods used; others reported only one limit of detection even if they used more than one technique and about half did not report a limit of detection at all. Individual study limits of detection are included in Appendix D. Most studies were able to detect particles to >10 µm but not smaller. Given the time, expense, and difficulty associated with detection of nanoparticles, fewer studies had limits of detection suitable for detecting and identifying particles <1 µm. With higher limits of detection, fewer microplastic particles may be identified than are truly present (and this is especially true for particles <10 µm). This remains a gap in the research, but more findings may be presented as techniques to detect the smallest plastic particles develop and as reporting consistency improves. 
Variation in the reported results by the total abundance (number) or concentration of microplastics (the number or particles within a tissue or fluid) or the unit of measurement (by mass) creates challenges in fully understanding the quantum of plastic present in the body. 
These are three significant challenges; however, many studies acknowledged or quantified suspected background or procedural contamination and the reported contamination level was lower than the number of microplastic particles observed. Others completed statistical testing that demonstrated that particle abundance (or concentration) was significantly greater than that in procedural blanks.102,103 This provides some confidence that microplastic particles have been identified in samples from the tissue or fluids of some people as reported, even if the techniques used to isolate and analyse particles vary and some results may be less certain. 
	[image: ]
A note about Py-GC/MS
This technique involves burning a sample at high temperatures to break the polymer into molecules, which are separated before mass spectroscopy and comparison to a spectral database. Py-GC/MS is used in approximately half of the studies used to detect microplastic particles in people (Table 5 and Appendix D). Concerns about this technique include that it is indirect analysis. When using Py-GC/MS, the polymer itself is not visualised (only its molecules). Other pyrolized substances in the sample can breakdown into the same kinds of molecules as the plastic polymer leading to false positive results (for example, lipids and PE).26 False negative results may be reported for other polymers (for example, PVC breaks down into molecules that are very similar to polycyclic aromatic hydrocarbons). Efforts to improve the performance of Py-GC/MS have been made, but uncertainty remains if sample digestion is not complete. Py-GC/MS may not provide reliable results for human sample matrices due to lipid interence.26


[bookmark: _Toc210833568]4.3	Particle sizes
Detecting realistic particles sizes in samples can help to understand whether it is plausible that the plastic particle could be found in that place, or whether there could be other explanations (such as background or procedural analysis). For most samples, the detected particles were very small (often <100 µm). The ability to cross internal biological barriers depends strongly on particle size, polymer properties, and the biological context. It is plausible (supported by direct evidence) that translocation of nano- and small microparticles occurs, but evidence is not consistent for larger particles (see Biokinetics section and Appendix D).
[bookmark: _Toc210833569]4.4	Presence and exposure pathway
A wide variety of polymers were identified in samples, both between studies and within individual samples included in a single study. Some studies provided detail about the proportion of samples containing a specific polymer; others reported on the presence of polymers as a percentage of the total number of particles detected; some did not report on composition or morphology. Some studies reported the presence of more than 10 polymer types in the samples; others reported only one or three polymers. This variation may relate to the identification techniques used (including which spectral databases were used or the selected match thresholds). This variation, coupled with the small sample sizes and limited number of studies for each organ or fluid, make it challenging to determine specific trends about whether certain plastic polymers (or morphological characteristics) are associated with deposition in specific organs or fluids. 
Studies rarely discussed whether microplastic particles were from a primary or secondary source. Attempts to link presence and exposure pathway were made in only a few studies, with only a moderate correlation observed in the scoping review.97 Most comments were speculative, or based on questionnaires which linked the presence of microplastic particles to:
dental protheses104 
consumption of drinks in plastic bottles98,101,104–108 
plastic food packaging including PS boxes and teabags98,101,104,105,109 
consumption of seafood,104,107 takeaway food100,106,108, or chewing gum105
use of plastic consumer goods including toys98,102,110–113 
presence in an indoor environment where there were a lot of plastics114
cosmetic products including scrub cleansers and face masks.101,108,112,113,115,116
Some studies completed statistical testing to determine correlation between lifestyle factors and the presence of microplastics in the body, including detecting a strong positive association with the consumption of seafood and bottled water and PET, PE, PU, PA, and chlorinated polyethylene (CPE) particles in amniotic fluid107. Other studies reported no significant associations,105,109,117,118 or completed qualitative analysis that reported no association between occupation, urban/rural residence, or smoking status.119 Quantified dose-response relationships between exposure pathways and presence or type of microplastic in specific organs or body fluids is unknown. It is also unclear whether particles deposited in various locations in the body are relevant to the range of particles that the individual is exposed to. 
[bookmark: _Toc210833570]4.5	Presence does not mean association with health outcomes 
Few studies discussed whether the presence of microplastics in a specific organ or fluid were related to specific health outcomes related to that organ or fluid. This remains an important area of uncertainty: they are present, but do certain plastics have an affinity for certain organs or fluids and do they cause harm when they are present in those locations?  


[bookmark: _Toc210833571]5	Biokinetics 
	[bookmark: _Hlk206356114]Particles are cleared from the body using normal biological processes. Presence in a human organ or fluid does not mean it accumulates or aggregates. The sources and exact exposure routes and pathways leading to the presence of specific microplastic particles in an organ or fluid is not yet fully understood with both theory and evidence presented in the literature. While the pathways for deposition in the respiratory and gastrointestinal systems are obvious, the mechanisms leading to deposition in more distant organs or body fluids remains less certain. The translocation of microplastic particles across biological barriers (starting with crossing the intestinal mucosa) followed by transport through the circulatory system and crossing of further biological barriers is likely to play a significant role. There is uncertainty about clearance pathways and rates. This limits our understanding about the toxicity of microplastic particles.


Potential toxicological and health impacts of microplastic particles are influenced by how many particles are present, any sorbed contaminants associated with that particle (including contaminants that may desorb from the particle), the potential presence of biofilms associated with the particle, the particle’s size and specific morphological and chemical characteristics (which make up its toxicological characteristics), and how these all interact with the specific cells, proteins, and factors that it comes into contact with. Three dimensions are also important: 
How quickly the particle is cleared from the respiratory or gastrointestinal systems.
If and where the particle is deposited.
If the particle accumulates or aggregates in vivo. 
[bookmark: _Toc201745095][bookmark: _Toc201746142][bookmark: _Toc206412342][bookmark: _Toc210833572]5.1	Clearance
Most inhaled and ingested particles (including microplastics) are likely to be cleared from the body.6 Presence of microplastic particles in some body fluids is expected, such as in faeces, urine or sputum as these are the main ways that the body rids itself of unwanted items. Clearance mitigates the potential for toxicity; however, more research is needed before the relationship between exposure, clearance, and toxicity can be understood and a more complete picture of the potential impact of microplastics on human health can be made.111 Possible mechanisms of clearance include via:
mechanical means like coughing or sneezing
the usual excretion processes (urine and faeces, especially for larger particles)
mucociliary transport
immune cellular responses in tissue, the lymphatic system or the circulatory system such as endocytosis (and subsequent lysosomal activity and exocytosis) followed by apoptosis, phagocytosis, and enzymatic activity
the turnover of gastrointestinal epithelial cells.24,120
Microplastic particles have been reported in human faeces (the smallest particle detected was 1.7 µm, dimension unknown) and human urine samples (the smallest particle detected was 4 µm, dimension unknown), confirming that clearance occurs via these gastrointestinal and urinary mechanisms.97,98,121 Fetal clearance has also been documented via meconium (>20 µm, dimension unknown).97,98 While microplastic particles have been detected in biological sites such as the vitreous and aqueous humour of the eye, endometrial lining, and in breastmilk, there is currently no confirmed evidence for significant elimination of microplastic particles through tears, menstruation, or breastfeeding. 
Specific details on the minimum and maximum size of particles cleared by which mechanism and the rate of clearance are lacking. Most microplastic particles are likely cleared by the gastrointestinal system, especially if they are larger. Estimates are that one to 10 percent of ingested microplastic particles remain in the body, but there is no firm evidence of this.2,24,122,123 Particles >150 µm cannot easily pass through the gut epithelium, and it is thought that this is likely to be the upper range of any microplastic particles retained in the body.
Excretion timeframes by physiological mechanism are not known, but evidence from a rodent study suggests that the majority of particles are excreted within 48 hours of ingestion.77 Human data is not available. Timeframes for clearance through the human gastrointestinal tract have not been described but are likely to reflect a normal gut transit time range. Clearance rates for particles in the lungs vary by location in the respiratory system, the cells involved (for nanoparticles), and particle characteristic.2,120 Estimates range from several hours to some months,2 but there is considerable uncertainty in this timeframe.
[bookmark: _Toc201745096][bookmark: _Toc201746143][bookmark: _Toc206412343][bookmark: _Toc210833573]5.2	Internalisation, translocation, and deposition
While the location of microplastic particles in the lungs and the gastrointestinal system is easy to understand (given the inhalation and ingestion exposure pathways and associated clearance mechanisms), uncertainty remains about the mechanisms that enable microplastic particles (and any adsorbed contaminants or biological particles) to then move to more distant locations in the body. Studies that detected microplastic particles in more distant human organs or body fluids either noted that they did not know how the particles got there, or they hypothesised about biologically plausible explanations for the presence of these particles. 
Few studies explore the (potential) mechanisms that enable translocation or deposition, or any subsequent potential for accumulation, aggregation or clearance.24 The most common hypothesis (supported by in vitro evidence) is internalisation followed by translocation from either the respiratory or gastrointestinal system. Microplastic particles can be inhaled into the lungs and then be absorbed by the pulmonary capillaries and alveoli (as evidence by their presence in BALF). In the gastrointestinal system, cellular mechanisms enabling translocation include the formation of a corona of organic matter or intestinal mucous around the particle that then enables it to cross through the intestinal mucous and contact the gut epithelium (that is, formation of a corona enables that particle to evade normal macrophage and immune system activity).2,24 These very small microplastic particles pass through lung and nasal barriers (maximum diameter estimated to be <10 µm), or the intestinal mucous followed by crossing the gut epithelium (maximum length estimated to be <150 µm). It is possible for particles smaller than 5 to 8 µm in any dimension to move through capillaries (and particles of this size have been detected in human blood samples).103 Once they cross the lung or gut epithelia, microplastic particles can move to the liver via the hepatic portal artery and then (re)circulate throughout the body via the blood. 
Mechanisms for internalisation and translocation include:
cellular internalisation including by endocytosis, transcytosis, micropinocytosis, or phagocytosis including by intestinal epithelial cells (for particles up to approximately 500 nm, although study results vary)
possible uptake or transcytosis by microfold cells (M cells) involved in Peyer’s patches (which can lead to translocation across the intestinal membrane)
villous uptake of particles ≤150 µm via gaps in villi during cellular turnover, migration of macrophages, or via persorption or damage to the epithelium (if ulcer is present) 
transportation through gaps between cells (especially for very small particles or in situations when the tight junction integrity may be compromised by inflammation, protease/antiprotease imbalance, or by changes brought on by disease)
uptake by migratory phagocytes including macrophages and dendritic cells in the intestinal or gastric epithelium, and from there moving to the lymphatic system.2,24,124
Once in the circulatory system, microplastic particles move through the body in the blood. During this process, the particles can interact with proteins present within the plasma and form other coronas or complete further endocytosis and continue to evade the immune system. Particles in the blood can be transported through exclusive tight junctions and, with the right characteristics (such as size or particle charge), they can:
move through the blood vessels serving the bladder, or through the renal corpuscle and capillary system (nanoparticles only)121 
(potentially) cross the blood-brain barrier125,126
cross the blood-follicle barrier into ovarian granuloma cells127 
move into the placenta with high maternal blood and nutrient flow111 
enter via passive diffusion from the vascularised vertebral bony endplate through a cartilage endplate or through the periosteum, but not from surrounding soft tissue118 
enter the epithelial cells of the ciliary body (eyes)110
cross the blood-testis barrier including via endocytosis into Sertoli cells.128 
Larger particles cannot cross internal barriers or cell membranes, but plastic type, surface chemistry, and gut metabolism may play a role in supporting translocation of smaller particles.2 Estimates of translocation rates by internal barrier are not known, but have been estimated.124 Under normal conditions, only very small particles (<150 µm) are expected to enter the circulatory system from the respiratory or gastrointestinal systems. Particle size and surface chemistry may affect the particles that can cross internal barriers (see text box). It is unclear whether increased permeability of damaged internal barriers (that is, with some form of pathology) increases the rate of translocation. Regardless, normal biological processes associated with removing unwanted items from the body are likely to play a role in transporting particles so that they can be cleared or neutralised.  
Other (non-circulatory) mechanisms have also been proposed including presence in sperm via macrophage release of microplastics (exocytosis) to the seminal plasma during sperm transit through the epididymis, from the prostate, seminal vesicles, or related glands.128
[image: ]
Summary of particle size that can cross internal barriers
Skin: <45 nm
Brain: <500 nm
Gut: <150 µm
Capillary: 5 to 8 µm
Bronchioles: <10 µm 
Alveoli <2.5 µm
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The ability to translocate increases with decreasing particle size. Many studies noted that toxicity risk increases with decreasing particle size. The evidence for these statements is driven by non-human mammal and in vitro research, which often show greater effect on cellular processes with decreasing particle size; however, the exposure dose is also often high, and is definitely higher than an environmentally relevant dose and exposure duration that would be experienced by most humans. There is little in vivo human evidence that particles <1µm cause more significant effects than microplastic >1 µm, but the difficulty in detecting such tiny particles creates a significant degree of uncertainty, especially when there is some evidence that it is the smaller particles that can translocate.


[bookmark: _Toc201745097][bookmark: _Toc201746144][bookmark: _Toc206412344][bookmark: _Toc210833574]5.3	Metabolism (biotransformation)
Microplastic particles are biopersistent and many plastic polymers are biostable. There is inconsistent evidence that plastics are broken down by gastrointestinal fluids or otherwise metabolised by the human body. Some studies observed no changes (possibly due to plastic composition and short duration of time spent in contact with gastric acids). Other studies indicated that there may be alteration but only to some types of plastics (such as PS particles forming a corona that potentially increases size and aids in clearance or translocation, or via the presence of certain microbiota that can degrade some types of plastics, namely LDPE or PP).51,129,130 Hypotheses include that changes to surface chemistry could alter the bioavailability of particles, but it is not clear if this is due to corona formation or another change. 
Some particles may be affected by human digestive processes (including by gut microbiota).95,131 Data from an in vitro model (Caco-2 and HT29-MTX cells) reported that more PS particles (50 nm) translocated compared with 100 nm, with positively charged digested particles four times more likely to translocate than pristine particles.129,132 This suggests that digestive process may increase the possibility of translocation (but the model did not have the full range of biological process that may act on a particle in vivo). Other studies have hypothesised that internalisation may induce other cellular effects or make small changes to surface chemistry depending on the polymer type, which could affect translocation.24,122 Most research appears to be completed in organoid studies or in lower order animals, which is not helpful for understanding any effects of the complex human gastrointestinal system. 
[bookmark: _Toc201745098][bookmark: _Toc201746145][bookmark: _Toc206412345][bookmark: _Toc210833575]5.4	Accumulation
Evidence from an experimental study suggested that some particles remained in rodent tissue four weeks post-administration, suggesting potential for evading immune and clearance mechanisms;122 however, most preclinical studies have a short duration and do not describe mechanisms that support accumulation or aggregation. Epidemiological evidence is cross-sectional and does not provide advice about longitudinal factors such as accumulation. The link between presence and the length of time a particle might have been there is uncertain.
[bookmark: _Toc210833576]

6	Microplastic and human health outcomes
A 2022 WHO review reported that particles <10 µm are likely to be those that are responsible for potential human health outcomes.2 This reflects the limited ability of larger particles to pass through the gastrointestinal, nasal, or respiratory epithelia. The WHO reported little evidence of human health effects from exposure to microplastic particles including for diseases known to have longer latency periods. There is limited evidence on whether plastic particles have impacts beyond what any particle of that size could have when inhaled or ingested. There is more consistent evidence that exposure to microplastic particles can increase oxidative stress, alter metabolic profile and lipid metabolism, and induce chronic inflammation. Since 2022, evidence has increased; however, much remains focused on experimental and preclinical in vitro studies. Unpicking available data and applying it to real-world human exposures, doses, and durations is difficult (particularly at the nano-scale). Epidemiological evidence focuses on detecting microplastic particles in the body. Few studies consider associations between presence and human health outcomes. In 2025, much remains unknown and evidence from high-quality epidemiological studies remains sparse. 
	[image: ]
About human cell-line and animal studies
Much of our knowledge about the impact of microplastics in the human body is based on preclinical (in vitro cell-line) and non-human mammal studies. 
Non-human mammal studies are more relevant to humans than other animal studies, but they cannot show results that apply to real-world exposures experienced by people. Non-human mammal studies are conducted in controlled laboratory settings. Animals are selected for or made to develop certain characteristics. Other factors are controlled for before microplastics are administered. After a set period of time, tissues and organs are analysed. Exposure dose may be administered orally via gavage, incorporated into diet and drinking water, inhaled, or injected. Normal food and water or inhalation are more realistic than injection or gavage. In most cases, the amount of microplastic delivered is higher than that which would happen naturally. Results following shorter exposure duration can show changes that are the precursor to disease. There is a suggestive but not definitive link to longer-term disease outcomes. A further leap is needed to apply these results to humans.
In vitro studies, conducted in controlled laboratory settings, simulate systemic exposure to microplastic in humans primarily by exposing cultured cell-lines to defined sizes, shapes, and concentrations. These do not replicate the complexity of whole-body systemic exposure or real-world plastics. The main cell subjects are immortalised cancer cell-lines or stem-cell derived organoids. Cancer cell-lines are easy to standardise and use but are less complex, lacking cellular diversity. They are less representative of human tissue responses. Stem-cell derived organoids are a newer product, more expensive and not as simple to work with, but can more accurately mimic human tissues. The interactions between plastics and the human body is not well accounted for in laboratory studies.133 This review is interested in actual human health outcomes. We have summarised but not provided in-depth coverage of in vitro and non-human mammal studies for the reasons above.



[bookmark: _Toc206412347][bookmark: _Toc210833577]6.1	Biological responses to microplastic particles 
This section covers the key concepts in cellular responses that may be triggered by exposure to particles including microplastics. It outlines representations of how microplastics may trigger specific response pathways, and the type of experimental research reports on how these particles may influence cellular processes that are precursors to disease. Figure 7 provides a simplified schematic of how these complex processes operate in the human body.
Figure 7: Simplified schematic of human cellular response pathways
[image: An image showing a simplified schematic of human cellular response pathways]
DNA = deoxyribonucleic acid; ROS = reactive oxygen species
6.1.1	Cellular signalling
Inside each living cell, complex molecular interactions take place. The signalling cascades are frequently interconnected, which can obscure the sequence of events; however, many known cell processes include some distinctive signalling pathways that can be observed experimentally. These are usually studied either in pathological/disease conditions or in cell culture models. For example, one of the key signalling pathways discussed in the health-related evidence for microplastics is the Wnt/β-catenin signalling pathway, which is responsible for regulating cell proliferation, differentiation, and tissue homeostasis.
6.1.2	Cellular stress responses 
Reactive oxygen species (ROS) and oxidative stress
Reactive oxygen species (ROS) are naturally produced as products of cellular metabolism. Their production is initiated by intra- or extra-cellular sources. Internal (endogenous) processes that induce ROS production include enzyme activity, inflammation, and protein misfolding. External (exogenous) factors include environmental toxins, radiation, and ingested substances. There are also disease-linked mechanisms (for example, cancer tumour cells have high ROS levels due to metabolic dysfunction; in Alzheimer's disease, neuronal mitochondria overproduce ROS).
Oxidative stress occurs when ROS production overwhelms the antioxidant systems, so the balance between pro-oxidant species and antioxidant defence mechanisms becomes disturbed. This imbalance can lead to cellular and tissue damage, contributing to ageing and many health problems. Increased ROS production leading to oxidative stress is one of the key biological mechanisms proposed as the driver of the observed human cellular changes and mammal health outcomes.
Inflammation
Inflammation is part of the body’s response to infection or injury, involving the immune system’s cells migrating to the site of harm. Inflammation and oxidative stress can exacerbate each other: inflammation can lead to increased production of ROS, leading to oxidative stress, which can damage cellular components. This triggers more inflammation. The interplay between these processes is a key factor in the development and progression of chronic diseases and inflammation is one of the key biological mechanisms that underpins some of the observed human cellular changes and non-human mammal health outcomes.
Cell death processes
Stress on cells can disrupt tissue homeostasis (equilibrium between the rate of cell death and growth). 
Apoptosis is programmed cell death. It is a normal biological process that ensures that any damaged cells are removed from the body. Apoptosis is a controlled or regulated form of cell death with distinct biochemical and morphological changes. It eliminates unwanted or damaged cells. It can be triggered by cellular stressors including oxidative stress, irradiation and chemotherapy, and internal processes including endoplasmic reticulum (ER) stress, a condition where the ER is overwhelmed with unfolded proteins. The latter can itself be caused by oxidative stress. Apoptosis is not strongly linked to inflammation and can be anti-inflammatory. Health issues may arise when an excessive number of cells are perceived as damaged (such as through endocytic processes involving microplastic particles), resulting in elevated levels of apoptosis beyond what is necessary to maintain tissue homeostasis.
Necrosis is not regulated like apoptosis. It is caused by external stresses, diseases, and injuries that lead to cell death. The morphology of these two types of cell death differs. Apoptosis involves shrinkage and blebbing (the cell developing bulges that may break away, resulting from the breakdown of the cell's cytoskeleton from the membrane). Necrosis is more related to inflammatory responses and involves the cell swelling, becoming permeable, and rupturing into surrounding tissue. 
Pyroptosis is a proinflammatory form of regulated cell death mediated by gasdermins (pore-forming proteins that play a key role in immune response and inflammatory disease processes, releasing pro-inflammatory cytokines that then induce pyroptosis). Pyroptosis and ferroptosis interact with autophagy in the development of some diseases.  
Autophagy (self-eating) is a cellular recycling process. It is a stress adaptation that can prevent cell death as it helps to maintain cell health and function, especially during periods of stress, invasion by pathogens or nutrient deprivation. In some circumstances, autophagy can lead to cell death. It is observed in cells that have been exposed to metabolic and therapeutic stresses including ROS and ER stress. Health issues may arise when autophagy accelerates, leading to increased recycling of cellular material above what is required to maintain a sufficient number of healthy cells.
Ferroptosis is a regulated, non-apoptotic cell death mechanism, where iron in the cell helps to damage the cell membrane leading to cell death. It is a more recently recognised form of cell death that appears relevant to some microplastic exposures. It is morphologically, biochemically, and genetically distinct from apoptosis, necrosis, and autophagy.
Disruption to metabolic homeostasis
Metabolic homeostasis is the maintenance of a stable internal environment within the cell. Cells need to maintain balance between energy production and expenditure, and also processes such as hormone secretion, and waste removal. 
6.1.3	Cell damage from external stressors
Membrane damage
The outer boundary (membrane) of a cell can be damaged from exposure to pathogens or chemicals, by physical injury, and by the cell’s metabolic activity. This can lead to increased permeability (allowing uncontrolled movement of molecules in and out), mitochondrial dysfunction, activation of inflammatory pathways, cell ageing (senescence), and cell death.
Cytotoxicity
Cytotoxic means toxic to cells. External agents such as chemicals, metals, poisons, and medications (for example, chemotherapy) can be toxic to cells and causes cell death. Immune system cells themselves can also be cytotoxic, when they are programmed to kill other cells. 
Genotoxicity
Genotoxicity means the ability of an agent to induce alterations in the genetic material, which is primarily DNA in most cells. This alteration can lead to mutations and cancer. At this stage, there is very limited evidence that microplastic particles (in and of themselves) are genotoxic.
6.1.4	Cellular damage pathways involving microplastics
Microplastic particles are taken up by different cell types via endocytosis, transcytosis, micropinocytosis, or phagocytosis (among other processes). Cell-line studies demonstrate how internalisation process can be accompanied by generation of free radicals, leading to oxidative stress, signified and triggered by an increase in ROS levels.134 Outcomes include damage to the cell’s function and mutations if there is oxidative DNA damage. Figure 8 illustrates the difference and connection between molecular-level and cellular-level effects following exposure to microplastic particles. Pathways from oxidative stress at the molecular level can lead to cellular death (apoptosis) and can trigger several response pathways including cytokine upregulation and histamine release at the molecular level, or changes in protein expression at the cellular level, that then cause inflammation or ageing of the cell.134
Figure 8: Molecular and cellular events leading to inflammation and senescence upon MNP exposure (replicated) 134

Orange cube: key molecular consequences
Orange sphere: detailed expression of relevant biomarkers
Green cube: key cellular consequences
Green sphere: detailed expression of relevant biomarkers
Solid lines indicate the interconnectedness of biomarkers and key events
Double-sided arrows: evidence suggests that key events are linked
Dashed lines: suggest that the key event may, in part, be a consequence of another key event
Asterisk (*): indicates that IL-6 expression is downregulated in certain contexts due to microplastic exposure.
The pathway to adverse health outcomes in cells involves interconnected processes. Figure 9 uses existing knowledge on cellular stressors to inform research on microplastics. It shows how suggested pathways from exposure to harm depend on the properties of the microplastic and the body part that particles encounter (the molecular initiating event). Subsequent impacts on the cell, including inflammation, oxidative stress and cytotoxicity are intermediate events, leading to adverse outcomes including toxicity and fibrosis of certain organs following tissue injury. Meanwhile, the delivery of chemicals via microplastics may lead to a different range of outcomes.135 These suggested pathways are important for following the logic of studies on exposure and health but they are largely hypothetical beyond cell-level experiments.
Figure 9: Adverse outcome pathways framework to inform microplastics hazard research (replicated)135

a. A schematic representation of an AOP. MIE, molecular initiating event; KE, key event; AO, adverse outcome; AOP, adverse outcome pathway; arrows describe relationship between two KEs.
b. A putative mini AOP relevant to microplastics involving multiple KEs at the subcellular and cellular levels leading to tissue injury, an adverse effect at the tissue level that precedes tissue dysfunction and eventual manifestation of diseases. Various physicochemical properties of microplastics that may be involved in the toxicity and the types of AOs anticipated are shown.
6.1.5	Microplastic effects on cellular stress responses
[bookmark: _Hlk200967015]There are examples of the effects of microplastics on certain cell types, but the overall effect of microplastics in humans is not yet understood. Increasing our understanding of in vivo impacts is crucial. Table 4, data replicated under creative commons license,136 shows study results that demonstrate how potential effects of microplastics may impact human health. It focuses on which particles cause inflammation, apoptosis, oxidative stress, or metabolic homeostasis disruption on which type of human cells or animal organs. Inflammation findings focus on upregulation of the expression and secretion of specific cytokines, and on induced inflammation of body areas (PE and PS particles). Oxidative stress findings focus on ROS generation and induced cell death from PS, and reduced cell viability following exposure to PVC and PMMA. Metabolic homeostasis findings mostly used PS and showed gut microbiota dysbiosis in animals and changes to cellular functions. 
Table 4: Potential toxic effects of microplastics on human health136
	Toxic effect
	Plastic
	Particle size
	Details

	Inflammation
	PS
	202 nm; 535 nm
	Upregulation of IL-8 expression; induced inflammation in human A549 lung cells

	
	Unaltered or carboxylated PS
	20 nm; 44 nm; 500 nm; 1000 nm
	Upregulation of IL-6 and IL-8 expression; enhanced inflammation in multiple human malignancies

	
	Carboxylated and amino-modified PS
	120 nm
	Altered expression of scavenger receptors; M2 cells increased IL-10 production; increased TGFβ1 (M1) and energy metabolism (M2)

	
	PE
	0.3 μm; 10 μm
	Increased secretion of IL-6, IL-1β; tumour necrosis factor alpha (TNFα) in mouse macrophages

	
	PE particles from prosthetic implants
	0.2 μm; 10 μm
	Induced the expression of TNFα, IL-1 & RANKL; resulted in periprosthetic bone resorption; induced inflammatory response at the implant area

	
	PS
	5 μm; 20 μm
	Induced inflammation in the liver; induced adverse effects on neurotransmission

	Oxidative stress and apoptosis
	Amine-modified PS
	60 nm
	Strong interaction and aggregation with mucin; induced apoptosis in intestinal epithelial cells

	
	Cationic PS
	60 nm
	Induced ROS generation and ER stress; induced autophagic cell death of mouse macrophages and lung epithelial cells

	
	Pristine PS
	20 nm; 40 nm; 50 nm; 100 nm
	Induced apoptosis of several human cell types

	
	PVC, PMMA
	120 nm; 140 nm
	Reduced cell viability with a reduction of ATP and increase of ROS concentrations

	Metabolic homeostasis
	Pristine and fluorescent PS
	5 µm
	Changes in amino acid and bile acid metabolism; induced gut microbiota dysbiosis and intestinal barrier dysfunction

	
	Anionic carboxylated PS
	20 nm
	Altered ion channel function and ionic homeostasis; activated basolateral K+ channels; induced Cl− and HCO3− ion efflux

	
	PS
	30 nm
	Blocked vesicle transport and the distribution of cytokinesis-associated proteins

	
	Cationic PS
	50 nm; 200 nm
	Disrupted gut iron transport and cellular uptake

	
	PS
	5 µm; 20 µm
	Reduction in hepatic ATP levels; impairment of energy metabolism

	
	Microplastics
	0.5 µm; 5 µm
	Metabolic disorder associated with gut microbiota dysbiosis and gut barrier dysfunction; increased the risks of metabolic disorder in the offspring


Data from Yee et al.136; no dose or duration data included in the original table. 
μm = micrometre; ATP = adenosine triphosphate; Cl = chloride; ER = endoplasmic reticulum; HCO = bicarbonate; IL-6 = Interleukin-6; IL-8 = Interleukin 8; IL-10 = Interleukin-10; IL-1β = Interleukin 1 beta; K+ = potassium; nm = nanometre; PE = polyethylene; PMMA = polymethyl methacrylate; PS = polystyrene; PVC = polyvinyl chloride; RANKL = receptor activator of nuclear factor kappa-Β ligand; ROS = reactive oxidative species; TNFα = tumour necrosis factor alpha.
Our understanding of the influence of microplastic exposure on human health outcomes is affected by consistent, genuine methodological challenges (summarised in Figure 10). 
Figure 10: Summary of the methodological challenges that consistently affect research on microplastic exposure and human health outcomes
[image: An image summarising the methodlical challenges that consistently affect research on microplastic exposure and human health outcomes]
[bookmark: _Toc210833579]6.2	Immune system impacts
	Microplastic presence could suppress immune system response and development (based on non-human mammal studies). Human cell studies show that immune cells can be variably impacted by different types of microplastic particles. Damage includes inflammation, cytotoxicity, and genotoxicity. It is not clear if this affects health outcomes. 
In theory, inflammatory responses could influence the development of inflammation-driven chronic disease. While particles are detected in inflamed tissue, the direction of effect is often unclear (that is, uncertainty about deposition in tissue that is inflamed, or whether deposition causes inflammation). A cell-line study showed that microplastics absorb into and increase inflammatory factors in cells implicated in rheumatoid arthritis, but there is no direct epidemiological evidence.
In lab models, infections including viruses and fungi/yeasts can live in the microbiota adsorbed to a microplastic particle. Microplastic could be a source for viruses and fungi delivered into a human cell. In some cases, they can trigger infection. The real-world impact of microplastics ingestion, compared with the other common modes of infection, has not been shown. Concern about this possible pathway to infection has arisen from the use of plastic devices in immune compromised patients and the proliferation of microplastic waste from medical and pandemic responses, but the environmental impacts of these issues are more clearly shown than the human health impacts.


Research interest: Cellular functions, when disrupted, can cause or exacerbate chronic disease progression. Research interest focuses on demonstrating the extent to which microplastics impact these functions, but there is limited evidence that real-life exposure impacts the whole human body immune system functions that lead to health outcomes.
6.2.1	Preclinical research on immune system impacts
General immune system function
The influence of microplastic (or other small particle) exposure on the immune system includes chronic cellular stressors that can impair cellular function. Claims about associated human health outcomes are based on observed cellular stress responses, such as oxidative stress, inflammation, and immune dysregulation.137
In vitro studies: inflammation and immune suppression
In vitro studies with human cells and tissues give indications of how microplastic exposure could lead to immune cell damage, leading to possible mutations. Lymphocytes, a type of white blood cell that helps the body fight off infections and diseases, were exposed to PS microplastics. They showed a significant decrease in mitotic index (implying cytotoxicity and slowing of cell division). There were also significant increases in comet tail length, which suggested genotoxicity (when DNA is damaged, fragments migrate out and the length of the comet tail is proportional to the amount of damage).138 
Primary human macrophages are essential for wound healing, stimulating immune response, and removing pathogens and dead cells. Repeated and prolonged exposure of these cells to polyamide-12 microplastic led to a steady increase in the levels of proinflammatory chemokine Interleukin-8 (IL-8/CXCL-8). This implies inflammation and potential progression of tumour growth, given macrophages can also influence tumour progression.137
There are also some indications of how microplastics might contribute to lowered immune system development and function. A study on breastmilk focused on secretory immunoglobin A, an antibody that contributes to infant immune system development. Combinations of microplastics and PFAS (which can have a synergistic interaction through adsorption) were found to bind to certain protein receptors found in human breastmilk, which can interrupt this antibody. The implication is that if breastmilk is contaminated with microplastics and PFAS, infants can ingest breastmilk which is less beneficial for their adaptive immunity.139 The study indicated that PFAS appeared to be more toxic than microplastics, particularly in their stronger inhibition of secretory immunoglobulin A (sIgA) in human breastmilk, which is critical for infant immune protection. Despite potential exposures, breastfeeding is still likely to provide important immune benefits to the infant.
Cell-line studies have considered how immune responses to an existing infection could be lowered by microplastic exposure. In cells already infected with influenza-A virus, endocytosis was affected in cells co-exposed to PS. This showed increased apoptosis and blockage of the signalling pathways that would otherwise encourage the antiviral immune response.140 
One study investigated all major human immune cell populations’ responses to plastic particles of different types and sizes (that is, macrophages, dendritic cells, and T-cells).141 Dendritic cells were sensitive to high concentrations of larger microplastic particles. Macrophages were sensitive to all types of plastics. T-cells were less impacted by most except for high concentrations of small PS. New findings included a decrease rather than increase in interleukin, which usually increases upon ROS production. Several other cytokines also decreased, although some markers (such as the inflammatory chemokine CLL2) were elevated to a degree that would trigger immune system responses in vivo. Overall, this study showed a complex picture of how microplastics in different forms and contexts might trigger alterations to immune cell function and subsequent health effects. 
Figure 11: Summary sorted by primary immune cell type investigated (replicated) 141


IFN-y = interferon gamma; IL = Interleukin; MP = microplastic; PBMC = peripheral blood mononuclear cell; PS = polystyrene; TNFα = tumour necrosis factor alpha
Non-human mammal studies: inflammation and immune suppression 
Mice that were exposed to PS particles over a long time period showed impairment of the intestinal mechanical and immune barrier, with inflammation observed to follow a time and dose-dependent manner.142 Microplastics also disrupted mouse liver function by activating macrophages and T-cell populations.143 Mouse endothelial (lining of blood and lymphatic vessels) and immune cells, involved in vascular inflammation, were administered with PS in vitro and in vivo. Cells showed pro-inflammatory cytokine expression and release, while live animals showed enhanced aortic expression of cytokines, implying that the exposure was a risk factor for endothelial inflammation.144 Mitochondrial damage, induced by exposure to microplastics, can be linked to cardiotoxicity, noting increased levels of ROS production in heart tissues of mice.145 
6.2.2	Preclinical in vitro research: chronic inflammatory diseases
If the epithelial barrier of cells is compromised by environmental pollutants, this may lead to alterations to immunological mechanisms, which can trigger a cascade of cellular responses leading to allergic and other chronic diseases (the Epithelial Barrier Theory).146 Evidence on whether human diseases related to the immune system are caused by cellular damage from microplastics is limited. Where microplastic is observed in an inflamed tissue, causality is uncertain. Studies looking at microplastic impacts on the immune-related functions of various body systems have not yet clarified whether microplastics presence is the cause or consequence of any disease. That is, whether processes like inflammation or uncontrolled cellular replication might lead to increased internalisation of microplastics, rather than the microplastics themselves having caused those processes.143 
Specific disease example: rheumatoid arthritis
A cell-line study used FLS cells (fibroblast-like synoviocytes), which maintain joint health but in rheumatoid arthritis can become activated, contributing to inflammation and joint destruction. Fluorescently labelled microplastics were added to FLS cells. Microplastics could internalise into FLS cells, promote secretion of inflammatory factors, and promote the proliferation, migration and invasion ability of rheumatoid arthritis FLS cells. If microplastics come into contact with these cells, they could promote their ability to invade into joints.147 
6.2.3	Preclinical in vitro research: infections
Microplastics provide a suitable surface for the development of biofilms. Through this biofilm, there is potential to carry and transmit pathogens in the environment into humans. Human health evidence remains limited, but there are concerns about microplastics particles’ ability to deliver pathogenic infections such as COVID-19.
Potential risk of infection via microplastic ingestion
Viruses can adhere to microplastic surfaces. Experiments have shown a stronger interaction between microplastic surfaces and with the SARS-CoV2 RNA fragment than with two other viral RNA fragments (SARS-CoV-1 and hepatitis B virus).148 Preclinical research has shown that microplastics can bind SARS-CoV-2 pseudovirus onto their surface, do not change the viral infectivity, and can then be internalised into human cells.149 Human intestinal cells could then be infected, in vitro, by the virus carried via the microplastic particles; however, only certain varieties of the cells were infected after internalising the particles, and those that were infected were exposed at the higher level of particle concentration.  
Another study used PS microplastics to deliver Candida infection to gastric mucosal epithelial cells, finding that the cells pre-treated with the particles were more easily colonised by the fungi.150 Candida albicans is one of the most common pathogenic yeasts. It can cause systemic infections in immunocompromised patients and people in hospital, especially those with diabetes, due to the use of invasive devices. Prior exposure to microplastic weakened the cell’s defences to the infection, although in vivo evidence for this pathway is yet to be produced. 
Medical waste and drug resistance
COVID-19 patients who are co-infected with other pathogens can develop more complications. Because microplastics can form from biomedical waste products, the increasing use of such products due to the COVID-19 pandemic has led to concerns that microplastic contaminants could distribute microbes that amplify antimicrobial resistance;151 however studies such as Kumar et al on the need for medical waste management strategies to prevent these issues show a more evidenced argument for the environmental impact of microplastics in medical waste, while the human health impact of infection delivery remains hypothetical. Another paper on the relationship between the COVID-19 pandemic and environmental factors similarly suggests a hypothetical pathway for how increased microplastic waste from the pandemic response could make individuals more susceptible to COVID-19 (pollution including microplastics, leading to cellular stress, which may lead to DNA damage, lowered immunity and diseases.152  
[bookmark: _Toc210833580]6.3	Cancer
	Currently, there is no direct epidemiological evidence linking microplastics to human cancer. Microplastics have been detected in different human tumour types, but it is not clear if presence is associated with damaged tissue or if there is an association between presence and cancer. 
The IARC has not yet assessed microplastic particles themselves for carcinogenicity, citing insufficient evidence; however, some of polymer precursor substance are classified as Group 1 carcinogens (for example, vinyl chloride). There are thousands of known additives to plastics, and most of these have not been studied for carcinogenicity, although around 150 have been linked. Microplastics can also adsorb various chemicals, but the health impact of such co-exposures remains largely unknown due to limited research. Most human health evidence comes from occupational exposures to specific plastic additives, with indications of potential toxicity not always linked directly to disease outcomes.
Documented pathways through which microplastic particles could contribute to cancer development include inflammation and oxidative stress. These can cause cell structure and function damage, and genotoxicity reactions that can lead to mutations. This is demonstrated in cell-line and non-human mammal studies. Researchers are careful to adjust exposure doses, duration, and exposure processes to induce cellular changes and tumour activity, making real-world application of these findings difficult.


6.3.1	Plastic additives and cancer
IARC has not published any statements about the potential carcinogenicity of microplastic particles in their own right; however, vinyl chloride, which is the key precursor substance used in the manufacture of PVC, is classified as a known human carcinogen (Group 1). DEHP, commonly used as a plasticiser, is also classified as a probable human carcinogen,153 or “reasonably anticipated” to be a human carcinogen based on sufficient evidence from animal studies.154 Other plastics-associated compounds including some PFAS are classified as Group 1 or Group 2B carcinogens,155 and BPA are suspected of being carcinogenic,154 but have not yet been classified by IARC. 
[image: ]
The Report of the Advisory Group to Recommend Priorities for the IARC Monographs during 2025–2029 reported in 2024 that microplastics research is a rapidly evolving field; however, it concluded that a formal evaluation of microplastic’s carcinogenicity is not yet warranted due to the lack of available evidence from non-human mammal or human epidemiological studies about cancer resulting from exposure. The only evidence the reference group noted was experimental mechanistic cell research, but nothing on actual cancer in humans or animals.

	[image: ]
The relationships between cancer and occupational exposures to chemicals associated with plastic manufacturing continue to be studied.156 The Minderoo Foundation’s Plastic Health Umbrella Review focused on chemicals in plastics, noting that most of those used in plastic production have not been studied for health outcomes.4,43 Evidence was not presented on microplastic. Most reviews in the Minderoo report focused on flame-retardant polychlorinated biphenyls (PCB), which other studies have found microplastic to be a vector for, being able to adsorb and retain the substance. These studies were of moderate to low quality and focused on PCB poisoning cases, which seem unlikely to relate to potential PCB exposure via microplastic. Occupational exposure to PCB may be associated with a higher risk of non-Hodgkin’s lymphoma.157 Another review on the carcinogenic potential of plastic additives found that there are at least 150 additives with recorded carcinogenicity, but there is no data for 90 percent of additives.156


6.3.2	Detection in cancer tissue
Several studies have found microplastic particles in tumour tissues, and in some cases, also in the blood and healthy tissue of cancer patients and control subjects. These are summarised in Table 5. Most of these studies have small samples (no more than 22 patients). 
Generally, more microplastic particles have been detected in the tumour or paratumour tissue compared with healthy tissue. For example, one study on penile cancer tissue found higher abundance and diversity of microplastic particles in the cancer tissue compared to the connected non-cancerous tissue.158 More microplastic particles were observed in tumoural colon cancer tissue compared with non-tumoural tissue from patients with colorectal adenocarcinoma.159 In several cases, PVC particles were detected but no association has been suggested (although this polymer’s production involves exposure to the known carcinogen, vinyl chloride). It is unclear whether the particles contributed to cancer development or if the characteristics of the cancerous tissue made it more likely to attract and retain microplastics. While some studies drew links between microplastic detection and patients’ demographics and consumption habits, the presence of these particles in cancer tissues remains unexplained (including for the potential to translocate into lymphoid tissue).100
Table 5: Summary of studies detecting microplastic particles in tumour tissue
	Organ
	Number of samples and detection technique
	Description of the microplastic particle

	Lung99
	Microplastic particles detected in 8/10 lung tumour samples
Py-GC/MS
LOD: 0.02 µg/g (PS and PVC), 0.5 µg/g (PE)
	Range of particles (ng/g): 9.3 to 473.2; average 122.0 ± 154.88
Average particle size and shape: not provided
Polymer types: PE (79.28 ± 122.29 ng/g), PS (41.10 ± 41.81 ng/g), PVC (not provided)

	Oesophagus99
	Microplastic particles detected in 1/9 oesophageal tumour tissue samples
Py-GC/MS
LOD: 0.02 µg/g (PS and PVC), 0.5 µg/g (PE)
	Range of particles (ng/g): 1.3; concentration by polymer type not provided
Average particle size and shape: not provided
Polymer types: PS, PVC, PE, quantification not provided but PS was the most common detected overall

	Gastric99
	Microplastic particles detected in 4/9 gastric tumour tissue samples
Py-GC/MS
LOD: 0.02 µg/g (PS and PVC), 0.5 µg/g (PE)
	Range of particles (ng/g): 7.1 to 243.5; concentration by polymer type not provided; upper value much higher than the average (visual only)
Polymer types: PVC (78.23 ± 109.23 ng/g), PS and PE not quantified

	Colorectal99
	Microplastic particles detected in 5/10 colorectal tumour tissue samples
Py-GC/MS
LOD: 0.02 µg/g (PS and PVC), 0.5 µg/g (PE)
	Range of particles (ng/g): 9.3 to 545.9; concentration by polymer type not provided; upper value much higher than the average (visual only)
Average particle size and shape: not provided
Polymer types: PS, PVC, PE, quantification not provided but PS was the most commonly detected 

	Colorectal159
	16 colorectal adenocarcinoma patients (tumour and non-tumour)
ATR-FTIR spectroscopy and Raman spectroscopy
LOD: not stated
	Number of particles per 1 g of tissue: 702.68 ± 504.26 in tumoural colon tissue, 207.78 ± 154.12 in non-tumoural colon tissue, 218.28 ± 213.05 in control group
Average particle size and shape: 1 to 1,299 μm (biggest size found in healthy control tissue)
Polymer types: PE, PMMA, PA66 

	Pancreas99
	Microplastic particles detected in 7/10 pancreatic tumour tissue samples
Py-GC/MS
LOD: 0.02 µg/g (PS and PVC), 0.5 µg/g (PE)
	Range of particles (ng/g): 18.4 to 289.1; concentration by polymer type not provided; upper value higher than the average (visual data only)
Average particle size and shape: not provided
Polymer types: PS: 128.73 ± 138.45 ng/g; PVC 29.98 ± 28.25 ng/g; PE: 2.1 ng/g from one sample

	Cervix99
	Particles detected in 2/12 cervical tumour samples
Py-GC/MS
LOD: 0.02 µg/g (PS and PVC), 0.5 µg/g (PE)
	Range of particles (ng/g): 12.64 to 46.70
Average particle size and shape: not provided
Polymer types: PS or PE only, quantification not provided

	Cervix160
	Blood, tumour and paratumour samples from 15 patients (1 no detection; 2 blood only; 2 tumour only; 10 particles in blood and tumour/paratumour
Raman spectroscopy, Py-GC/MS
	Particles/mL: higher than in cancerous (1.67 ± 0.94 particles/g) and paracancerous tissue (0.87 ± 0.72 particles/g)
Average particle size and shape: cancerous tissue control group:19.27 μm (10.12 to 26.56 μm)
Polymer types: PE, PP, PU, PS, polyethylene vinyl acetate (PEVA), polyphenylene sulfide, PA 

	Prostate100
	Microplastic particles detected in all 44 prostate cancer tissue samples from 22 patients
LD-IR, SEM, and Py-GC/MS
LOD: 20 µm (LD-IR and SEM), usually <1 µg (Py-GC/MS) 
	Average particles per sample: 21.5 ± 10.13; abundance by polymer type not provided
Particle size and shape: patient 1: paratumour tissue 64.69 ± 76.21 µm or tumour tissue 64.78 ± 42.21 µm; patient 2: para tumour tissue 71.63 ± 56.12 µm or tumour tissue 56.19 ± 37.64 µm
Polymer types: PA, PET, PVC, PP, PS (in tumour); higher PE and PVC in tumour tissue

	Penile158
	Cancerous and adjacent normal tissue from 17 patients; microplastic particles detected in 29/34 samples
LD-IR
Filtration size: 0.45 μm

	Average particles per gram: 7.43 ± 3.70 in cancer tissue; 5.07 ± 4.31 in adjacent tissue
Particle size and shape: 20–50 μm; comparable size between tissue types
Polymer types: most commonly in cancer tissue: PE, PVC, PA, PP, polyoxymethylene, PU, PS; PMMA and PC only found in the normal tissue


µg = microgram; μm = micrometre; g = gram; ATR-FTIR = attenuated total reflectance Fourier transform infrared spectroscopy; LD-IR = laser-direct infrared; LOD = limit of detection; mL = millilitre; nm = nanometre; ng = nanogram; PA = polyamide; PC = polycarbonate; PE = polyethylene; PET = polyethylene terephthalate; PMMA = polymethyl methacrylate; PP = polypropylene; PS = polystyrene; PU = polyurethane; PVC = polyvinyl chloride; Py-GC/MS = pyrolysis gas chromatography/mass spectrometry; SEM = scanning electron microscopy.
A study with cervical cancer detected fragments but not all of these were microplastic particles (there was also cotton),160 which is logical considering the use of cotton-containing menstrual products. This suggests that cells take up various particles. 
6.3.3	Possible pathways to carcinogenesis
Hypotheses about the potential ways that microplastic particles might influence cancer include: 
infiltration into the body
being engulfed by a cell
damaging cellular components
physically interfering with a cell’s functioning
triggering oxidative stress processes
DNA damage
mitochondrial damage, meaning not enough energy is produced
the release of pro-inflammatory proteins (cytokines) and processes that impact cellular homeostasis and can lead to tumour development and cancer cell proliferation, especially loss of apoptotic capacity and anchorage-dependent growth inhibition (if cells are not anchored they will stop dividing).161–163 
6.3.4	Causal links to specific cancers
Hypotheses
Hypotheses include that certain cancers are more likely to be affected by microplastics. These generally focus on permeable organs where foreign bodies such as microplastic fragments may lodge and cause tissue disruption. For example, microplastic particles can penetrate epithelial cells lining the lung and gut, potentially triggering DNA damage and delivering other pollutants, potentially promoting cancer.164 Microplastic particles can disrupt gut microbiomes, with gut dysbiosis leading to immune system changes. They can carry other contaminants such as heavy metals and compounds such as metabolites that may contribute to responses in tumour cells.162,163  
Preclinical in vitro studies on mechanistic pathways
Cell-line studies tried to demonstrate if microplastic exposure caused cancer progression by:
exacerbating metastasis: PP fragment (16.4 µm, with irregular shapes and sharp edges, more similar to the particles found in the environment) were applied to MDA-MB-231 breast cancer cells, and after 24 hours gene expression and cytokines suggested an ability to exacerbate metastasis165 
mitochondrial damage and mitophagy: unspecified microplastic particles (0.5 μm), selected because the larger particles were unable to enter cells and the smaller took too long, were applied to MCF7 breast cancer cells and resulted in mitochondrial damage and autophagosome after 72 hours. When endocytosed into cells, they induced mitophagy. This has ambiguous applications to real world processes given the different roles that mitophagy has been reported to play in tumours (that is, it can reduce them in some cases)166
oxidative stress at a mitochondrial level: PE and ethanol-extracted PE (5 to 60 μm) in high concentrations decreased cell viability and increased oxidative stress responses in human colorectal adenocarcinoma Caco-2 and HT-29 cells.167
Most available cell-line research involves very specific combinations of plastics and chemicals, adjusted to show impact on cancer cells. For example, experiments are first done to find the optimal concentration of microplastic particles to enhance specific reactions of specific cell types, and then these concentrations are applied in the experiment.168 Non-human mammal studies rely on the animals being first deliberately infected with pathogens,169 injected with cancer cells or tumour-inducing chemicals to develop tumour growth,170,171 before being exposed to microplastics. The relevance of these findings to real-world exposures and cellular uptake is uncertain.
Potential causal links found in actual studies of humans are primarily linked to occupational exposure. It is difficult to tease out co-exposure with other substances. For example, a link has been suggested between PP production and prostate cancer. The study involved 115 PP-exposed workers and 35 controls. Workers showed significantly lower levels of luteinising hormone (LH) and follicle-stimulating hormone (FSH), especially those with longer exposure (up to 20 years), suggesting a possible disruption of the hypothalamic–pituitary–gonadal axis. Genotyping revealed three p53 mutations, but the study did not clearly differentiate their frequency between exposed and control groups. The study suggests a possible link between long-term occupational PP exposure and reduced male fertility markers; however, the cancer risk claim based on p53 mutations is less robust due to unclear group comparisons and potential co-exposures. Further studies are needed to clarify causality and isolate PP-specific effects.172
As noted, PVC production involves the carcinogenic chemical vinyl chloride. A review of 34 studies on occupational health effects of different microplastic exposure linked PVC exposure to liver toxicity, increasing the risk of liver cancer. There was less evidence linking other plastic types than PVC to liver toxicity This assessment is complicated due to the presence of vinyl chloride as a co-contaminant among those working with PVC, and that those who have worked in the industry longer could have had higher exposures to vinyl chloride in the past due to different regulations.173
Both these studies show implications of occupational exposure leading to risk of cancer, but not direct causality. 
[bookmark: _Toc210833581]6.4	Circulatory system 
	Microplastic particles have been detected in the blood and in atherosclerotic plaque. There is a considerable body of preclinical in vitro evidence exploring the biological processes that underpin some of the reported changes, including evidence that PS particles (in particular) can increase ROS production and decrease antioxidant activity leading to inflammation and cellular damage. Five epidemiological studies have linked an increased presence of microplastic particles to changes in coagulation markers that may increase cardiovascular disease (CVD) risk or to cardiovascular events:
A moderate increase in fibrinogen in those with more PS, PP, PE, PET, and PA microplastic particles in venous blood.
Increased presence of microplastic particles in atherosclerotic plaque in those who had extracranial artery stenosis (ECAS) compared to those who had no stenosis. 
Increased PVC and PE microplastic particles in the atherosclerotic plaque of those who had an increased risk of non-fatal myocardial infarction, non-fatal stroke, or mortality (HR=4.53, 95% CI:2.0, 10.27; p<.001).
Slight increased risk of recurrent myocardial infarction associated with the presence of PVC particles (OR=1.09; 95% CI: 1.032, 1.1523; p=.002).
Increased pro-inflammatory markers.



	These studies have small sample sizes. All have methodological limitations, including limited assessment of the potential influence of background or procedural contamination on samples and very limited exposure assessment (including no assessment of co-exposure potential, exposure duration, or dose). Some have moderate study drop-out rates, which affects the overall quality of the emerging evidence. That said, there are larger studies planned and presentation of results from these will deepen our understanding of any potential association between microplastic particles and cardiovascular risk.


The circulatory system is the network of blood vessels (arteries, veins, capillaries), blood, and the heart which together move oxygen, blood, nutrients, essential substances, and waste around the body. Pulmonary and systemic circulation are thought to play a key role in transporting the microplastic particles (up to 150 µm in length or <10 µm in diameter) that translocate from either the respiratory or gastrointestinal systems throughout the body, as well as hosting macrophages and phagocytes (as well as other cells) that play a role in clearing particles from the blood. More information about transport is included in the Biokinetics section.
Research interest: Preclinical studies have suggested plausible biological mechanisms for changes in CVD risk associated with microplastic presence (with a focus on inflammation pathways). Five epidemiological studies used the presence of microplastic in the blood or atherosclerotic plaque to assess whether there are associations with cardiovascular risk markers, myocardial infarction, and unstable angina. Larger studies are needed to confirm emerging evidence, and there are ongoing trials looking at a possible association between microplastic particles and cardiovascular outcomes. 
	Vascular tissue barriers
While microplastic particles can be transported in blood vessels (see Biokinetics section), there is no strong evidence that microplastic particles can cross from the blood vessels into vascular tissue (and microplastic particles have not yet been detected in cardiac tissue), with one review noting that crossing into vascular tissue seems improbable due to very tight biological barriers.124 One study reported presence of microplastic particles in human saphenous tissue;174 however, the publication editors have released an Expression of Concern relating to the study’s findings. Concerns related to similarity in spectral profile of the four identified polymers (possibly due to undigested fatty acids or proteins covering the particles and leading to false identification, confusion of spatial resolution and limit of detection, and incorrect correction for procedural blanks.


6.4.1	Experimental and preclinical in vitro research: cardiac
Three narrative reviews described non-human mammal and preclinical in vitro research into cardiovascular health impacts of exposure to microplastic particles.175–177 Most of the included experimental studies exposed cells to pristine PS particles. Insights into the biological mechanisms are summarised in Table 6, with some study examples provided. Dose data was not routinely supplied in the narrative reviews, but available content reported significantly different experimental doses, most of which were not environmentally relevant to human exposure (ranges = 0.02 to 250 mg/kg; 0.1 to 100 µg/mL; 0.5 to 50 mg/L; 1,000 g/L; delivered by injection or orally) but duration of exposure was only short-term (less than 180 days).
Table 6: Summary of experimental research on circulatory processes
	Outcome
	Evidence from non-human mammal studies
	Evidence from in vitro studies

	Inflammation
	In mice, PS exposure caused vascular damage, oxidative stress, and inflammatory response, and activated the pyroptosis signalling pathway (PS 0.5 µm)178

	14 studies reported increased oxidative stress, increased pro-inflammatory cytokines, increaed LDH, or other inflammation with exposure to a range of PS or PE particles (25 to 564 nm; 1 to 6.5 µm) in whole blood, peripheral mononuclear blood cells, white blood cells, THP-1 cells, TK6 cells, hESC, erythrocytes, or VSMC175

	Genotoxicity
	Not reported
	Inconsistent results
One study showed micronucleation induction and damage (PS 50 nm); one study showed no damage (PS 0.04 to 1 µm)

	Blood clotting (thrombosis formulation)
	Rodent study reported amine PS (50 or 60 nm) promoted thrombosis, platlet activation and aggregation177

	Inconsistent results
Some studies reported changes in platelet function: carboxylated or amine PS (50 nm, 100 nm, 500 nm) induced a clotting cascade, increased fibrin polymeristation rate (concentration dependent, 100 nm greater effect than 500 nm)175
Other studies reported no changes in platelet function or coagulation (PS 50 to 130 nm; concentration 100 µg/mL)175

	Abnormal lipid metabolism
	In rodents, PS (<5 mm) led to decreased HDL and increased LDL (one study; high dose)175
	Increased lipid aggregation, differentiation of macrophages into foam cells (a marker of atherosclerosis) and acute mitochondrial oxidative stress179

	Cardiovascular injury
	Cardiovascular injury in rodents
· PS (40 nm, 50 nm, 100 nm, 1 um, or 5 µm) caused mild vascular calcification, cardiac hypertrophy, structural damage, worsened artery stiffness, altered lipid processing, or promoted onset of cardiometabolic disease (eight studies)177
· Cardiac fibrosis and increased interventricular septal thickness including through activation of the Wnt/β-catenin pathway 175,176 
· PS (80 nm) led to arterial wall thickening, increased collagen deposition, and reduced elasticity182
	In human pluripotent stem cells, PS (40 or 200 nm) induced changes to lipid metabolism175
In HUVEC and hESC, changes to angiogenic tube formation and reduced efficiency into cardiomyocytes (PS 20 nm up to 1.5 µm)175 
PS (50 or 500 nm) induced arrhythmia in human cardiomyocytes, with more PS 50 nm taken up than 500 nm183



	Cytotoxicity
	Cytotoxicity has been observed in rodents including:
· Cardiomyocyte apoptosis (PS 0.5 µm)175
· mitochondrial damage, altered circRNA and IncRNA, or impaired ventricular myocytes (amine-modified PS 40 nm or 10 µm)177 
· PS, amine-modified PS and carboxylated PS microplastics damaged vascular endothelial cells and induced an inflammatory response180
	Inconsistent results
Decreased HUVEC viability including imparied angiogenesis, damage to mitochondrial membranes, autophagy; sometimes in a dose- and size-dependent manner (PS 50 nm; 0.5, 1, 5 µm)175,177
Increased apoptosis in vascular endothelial cells (PS 2.2 to 6.5 µm)175 
Decreased THP-1 cell viability and proliferation (PS <450 nm)175
Increased cytotoxicty in hESC and lymphocytes (PS 20 nm; 100 to 180 µm)175
PS (29, 44, 72 nm) decreased peripheral blood mononuclear cell metabolic activty175
Increased haemolysis with PS (<100 nm)
PS (average size 632 μm) affected VSMC viability, induced apoptosis, and triggered pathological changes181
No decrease in autophagy or cell proliferation or (PS 50 nm; 1 to 45 µm)175
No changes reported to human peripheral blood mononuclear cells or leukocytes (PS 0.04 to 1 µm)175


µg = microgram; μm = micrometre; HDL = high density lipoprotein; hESC = human embryonic stem cells; HUVEC = human umbilical vein endothelial cells; LDH = lactate dehydrogenase; LDL = low density lipoprotein; mL = millilitre; mm = millimetre; nm = nanometre; PE = polyethylene; PS =polystyrene; VSMC = vascular smooth muscle cells.
Plausible mechanistic pathways could cause cardiotoxicity by microplastic particles inducing:
increased production of ROS leading to increased oxidative stress and decreased antioxidant expression, which leads to inflammation, increased pro-inflammatory cytokines, and cellular injury (including apoptosis among cardiac mitochondria leading to increased cardiac fibrosis by activation of the Wnt/β-catenin pathway)175,176
cellular damage (increased lactate dehydrogenase) and disruption to mitochondrial membranes leading to increased ROS production, inflammation, and apoptosis175 
dysregulation of pro-apoptotic/anti-apoptotic proteins leading to increased cardiomyocyte death, including via pyroptosis
an inflammatory cascade that damages endothelial cell growth equilibrium and can accelerate premature aging of blood vessels, leading to more inflammation176
disruption of homeostasis of platelet adhesion, activation, and aggregation176 
modulation of immune cell function which can lead to lipid accumulation177 
increased haemolysis (red blood cell destruction by membrane stretching)175
increased inflammation pathways and increased cell senescence (cell cycle arrest with increased pro-inflammatory cytokines).177
These processes can contribute to instability in atherosclerotic plaque and increase cardiac fibrosis, which can lead to impaired cardiac function. Death of cardiomyocyte cells could lead to cardiac failure or ventricular dysfunction (and lower cardiomyocytes are a predictor of poorer cardiac outcomes). Endothelial cell dysfunction impairs vasodilation, increases risk of CVD by promoting atherosclerosis, altering blood flow to cardiac tissue, and increasing fibrosis. Changes to lipid homeostasis can lead to thrombus formation (blood clot in the artery or heart).
6.4.2	Cardiovascular health outcomes
Microplastic particles have been found in blood samples and in atherosclerotic plaque, indicating presence in the circulatory system (see Appendix D). Five epidemiological studies provide early evidence of a potential association between microplastic presence in blood or plaques and CVD risk factors or cardiovascular events (including myocardial infarction or unstable angina), but larger studies with complete data are needed.
Coagulation markers
Coagulation markers reflect the status of blood clotting processes with certain changes demonstrating increased cardiovascular or thrombotic risk. One study sampled the venous blood of 36 volunteers to detect microplastic particles and consider possible associations between any presence and coagulation factors such as antithrombin III, c-reactive protein (CRP), fibrinogen, prothrombin time, activated partial prothrombin time (aPPT), and erythrocyte sedimentation rate.109 Microplastic particles (PS, PP, PE, PET, and PA) were detected in the blood of 32 participants (see Appendix D for more detail). aPPT was prolonged in those who had ≥3 particles/mL, but no other statistically significant differences were reported in coagulation markers (as a total count). Statistically significant increases were observed in CRP and fibrinogen in those who had ≥3 particles/mL (β=0.05 mg/dL and 4.260 mg/dL respectively). The change in CRP is not likely be clinically significant; however, the change in fibrinogen may translate into a meaningful increased cardiovascular risk. No adjustment for background contamination was completed, but a mean background contamination concentration of 1.67 ± 2.12 particles per sample (against a mean concentration of 4.2 particles/mL) was reported. Therefore, the reported association between presence and altered CRP or fibrinogen marker may be overstated and further studies to assess the potential impact of microplastic particles on coagulation factors is needed.
Atherosclerotic risk (including in the carotid artery)
Atherosclerotic risk relates to the build-up of plaque in the arteries and is a known risk factor for CVD. Two epidemiological studies have investigated the potential relationship between microplastic exposure and measures of atherosclerosis risk. 
A prospective multicentre observational study of 257 patients (304 enrolled) who had asymptomatic high-grade carotid artery disease, underwent carotid endarterectomy, and had microplastic particles detected in the carotid artery plaque.184 Those with microplastic particles in carotid artery plaque (PVC and PE, mostly <200 nm) had an increased risk of a major cardiovascular outcome (non-fatal myocardial infarction, non-fatal stroke, or death) within 34 weeks post-procedure compared to those who did not (adjusted HR 4.53; 95% CI: 2.0, 10.27; p<.001). Adjustment included age, sex, BMI, lipid cholesterol markers, creatinine, and prior or pre-existing conditions including diabetes, hypertension, and previous CVD. This equated to 6.1 events per 100 patient-years in the group with microplastic particles detected in the plaque compared to 2.2 events per 100 patient-years for those without. All participants in this study had underlying health issues that placed them at greater risk of an adverse cardiovascular health outcome and the mortality measure was all-cause (which may include events not related to cardiovascular health). Association between presence and incidence of some cardiovascular health outcomes was reported (not causality), but 34 weeks post-procedure data for 47 participants (15 percent) was not presented and could influence results.
The second cross-sectional study reported on the presence of microplastic in the blood of 20 people who had ECAS and 10 controls who had no stenosis, all diagnosed by digital subtraction angiography.185 Microplastic particles (mostly PVC) were detected in all blood samples, but ECAS patients had more microplastic in their blood compared to those who did not have the disease (174.89 ± 24.95 µg/g versus 79.82 ± 31.73 µg/g; p<.001). The main polymer was PVC, mostly sized between 20 and 50 µm (which is much larger than the primary size detected in the other study but is reflective of the limit of detection used). A positive relationship was observed between the severity of stenosis and concentration of microplastic particles (adjusted β=0.920; 95% CI: 0.618, 1.223). This study was small with limited analysis of all potential influences on carotid stenosis, only controlling for age and sex. 
Neither study completed an exposure assessment (including co-exposure to other chemicals, exposure duration, or dose). These studies may provide early evidence of an association between microplastic and cardiovascular outcomes, but uncontrolled confounding could explain the results. Results need to be replicated in larger studies.
Cardiovascular events
Two studies reported a potential association between microplastic and acute coronary syndrome (myocardial infarction and unstable angina) or myocardial infarction alone. Non-human mammal and in vitro studies report potential increased inflammation, which is a known risk factor for myocardial infarction, providing a plausible biological mechanism for the reported results; however, these early results from small studies need to be replicated in larger studies.
A prospective observational study (China) of 110 patients diagnosed with ST-segment elevation myocardial infarction, and a grade 4-5 thrombus burden were followed for 31.5 months.186 The study end-point was recurrent myocardial infarction, reduced cardiac function, and non-accidental death. PVC microplastic particles were detected in 105 coronary blood samples; PE was detected in 79 samples; PA66 was detected in 68 samples; and PS was detected in 48. Microplastic particles were detected in plaque. At 31.5 months follow-up, those with higher PVC concentrations experienced slightly more adverse cardiovascular outcomes (OR=1.09; 95% CI: 1.032, 1.1523; p=.002; crude). Each 10-unit increase in PVC was associated with an increase in the risk of a major cardiac event (OR=2.374; 95% CI: 1.366, 4.128, p=.002). ELISA assays reported a positive correlation between PVC, coronary blood, coronary thrombi, and pro-inflammatory markers (IL-1β, IL-6, IL-18, and TNFα) and between PS, IL-1β, and IL-6. No other statistically significant results were presented. Data for 32 participants (22 percent; 142 patients enrolled in the study) at 31.5 months were not presented. 
One cross-sectional study (Korea) of 82 acute coronary syndrome patients attending care for chest pain reported higher venous blood concentrations of microplastic particles (82 cases: mean total concentration 161.65 µg/g of blood; 19 controls with no coronary pathology on angiography: mean total concentration 100.13 µg/g of blood; p=.0016).187 Increasing complexity of acute coronary syndrome (based on SYNTAX score, median 17, IQR 10 to 25; some missing data) was positively correlated with PE, PVC, PS, and PP. Patients who had myocardial infarction reported a larger differential burden of microplastic particles in the blood compared to those who experienced unstable angina, especially for total count, PE, and PVC. This study considered potential biological mechanisms to explain the reported differences, noting differences in inflammatory cytokine markers IL-6 and PVC concentrations, PVC, PE, and PS and IL-12p70 and PE concentration. Its cross-sectional design limits attribution of causality or a direct association (but the authors propose that increasing microplastic concentration is associated with increasing severity of acute coronary events).
Neither study completed an exposure assessment (including co-exposure to other chemicals). The potential influence of background contamination was not explored. While providing early evidence of a possible association, results need to be replicated in larger studies to address uncontrolled confounding. 
[image: ]
Upcoming research 
An observational study in Italy (STEMI-Plastics), due for completion in December 2027, is focused on detecting microplastic particles in coronary thrombi and thromboaspirate in patients presenting with ST segment elevation acute myocardial infarction (NCT056965023). This study may present insights into the presence of plastic particles in the cardiovascular system and their potential link to cardiovascular events.

[bookmark: _Toc210833582]6.5	Respiratory system 
	Airborne microplastic particles are respirable (smaller than PM2.5). They have been detected in both the upper and lower parts of the respiratory system. Most likely, inhaled particles are cleared by usual biological processes, but some may be internalised, crossing respiratory or gut epithelia. 
Non-human mammal and preclinical in vitro evidence suggested that microplastic particles may lead to increased oxidative stress, inflammation, and modulation of some respiratory cellular processes. One meta-analysis suggested that there is moderate quality evidence that the findings from mammal studies could apply to humans (that is, PS, PP, or PE particles are suspected of affecting pulmonary function and causing some lung injury and fibrosis). 
Evidence from older studies suggested occupational exposure to certain types of plastic fibres increases the risk of developing interstitial lung disease (ILD) and lung cancer. There is currently no epidemiological evidence of an association between exposure to microplastic



	particles alone and asthma or chronic obstructive pulmonary disease (COPD). Cross-sectional data from one study suggested that a greater abundance of microplastic particles was present in some people who experienced chronic rhinosinusitis (but controls also had nasal issues). Changes in nasal microbiota were observed in one study.


The respiratory system involves the lungs and upper airways, which bring oxygen into the body and remove carbon dioxide. Exposure to airborne microplastic particles is a main exposure pathway, with particles inhaled directly into the lungs in a dose that is likely to be location and time dependent.2 Once in the respiratory system, particles are cleared or they enter the gastrointestinal system (by swallowing) or the circulatory system (via pulmonary circulation) where they may be cleared or translocated to other parts of the body (see Biokinetics section). 
Research interest: Recent research has focused on detecting microplastic particles in human upper and lower airways (via procedures to collect and analyse BALF). Preclinical in vitro research (including carcinoma-derived cell-lines) has explored particle internalisation, potential toxicity, and related biological mechanisms. Two epidemiological studies have been conducted into chronic rhinosinusitis. A more established evidence base exists on worker exposure to airborne microplastic particles, dating back to the 1970s.
	The blood-air barrier (also known as the alveolar-capillary barrier)
The blood-air barrier protects the lungs from pathogens, dusts, and particles.188 Airborne microplastic particles can be inhaled and have been classified as:
· >10 µm (most likely to affect the upper respiratory tract, but too big to be inhaled)
· <10 µm (able to enter the lung and reach the bronchioles)
· <2.5 µm (able to enter the alveoli with particles smaller than <1 µm aerodynamic equivalent diameter associated with lung damage).6,34
Mechanisms for inhalation and deposition of microplastic particles in the respiratory system are not well-understood. Reported dimensions from BALF include particles that are larger than 1 µm. It is not clear if microplastic particles accumulate or aggregate in the lungs or the rate at which they are cleared, but alveolar macrophages may play a role in clearing particles via phagocytosis.188



6.5.1	Experimental and preclinical in vitro research: respiratory 
A meta-analysis of seven rodent studies concluded that microplastic particles adversely affect some parts of the respiratory system (moderate strength evidence).189 Based on non-human mammal studies, microplastic particles are likely to influence human respiratory health. 


Comparing estimates of the proportion of effects and extrapolating findings from non-human mammal studies to humans, pristine PS, PP, or PE particles or fibres are suspected to:
induce oxidative stress by increasing ROS production in the lung (PS or PP particles = 1.00; 95%CI: 0.7, 1,00; three studies, moderate quality evidence)
induce chronic inflammation (upregulating IL-6, TNFα, IL-8, IL-1β, TGF-β) and increase lung fibrosis (PS or PP particles = 0.96; 95% CI: 0.82, 0.99; four studies, moderate quality evidence)
adversely impact pulmonary function (PS particles = 0.73; 95% CI: 0.48, 0.89; based on three studies, moderate quality evidence)
cause lung injury (PS or PE particles = 0.88; 95% CI: 0.53, 0.98; four studies, consistent evidence).
Based on the very low quality of evidence, the meta-analysis did not determine whether there was an association between cellular damage in the respiratory tract and microplastic exposure.
Three narrative reviews described organoid, cell-line, and/or non-human mammal research into the potential respiratory health impacts of exposure to airborne microplastic particles.6,34,188 Most experimental studies exposed cells or rodents to pristine PS microplastic particles, which limits the applicability of findings to real-world exposures experienced by humans, but provides insights into the biological mechanisms and potential health outcomes (or progression of existing disease). Study results are summarised in Table 7. Dose and duration data was not routinely supplied in the narrative reviews.
Table 7: Summary of experimental research on respiratory processes
	Outcome
	Evidence from non-human mammal studies
	Evidence from in vitro studies

	COPD
	PS 50 nm or 500 nm (inhaled) lead to declined respiratory function, protease-antiprotease imbalance (a contributor to COPD) and the development of COPD-like fibrosis in mice6
PS 0.5 µm (inhaled) altered gene regulation associated with fibrosis development in the mouse lung6

	PA increased damage to nasal epithelial cells with COPD or asthma compared to controls190
PS (1 to 5 µm) can cause oxidative stress and ROS activation and decreased α1-antitrypsin levels (a contributor to COPD) in normal human lung epithelial BEAS-2B cells6,188
PS particles activated ROS, epithelial-mesenchymal transition and the Wnt/β-catenin signalling pathway in A549 cells6

	Asthma
	PS 5 µm (inhaled) increased macrophage aggregation, increased inflammatory markers and mucous production in asthmatic mice (potentially increasing severity of asthma condition)6
	Many studies investigated respiratory toxicity using A549 or BEAS-2B cell-lines, with a summary of mechanistic advice provided after this table6

	Damage to airway epithelium
	PS (20 nm), PS (200 nm), and amine-modified PS (50 nm) thinned nasal mucous in rats, which could interfere with the nasal epithelial barrier191
PA66 (12 × 31 μm) fibres impaired the development of epithelial cells in mouse airways at 7 days34 
Increased nasal inflammation in mice exposed to PS (5 mg/kg/day for 14 days) but not PE or PP34
PS (100 nm, 500 nm, 1 µm, 5 µm, for three days) created histological changes in rat lung tissue192 

	PA66 fibres impaired development of airway organoid but not developed organoids6,188
PS (1 to 1,000 µg/cm3) increased cytoxicity and inflammation in BEAS-2B cells188 
PS and PA66 (10 µm) fragments induced inflammation in primary epithelial cells but smaller particles did not188 
PS (20 nm), PS (50 nm), A-PS (50 nm), PS (500 nm), and A-PS (500 nm) significantly inhibited nasal epithelial cell viability191
PS (25 nm and 70 nm) damaged A549 cells, causing inflammation and apoptosis192
PS (40 nm, exposed for 24 hours) reduced BEAS-2B cell viability 
PE (25 μg/mL and 100 μg/mL; 20 nm to 9.9 µm) did not induce cellular toxicity in A549 cells, but morphological changes occurred193
PS, PVC, PA, or PP did not induce cellular change or inflammation in BEAS-2B cells194 

	Changes to nasal biota
	PS caused imbalance in nasal microbiota in mice with more Staphylococcus and pulmonary Roseomonas linked to PS >1 µm and nasal Prevotella linked to particles <1 µm6
	Nil


μm = micrometre; cm3 = centimetres cubed; COPD = chronic pulmonary obstructive disease; kg = kilogram; mg = milligram; nm = nanometre; PA = polyamide; PA66 = nylon; PE = polyethylene; PP = polypropylene; PS = polystyrene; PVC = polyvinyl chloride; ROS = reactive oxygen species.
	
Possible biological mechanisms proposed for contributing study findings included:
protease-antiprotease imbalance (a known cause of COPD in humans)6
increased oxidative stress from alterations to mitochondria (including the membrane and respiration) leading to increased ROS production and ferroptosis, or activated MAPK signalling pathways6 increasing apoptosis and reduced influence of antioxidants (with oxidative stress a known cause of asthma and COPD in humans)6,188 
activation of inflammatory pathways including via increased immune cell activity, elevated expression of pro-inflammatory cytokines, factors, and pro-apoptopic proteins (including increased TNFα levels, IL-6, IL-1β, etc.), enhanced mucin secretion, or altered autophagy pathway (all of which are known to contribute to asthma or COPD as well potentially damaging airway epithelial cells and affecting the lung epithelium)6,34,188
changes to cellular processes (including activation of the epithelial-mesenchymal transition, ER stress, and the Wnt/β-catenin signalling pathway and inhibition of cell proliferation) leading to altered apoptosis or ferroptosis (which could increase damage to the lung)6,34
reduced cell viability or proliferation by decrease in the levels of tight junction proteins and other repair proteins (so that lung damage cannot be as easily repaired)6,34
up- or downregulation of the genes responsible for a range of biological processes including anatomical structures and metabolism (which could influence fibrosis).6,34
Plausible mechanistic insights into potential respiratory toxicity presented in the experimental studies could relate to increased or worsening asthma or COPD in those animals. These include increased oxidative stress and inflammation which may lead to a range of cellular changes or changes to normal programmed cell processes. These changes relate to the underpinning mechanisms that can lead to asthma and COPD in humans; however, data from preclinical studies is not entirely consistent, and studies are not able to fully reflect the complexity of the human respiratory system (including when results differ for the impact on different types of cell-line and different polymer types such as PE microplastic being more cytotoxic to A549 cells but PS microplastics decreased cell proliferation without cytoxicity188). The doses used in experimental studies (and some administrative methods) varied and may not be relevant to human exposure levels. 
6.5.2	Respiratory health outcomes
Microplastic particles have been detected in samples of human lung tissue, and in sputum, nasal lavage fluid and BALF, indicating that microplastics are present deep in the lungs and the upper respiratory system (see Appendix D). Some particles cause serious respiratory disease (for example, silica and asbestos), but there is no evidence that microplastics have a similar effect.[image: ]
Upcoming research 
An observational study in the United States, due for completion in July 2026, is focused on detecting microplastic particles in bronchoalveolar fluid of people with lung cancer (NCT06530615). This study may present additional insights into the presence of plastic particles in the respiratory system and their possible role in lung cancer. 

Interstitial lung disease
There is more extensive, historical epidemiological evidence on exposure to plastics (especially nylon) in occupational settings.2 ILD is a recognised health condition associated with the presence of respirable particles in some people who work with flock (nylon) and potentially through occupational exposure to other synthetic particles such as PP, PE, PS, or rayon. Some lung cancers have been associated with high levels of occupational exposure to fibres, including some with a plastic origin (PA, nylon, PS), but sample sizes are small, and exposure is high (and of limited relevance to the general population). The WHO has called for more research into plastics exposure and respiratory health.
Chronic rhinosinusitis
A Turkish case-control study examined microplastic exposure in 50 people with chronic rhinosinusitis without nasal polyps and 30 controls.195 Microplastic particles were detected in all nasal lavage samples, with a higher concentration reported in cases compared with controls (3.88 ± 2.14 versus 2.34 ± 1.89 particles/mL; p<.001). No polymer types were identified, and control participants also reported nasal symptoms. There was no strong link between microplastic presence and symptom severity (NOSE scores: 10.50 ± 3.28 versus control questionnaire score: 7.50 ± 3.91). The lack of polymer analysis, symptom overlap, and small sample size limit the strength of the study’s conclusions. While it is plausible that damage to epithelial function was caused by inflammation induced by microplastic particle presence (which could lead to the development of chronic rhinosinusitis),196 the study findings are not particularly conclusive about any potential association.
Changes to nasal biota
A study of 20 volunteers who lived and worked near a plastics factory in Chengdu (China) reported differences in nasal microbiota compared with 20 volunteers from a lower exposure setting nearer a forest and wetland.197 Nasal samples from the higher exposure group had higher levels of microplastic particles and differences in the range of microbiota present (for example, lower Fusobacteriota, Bacteroides, Haemophilus, Actinomyces, Porphyromonas, Gardnerella, and Gemella in the high exposure group compared to the lower exposure group; Klebsiella and Helicobacter were higher in the high exposure group). No differences in alpha diversity were observed. It is not clear whether these observed changes in nasal biota have resulted in increased adverse respiratory health effects.
COPD or asthma
While COPD and asthma (or worsening of pre-existing COPD or asthma) is highlighted in the preclinical research, there is no epidemiological evidence suggesting that particle presence is associated with asthma or COPD in humans. 
[bookmark: _Toc210833583]6.6	Gastrointestinal system
	Ingestion is a main source of exposure for humans and the presence of microplastic particles in faeces samples confirm ingestion but cannot describe internal gut exposures. The influence of microplastic particles on gastrointestinal health has focused on inflammation pathways that start with disturbance to the gut microbiota. There is inconsistent evidence from non-human mammal and cell-line studies about the direction of effect, but this probably reflects the complexity of gut microbiota and the complexity of the types of microplastic particles that gut microbiota are exposed to. Changing the balance between beneficial and harmful bacteria have been observed in animals and in cell-lines. In humans, inflammatory bowel disease (IBD) is a focus on research, but at this stage, there is limited evidence of association between exposure to microplastic particles and this suite of conditions.


The gastrointestinal system digests food, absorbs nutrients, and eliminates waste from the body, with gut biota, permeable mucous and the gut epithelium playing a key role in ensuring the maintenance of intestinal homeostasis (that is, nutrients are absorbed by relevant gut cells and transported to other parts of the body, but pathogens or other harmful substances are not). Key organs are the stomach, the microbiota, and the small and large intestines. Ingestion of microplastic particles is one of the main human exposure pathways for microplastics. Once in the gastrointestinal system, most particles are cleared by usual biological processes or, if small enough, they may be internalised by gut epithelial cells, pass across the gut epithelium, and be transported to other parts of the body via the systemic circulatory system. 
Research interest: Most research has focused on the potential influence of microplastic particles on gut microbiota and the potential for gut dysbiosis (preclinical studies), as well as confirming whether microplastic particles can move through the gut mucous and cross the gut epithelium (including preclinical studies and in vivo human studies). One of the key biological processes influenced by microplastic particles is activation of inflammation pathways, which are a known cause of some gastrointestinal diseases. As microplastic particles can induce inflammation, there has been some research into inflammatory gut conditions including IBD.
	The blood-gut barrier (the gut epithelium)
Larger particles (>150 µm) are not likely to be able to cross the gut mucous that overlays the gut epithelium, and so move through the gastrointestinal system to be cleared. Smaller particles can move through the mucous layer and come into contact with the gut epithelium.130,132 
The gut-brain axis
Studies have commented on the gut-brain axis (a bidirectional information exchange between the brain and the gut), the influence of microplastics on gut microbiota which can in turn influence neuromodulators. Some changes to gut microbiota are thought to modify the permeability of the blood-brain barrier and induce inflammation and neurotoxicity through mechanisms including apoptosis.130,198–201 This process is not fully understood but could involve increased production of pro-inflammatory cytokines originating in the gut which then cross the blood-brain barrier. Other influences may include neural signalling from the blood modulating gut immune cells and neurons, or other mediation of the cross-talk between the gut and the brain. Presence of plastic in the gut could lead to increased neurotoxicity or alterations to the nervous system. 
The gut-liver axis
The gut-liver axis is a bidirectional information exchange between the liver and the gut, with the portal vein and gut microbiota playing a key role in the exchange. Understanding about potential influence of microplastic particles on the gut-liver axis is developing, and much remains unknown.202,203 Hypotheses (based on preclinical data) suggest that microplastic particles alter gut microbiota. In non-human mammal or cell-line studies, changes in the ratios of some gut microbiota resulted in lower production of some short chain fatty acids in the liver, which can further disrupt the cross-talk between the gut and the liver.204 These changes to the homeostasis of gut microbiota with microplastic presence altered hepatic fat accumulation in mice or increased insulin resistance with increased microoplastic presence.204–206 Further, the gut-liver axis may be affected by microplastic particle presence as it can increase permeability of the intestinal barrier thus potentially increasing transfer of harmful microbes or metabolites from the gut to the liver, leading to inflammation and oxidative stress and potentially impairing glucose regulation via this mechanism.203,204 The relevance of these findings to humans is unclear, given species differences in gut microbiota and metabolic responses. It is also not clear if or how microplastic particles mediate the cross-talk between the gut and the liver in humans. Ingested microplastic particles with adsorbed contaminants may also enter the liver via the portal vein, leading to co-exposure and potential toxicity from these contaminants.204,206 
More research will help to understand these complex connections and any effects of plastics.


In experimental and preclinical research, a wide range of different sized particles and exposure doses were used, but most were not environmentally relevant to human exposure (ranges = 0.01 to 100 µg/mL; 100 to 1,000 µg/L; 1 to 250 mg/mL; 0.2 g/L; 6 to 600 µg/day; 0.1 to 2 mg/day; 10 to 20 mL/kg; 1 to 500 mg/kg; 823.5 to 1,380 µg/m3; etc.) but duration of exposure was only short-term (less than 90 days).
6.6.1	Experimental and preclinical in vitro research: gut microbiota
Gut microbiota also play an important role in immunity, shielding the gut from pathogens, absorbing nutrients, and regulating metabolism (including via bidirectional pathways). There are more than 250 gut microbiota species located largely in the lumen, including Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria, and Verrucomicrobia. Changes to the balance of beneficial and harmful gut microbiota can lead to gut dysbiosis.132 
Experimental studies exposed rodents to pristine PS or PE microplastic particles to investigate whether microplastic altered the diversity or abundance of beneficial or harmful gut microbiota. Some studies reported greater levels of change at higher doses (noting that many of these doses are not environmentally relevant). Results were sometimes reported by changes to individual microbiota types and other times by changes in alpha diversity, which is a measure of the variety of species within a community that includes richness (the number of species) and evenness (relative abundance). While most studies reported changes in the abundance of at least one phyla, family, or genus of microbiota, inconsistent directions of effect are generally reported. One review noted that the inconsistent results may be due to the difference in effect by particle size, with nanoparticles able to enter cells more easily;131 however, the variation in results is not unexpected given the large number of possible combinations of microbiota, polymer composition, particle size, adsorption of substances, and surface chemistry (all of which could influence the findings). The following results have been reported in rodent studies:
Increases in some beneficial bacteria with exposure to pristine PS132,192
Increases in some beneficial bacteria with exposure to pristine PE132
Decreases in some beneficial bacteria with exposure to pristine PS (size range 0.5, 5 or 50 µm, variable exposure dose)132
Changes in the ratio of bacteria (Firmicutes/Bacteroidetes) with differences reported by polymer composition131
Inconsistent changes in beneficial bacteria with exposure to pristine PET (some increased, some decreased)132
No changes in abundance reported132
Combinations of findings within one study, such as increased Staphyloccocus and decreased Parabacteroides, or increased Actinobacteria but not Firmicutes or Proteobacteria132.
The matrix in Figure 12 demonstrates some of the reported changes (noting that there are many different microbiota included in the literature).


Figure 12: Changes in gut microbiota reported in the narrative reviews (preclinical studies only)130–132,207 
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Inconsistent impacts on gut microbiota are also reported in cell-line studies (mostly using the colon adenocarcinoma cell-line, Caco-2). For example, using a dose of 21 mg in 8 mL water, one study reported:
increased abundance of harmful bacteria (pathbionts, Enterobaceriacae and Desulfovibrioaceae) with a daily dose of pristine PE (1 to 10 µm) 
decreased abundance of beneficial bacteria (Christensenellaceae and Akkermansiceae) with a daily dose of pristine PE (1 to 10 µm; dose).192
Given the wide variety of bacteria present in the gut at any one time and the inconsistent findings reported in the preclinical research, it is not clear yet if certain types of bacteria are more influenced by certain types or sizes of microplastic particles, or if particular surface chemistries have a greater effect on gut microbiota in vivo than others. 
Gut microbiota have been implicated as an accelerant of microplastic-induced lung fibrosis;130 however, reporting bias in this study undermines its findings and it is not clear whether (or how) gut microbiota have any influence on respiratory outcomes when microplastic particles are present.208 They have also been implicated in acting as a vector for tetracycline, which could then damage AGS cells and microbiota.124,209
6.6.2	Experimental and preclinical in vitro research: other gastrointestinal outcomes
A meta-analysis of ten rodent studies concluded that microplastic particles adversely affect some cellular and inflammation processes in the gastrointestinal system.189 The dose ranges were varied (for example, 10 or 1,000 μg/L; 2, 20 or 200 µg/day; 10, 50, 100, or 200 µg/g; 10 mg/day, 0.7 1, or 10 mg/L, etc.; duration up to 32 weeks). By a comparison of the estimate of the proportion of effects and extrapolating the findings from non-human mammal studies to humans, pristine PS, PP, or PE particles or fibres are suspected to:
induce chronic intestinal inflammation, which can result in inflammatory disease or support carcinogenesis including by inducing changes in the following markers TNFα, IL-2, IL-6, IL-5, IL-9, IL-10, IP-10, G-CSF, iLb, Rantes, IL-1α (PS or PET particles = 0.94; 95% CI: 0.88, 0.98; five studies, moderate quality evidence)
affect intestinal cell proliferation and cell death including reducing crypts in the intestinal mucosal glands and cells that excrete mucous which could damage the gut epithelium barrier or contribute to carcinogenesis (PS particles = 1.00; 95% CI: 0.44, 1.00; two studies, moderate quality evidence)
decrease in mid-colonic concentrations of peptide hormones responsible for the digestion of fat and hormones that stimulate gastric juice secretion (PS particles = 1.00; 95% CI: 0.34, 1.00; two studies, moderate quality evidence)
adversely affect human intestinal immune system function which can support carcinogenesis (PS or PE particles = 1.00; 95% CI: 0.70, 1.00; two studies, high quality evidence).
Based on the very low quality of evidence, the meta-analysis did not determine if there was an association between increased oxidative stress in the human colon or intestines and microplastic exposure. 
Other preclinical studies have investigated exposures, but the human gut is likely to be more complex than what can be created under laboratory conditions (and cells may be healthier than the adenocarcinoma-generated Caco-2 cell-line); however, these studies provide insights into both biological mechanisms and potential health outcomes (or progression of existing disease). Findings are summarised in Table 8.
Table 8: Summary of experimental research on gastrointestinal processes
	Outcome
	Evidence from non-human mammal studies
	Evidence from in vitro studies

	Increased inflammation
	Seven rodent studies reported that exposure to PS (50 nm to 50 µm, at a range of doses):
· increased inflammation via mechanical means (such as rubbing along the intestinal wall)130
· increased inflammation in the colon, small intestine, or duodenum, including via the release of pro-inflammatory cytokines132,192,207
· increase in oxidative stress and intestinal inflammation132,207,210,211
	Inconsistent results
No evidence of increased inflammation in Caco-2 cells and PE (one study).132
Increased oxidative stress and pro-inflammatory cytokines in a dose dependent manner207

	Evidence of cytotoxicity
	Cytotoxicity reported in a range of mouse cells (not listed in full detail due to the difference in cellular lines between mice and humans)132

	Inconsistent results 
In Caco-2 cells, three studies reported no evidence of cytotoxicity and PS. Two studies reported reduced cell viability but only in high concentrations of PS.132
Increased cytotoxicity reported in HRT-18 (colon adenocarcinoma) cell-line with PS exposure132
Increased ROS production in HT29 cells with PS exposure but cell damage did not persist207
Increased organoid cell damage at the highest dose (1,000 µg/L; PS 30 to 50 nm)207

	Decreased intestinal mucous and increased permeability to the gut epithelium barrier
	Six rodent studies reported that exposure to PS (50 nm to 50 µm, at a range of doses):
· decreased intestinal mucous, increasing the risk of pathogenic illness130,132
· increased epithelial cell apoptosis and gut barrier dysfunction132,192
· induced gut barrier dysfunction, especially at the nano scale132,207
	Inconsistent results in Caco-2 cell-line
No changes reported in one study using a daily PE dose for 14 days (1 to 10 µm)192
Disruption to epithelial barrier integrity in a dose dependent manner207

	Impact on immune system
	Inconsistent results
Two rodent studies reported decrease in immune cells and increased expression of genes related to immunity. One reported an increase in immune markers (could reflect increased oxidative stress)132
One rodent study reported that immune cells were not affected by exposure to microplastic particles but some genes were affected207
	One organoid study reported changes in some inflammatory markers207



µg = microgram; μm = micrometre; L = litre; nm = nanometre; PE = polyethylene; PS = polystyrene; ROS = reactive oxidative species.
Some of the biological processes that could influence the findings reported Table 8 included:
mechanical stress causing cellular injury by rubbing along the intestinal wall130
increased oxidative stress via increased ROS production, leading to inflammation and increased gut epithelial cell apoptosis (potentially weakening the gut epithelium)130,132
increased pro-inflammatory markers triggering local inflammation and subsequent antioxidant activity130,132
cytotoxicity, including increasing toxicity with decreasing particle size132
changes to gut mucous, which could potentially alter the permeability of the gut epithelium or decrease the protectiveness of the mucous layer leading to intestinal barrier dysfunction and alterations to gut homeostasis132
disturb gut microbiota composition (see previous section)130,132
possibly DNA oxidative damage.130
6.6.3	Gastrointestinal health outcomes
Microplastic particles have been detected in faeces (see Appendix D). This is expected as part of the biological processes to clear waste from the body. Also, presence in faeces cannot provide a full picture of microplastic particles presence in the gut or the potential impact of this. Three studies have considered the association between exposure to microplastic particles and gastrointestinal health outcomes, but evidence on health outcomes remains scant. 
Changes to gut microbiota
A study of 20 volunteers who lived and worked near a plastics factory in Chengdu (China) reported differences in gut microbiota compared with 20 volunteers from a lower exposure setting nearer a forest and wetland.197 Faecal samples from the high exposure group had higher levels of microplastic particles and differences in a range of gut microbiota (for example, lower abundance of Proteobacteria, Campylobacterota, Bifidobacterium, Streptococcus, and Sphingomonas compared to the lower exposure group; higher abundance of Fusobacterium, Coprococcus, Dorea, and Butyricicoccus were observed in the higher exposure group). No differences in alpha diversity were observed. This study did not analyse dietary differences between the high and low exposure groups, which likely provides the opportunity for significant uncontrolled confounding given the significant influence that diet has on gut microbiota.
A small cross-sectional study of 69 children aged three to six years old in Xiamen (China) used findings from faecal samples (two samples per child) to stratify the children in high or low exposure groups (based on the median concentration of the total microplastic particles found in the sample).212 Differences in gut microbiota were then assessed. The study suggested that there was no difference in concentrations of microplastic particles and gut microbiota diversity (using alpha diversity or UniFrac matrices), but some individual analytical tools used suggested that more beneficial microbiota were observed in the low exposure group (using the LEfSE algorithm). It is possible that using a median as the cut-off may introduce misclassification bias, and true results could be influenced toward the null. Other associations were present when individual plastic polymers were considered. In the presence of increased PVC particles, increased levels of beneficial microbiota with anti-inflammatory activity were observed (Faecalibacterium) but not for other beneficial microbiota (Alistipes), although this does not infer that PVC has a protective effect. PET positively related to Agathobacter and PE was negatively associated with Eubacterium. This is interesting, however the very small numbers and the study subjects limit generalisability to the wider Australian population.
Inflammatory bowel disease
There are plausible biological mechanisms for microplastic particles contributing to IBD including gut epithelium dysfunction, gut dysbiosis, and oxidative stress/inflammation. Preclinical research suggests that microplastic particles may play a role in inducing some of these conditions, although much remains unknown.
One oft-quoted study (China) focused on detecting microplastic particles in the faeces of 52 patients with IBD compared to health controls (n=50). It reported that those with IBD had higher concentrations of microplastic particles (41.8 particles/g of dry mass versus 28.0 particles/g of dry mass).213 Particles were generally smaller in people with IBD (more particles >50 µm: 54.9 percent versus 45.1 percent) and a different mix of plastics were present. A correlation was between disease and microplastic presence was reported (Crohn’s disease r=0.72; ulcerative colitis r=0.71). The study was limited by a small sample size and missing data: only 74 percent of cases data was included compared to 96 percent of data from healthy controls. This raises concerns about the overall reliability of the reported associations. 
[bookmark: _Toc210833584]6.7	Renal and urinary systems[image: ]
Upcoming research 
An observational study in China, due for completion in December 2026, is focused on detecting microplastics in blood, stool and gastric tumours (NCT06856382). This study may present additional insights into the presence of plastic particles in the gastrointestinal system and the potential impact on gastric cancer incidence. 
Another study in China is looking at isolating and analysing microplastics in the liver, stomach, blood and faeces of obese patients (NCT06826586).

	Microplastic particles have been detected in human urine, and small numbers of particles have been found in some samples of human kidneys (but not others). There is currently no reported evidence of differences in microplastic exposure or deposition of particles in humans with or without kidney or urinary system disease. No epidemiological studies have reported on kidney health outcomes and exposure to microplastic particles.
Studies on rodents and on cell-lines suggested that microplastic exposure may harm kidneys by triggering oxidative stress, ferroptosis, other cell death processes, and introduction of other harmful substances. Microplastic particles may alter kidney cell morphology and function with potentially greater effects when combined with other exposures; however, the relevance of these findings to humans remains uncertain due to significant differences in renal and urinary system complexity across species.


Kidneys are the main organ for waste removal, with waste substances moving through the bladder in urine. They also play an important role in maintaining ionic and osmotic balance (including retaining important proteins in the body). The renal and urinary systems play a role in the clearance of microplastic particles (as well as any other plastics-associated chemicals, sorbed substances, or other contaminants associated with the particle). 
Research interest: To date, there has been more research on microplastic toxicity on the kidneys, and less on the bladder and urinary system. Although there is currently no direct epidemiological evidence that microplastic particles cause or lead to progression of kidney health outcomes, there is a particular interest in the role of microplastic exposure in chronic kidney disease, considering that necessary treatments for this condition (such as haemodialysis) may introduce additional plastic particles into the body.81,214 
6.7.1	Experimental and preclinical in vitro: renal and urinary systems
Preclinical (cell-line) studies
Cellular processes can lead to developing kidney disease, such as regulated cell death mechanisms, epithelial cell cycle dysregulation, phenotypic cellular transitions, structural abnormalities, and imbalances in cell populations. Disruptions to the cell cycle of kidney epithelial cells, alterations to cellular metabolism, and changes in the epithelial cell phenotype can lead to maladaptive responses that promote fibrogenesis and progressive kidney damage. For example, if the normal cell death processes of apoptosis and necrosis become disrupted, the number of functioning nephrons may reduce, and secondary inflammatory responses can be triggered.215 An imbalance between cell death and proliferation can disrupt the tissue architecture and function. In chronic kidney disease, the ongoing loss of epithelial cells leads to glomerulosclerosis and tubular atrophy.216 Ferroptosis plays important roles in multiple kidney diseases, including acute kidney injury, chronic kidney disease, and renal fibrosis.217 
Cell-line studies have exposed human embryonic kidney cells and renal tubular epithelial cells to pristine PS (with some PE or other plastic polymers used). One systematic review218 and a narrative review215 focused on the hypothetical pathways through which microplastic particles could cause kidney and urinary system damage (such as via changes in signalling, oxidative stress, inflammation, influencing cell death processes including by ferroptosis, and fibrosis). Plausible mechanisms that could induce nephrotoxicity included:
internalisation of microplastics within kidney cells via an endocytosis process218
decline in metabolic activity in HEK 293 kidney cells compared to those not exposed to microplastic particles: an initial 41 percent decline rising to 61 percent by 72 hours, which could potentially lead to decline in function219 
alteration to cellular morphology: a blebbing effect, with cells increasingly declustering, as is seen in apoptosis219
different types of cell death processes including apoptosis via the MAPK pathway220
inducing ferroptosis, especially if the particle is aged via UV irradiation221 
alteration to the signalling pathways between cells by increased extracellular vesicle production in human tubular cells, leading to production of ER stress-related proteins, ROS production or fibrosis-related proteins222 
activation of cancer signalling pathways218
oxidative stress and its precursor (increased ROS levels), increased inflammatory makers, and impact (damage due to the cellular stress and inability to get rid of harmful ROS levels).219,222
Synergistic toxicity with other pollutants that the microplastic particles could introduce has also been identified in cell-line studies (and is one of the few areas in which we have some information about the potential impact of co-exposure and of a potential Trojan horse effect of introducing pollution or viral pathogens to human cells).149,223,224 An HEK293 cell study found that toxicity of DEHP (a phthalate used to make plastics more flexible) and PS had a synergistic effect. Combined exposure to DEHP and PS caused more damage to the kidney cells than exposure to either alone, by triggering more ROS-induced autophagy.223 Complexity was also observed as different polymer compositions appeared to have differing impacts.128 In one study, while both substances could reduce cell viability, they appeared to have different effects: NRF2 – a transcription factor that can protect against kidney disease – was found to be downregulated by BPA but upregulated by PE.218
Preclinical studies offer mechanistic insights into how microplastics potentially impair kidney function or contribute to chronic kidney disease; however, these studies did not report direct evidence of adverse kidney outcomes. The significance of the reported changes to biological processes in the renal and urinary system and adverse health outcomes remains unknown.
Non-human mammal studies
Non-human mammal studies have demonstrated that there are plausible mechanistic pathways to influence biological renal processes, including changes in protein levels, oxidative stress, inflammation, autophagy, apoptosis, and fibrosis (therefore inducing nephrotoxicity). Two studies exposed mice to either a dose equivalent to 0.05 to 2.9 mg/day225 or a dose of 0.2 mg/day or 1.4 mg/week222. Both studies showed disruption to the serum blood urea nitrogen, creatinine, and pro-inflammatory mediators. This led to renal apoptosis and inflammation following oxidative stress or it triggered inflammation and renal fibrosis by senescence (ageing) of tubular epithelial cells.222 A dose-dependent relationship was observed.225 A mouse study with longer-term exposures (6 months, via drinking water, at “concentrations accessible to humans” but not further described) indicated that the exposure induced ferroptosis in renal tubular epithelial cells.226 A mouse study reported that inhaled pristine microplastic particles (dose 1 mg/day) induced apoptosis and caused alterations in renal blood flow and blood clotting, but the airborne particle concentration appear higher than would be found in most normal settings and the exposure duration was short (two weeks).227 While providing some insight into biological mechanisms, renal system functionality and complexity differs significantly between species.
6.7.2	Renal health outcomes
Microplastic particles have been detected in human kidney tissue and in urine (see Appendix D). PS was identified in all sample types; PE was identified in some samples. 
A larger range of plastic types was detected in urine samples. PE and PS in kidney tissues may be due to particles moving into the kidney and then to urine by glomerular filtration and tubular excretion.101 Particles are then cleared via the kidney and bladder (and it is expected that particles would be detected in the urine because of this clearance process).24 Presence in the bladder may be due to the circulatory system.24 
Microplastic particles have not yet been found in human kidney tumours. Pre-print results from a single study of 51 decedent kidney samples used Py-GC/MS to detect microplastic particles in the kidney (mean concentration 666 µg/g; the dominant particle was PE), but the final paper has not been published.125,126 A full review of the dataset and evaluation of the methodological rigour of this study should be completed once peer-reviewed data are available.
There is no epidemiological evidence linking exposure to microplastic particles and kidney or urinary health outcomes at this stage, although some reviewers believe there is enough indirect evidence to warrant some concern.218 The evidence for these potential impacts is still hypothetical (based on cell studies and some animal studies) and studies have tended to focus on Raman spectroscopy, which has limitations in detecting and characterising very small particles, particularly in the nano range. 
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Upcoming research 
A biomonitoring study in Spain, due to complete in January 2025, is focused on detecting microplastics in the biological fluids of those undergoing haemodialysis (NCT05155267). This study may present additional insights into the detection of particles in human fluids and any associated adverse health outcomes.

[bookmark: _Toc210833585]6.8	Hepatic and metabolic systems
	Microplastic particles have been detected in the liver and in some samples of pancreatic tumour tissue. There is a small body of evidence looking at the potential hepatoxicity of microplastic particles on human cells and in animals, with early evidence suggesting that microplastic particles may increase ROS production, increase oxidative stress, and induce cellular damage. This could result in changes to liver indices, suggesting that liver damage may occur. There is very little information about the influence of microplastic particles on in vivo hepatic or metabolic health outcomes, with most available studies focused on detecting microplastic particles in the liver but not drawing conclusions about associations. 


The liver plays an important role in filtering and detoxifying blood, thereby supporting excretion of microplastic particles from the circulatory system (and body), as well as storing and supporting the metabolism of nutrients, producing bile, and supporting blood clotting, immunity, and hormone and enzyme production and sensitivity including to insulin. The pancreas assists with digestion and glucose regulation via insulin production. Hepatic function in humans is influenced by filtration and excretion processes, bile production, nutrient storage and release, homeostatic regulation, hormones, and carbohydrate, lipid and protein metabolism. Metabolic function is influenced by cellular signalling pathways, the regulation of hormones (including insulin production and secretion), lipid metabolism genes, enzymes, and levels of chronic inflammation. Disruption to these processes can lead to liver fibrosis, hepatic diseases or metabolic disorders including type 2 diabetes and metabolic syndrome.
Research interest: Hepatic and metabolic outcomes are distinct. Much of the available research focuses on fish species, limiting its direct relevance to humans. There is also limited direct epidemiological evidence about the association between exposure to microplastic particles and human hepatic or metabolic health outcomes. There is plausible evidence from preclinical studies (cell-line, organoid, and non-human mammal) of a potential impact on metabolic dysfunction; however, this relationship is not well-understood. The limited evidence on hepatoxicity and metabolic outcomes are presented together. 
	The gut-liver axis
The portal vein carries blood and metabolites from the stomach to the liver, where the nutrient-rich blood is processed and detoxified before being circulated to other organs. The liver secretes bile and antibodies back to the gut. Further information about the gut-liver axis is included in the Gastrointestinal section.


6.8.1	Experimental and preclinical in vitro studies: hepatic and metabolic
[bookmark: _Hlk199876093]Organoid and cell-line studies: hepatoxicity
Preclinical (cell-line or organoid) studies explored microplastic exposure and possible impact on biological processes that could then lead to hepatic injury. Dose and exposure duration data was not routinely supplied in the narrative reviews but included dose ranges of 0.1 to 25 µg/mL for up to 72 hours. Exposure to microplastics could induce hepatotoxicity by:
increasing gene and protein expression related to lipid metabolism, insulin signalling, and mitochondrial functioning (human pluripotent stem cell-derived organoids)206  
increasing inflammation in hepatic macrophages (including by facilitating extracellular trap formation and through increased ROS production)206  
altering hepatocellular proliferation (but not viability) with increased levels of cellular ROS production (cell-line study),219 or (conversely) increasing apoptosis and decreasing live cell numbers and reducing cell viability (cell-line and liver organoid studies), also with increased cellular ROS production192 
activating cellular immune responses, including by inhibiting ABC transporters (with no toxicity reported in doses <20 µg/mL for 48 hours)61,228
impairing mitochondrial function by reducing energy supply61,229 
liver enzyme disruption (either by inhibition or promotion) including an increase or decrease some of markers of hepatocellular damage including increasing aspartate aminotransferase (AST), alanine aminotransferase (ALT) and LDH, and decreasing antioxidant mechanisms that protect the liver (including glutathione S-transferase,; glutathione, and superoxide dismutase 2 ).192,219,229
Cellular uptake was highest for smaller particles (50 nm versus 100 nm) but larger particles were more likely to direct HepG2 cells toward a stronger inflammatory response and increased apoptosis.230
Bioaccumulation and toxicity on hepatocytes from heavy metals adsorbed to particles (the Trojan horse effect) has also been observed in organoid and cell-line studies (see Table 11);206 however, the relevance of these findings to human health remains uncertain. Any potential hepatotoxicity associated with microplastic exposure is likely mediated, at least in part, through disruptions in lipid metabolism, although this mechanism is not yet fully understood.231
Experimental studies involving non-human mammals: hepatoxicity
Much of the available research on microplastic and hepatoxicity comes from animal (fish) studies, but some non-human mammal studies have indicated that microplastic particles can perturb hepatic function and may cause steatosis (fatty liver) or fibrosis in mice.206 In experimental studies, a wide range of different sized particles and exposure doses were used, but most were not environmentally relevant to human exposure (ranges = 0.01 to 0.5 mg/day; 10 mg/L; 0.1 to 1 mg/mL, etc) and duration of exposure was only short-term (less than 180 days). Possible mechanisms for action included: 
increasing oxidative stress by activating T-cell and Kupffer cells or increasing ROS which can then affect signalling axes or DNA damage (if diet is high in fat), which could initiate or exacerbate liver fibrosis206 
increasing inflammatory responses in the liver (for example, via increased pro-inflammatory cytokine production, or recruiting macrophages, natural killer cells or neutrophils to the liver), which can result in liver damage206,232
inducing increased hepatocyte apoptosis, pyroptosis, ferroptosis, and/or autophagy by altering signalling pathways, while possibly also activating antioxidant pathways206
depriving the liver of energy via a range of metabolic changes206
damage to mitochondrial and nucleus DNA leading to liver fibrosis192 
damage to mitochondrial cristae leading to pyroptosis and oxidative damage.192
Experimental studies involving non-human mammals: impact on metabolism
To date, fairly consistent evidence from rodent studies suggests that microplastic particles may disrupt glycolipid metabolic processes, and glucose homeostasis (including insulin signalling processes), potentially leading to decreased glucose sensitivity, increased insulin resistance, impaired glucose tolerance, elevated blood glucose and elevated serum lipoproteins levels or changes in hepatic lipid species.123,204,233 One study reported increased diabetes disease progression in the presence of high doses of microplastics (30 mg/kg body weight/day in a mouse model), with greater hepatic and pancreatic damage reported when the dose was coupled with a high-fat diet (and a diabetes-inducing injection of streptozocin).233,234 
Possible mechanisms for the observed biological changes could relate to:
increasing ROS production, oxidative stress, and inflammation by activation of specific proteins, pro-inflammatory cytokines and pathways, glycogens, or signalling pathways that lead to impaired glucose tolerance and disturbed glucolipid metabolism123,204,233
impairing cross-talk of the gut-liver axis (including via damage to intestinal microbiota and increased intestinal permeability) leading to disruption in lipid metabolism123,204,233
endocytosis that inhibits some cellular signalling or increases apoptosis leading to disruption of the glucose metabolism123,233 
reducing in carbohydrate regulatory element-binding protein which then impedes conversion of glucose and inhibits sensitivity to and secretion of insulin (which is also a process affecting glucolipid mechanisms in humans)123,204 
decreased mRNA in the genes involved in the synthesis of fats and triglycerides in the liver123
changes in hepatic lipid metabolism that affect gluconeogenesis.204,206
Non-human mammal studies show that there are plausible mechanistic pathways that could result in deposition of microplastic particles in hepatic organs and fluids in rodents. Deposited particles then influence biological processes that can induce hepatoxicity or metabolic dysfunction (including via the gut-liver axis). Mechanistic insights into the potential hepatoxicity from exposure to microplastics presented in the experimental studies could result in adverse hepatic or metabolic outcomes in animals. While presence of changes in glucolipid metabolism is of interest, the precise biological influence of microplastic particles on mechanisms that could underpin pathogenesis in humans remain uncertain. 
Experimental studies have limited relevance when assessing associations between presence or accumulation of microplastic particles in the hepatic and metabolic systems. Metabolic function lies on a complex spectrum influenced by genetic, hormonal, lifestyle, and possibly environmental influences. Significant cross-talk occurs in the hepatic and metabolic system, with other organs and processes highlighting the systemic nature of metabolic function. 
The use of (mostly) pristine PS microplastic particles may not fully mimic human metabolic responses to environmental exposures related to a much wider range of microplastic particles, which also have a different morphology compared to pristine plastics. While the small particle size (<10 µm) may reflect a size that can cross the gastrointestinal epithelium (thought to be <150 µm, with entry to the circulatory system at <2.5 µm235), but the doses and exposure timeframes used in the experimental studies varied and may not be environmentally relevant or directly relevant to human exposure levels. The relevance of this research to human biology remains uncertain (at best).
6.8.2	Hepatic and metabolic health outcomes
Microplastic particles have been detected in some human liver samples and in some gallstone samples (see Appendix D). The presence of microplastics in tissue samples has not yet been associated with an adverse hepatic or metabolic effects (although some studies have considered possible associations but there is no evidence from epidemiological studies yet). 
Non-alcoholic fatty liver disease, metabolic dysfunction-associated steatotic liver disease, and cirrhosis
An earlier, much-cited study reported detection of microplastic particles (4 to 30 µm) in all cirrhotic liver tissues samples (n=6), but no microplastic particles were detected in the liver samples of people without cirrhosis (n=5).236 It is not certain whether the reported concentration of microplastic in cirrhotic liver tissue was a consequence of increased liver permeability due to damage from alcohol use, chronic viral hepatitis, or other pre-existing liver disease, or whether the particles contributed directly to fibrosis. 
A review looked at the potential of microplastic particles to contribute to the development of non-alcoholic fatty liver disease (NAFLD), an illness characterised by fat accumulation in the liver, fibrosis, and cirrhosis (in the latter stages of the disease), with gut dysbiosis suspected as playing a causal role in the development of NAFLD.202 It hypothesised that, if microplastics can alter the gut microbiome (causing dysbiosis, see Gastrointestinal system section), then microplastic particles could play a role in the pathogenesis of NAFLD as well. The paper also reported on metabolic and hepatoxicity data from preclinical in vitro studies, noting that alterations to hepatic lipid metabolism and increased insulin resistance could indirectly contribute to NAFLD, but it completed no epidemiological research to test this hypothesis. The link between exposure to microplastic particles and NAFLD has not been established.
One retrospective analysis from a cross-sectional study (Canada) of bariatric surgery patients detected microplastic particles in all faecal samples taken prior to the bariatric procedure (n=17 plus six controls) and in faecal samples taken 12-months postoperatively (n=11 patients).237 Analysis of microplastic particles was not completed on liver samples. Using faecal samples only, the study reported that patients who had persistent metabolic dysfunction-associated steatotic liver disease (MASLD) (12-month postop) had higher levels of microplastic fragments in faeces compared to those for whom MASLD had resolved. The study suggested a link between microplastic particles and liver inflammation based on immune cell markers (portal macrophages, total macrophages, and total killer T-cells) and gene expression; however, the absence of microplastic analysis in liver tissue significantly limits conclusions about a direct relationship between microplastics and MASLD.
Metabolic disease including type 2 diabetes, gestational diabetes, or metabolic syndrome 
Oxidative stress is a known accelerant in diabetic disease progression in humans.233 No epidemiological evidence has linked the presence of microplastic particles in some liver samples or pancreatic tumour samples99 to metabolic-related disease including type 2 diabetes, gestational diabetes, or metabolic syndrome in humans. 
Pancreatic cancer
No studies have yet detected microplastics in the pancreas, although PE, PS, and PVC particles have been detected in pancreatic tumour tissue.99 Presence of microplastic in pancreatic tumour tissue has not yet been linked to pancreatic cancer (see Cancer section for a more detailed discussion on the relationship between microplastic exposure and cancer).
[bookmark: _Toc210833586]6.9	Reproductive system
	Microplastic particles have been detected in the female and male human reproductive systems, including in the endometrial lining, ovaries, sperm, and testes, suggesting that these particles can cross a range of internal barriers. Studies have detected particles with a range of different sizes and compositions, but mostly these have been <100 µm, with smaller microplastic particles found in fluids (usually <10 µm) compared to larger particles found in tissue samples. 
Much of the experimental evidence published to date has focused on reproductive systems, with almost 200 papers published on non-human mammal fertility and microplastic exposure alone. Most of these papers consider the presence and impact of pristine PS particles on biological processes such as spermatogenesis or on the hormones important for reproduction. Often, toxicity is observed at the highest doses only (and these are not always environmentally relevant levels). One meta-analysis suggested that there is moderate quality evidence that PS microplastics may adversely influence a range of male fertility markers in rodents, including altering hormone levels, spermatogenesis, and affecting sperm motility and mobility. It concluded that, in mammals, this may lead to male factor infertility with biological mechanisms that could plausibly apply to humans (that is, PS is suspected of influencing male infertility in humans as well). 
Biological mechanisms largely related to increased oxidative stress, increased inflammation, and cellular alterations leading to dysfunction. The only human study on the association between the presence of microplastic particles and sperm function observed lower sperm concentration with the presence of polytetrafluoroethylene (PTFE) particles compared to samples where PTFE was not present. No differences in sperm count, motility, mobility, or malformation were observed with the presence of PTFE, PVC, PC, PP, PET, or PE. At this stage, it is not clear exactly how microplastic exposure influences male fertility, but there are plausible mechanisms and limited epidemiological evidence of some association.
Female fertility is more complex. At this stage, there is no evidence from cross-sectional studies suggesting that microplastic particles are associated with adverse female reproductive outcomes although an increase in FSH (but not changes in other important reproductive hormones) has been observed. Non-human mammal and in vitro studies suggest that PS particles could affect oocyte maturation, but this has not been observed in women.
There is direct human evidence that microplastic particles cross the placental barrier and that exposure to microplastic occurs in-utero (as evidenced by the presence of microplastic particles in infant meconium). Particles have also been found in amniotic fluid. At this stage, there is no strong epidemiological evidence that microplastic presence in the placenta affects human fetal growth (although non-human mammal studies suggest that it could reduce fetal growth in mice). One study on fetal liver function at term suggested that microplastics could possibly adversely affect function, but the sample size was small, and confounding was poorly controlled (including for other environmental contaminants). 
Another often cited study reported greater presence of plastic particles in the placenta of babies affected by fetal growth restriction (<5th centile) compared to healthy term babies; however, it is not certain whether the presence of microplastic particles led to placental dysfunction and fetal growth restriction, or whether the placenta was already compromised, leading to an increase in placental barrier permeability and greater abundance of particles in that tissue. Other measures of differences in birthweight were assessed, but findings of small decreases in birthweight with the presence of placental microplastic are unlikely to be clinically significant as the babies did not meet clinical definitions for low birthweight. Still, it is plausible that a decrease of 35 g in birthweight could push some very small babies over this diagnostic threshold, although likely they would have other more significant clinical findings to consider.


The female and male reproductive systems include permanent organs like the uterus, ovaries, the penis, and testes, reproductive fluids and cells like sperm and eggs, temporary structures such as the placenta, and the hormones associated with spermatogenesis, ovulation, conception, pregnancy, and birth. Disruption to the reproductive health system can result in infertility and adverse pregnancy or birth outcomes. 
Research interest: Much rodent and cell-line research has focused on the potential impact of microplastic particles on reproductive health. Evidence of direct implications for human health outcomes (aside from detection in most major reproductive organs and fluids) remains limited, with only a few attempts to link detected particles to sources of exposure or clinically relevant human health outcomes. The potential influence of microplastics on reproductive health outcomes area remains a considerable focal point for researchers. 
6.9.1	Experimental and preclinical in vitro research: reproductive biology 
	The blood-follicle (ovary) barrier and the blood-testes barrier
The blood-follicle barrier regulates the supply of blood and other substances to the developing ovarian follicle. Microplastic particles have been detected in human ovaries and in ovarian follicular fluid.127,238 While this suggests that some microplastic particles can cross the blood-follicle barrier, particle size is reported inconsistently and it is not clear if there is a maximum particle size that can cross. Microplastic particles have been detected in human testes, the prostate, and in sperm,114,128 indicating that they can cross the blood-testes barrier. Mechanisms include direct entry into the ovarian granulosa cells via the circulatory system127 and into the testes via endocytosis or through damage to the integrity of the blood-testicle barrier from oxidative damage to and inflammation of the Sertoli cells (among others), increased apoptosis in response to changes to signalling pathways, or autophagic cell death.239 


Microplastic presence is likely to affect female and male reproduction, at least in rodents. 
One systematic review with meta-analysis of 79 in vitro and in vivo studies reviewed the toxicity of microplastic particles on mammal fertility (n=70), including human fertility (n=14).240 Contributing study outcomes included the impact microplastic particles on cellular processes including those related to ovarian granulosa cells, endometrial epithelial cells, or Leydig or Sertoli cells (the cells responsible for producing testosterone and androgens in males and supporting spermatogenesis or testicular development), as well as on oocytes or fetal development. Dose and exposure duration data was not routinely supplied. In vitro studies investigated the potential impact of PS microplastic particles on ovarian granulosa cells, placental cells, or sperm. While the available in vitro studies and non-human mammal experiments provide insights, they are limited in their ability to replicate the more complex biological processes that occur in vivo (humans). While the analysis reported a significant overall effect (random effect size = 89.99; I2= 50.317; p<.001), most toxic effects were seen at high doses not reflective of typical environmental exposure (data points not supplied). The meta-analysis’ relevance to humans is limited by the scarcity of epidemiological data and the inability of in vitro or animal models to replicate human reproductive biology.


A meta-analysis of 11 rodent studies (four studies on female reproductive health, five on male reproductive health, and four on birth outcomes) concluded that microplastic particles are suspected to be harmful for:
sperm quality: all five studies reported increased sperm malformation and decreased sperm motility and mobility with increased microplastic exposure (pristine PS particle dose ranges = 0.015, 0.15, or 1.5 µg/g; 100 or 1,000 µg/L; 10 mg/L; etc.; duration up to 90 days); estimate of the proportion of effects harm = 1.00 (95% CI: 0.70, 1.00)189 
ovarian reserve capacity: two studies reported a decreased number of growing follicles (pristine PS particle highest dose 1.5 µg/g or 1.5 mg/day for up to 90 days; follicle numbers not supplied); estimate of the proportion of effects harm = 1.00 (95% CI: 0.34, 1.00).189  
Exposure to microplastic particles may lead to changes in reproductive hormone levels with consistent decreases in anti-Müllerian hormone and testosterone reported, and inconsistent findings for changes in FSH and LH reported.189 For the available studies, the meta-analysis could not classify the results related to human fetal growth or gestational age, or oocyte meiotic progression/blastocyst development, germinal cell thickness, or non-human mammal birth outcomes based on the small number of studies available and the RoB present in those studies.
Two systematic reviews reported on exposure to microplastic particles and physiological changes related to mammal reproduction. One systematic review reported on 194 studies published to 16 October 2024,241 the other reported on 26 animal studies (15 rodent studies) published to May 2024242. Other narrative reviews have also summarised available non-human mammal research.243–246 While there was considerable cross-over in the contributing studies included in the reviews, unique papers were also included. Almost all studies exposed rodents to PS microplastics in varying sizes and doses (including some very high doses such as 40 mg/kg/day). Some reviews noted increased harm with decreasing particle size.242 Biological reproductive processes that have been linked to microplastics exposure are summarised in Table 9. 
Table 9: Summary of experimental research on reproductive processes
	Outcome
	Evidence from non-human mammal studies
	Evidence from in vitro studies

	Changes to reproductive hormones 
These changes may interfere with the hypothalamic-pituitary-gonadal or ovarian axes or reduce fertility
	In male rodents, reduced plasma or serum testosterone, LH, and FSH, with inconsistent results reported for changes in progesterone239–242
In female rodents, reduced LH, anti-Müllerian hormone, progesterone, and/or increased testosterone and FSH, with inconsistent results reported for changes in estradiol240–242
	Not reported



	Outcome
	Evidence from non-human mammal studies
	Evidence from in vitro studies

	Female 
	
	

	Uterine function
These changes may reduce fertility or contribute to adverse female reproductive health outcomes
	Impaired uterine vascular performance or endometrial thinning242,244
	PS (100 nm) were internalised more than larger PS particles into endometrial stromal cells leading to apoptosis, reduced cell proliferation, and morphological changes247
An organoid study reported exhibited cellular change but at a high dose248

	
	Increased uterine fibrosis241,242,244
	Not reported

	Ovarian function
Changes may reduce fertility or contribute to adverse female reproductive health outcomes
	Reduced oocyte meiotic progression (part of the preparation process for pre-fertilization), reduced oocyte survival, and reduced blastocyst development 189,241 
	PS microplastics entered ovarian granulosa cellular cytoplasm but did not induce cytotoxicity or other significant changes to active mitochondria but did increase lipid droplets and total lysosomes249

	
	Reduced number of growing follicles (at all stages of maturation)242–244
	

	
	Increased ovarian fibrosis241,242,244
	

	
	Reduced ovarian reserve (indicated by lower anti-Müllerian hormone levels in either the ovary or serum)189,241–243
	

	
	Shortened or irregular estrous cycles241
	

	
	Reduced ovarian size, but inconsistent results reported241
	

	Male 
	
	

	Testicle morphology
Changes could lead to reduced spermatogenesis
	Changes to testicular morphology including the formation of empty cavities or changes to the diameter and epithelial height of seminiferous tubes, etc.239,241,242,244,246,250
	Not reported

	Spermatogenesis
Changes could lead to adverse reproductive health outcomes
	Disrupted or abnormal spermatogenesis (damaging Sertoli or interstitial cells, or abnormal spermatid, spermatocytes, or spermatogonia organisation and morphology; some results reporting a dose-dependent relationship241,242,244,246,250 
	See section on sperm dysfunction


	
	Sperm malformation leading to motility and mobility issues: malformations included two tails, being hookless, having a swollen neck, having a small head, being tailless, etc., with some results reporting a dose-dependent relationship,189,241,242,244,250
	

	
	Reduced sperm viability 241,242,244,246
	


FSH = follicule-stimulating hormone; LH = luteinising hormone; nm = nanometre; PS = polystyrene.
Possible mechanisms for the reported changes in reproductive potential included:
upregulating some of the genes responsible for ROS generation and downregulation of ROS-suppressing genes, leading to oxidative stress and downstream signalling changes and increased apoptosis, ferroptosis, or pyroptosis in ovarian granuloma cells, leading to ovarian fibrosis, impaired follicular development, increased atresia, and compromised ovarian reserve and diminished ovarian function241,243,244,250
increased activation of ROS in sperm cells leading to oxidative stress, decreased antioxidant activity, downstream signalling changes and increased permeability in the blood-testicle barrier (including by decreasing junction protein expression, increasing endocytosis of Sertoli cells, increasing apoptosis and ferroptosis, activation or inhibition of autophagy in Sertoli or other cells, etc.), which can affect spermatogensis239,242,244
increased inflammation marked by elevated pro-inflammatory cytokines and reduced anti-inflammatory responses, leading to inflammation in the ovary, Sertoli cells, and testes, and impaired function of the blood-testes barrier239,241
interference with cell connections and inhibition Leydig and Sertoli cell growth, which can lead to adverse outcomes including the activation of inhibin and feedback loops which can compromise of internal barriers including the blood-testes barrier242
reduction in cell viability, mitochondrial membrane potential, and cell cycle arrest, potentially caused by ROS-induced mitophagy or contributing to excessive ROS, leading to sperm that cannot access sufficient energy239,251
macrophage polarisation (damages the blood-testicle barrier and causes fibrosis239).
Evidence suggests that microplastic exposure could cause changes to biological reproductive processes, but these findings largely relate to high doses of PS particles in non-human mammals. Further research in humans using real-world exposures is needed to better understand how these experimental results could lead to changes in human biological processes. 

	The placental barrier
The placental barrier protects the fetus while enabling exchange of maternal and fetal blood, nutrient transfer, and waste removal. A well-functioning placental barrier restricts harmful substances from reaching the developing fetus via trophoblast and endothelial cellular activity. 
Microplastic particles have been detected in human placental, umbilical tissue, and in meconium indicating that particles (mostly sized up to 100 µm) can cross the placental barrier.97,107,111,117,252,253 One cell-line study reported that placental cells internalise both pristine and weathered PS (<10 µm) and pristine and weathered HDPE (<80 µm), but that these particles did not appear to be cytotoxic after 24 hours of exposure.254 Doses of 100 µg/mL of PS 50 nm induced plasma membrane damage. Evidence from non-human mammal studies confirm that PS microplastic particles cross the placental barrier (but larger particles are more likely to remain in placental tissues and in maternal circulation).98 This reflects the types of particles used in the research, rather than suggesting that only this kind of plastic can cross the placenta. 
The mechanisms that enable movement of microplastic particles from maternal to fetal systems via the placenta are not fully understood, but hypotheses included passive diffusion or energy-dependent transport methods, vesicle transport between cellular compartments or to/from cellular membranes, transmembrane transportation, uptake and transport by trophoblast cells (via internalisation), the development of corona, or via damaged placental cells.98 The exposure duration may also influence the number of particles that may cross the placenta. Particle size is likely to be important. Smaller microplastic particles (49 nm) have been observed in the basolateral compartment of the human placenta (the trophoblast side that faces fetal circulation), but larger particles (>50 nm) were either not detected or were transported over the placental barrier in lower volumes.98 While microplastic particles have been shown to cross the placenta, their potential impact on fetal growth and development remains hypothetical. It is unclear whether these particles accumulate or aggregate in placental tissue, related fluids, or the fetus itself, or whether their presence has any effect on human fetal development.98


6.9.2	Experimental and in vitro research: pregnancy and fetal growth 
One systematic review reported on 194 studies published to 16 October 2024;241 another reported on 26 animal studies (15 rodent studies) published to May 2024242. Other narrative reviews also summarised available non-human mammal research.243–245 While there was considerable cross-over in the contributing studies included in the reviews, there were also a number of unique papers. Almost all studies included in these papers exposed rodents to PS microplastics in varying sizes and doses. Some papers noted a trend to increased harm reported with decreasing particle size.242 Doses were often high (such as 40 mg/kg/day) Biological reproductive processes that have been linked to microplastics exposure in rodents and preclinical in vitro research are summarised in Table 10.
Table 10: Summary of experimental research on reproductive outcomes
	Outcome
	Evidence from non-human mammal studies
	Evidence from in vitro studies

	Impact on placental function

	Fewer and smaller uterine arterioles (reduced uterine blood supply)241,243
Abnormal placental structure255
Damaged trophoblast cells via alterations to calcium homeostasis255
Reduced decidual natural killer T-cells and increased helper T-cells indicating immunosuppression243
	PS (100 nm) impacted trophoblast development (dose dependent)256
PS (40 nm and 200 nm) internalised by trophoblast cells, with PS 40 nm disrupting the extravillous trophoblast mesenchymal phenotype and invasion257
PS (20 nm) internalised by lysosomes (more 20 nm internalised compared to 100 nm particles)258 
Apoptosis of human trophoblast cells242

	Adverse fetal development
	Following maternal PS exposure: 
· increased potential risk of metabolic disease in offspring after maternal exposure to PS241
· increased risk of NAFLD in female 241
· changes to offspring lipid metabolism with increasing dose and decreasing PS particle size241
· fetal aortic abnormalities175
Defective retinal development (PS particles cross the incomplete blood-brain barrier in-utero241)
	Simulated study (1um particles 5 ug/L for 20 days increased expression of genes related to DNA damage, decreased expression of neuronal marker genes,, which if in humans (not simulated model) could demonstrate effect on the embryonic fetal brain.259
PS (70 nm) exposure compromised cardiomyocyte differentiation in hESC leading to smaller cardiac organoids with impaired contractility260
Kidney organoids exposed to PS 1 µm had reduced kidney size and increased abnormal tubular structures, suggesting an impact on kidney development261

	Fetal growth
	Reduction in fetal weight (dose-dependent manner, no change at some low doses)241,243,244
	Not reported

	Miscarriage
	Higher embryo resorption 241,243,255
Increased rates of miscarriage with high dose PS (50 nm)242
	Not reported


µg = microgram; μm = micrometre; hESC = human embryonic stem cells; NAFLD = non-alcoholic fatty liver disease; nm = nanometre; PS = polystyrene.
Possible biological mechanisms for the reported changes included:
upregulating some of the genes responsible for ROS generation and downregulation of ROS-suppressing genes, leading to oxidative stress and downstream signalling changes and increased apoptosis in human trophoblast cells241
increased inflammation in response to oxidative stress resulting in an increase in pro-inflammatory cytokines (which may also be linked to other EDCs including BPA, phthalates, and phenol), which may affect later-term placental function243
decreased cell viability and cell migration and diminished invasion, increased cell cycle arrest, activation of ROS and production of proinflammatory cytokines, leading to adverse trophoblast invasion and development (and placental dysfunction).256
Intergenerational effects were suggested in the rodent studies, including decreased sperm count in male offspring and metabolic disorders.241,244 This may have relevance to humans, as gestational diabetes are known to increase the risk of metabolic disease in children.
6.9.3	Reproductive health outcomes
Microplastic particles have been found in a range of reproductive tissues and fluids (see Appendix D). Few epidemiological studies have reported on human reproductive health outcomes and exposure to microplastics. For most topics, a single study currently exists, but some of these are consistent with findings reported in the non-human mammal research. 
Hormonal function: increased FSH
One study, focused on the detection of microplastic particles in ovarian follicular fluid from 18 participants (Italy). It also analysed hormone parameters and some reproductive health outcomes.127 It reported no association between microplastic concentration and fertilisation, miscarriage, or live birth. It noted a moderate correlation with increased FSH (r=0.52, p<.05). Increase in FSH levels is consistent with results reported in the non-human mammal studies. While not directly associated with a specific reproductive health outcome, elevated FSH can be a marker of reduced ovarian reserve (as well as influencing a range of adverse metabolic and lipid markers), although the study does not draw this conclusion. The sample size for this study was very small, and further human studies are needed to better understand whether microplastic particles have any meaningful impact on reproductive hormones.
Sperm dysfunction
Two cross-sectional studies have reported on human sperm function.
A cross-sectional, multi-site study of 113 volunteer men from China observed lower sperm concentration with the presence of PTFE particles (<1.2 µm) detected in semen (OR=4.32 95% CI: 1.03, 18.18) compared to no PTFE present in the sample.262 Statistical testing suggested no differences for sperm count, poorer progressive motility, and sperm malformation with the presence of PTFE. The presence of other polymer types (including PVC, PC, PP, PET, and PE) was not associated with sperm count, concentration, or dysfunction. While individual polymers appeared to have no effect, the risk of lower sperm concentration increased when the presence of different polymers were considered cumulatively (OR=3.22; 95% CI: 1.27, 8.12; p=.013) for each additional plastic. Together, these results suggested a potential link between microplastic particle presence and sperm dysfunction in humans (which is consistent with the results from experimental studies and the meta-analysis189); however, it does not establish evidence of causality, nor does it provide insight into any possible dose-response relationship as the analysis relied solely on presence or absence data.
The second cross-sectional study (China) assessed semen samples from 36 healthy volunteers.114 Microplastic particles were detected in all samples, with up to two particles per sample (size 0.72 to 7.02 μm, mostly PS). No specific morphological changes were observed by polymer composition, but some plastics appeared to have a greater influence on progressive motility, with PS exerting a stronger influence compared with PVC. Sperm mobility was assessed, with no significant differences reported by plastic type.
Decreased fertilisation rates
A cross-sectional study (China) of 44 women undergoing in vitro fertilisation process (including intracytoplasmic sperm injection) reported on the presence of microplastic particles (particularly PE, PP, PET, and PS) in ovarian follicular fluid.238 While the study focused on detection, it also reported a negative correlation between the total abundance of PE particles and fertilization rate (r=− 0.407; p=.021). The sample size for this study was very small, and further human studies are needed to fully explore the potential impact of microplastic particles on fertilization, especially in the presence of other likely fertility issues that might require additional assistance for conception.
Decreased umbilical fetal liver enzymes 
A cross-sectional study (China) of 1,057 mother-infant dyads investigated the association between maternal placental microplastic abundance and fetal liver development (assessed by umbilical liver enzymes drawn from umbilical cord blood at birth).263 Reported results suggested an association between increasing microplastic particle presence in the placenta and altered fetal liver function or potential damage:
Elevated alkaline phosphatase (ALP) level with increased abundance of PVC (adjusted regression coefficient for a 1 IQR increase = 29.53; 95% CI: 8.17, 50.89; p=.01) and total abundance of particles (adjusted regression coefficient for a 1 IQR increase = 20.74; 95% CI: 0.36, 41.13; p=.05), but not for ALP and PP or polybutylene succinate (PBS) particles
· Elevated ALT level with increased abundance of PP (adjusted regression coefficient for a 1 IQR increase = 0.63; 95% CI: 0.01, 1.25; p=.05) and total abundance of particles (adjusted regression coefficient for a 1 IQR increase = 0.94; 95% CI: 0.15, 1.172; p=.02), but not for ALT and PVC or PBS
· Elevated AST level with increased abundance of PP (adjusted regression coefficient for a 1 IQR increase = 3.42; 95% CI: 0.87, 5.96; p=.01), PBS (adjusted regression coefficient for a 1 IQR increase = 7.48; 95% CI: .08, 10.88; p<.01) and total abundance of particles (adjusted regression coefficient for a 1 IQR increase = 7.09; 95% CI: 3.88, 10.3; p<.01), but not for AST and PVC
· Elevated gamma-glutamyl transferase level with increased abundance of PP (adjusted regression coefficient for a 1 IQR increase = 16.84; 95% CI: 3.70, 29.97; p=.01), and total abundance of particles (adjusted regression coefficient for a 1 IQR increase = 27.67; 95% CI: 11.05, 44.28; p<.01), but not for AST and PVC.
The study cohort came from Shenyang in China, a known industrial hub. Uncontrolled environmental confounding may affect the reported results and limit generalisability to Australia. In addition, the potential additive contaminants were not assessed and their influence on the reported outcomes may be masked. Further longitudinal research is needed to deepen understanding of if and how microplastic particles affect fetal liver health.
Fetal growth outcomes 
Effective placental function is critical for healthy fetal growth. Two studies have investigated the potential influence of microplastic particles on two real-world, placental-mediated pregnancy outcomes: fetal growth restriction and gestational age at birth.107,108 Both studies are widely cited as evidence that microplastic particles can affect pregnancy outcomes. More research is needed before conclusions can be drawn and data from the AURORA project may be useful for this.264
In a study of 43 pregnant women (Iran), placental samples were collected at birth, analysed for microplastic particles, and linked to birth outcomes relating to fetal growth (including birthweight, length, head circumference, and Apgar score).108 Thirty babies were born within the normal weight range (defined as >5th centile but the growth chart used was not explained), and 13 babies were diagnosed as growth-restricted based on fetal ultrasound biometry during pregnancy. All placental tissue in growth-restricted babies contained PE, PS, PET, and/or PP fragments (size range 2.9 to 34.5 µm), with particles detected on the maternal and fetal sides and in the placental membrane; however, only four of the healthy placentas contained microplastics (PE or PS, size range 7.3 to 27.6 µm). In total, only six particles were detected in the placenta of healthy weight babies (compared to 202 particles in the placenta of growth-restricted babies). This study reported differences in growth-related outcomes including birthweight, length, and head circumference, which is consistent with growth restriction, but cannot be clearly attributed to the presence of microplastic particles in the placenta. While animal studies have linked PS particle exposure to reduced birthweight, this is only one possible indicator of fetal growth restriction and is not definitive on its own.
The potential additive contaminants in the particles were not assessed and their influence on the reported outcomes may be masked. This study was assessed as at high RoB (confounding not well-controlled).189 While a difference in abundance of particles in the placenta of growth-restricted babies is reported in this study, it is not certain whether the presence of microplastic particles led to placental dysfunction and fetal growth restriction, or whether the placenta was already compromised, leading to an increase in placental barrier permeability and greater abundance of particles in that tissue. In addition, while there is debate about the definition of growth restriction, the cut-off used in this study (<5th centile alone) is not consistent with the Australian diagnostic threshold (<3rd centile alone or with abnormal uterine Doppler scans depending on gestational age).
A small cross-sectional study (China, 40 participants undergoing emergency caesarean birth) detected microplastic particles in amniotic fluid sampled at the start of the procedure. It reported on gestational age and weight at birth.107 All babies were born at term (gestational age at birth 39.03 ± 0.73 weeks) and were a healthy weight (3,269 ± 375.44 g). This study suggested that for every unit increase of microplastic particles (20 to 500 µm) in the amniotic fluid (defined as particles/g), birth weight decreased (β=-35.6 g, 95% CI: -62.58, -8.62, p=.011) and gestational age at birth decreased (β=--0.46, 95% CI: -0.84, -0.09, p=.016). The lack of definition for the unit makes it challenging to interpret the study results, as does the fact that all babies were born at term and were of a healthy weight (as opposed to being born <37 weeks gestational age or <2,500 g). At this time, it is not clear that the reported changes are clinically meaningful. The study lacks clarity on how microplastic levels were quantified.
Endometriosis, adenomyosis, polycystic ovary syndrome or ovarian cysts[image: ]
Upcoming research 
The AURORA project (2021 to 2026) is investigating exposure to microplastic particles in pregnancy and early life of 900 mother-baby dyads. Some outcomes are clinically relevant (for example, placental function and child growth and development), whereas others focus on biological responses such as immune-inflammatory responses, oxidative stress, accelerated aging, and endocrine disruption (IRRID DERR1-10.2196/63176).

No epidemiological evidence links the presence of microplastic particles in uterine tissue to endometrial or ovarian disease (including endometriosis, adenomyosis, or ovarian cysts). While inflammation of the ovary, oxidative stress, and alteration to the hypothalamic-pituitary-ovarian axis can lead to polycystic ovary syndrome in rodents, there is no epidemiological evidence of an association between human exposure to microplastic particles and polycystic ovary syndrome in women at this time.
[bookmark: _Toc210833587]6.10		Nervous and sensory system
	Microplastic particles can cross the blood-brain barrier, but it is not clear if these particles then accumulate or aggregate in brain tissue, how quickly they are cleared, or if there are differences by plastic composition and surface chemistry. 
Microplastic particles have been found in some decedent brain samples. Early preclinical in vitro research suggests that PS microplastic particles may promote amyloid β peptide accumulation, which can be a causal factor in Alzheimer’s disease. A pre-print study suggested that people who died of Alzheimer’s disease had much higher concentrations of microplastic particles in their brains than those who died of other causes; however, no epidemiological studies have further explored this. 
Experimental and in vitro studies suggested that, once in the brain, microplastic particles (especially those below 50 nm) can induce oxidative stress and inflammation, alter cells and neurotransmitters, and elevate apoptosis and neural loss. Some changes lead to altered (non-human mammal) cognitive function; however, the relevance of these findings to humans is limited given the different in nervous and sensory system complexity between species. 
Microplastic particles have been found in human vitreous and aqueous humor but this has not been associated with initiation or worsening of ocular disease. Preclinical in vitro research suggests that microplastic particles can cause inflammation and cytotoxicity in the sensory system. Studies have also shown that microplastics can penetrate the dermal barrier in human skin biopsies, human 3D modelled (synthetic) skin, and in non-human mammals; however, there is currently limited evidence that penetration of the skin results in specific dermal health issues for people.


Nervous system function is influenced by neuron signalling pathways, electrical activity, neurotransmission, sensory receptors, cortical processing, immune interactions involving astrocyte and microglial cells, autonomic regulation, and plasticity (among other processes). Disruption to these processes can lead to neurological dysfunction, changes in cognitive function, and neurological diseases such as Alzheimer’s disease and Parkinson’s disease. 
Research interest: To date, the limited research has focused on the potential for microplastic particles to cross the blood-brain barrier or potential mechanisms of neurotoxicity once present in the central nervous system. Most research focused on lower order animals (and sometimes rodents). There may be growing interest in the role of microplastic exposure in dementia illnesses, considering the possibility that microplastic particles cross the human blood-brain barrier and may induce amyloid production (among other possible neurotoxic effects). The limited research investigating microplastic impacts on the sensory system has focused on detection, and the potential inflammatory and cytotoxic impacts. 
	The blood-brain barrier 
The blood-brain barrier prevents contaminants from the circulatory system from entering the brain. While larger microplastic particles present in the circulatory system cannot permeate the blood-brain barrier, evidence from preclinical studies is emerging that microplastic PS particles can cross this barrier and be deposited in the brains of rodents (as well as other species).98,198–201,259 Reported ranges included PS particles <80 nm taken up by (mouse) glial cells and neurons,198 PS particles up to up to 500 nm or up to 5.9 µm crossed the mouse blood-brain barrier,98 and PE particles were detected with a mean size of 3.9 ± 0.3 µm but not >10 µm in the mouse brain98. Some rodent studies suggested particles >10 µm did not readily cross the blood-brain barrier. 
Microplastic particles have been detected in the human brain.125,126 The potential size and particle types that can cross the human blood-brain barrier are not yet clear (although the pre-print study detected PE particles, with most between 100 and 200 nm, which seem higher than that which could feasibly cross this barrier).125,126 
There is uncertainty about the exact mechanisms that enable penetration of the blood-brain barrier, with hypotheses including disruption of the tight junctions between cells, release of pro-inflammatory cytokines that damage endothelial cells thereby increasing barrier permeability, and internalisation to cells by formation of biomolecular corona, by direct penetration, or by endocytosis (including by phatocytosis) into microglial cells, astrocytes, or neurons.198 Once present, nano-PS particles may continue to damage the blood-brain barrier via mechanisms such dysregulating autophagy pathways, leading to additional increased permeability.265
It is not clear whether some polymer types are more able to penetrate the blood-brain barrier compared to others. For example, the lipophilic nature of plastics such as PS may support endocytosis into the lipid bilayer. This may increase the efficiency with which PS particles can pass through the brain membrane.198,266 Once present in the brain, microplastics may be taken up by glial cells, neurons, and human neuroblastoma or brain microvascular endothelial cells, 98,198,259 or they may accumulate in the intracellular environment. Some evidence suggests that microplastic particles can cross the blood–brain barrier and may influence hormone receptor activity; however, evidence for this and its potential effects remains limited.61 Further description of the mechanisms of general clearance and translocation processes are provided in the Biokinetics section.


6.10.1	Experimental and preclinical in vitro research: nervous system 
Microplastic particles are deposited in nervous system organs and fluids.98,125,126,198–201,259 Deposited particles may accumulate and then influence biological processes, possibly inducing neurotoxicity. One review also noted the potential for aggregation (which increases particle size which may in turn enhance neurotoxicity), but did not provide further evidence explaining this in more detail.231 
Preclinical in vitro studies
Some cell-line studies have reported presence of PS particles in human microglia (specialised immune cells in the central nervous system).133 Mixed results were reported on the impact of microplastic particle exposure on human nervous system cells. A summary of cell-line studies (for example, CNS-derived cells, T98G, BV2, neuroblastoma, or cerebral microvascular endothelial cells) reported that some cells internalised microplastic particles and/or that exposure to microplastic particles triggered a range of biological processes including disrupting tight junctions, increasing inflammatory responses such as elevated ROS production, increased LDH release and cytotoxicity (suggesting increased cellular damage), ferroptosis, apoptosis, altered cellular morphology, and gene expression at doses of up to PS 500 mg/L (particle diameter up to 16 µm).201 Other reviews have summarised smaller volumes of cell-line studies and reported on activation of pro-inflammatory processes in particular.259 
An organoid study reported that PS microoplastic particles (<60 nm) could enter the mitochondria of human cerebral organoids generated from human pluripotent stem cell-lines, resulting in changes to mitochondria, increased cellular apoptosis, inhibited neural differentiation and neuronal activity.267 Changes to brain mitochondria could relate to a range of human neurodegenerative diseases and this study highlighted the possibility that PS may affect the human brain (although from an organoid model). 
While most studies reported on PS, one study of human brain vascular pericytes reported that PET particle exposure (particle diameter 205 ± 79 nm; dose 50 µg/mL for up to 10 days) had no lasting adverse impact on mitochondrial function, and did not induce oxidative stress or influence mitochondrial DNA, gene expression, or ferroptosis.268 
Non-human mammal studies 
Non-human mammal (as well as avian, bivalve, insect, and fish) experimental studies indicate that microplastic particles can perturb brain function and may affect mammal cognitive function, the development of neurodegeneration pathways, or motor and coordination deficits by: 
increasing inflammation at molecular, cellular and tissue levels by upregulation of pro-inflammatory cytokines which act on astrocytes and microglia, activating inflammasomes, accelerated apoptosis, or altering genes related to immune responses and immunoglobulin (with inflammatory responses in the hippocampus, amygdala, and microglia potentially leading to neuronal damage)198,199,201,259
increasing ROS production, disturbing redox homeostasis, increasing ferroptosis, and damaging cells leading to oxidative stress followed by neuronal damage or accelerated apoptosis in human brains198,199,201
increased intracellular iron levels and ferroptosis in mouse brain endothelial cells265
increased neuronal loss via increased intercellular space, cell necrosis, increased apoptosis, smaller cell mitochondria, increased membrane density, and reduced cristae199–201,259
inducing damage to or dysfunction in mitochondria199,259
altering intercellular communications (for example, changing the notch signalling pathway, cell-cycle and growth regulation cells, some cellular energy supplies, and cellular antioxidant mechanisms)259
altering neurotransmitter systems such as impairing acetylcholinesterase activity in the brain (an enzyme crucial for nervous system function)61,199–201,259
disrupting the autophagy-lysosome pathway.199,231
Inflammation and cellular damage can impair the blood-brain barrier. This damage can increase permeability of the blood-brain barrier, facilitating further entry of microplastic particles and increasing the risk of infection or impairment of neurological function.98,198
Mechanistic insights into potential neurotoxicity presented in the non-human mammal studies could relate to neurological diseases such as Alzheimer's disease, Parkinson’s disease, and epilepsy, or neurobehavioral outcomes in those mammals; however, experimental studies (especially in non-mammal species like zebrafish, bivalves, and bees) are of limited relevance for understanding how microplastic accumulation in the nervous system may relate to neurological disease in humans. Nervous system functionality and complexity differs significantly between species. In addition, neurodevelopment or behavioural conditions in humans are modulated by a wide range of biological, social, economic, and environmental factors beyond chemical exposure, and animal behaviour does not provide strong mechanistic insight into human behavioural conditions. Finally, doses used in experimental studies varied and may not be environmentally relevant or directly relevant to human exposure levels (for example, almost all experimental studies used pristine PS particles to provide the plastic exposure with a size range 50 nm to 490 µm; dose and duration range). 
6.10.2	Nervous and sensory system health outcomes
[image: ]
Upcoming research 
An observational study in China (DT-MiNi), due to complete in December 2025, is focused on detecting microplastics in brain samples from adult patients undergoing any kind of neurosurgery (NCT05968053). This study may present additional insights into the presence of microplastic particles in the brain and related health outcomes.

Recent research has, for the first time, demonstrated microplastic particle presence in the brain. Pre-print results from a single study of 51 brain samples (decedent, from the frontal cortex) used Py-GC/MS, ATR-FTIR (5 samples only), and TEM identify and characterise particles.125,126 The study reported 3,057 µg/g (brain samples from 2016) and 4,806 µg/g of microplastic particles (brain samples from 2024). Different polymers were detected, mostly PE (75 percent). Many particles (unquantified) were 100 to 200 nm with a shard-like appearance. These seem to be at the upper end of the particle size range that could cross the blood-barrier (indicated from experimental research). Brain samples collected from 1997 to 2013 reported a lower average concentration (1,254 µg/g).125 The study used a bespoke analytical technique that resulted in a residual biomatrix of 8.2 percent of the original brain sample. Lipid interference is likely and could impact the spectral analysis, resulting in an overestimation of abundance. Other digestion and isolation techniques that the authors note could lead to underestimation, especially for particles <100 nm in length. In addition, TEM cannot be used for accurate spectroscopic identification of plastic particles. A full review of the dataset and the method should be completed once peer-reviewed data are available.
While suggesting presence of microplastic in the frontal cortex of the human brain, this study did not provide evidence of how the identified particles were deposited or whether they accumulate. Author hypotheses included that high blood flow transports particles to the brain with deposition associated with the lipophilicity of some plastics (such via cholesterol, not further articulated).126 Accumulation and clearance rates and pathways from the brain remain unknown.  
Dementia illnesses 
The pre-print study reported much higher abundance of microplastic particles in frontal cortex samples from 12 people who had Alzheimer’s disease, vascular dementia, or other dementia (median concentration 26,076 µg/g).125 Brain tissue atrophy, impaired blood-brain barrier, and poor clearance mechanism (not explained) could result in the higher concentrations of microplastic particles, but no causal relationship between reported concentration and the deceased’s dementia condition was suggested. 
One of the main biological causative mechanisms of Alzheimer's disease is an abnormal accumulation of amyloid, including amyloid β peptide. Non-human mammal studies suggested that PS contributes to the development of Alzheimer's disease through the promotion of microglial cell pyroptosis leading to inflammation (in mice) or via formation of tau proteins and upregulation of Alzheimer’s disease-related genes (in mice).259 One in vitro cell-line study (human neuroblastoma SH-SY5Y) investigated a possible modulating role of PS on the accumulation of amyloid β peptide.269 Pristine PS (100 µM) accelerated that nucleation of amyloid β peptide (Aβ40 and Aβ42) at a low concentration (<50 or <20 µm). This suggested that there may be a plausible mechanistic pathway for the role of PS particles in the development of Alzheimer’s disease. 
Further evidence is needed to assess the relationship between PS particles and dementia illnesses, including in conjunction with other risk factors (such as age, family history, pre-existing conditions like Down’s syndrome or cardiovascular disease, etc.). This would continue to build on research from animal studies that demonstrated the microplastic particles disrupted folding of proteins, interacted with intracellular amino acids, and increased the likelihood of seed formations for fibril nucleation, all of which could initiate the clustering of amyloid proteins and increase the risk of Alzheimer’s disease.199 
Some non-human mammal studies explored the role of microplastic particles in the pathogenesis of Parkinson’s disease suggesting that particles can lead to excessive autophagy and decreased levels of adenosine triphosphate (ATP) and ATP-related gene expression (which are important for transcription and RNA processing, protein synthesis, cellular regulation and DNA replication/repair), deplete the neural stem cell pool affecting cognitive function, and cause inflammation, synaptic dysfunction, and abnormal protein homesostasis.259 PS particles have also been observed accelerating amyloid aggregation of A53T aS, a protein that is implicated in the development of Parkinson’s disease.270 There is currently no epidemiological evidence that provides causal or mechanistic insights into any relationship exposure to microplastic particles and Parkinson’s disease. 
CNS infection
Particles of common plastics (PS, PE, PVC, and PP, mostly <100 µm) have been detected in the cerebrospinal fluid of 28 people with or without a diagnosed CNS infection (not further described) (China).266 The majority of detected particles were PVC or PE; however, people with a CNS infection had more particles and more PE or PP compared to those without a CNS infection. There was no difference in reported PVC or PS abundance between the two groups. Hypotheses suggested the possibility of increased blood-brain barrier permeability with CNS infection, increased particle accumulation, or the particle size, charge, spherical shape, and lipophilic properties of PE and PP made it easier to penetrate the blood-brain barrier (compared to PP or PVC). While inflammation markers were higher in the group with CNS infection, production of proinflammatory cytokines did not differ between the two groups (suggesting that the presence of plastic particles was not associated with significant inflammation of the nervous system). There was no epidemiological evidence that provides causal or mechanistic insights into any relationship exposure to microplastic particles and CNS infection (most of which are viral or bacterial in origin). Adsorption of biological material onto a plastic particle may play a role in infection, but there was no suggestion that this was a factor in this study.  
6.10.3	Experimental and preclinical research: skin and eyes
The sensory system (skin, eyes, ears, nose, and tongue) contains sensory receptors that convert environmental stimuli into electrical signals to be processed by the brain. They provide a protective function to the body, particularly in the case of the dermal barrier (skin).
	The dermal (skin) barrier
The skin has three main layers: the epidermis (outer), dermis (middle), and subcutaneous layer (inner). Disruption of the dermal barrier can lead to increased infection risk, impaired temperature control, dehydration, delayed wound healing, and heightened vulnerability to environmental hazards. Dermal uptake of microplastic particles is likely to be a less significant route of exposure (compared to inhalation or ingestion), but there is evidence that particles <100 nm could cross the semi-permeable dermal barrier. They could enter the skin via sweat glands or hair follicles.55 Ability to cross through the dermal barrier varies by particle chemistry, especially surface characteristic, surface charge, and hydrophobicity.2 Preclinical in vitro data suggests that:
particles <4 nm could translocate if the skin is intact
particles 5 to 20 nm could potentially translocate through intact and damaged skin
particles 21 to 45 nm could only cross damaged skin
particles >45 nm cannot cross the barrier.27

	Once a microplastic particle has crossed the dermal barrier, it can be absorbed and move through the circulatory network.
The ocular system
The ocular system, primarily comprising the eyes and their associated structures, enables vision by capturing light and converting it into electrical signals that the brain interprets as images. Key components include the cornea, lens, iris, pupil, retina, and optic nerve. Disruption of the ocular system can impair vision, cause retinal degeneration, reduce visual acuity, and potentially contribute to disorders such as macular degeneration and glaucoma.


Preclinical in vitro studies
There is limited evidence on the potential influence of microplastic particles on the dermal or ocular parts of the sensory system. One study found that exposure to fPS (fragmented polystyrene) particles induced cytotoxicity and inflammation in human skin cells.271 Dermal and epidermal skin cells exposed to fPS exhibited internalisation and cytotoxicity, with dose-dependent cytotoxicity revealed by exposure over 200 μg/mL (high dose) in both dermal and epidermal cell types. In both human skin and 3D human model skin samples, penetration into the dermal layer was observed. Additionally, RNA sequencing revealed substantial upregulation of inflammatory genes following fPS exposure. Despite being advanced, 3D human skin models are limited by their inability to fully mimic the complexity of live human skin. Additionally, human skin results from this study are limited by the small sample size (n=3), homogeneity (all Caucasian), and physiology (lack of blood circulation and active immune responses) of the samples. 
Non-human mammal studies 
An experimental non-human mammal study indicated that microplastic particles can perturb skin integrity by inducing an inflammatory response. Genes associated with the inflammatory response were upregulated, with a significant increase observed in the fPS-treated group compared with the control group.271 Mechanistic insights into potential cytotoxicity could relate to compromised skin integrity and inflammation; however, experimental studies are of limited relevance for assessing associations between presence or accumulation of microplastic particles in the human dermal system and cytotoxicity and inflammation as dermal system functionality and complexity differs significantly between species. Doses used in the experimental study varied (25μg/mL to 400μg/mL). The concentrations of fPS used may not accurately represent the actual range of exposure that individuals encounter in their daily lives. While an initial step into considering how microplastic particles could influence the skin, it is does not advance knowledge yet.
Non-human mammal studies indicated that microplastic particles can perturb ocular function by increasing oxidative stress and cell apoptosis on the ocular surface,272 reducing cell viability on the ocular surface,272 or by increasing inflammatory cells in retinal tissues.273
One cell-line study investigated the effect of PS microplastic and microplastic exposure to retinal health.273 It reported that exposure to PS (2 μm) did not significantly alter retinal pigment epithelial cell viability, but exposure to PS (50 nm) led to a decrease in cell viability, but only at a high exposure dose concentration of 200 μg/mL. Analysis revealed penetration into cells, causing increased oxidative stress, mitochondrial fission, and mitochondrial autophagy.  
Mechanistic insights into potential cytotoxicity presented in the experimental studies could relate to dry eye, ocular surface damage, inflammation of the conjunctiva, retina, and lacrimal gland; however, they are of limited relevance for assessing associations between presence or accumulation of microplastic particles in the ocular system in humans. Doses used in experimental studies are high and may not be environmentally relevant.
6.10.4	Ocular outcomes
In a study investigating microplastic detection in human vitreous humor, samples were collected from a cohort of 49 patients (China) who had one of four distinct ocular diseases: macular hole (n = 12), macular epiretinal membrane (n = 13), retinopathy (n =12), or rhegmatogenous retinal detachment (n = 12).274 No control patients were included. Across all samples, 1,745 plastic particles were detected, with PA66 being the most frequently observed. A positive correlation between the presence of microplastics in the vitreous humor and intraocular pressure was reported; however, limitations including low sample size (n=49) and lack of control samples limit the impact of this reported correlation. 
6.10.5	Dermal outcomes
No human studies in skin health have been published yet.
[bookmark: _Toc210833588]6.11	Musculoskeletal system
	Microplastic particles have be found in the bone marrow of blood cancer patients and in bone, cartilage, and intervertebral discs. Knowledge of the biokinetic pathways explaining this presence is limited, but is likely related to deposition via the circulatory system. It is unclear whether the presence of particles in damaged tissue (such as in the bone marrow of those with a blood cancer) is due to cancer weakening internal barriers or if they play a causative role in carcinogenesis. 
Increased TNFα levels observed in rats exposed to pristine PS has resulted in the hypothesis that exposure to microplastics could have a potentially inflammatory impact on human skeletal health; however, there is no direct epidemiological evidence to support this theory or adverse musculoskeletal outcomes in people (beyond reported presence).


The musculoskeletal system comprises the bones (including bone marrow), muscles, tendons, ligaments, joints, cartilage, and other connective tissues (such as intervertebral discs) that provide the body with structure, stability, and movement. Its primary functions are to provide body support and shape, enable movement, protect vital organs, store minerals, and produce blood cells. It also plays a role in calcium homeostasis. Disruption to the musculoskeletal system (through injury, cancers, degenerative diseases, or inflammatory conditions such as arthritis), can significantly reduce mobility, dexterity, and overall wellbeing, often leading to pain, disability, and reduced quality of life.
Research interest: The relationship between microplastics and the musculoskeletal system is not well-studied. Two studies focused on detecting microplastics in the bone marrow and interverbal discs, but presence does not infer an association or causality. 
6.11.1	Preclinical research on the musculoskeletal system
Non-human mammal studies
One rodent experiment tested microplastic impacts on the skeletal system. Four weeks following a peritoneally-administered dose of pristine PS, strong fluorescent signals were observed in the cartilage of the knee joint and femur of rats exposed to 1.3 mg/mL of PS particles. Weaker signals were observed in rats exposed to the lower 0.13 mg/mL dose. Controls showed no changes. The TNFα level in the high concentration group was significantly higher than that in the control group (p<.05). No difference was observed between the low concentration group and the control group, demonstrating that long-term exposure to microplastics increase the expression of pro-inflammatory cytokines, which may disrupt the osteogenic process. This process may be dose-dependent.
6.11.2	Musculoskeletal health outcomes
Microplastics have been detected in the bone marrow, bone, cartilage, and intervertebral discs in two studies (see Appendix D). Each study focused on detection only. One study suggested that microplastics invade the bone, cartilage, and intervertebral discs through the blood supply, causing distinct patterns of microplastic accumulation in these regions. It did not analyse samples against a control group of samples from healthy subjects. It is unclear whether deposited microplastic particles accumulate or aggregate within the musculoskeletal organs and fluids or whether they are cleared (and at what rate and by which mechanisms).
There is no direct evidence that microplastics accumulate in human muscle. 
[bookmark: _Toc210833589]6.12	Endocrine system
	Microplastic particles have not yet been detected in human thyroid or adrenal glands. 
There is no direct epidemiological evidence for endocrine-related human health outcomes related to microplastic particles alone (although plastics-associated chemicals like BPA, PFAS, PCB, and phthalates are known or suspected EDCs). There is some evidence from non-human mammal studies that pristine PS, PE, and PVC at high doses can affect the initiation of puberty, potentially delaying the timing of puberty in male mice but influencing early-onset puberty in female mice. A study of 14 girls reported higher presence of microplastic particles in the serum of those who entered puberty before age 8 years old compared to a slightly younger control group (7.07 years). No multiple regression analysis was completed to explore any potential relationship between microplastic (as a “stand-alone” composition), other EDCs, and puberty onset in girls.
PS, PVC, and PE microplastic particles have been detected in pancreatic tumour tissue, but not in healthy pancreatic tissue. It is not known if this difference in abundance signifies a clinically significant change in pancreatic function due to the presence of the microplastic particles or that deposition happens more easily in damaged tissue.


The endocrine system includes hypothalamus, pituitary gland, thyroid and parathyroid glands, adrenal glands, pancreas, pineal gland, ovaries, and testes. Affecting all parts of the body, the endocrine system regulates growth and development (including puberty transition), controls metabolism, supports homeostasis, and regulates reproductive processes (among other things). Disruption to the endocrine system can lead to a wide range of health problems, especially those related to fetal and child development, growth, sexual development, fertility, metabolism, and hypo- and hyperthyroidism. 
	[image: ]
To date, almost all research has focused on the endocrine-disrupting properties of plastics-associated chemicals such as bisphenols, phthalates, PFAS, polychlorinated biphenyls, and other flame retardants.1,4,43 There is likely co-exposure between individual plastic polymers and EDCs. These plastics-associated chemicals (in their own right) are not the subject of this review, but we acknowledge the concern that these pose.


Research interest: There is very little research on the possible influence of microplastics on the endocrine system (including co-exposure based on adsorption, leaching, or release of unbonded additives with endocrine-disrupting properties). Almost all the available research relates to fish species. There has been very little experimental or preclinical research into any association with thyroid, adrenal, or pancreatic function. Research on microplastics exposure and ovarian or testicular function is discussed in the Reproductive system section. Fetal development (which can be influenced by endocrine function) has been subject to more research, with cell-line and non-human mammal studies considering how microplastic particles are deposited in and cross the placental barrier and, less commonly, how this could affect development of the fetus. The potential influence of microplastic particles on placental function and fetal development is discussed in the Reproductive System section.
6.12.1	Preclinical research on microplastic as an endocrine disruptor 
Preclinical in vitro research
No organoid or cell-line studies have investigated microplastic particles and their potential for endocrine disruption (in their own right), or the potential influence of microplastic particles on key organs in the endocrine system (the thyroid, the adrenal glands, or the pancreas). One study showed that adrenal carcinoma cells (H295R cells) could internalise pristine microplastic PS particles up to 1 µm (at concentrations of 100, 10, 1, and 0.1 μg/mL).275 This suggests that uptake of microplastic PS particles in adrenal cells is plausible, but internalisation by healthy adrenal cells in vivo remains unknown. 
Non-human mammal studies
One narrative review summarised two rodent studies on microplastic exposure and potential endocrine disruption associated with the adrenal gland.276 In exposed rodents, adrenal gland weight increased, vacuoles formed, cellular morphology changed, and decreased serum cortisol was reported, suggesting increased ROS production and increased oxidative stress. Data from one rodent study is commonly cited as evidence of pristine PS particle influence on endocrine and lipoprotein disruption.133,246,276,277 In this study, increases in thyroid stimulating hormone (TSH) were observed in exposed adult rats to pristine spherical PS particles (average size 38.92 nm; exposure dose 1, 3, 6 and 10 mg/kg/day for 35 days), FT3 and FT4 decreased, FT3/FT4 ratio increased, and lipoprotein were altered (HDL decreased and LDL increased) with, in general, larger changes seen at higher doses.278 
Mechanistic insights into changes in thyroid hormones and the adrenal glands in rodent studies are of limited relevance for assessing human health outcomes. The plastic characteristics and doses used are unlikely to be directly relevant to human exposures (for example, this study used high doses of pristine PS spheres).278 In addition, hormone metabolism differs between rodents and humans. The relevance of such research findings to humans is uncertain (at best).
Non-human mammal studies have investigated the potential influence of microplastic particles on puberty onset (either accelerated or delayed). One study used very high doses of pristine PS particles: and found that 5 mg/L or 50 mg/L pristine PS delayed puberty in a male mouse model, as measured by testicle development (rather than by the triggering of gonadotrophic-releasing hormone (GnRH) and the subsequent puberty sequence).279 Another rodent study reported decreased body length, and femur and tibia length in female mice, with the mechanism considered to be accelerated osteoblast senescence.280 While these studies did not meet our inclusion parameters for non-human mammal studies (based on the dose administered), it is noted to recognise that this has been an area of research (especially as there is one human in vivo study on the onset of puberty, but only in girls). 
6.12.2	Endocrine health outcomes
Early onset (precocious) puberty
The endocrine system regulates the onset of puberty, with advanced onset puberty starting before approximately 8 years old (girls) or before 9 years old (boys). One study investigated the potential role of microplastic particles on the release of hypothalamic GnRH in girls and rodents.281 The serum of 14 girls (7 with early onset puberty, 7 of a similar but slightly younger age but showing no signs of puberty onset) was sampled to detect microplastic particles. While microplastic particles were detected in samples from both controls and cases, statistically more PE, PVC, and PA66 particles were reported in cases, as well as more particles overall (68.19 ± 26.49 versus 36.94 ± 13.22, p=.02; no average particle size provided, limit of detection not supplied, Py-GC/MS used). In the rodent arm, (dose pristine PE and PVC particles between 0.3 mg and 6 mg per day), signs of early onset puberty (assessed by vaginal opening) were detected in six mice given the highest doses of either PE or PVC. While this is a single study, using a non-environmentally relevant dose in the rodent arm, it demonstrated the potential influence of some types of microplastic on the endocrine system, especially release of GnRH, which is responsible for puberty onset. Caution in interpretation is needed as the control group were still below the upper age definition for early-onset puberty (age range 7.17 ± 0.66 years) and no multiple regression analysis was completed to account for the potential influence of any present plastics-associated chemicals, which are known endocrine disruptors. 
No study has reported on early onset puberty associated with microplastic exposure in boys.
Health outcomes related to the thyroid, pituitary, or adrenal glands or the pancreas
There is no epidemiological evidence of microplastic particles’ influence on human thyroid disorders (like hyper- or hypothyroidism, goitre, or cancer) or adrenal disorders at this time.
Microplastic particles (PE, PS, PVC) have been detected in pancreatic tumour tissue.99 Presence of microplastic in pancreatic tumour tissue has not been linked to pancreatic cancer.
[bookmark: _Toc206412349][bookmark: _Toc210833590]6.13	Co-exposures
Few studies consider co-exposure between microplastic particles and plastics-associated chemicals or heavy metals. Available research suggested increased toxicity with some specific exposures to heavy metals, one PFAS, and triclosan. Mechanistic processes focused on increased ROS production and decreased antioxidant activity leading to inflammation, apoptosis, ferroptosis, or changes to endothelial cell proliferation and migration leading to pyroptosis. Doses were not environmentally relevant, the studies used simple models, and exposure duration was short, limiting the applicability of these findings to people. Findings are summarised in Table 11.
Table 11: Co-exposure findings
	Co-exposure substances 
	Summary of findings 

	Arsenic
	Increased the ability of arsenic to accumulate in AGS cells
In human gastric adenocarcinoma cells, PS (20 nm, 50 nm, 200 nm, 500 nm, 1000 nm; doses 8 or 128 µg/mL) did not induced cellular toxicity alone (that is, increased ROS production, cell viability, or apoptosis) but it changed the cell membrane fluidity and inhibited the ABC transport and led to greater accumulation of arsenic in AGS cells.282
Increased reproductive toxicity in mice 
In mice, sperm morphology and the blood-testicle barrier was affected by arsenic and PS mainly due to increased oxidative stress and inflammation, which triggered apoptosis in testicular tissue and cells.283

	Lead 
	Changes to some vascular structures and cellular processes in mice
In mice, exposure to lead acetate and PS (1 µm) caused more aortic diameter dilation, vascular smooth wall cell death and elasticity damage than exposure to either substance alone. Mechanism of action was increased ROS production, impaired mitochondrial function, and inflammation.284

	Cadmium
	Increased reproductive toxicity in mice 
In mice, cadmium chloride (5 mg/kg) and PS (100 mg/kg; exposure duration 35 days) increased ferroptosis, and damaged testicular tissue, reduced sperm quality, and reduced testosterone levels, with larger effects in a 0.1 µm particle compared with a 1 µm particle, and compared to cadmium chloride or PS alone.285
Increased hepatotoxicity in mice
In mice, cadmium chloride and PS (1 µm) increased ferroptosis in hepatocytes via increased ROS production and inhibiting antioxidant activty.286

	Per- and polyfluoroalkyl substances 
	Interruption of immunity-related antibody in breastmilk
Combinations of microplastics and PFAS could bind to protein receptors in human breastmilk, interrupting secretory immunoglobin A, an antibody that contributes to infant immune system development.139

	6:2 chlorinated polyfluorinated ether sulfonate (F-53B, a PFAS)
	Changes to some vascular structures and cellular processes in mice
In mice, F-53B and PS (80 nm; 250 mg/10 mL) increased arterial wall thickening, increased collagen deposition, and reduced elasticity, as week as reduction endothelial cell proliferation, migration, pyroptosis and increased intercellular adhesion.182

	Di-(2-ethylhexyl) phthalate

	Combined exposure to DEHP and PS caused more damage to the HEK239 cells than exposure to either alone by triggering more ROS-induced autophagy.223 Different polymer compositions appeared to have differing impacts.128 In one study, while both substances could reduce cell viability, they appeared to have different effects: NRF2 – a transcription factor that can protect against kidney disease – was found to be downregulated by BPA but upregulated by PE.218

	Triclosan (commonly used in consumer products)
	Increased cellular responses
In human ovarian granuloma cells (KGN), triclosan (15 μm) and PS (25 nm; 150 μg/mL; exposure duration 24 hours) increased ROS production, decreased antioxidant activity, activated antioxidant pathways, increased lipid oxidation, increased autophagy proteins, had a detrimental effect on mitochondrial function, and induced apoptosis, compared to either triclosan or PS alone.287


µg = microgram; μm = micrometre; kg = kilogram; mg = milligram; mL = millilitre; nm = nanometre; PFAS = per- and polyfluoroalkyl substances; PS = polystyrene; ROS = reactive oxidative species.

[bookmark: _Toc206412350][bookmark: _Toc210833591]6.14	Summary 
While concerns exist about the potential health effects of microplastic exposure, there is limited epidemiological evidence of any clear or consistent associations between microplastic particles and adverse human health outcomes. Most human in vivo studies detect plastics in tissue or fluid samples, with some studies compare presence between two groups. While differences in abundance or concentration have been observed, sample sizes are generally small. Studies included very little data on exposure assessment or dose-response. Findings of the in vivo human research are summarised in Table 12.
Table 12: Summary of evidence for clinically relevant health outcomes
	Human health outcome
	Preclinical studies
	Epidemiological evidence

	Cardiovascular risk and acute events like myocardial infarction
	Microplastic particles increased cytotoxicity, increased inflammation, and altered some vascular structures, suggesting possible influence on cardiac outcomes
	Potential increase in acute cardiovascular events including myocardial infarction but further larger-scale studies needed to consider the influence of co-exposures and sample contamination

	Chronic rhinosinusitis
	Microplastic may can influence nasal biota and damage respiratory epithelial cells
	Greater abundance of microplastic particles in the nasal lavage fluid from people with chronic rhinosinusitis compared to those without, but there is currently no evidence of association or causality

	Inflammatory bowel disease
	Microplastic particles may alter gut microbiota and increase inflammation in the gastrointestinal tract in mice and in vitro studies
	More microplastic particles were found in people with IBD and there are plausible biological mechanisms for the observed abundance, but there is no evidence of association

	Cirrhosis of the liver
	Microplastic particles may increase ROS production and cause cellular damage to kidney cells 
	PS, PVC, PE, PMMA, and PET particles were detected in samples from cirrhotic livers but not in healthy livers, but there is currently no evidence of association or causality

	Sperm dysfunction 
	Consistent evidence that sperm function is altered by the presence of PS particles
	Presence of PTFE particles in semen was associated with lower sperm concentration, but there is currently no evidence of causality

	Fetal growth restriction
	Smaller fetus in mice with PS particle exposure
	More PE, PS, PET, and/or PP fragments were detected in the placenta of growth-restricted babies compared to healthy placenta and slightly lower birthweights (- 35 g) in healthy term babies have been reported, but there is no evidence of an association or causality

	Alzheimer’s disease
	Animals and cell-line: exposure PS may increase amyloid β peptide accumulation
	PE (dominant), PP, PVC and other polymer particles were detected at higher concentrations in frontal cortex samples from people with Alzheimer’s disease compared to those without, but there is currently no evidence of association or causality

	Early onset puberty (before aged 8 years, girls)
	Exposure to high doses of PE and PVC activated GnRH release which could initiate puberty in female mice
	Girls (mean age 8.08 years) with early onset puberty (no other conditions) had greater abundance of PE and PVC particles in serum samples compared to girls aged 7.17 years who had not started puberty 


g = gram; GnRH = gonadotrophin-releasing hormone; IBD = inflammatory bowel disease; PE = polyethylene; PET = polyethylene terephthalate; PMMA = polymethyl methacrylate; PP = polypropylene; PS = polystyrene; PFTE = polytetrafluoroethylene; PVC = polyvinyl chloride.
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[bookmark: _Toc210833592]7	Comparative analysis of regulatory frameworks and health advice
	Part 3 provides a point-in-time snapshot of activities to address potential harm from exposure to microplastic particles, where information about these activities was in the public domain. Reported activities are representative of current programs’ work, noting that these are subject to change. Activities for which there is no public information are not included.
Global efforts to address microplastic pollution have intensified over the past decade, encompassing both international agreements and national regulations. These initiatives aim to mitigate the environmental and health impacts of microplastics through comprehensive strategies targeting production, usage, and waste management.
At the international level, a significant milestone was achieved in March 2022, when the United Nations Environment Assembly (UNEA) adopted a historic resolution to develop a legally binding instrument on plastic pollution, including microplastics. An Intergovernmental Negotiating Committee on Plastic Pollution seeks to address the full lifecycle of plastics, from production and design to disposal, emphasising the need for a circular economy and the reduction of harmful plastic use.288 Australia has actively participated in ongoing negotiations, advocating for measures that incorporate Indigenous knowledge, rights and participation and consider the specific needs of Pacific Island countries.289 
Complementing these efforts, the Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their Disposal was amended in May 2019 to include plastic waste as a regulated material. This amendment aims to make the trade in plastic waste more transparent and better regulated, ensuring environmentally sound management and tackling plastic waste at its source.290,291
Regionally, the European Union has implemented several measures to combat microplastic pollution. Notably, the European Union adopted a restriction on intentionally added microplastics under the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) framework, which came into force on 17 October 2023.292 Additionally, it has proposed regulations to prevent pellet losses and reduce microplastic pollution, aligning with its broader Circular Economy Action Plan.293
Nationally, countries have enacted policies targeting microplastics. For instance, the United States passed the Microbead-Free Waters Act in 2015, banning plastic microbeads in rinse-off cosmetics.294 Canada added microbeads to the Canadian Environmental Protection Act's list of toxic substances in 2016, leading to a ban on the manufacture and sale of toiletries containing microbeads by 2018.295 In 2020, the Chinese government announced plans to phase out non-biodegradable single-use plastics including single-use plastic bags and straws. Additionally, a five-year action plan for 2021 to 2025 was issued to improve the management of the entire chain of plastic pollution, including the elimination of single-use plastics and the promotion of alternative materials.296 In the United Kingdom, a ban on the manufacture and sale of rinse-off cosmetics and personal care products containing microbeads came into force in 2018, as part of the government's efforts to prevent these harmful pieces of plastic from entering the marine environment.297
Despite these advancements, challenges remain. The Intergovernmental Negotiating Committee on Plastic Pollution continues to face hurdles, with disagreements over the scope and binding nature of the Treaty, including related to any potential human health impacts of exposure to microplastic particles. Some countries have expressed reservations, particularly concerning production limits and decision-making processes.298 Additionally, while the European Union and the United States are setting enforceable limits on microplastics in water systems, the United Kingdom has been criticised for lagging behind, with current regulations limited to bans on microbeads in cosmetics.


[bookmark: _Toc206412352][bookmark: _Toc210833593]7.1	Major regulatory and policy events
Over the past decade, global regulatory and policy responses to any environmental harm that microplastics pose (or potential harm to human health) have evolved. Early efforts focused on banning specific sources of microplastic pollution, such as rinse-off cosmetic products containing microbeads. These measures began with the United States’ Microbead-Free Waters Act (2015), followed by similar actions in Canada, New Zealand, South Korea, and the United Kingdom. During this period, Australia implemented a voluntary phase-out of microbeads in cosmetics. These early interventions were largely product-specific and aimed at eliminating high-profile, preventable sources of microplastic contamination.
From 2019 onward, there has been a shift in approach, with countries moving from targeted bans to broader national strategies and action plans. Australia’s National Plastics Plan (2021), and similar initiatives in China,299 Singapore,300 and the United States,301 reflect this transition toward more integrated approaches to addressing microplastics. These frameworks include a range of policy measures, such as extended producer responsibility, waste reduction targets, and public awareness campaigns, aimed at managing plastic use and minimising microplastic release across entire product lifecycles.
This period also marked the increasing involvement of international institutions in coordinating global responses. The United Nations amended the Basel Convention in 2019 to include certain plastic wastes and launched negotiations for a legally binding global plastic pollution treaty through the UNEA in 2022 (see text box, page 119). The European Union introduced its REACH Regulation (EU) 2023/2055, which restricts the use of intentionally added microplastics. These initiatives highlight a broader recognition that addressing the risks posed by microplastics requires systemic, multilateral action that goes beyond product bans to include lifecycle management, regulatory harmonisation, and sustained international cooperation.


Figure 13: Timeline of key global regulatory initiatives to manage microplastics 
[image: An image showing a timeline of key global regulatory initiatives to manage microplastics broken into two columns: one for national-level events and one for multilateral events]
[bookmark: _Toc206412353][bookmark: _Toc210833594]7.2	Overview of the policy and regulatory frameworks
7.2.1	International organisations
Growing awareness of microplastics as emerging contaminants has prompted international organisations to assess potential impacts on human health and develop regulatory or policy responses. Regulatory frameworks specific to microplastics are evolving. Agencies (such as UNEP, FAO, IARC, and WHO) have taken steps to examine (or mitigate) risks these particles may pose. Efforts span the Intergovernmental Negotiating Committee on Plastic Pollution negotiations (among other treaties), scientific assessments, food safety advisories, and broader regulatory frameworks to reduce exposure and inform policy development.
United Nations Environment Programme
The UNEP has taken a central role in coordinating global efforts to address microplastic pollution, including its potential impact on human health. In March 2022, at UNEA-5.2, member states adopted Resolution 5/14 mandating the development of an internationally legally binding instrument on plastic pollution.302 The UNEP’s technical and policy support for the Treaty process includes guidance on lifecycle approaches and scientific assessments on the human health and environmental impacts of plastic pollution. To date, it has also issued publications calling for standardised monitoring methodologies and strengthened international research coordination.303
	[image: ]
A note about the Intergovernmental Negotiating Committee on Plastic Pollution
The most recent round of negotiations to develop a global plastic pollution treaty concluded in August 2025, with no agreement of a final text. There is uncertainty about the direction that any future negotiations will take. Health-related concerns relate to the limited scientific consensus about the relationship between exposure and health outcomes. Other areas of debate include the exclusion of plastics used for medical care and the risks of additives in plastics.  At this time, it is not possible to consider the potential influence that any future rounds or negotiated text could have on domestic policy approaches in Australia (or any international obligations). A full analysis would need to occur should Australia decide to sign and ratify any final version of an agreed instrument.


Food and Agriculture Organization
The FAO has focused on assessing microplastics in food systems, particularly seafood and aquaculture. Its 2022 report noted the detection of microplastics in fish, shellfish, and sea salt, raising concerns about food safety and potential human exposure (see the Exposure pathways section for more details on ingestion pathways).304 The FAO has not yet established regulatory thresholds, but its guidance encourages improved waste management and best practices in fisheries and aquaculture to reduce plastic inputs into the environment. The FAO also calls for toxicological research to assess human health implications and inform future risk assessments within food systems.305
World Health Organization
In 2022, the WHO assessed the potential human health risks from microplastics, especially through drinking water exposure. It concluded that the health risk from currently detected levels of microplastics in drinking water is low but noted key gaps in evidence regarding smaller particles and chemical leaching.2 The WHO’s Plastics and Health Initiative continues to explore plastic pollution across its lifecycle, with a focus on strengthening data to support public health decision-making.306 
International Agency for Research on Cancer
IARC, a specialised agency of WHO, contributes to the international response by evaluating the carcinogenicity of environmental exposures. It has not yet classified microplastics as carcinogenic agents (noting that there is insufficient evidence to initiate a priority review at this stage);307 however, it has acknowledged that plastics-associated chemicals such as styrene and BPA have been evaluated as potentially carcinogenic. 
Stockholm Convention on Persistent Organic Pollutants
The Stockholm Convention, a legally binding international treaty managed by the UNEP, aims to protect human health and the environment from persistent organic pollutants (POPs). It lists hazardous substances in its annexes, dictating restrictions and elimination requirements for member countries. The Convention does not directly regulate microplastic particles but addresses hazardous chemical additives used in plastic products, including those that can be adsorbed or leached. The Convention provides guidance on identifying and managing sites contaminated with POPs and supports the development of best available techniques to prevent POPs release. Since plastics can serve as vectors for POPs, these measures contribute indirectly to addressing microplastic-related exposure risks.308
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Figure 14: Summary of microplastics-related activities in Australia 
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7.2.2	Australia
This section describes activities undertaken in Australia, based on public information available at a point in time. As work programs evolve in response to changes in knowledge, agencies change the activities underway.
National approaches
At present, Australia's national policy framework remains largely precautionary and descriptive, focusing on broad waste-management strategies and economic goals, rather than prescriptive, with limited enforceable standards specifically targeting microplastics.309 The regulation of microplastics is still in the early stages, with policy and regulatory measures primarily targeting broader plastic pollution rather than microplastics. The Australian Government has adopted the National Plastics Plan 2021 as a strategic framework to reduce plastic pollution across the economy and environment.309 
The 2021 National Plastics Plan sets out a phased approach to reduce plastic pollution across the economy. It includes initiatives such as phasing out certain plastic materials, promoting alternatives, recycling plastic waste, and consumer education. The National Plastics Plan also acknowledges microplastics as an emerging issue of concern due to their environmental persistence and potential to impact human health (to be determined), but it does not impose specific regulatory thresholds or exposure limits for microplastics in air, water, food, or consumer products. 
Related key initiatives include:
development of a National Plastics Pollution Database in collaboration with Commonwealth Scientific and Industrial Research Organisation (CSIRO), which will enable consistent tracking and analysis of plastic waste including microplastics
mandating microfibre filters on all new residential and commercial washing machines sold in Australia by 1 July 2030, which is aimed at reducing the release of synthetic fibres into waterways and positions Australia among the early adopters of such technology, alongside France (which enacted a requirement for all new washing machines to be equipped with filters by 2025)
Joint work with states, territories, and CSIRO is underway to implement stormwater-based mitigation strategies, targeting a major pathway for microplastics entering aquatic ecosystems. These efforts align with Australia's Threat Abatement Plan for marine debris, which recognises microplastics as a significant contributor to marine environmental harm under the Environment Protection and Biodiversity Conservation Act. 
Regulatory action has so far concentrated on voluntary industry agreements and product-specific restrictions. Notably, the voluntary phase-out of plastic microbeads found in rinse-off personal care, cosmetic and cleaning products was agreed at the 2016 Meeting of Environment Ministers and coordinated under the National Environment Protection Council.310 By 2018, 99.3 percent of such products were reported to be free from plastic microbeads, meeting the government’s target without direct legislation;309 however, this approach does not extend to all consumer goods or environmental pathways. There is currently no comprehensive framework for microplastics in drinking water, ambient air, or food.
Australia’s broader federal plastics policy framework is further supported by the National Waste Policy (2018) and the National Waste Policy Action Plan (2019), which set national targets for packaging recovery and the phase-out of problematic and unnecessary plastics. The National Packaging Targets, administered by the Australian Packaging Covenant Organisation, aim for 100 percent of packaging to be reusable, recyclable, or compostable, and for 70 percent of plastic packaging to be recycled or composted by 2025.311
Scientific research and monitoring efforts are ongoing, led by federal agencies such as the Commonwealth Scientific and Industrial Research Organisation and the DCCEEW. Current efforts include research funded through the National Environmental Science Program (NESP), and actions implemented through the National Plastics Plan. These projects aim to strengthen evidence, support harmonised monitoring, and inform regulatory and industry responses. These efforts are expected to inform future policy development, including the potential introduction of exposure standards or material-specific regulations. 
State or territory approaches
At the state or territory level, regulatory action on microplastics varies but, to date, has generally focused on banning products that are direct sources of microplastic pollution, such as rinse-off personal care products containing microbeads and oxo-degradable plastics. Several jurisdictions have enacted enforceable bans on microbeads, including New South Wales, Western Australia, and the Australian Capital Territory, while others such as South Australia and the Northern Territory have included microplastic-generating products in broader plastic reduction strategies. Most jurisdictions have also implemented or proposed bans on single-use plastic items that contribute indirectly to microplastic pollution through environmental degradation (for example, straws, cotton buds, and polystyrene containers). A detailed overview of state or territory measures is provided in Table 13.
Table 13: State or territory approaches to regulating microplastics
	Jurisdiction
	Microplastics bans
	Broader plastic product bans
	Legal source

	Australian Capital Territory
	Microbeads banned (except limited scientific/medical exemptions)
	Ban on plastic bowls, plates, cups, straws, cotton buds, cutlery, expanded polystyrene (EPS) packaging, heavyweight bags (from 2024)
	Circular Economy Act 2023312

	New South Wales
	Prohibits plastic microbeads (< 5 mm) in rinse-off personal care products (for example, exfoliants, toothpaste) from 1 November 2022
	Bans on lightweight plastic bags, plastic straws, cutlery, stirrers, plates, bowls, cotton buds, EPS food containers
	Plastic Reduction and Circular Economy Act 2021, Schedule 1313

	Northern Territory
	Microbeads in personal care products listed among single‑use plastics to be banned under NT Circular Economy Strategy (by 2025)
	Plans to ban plastic bags, straws, stirrers, cutlery, bowls, plates, EPS containers and packaging, helium balloons (by 2025)
	NT Circular Economy Strategy 2022–27314

	Queensland
	Microbeads in rinse‑off personal care and cleaning products banned from 1 September 2023
	Bans on plastic straws, cutlery, plates, cotton buds, EPS containers, heavyweight shopping bags, and balloon releases
	Waste Reduction and Recycling Regulation 2023315

	South Australia
	Oxo‑degradable plastics banned from 1 Mar 2022 (designed to fragment into microplastics); plastic stem cotton buds from 1 Sep 2023
	Phased bans: straws, cutlery, stirrers (2021); EPS cups, plates (2022); pizza savers, trays (2023); carrier bags, beverage cups/lids, etc. (2024)
	Single-use and Other Plastic Products (Waste Avoidance) Act 2020316

	Tasmania
	Microbeads identified for future phase‑out under plastics policy
	Lightweight plastic bag ban since Nov 2013; future bans proposed for straws, cutlery, plates, EPS containers, cotton buds
	Tasmanian Government policy on problematic single-use plastics317

	Victoria
	No direct microbead ban; indirect regulation via prohibition of cotton buds, EPS, and other fragmenting plastics (from 1 Feb 2023)
	Bans on single-use plastic straws, cutlery, plates, cotton buds, drink stirrers, and EPS food containers
	Environment Protection Regulations 2021318 amended by Environment Protection (Banning Single‑Use Plastic Items) Regulations 2022319

	Western Australia
	Supply of microbead products is prohibited; oxo‑degradable plastics banned (products engineered to break down into microplastic fragments)
	Phased bans: bans on coffee cups and lids, straws, trays, cutlery, plates, bowls, bags (2022); carrier bags, cotton buds, EPS packaging (2023)
	Environmental Protection (Prohibited Plastics and Balloons) Regulations 2018320


EPS = expanded polystyrene
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7.2.3	Other jurisdictions
Figure 14: Key elements in other jurisdictions’ responses to microplastics
[image: An image showing the key elements in different countries' responses to microplastics]
Canada 
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Canada has adopted a comprehensive approach to addressing microplastic pollution, combining regulatory measures, scientific research, and international collaboration. While specific regulations targeting microplastics are under development, several federal initiatives have been implemented to reduce plastic pollution (and its contribution to microplastic contamination and potential influence on human health).
Under the Microbeads in Toiletries Regulations, which were published in June 2017, the manufacture and import of toiletries containing plastic microbeads were banned as of 1 July 2018. Sales were prohibited from 1 July 2019. These regulations apply to a wide range of products including bath and body products, skin cleansers, toothpaste, non-prescription drugs, and natural health products. Plastic microbeads are defined as plastic particles ≤5 mm size.295
In 2021, Canada added "plastic manufactured items" to Schedule 1 of the Canadian Environmental Protection Act, 1999 (CEPA), classifying them as toxic substances. This designation provided the federal government with the authority to regulate these items to protect the environment and human health. Subsequently, the Single-use Plastics Prohibition Regulations were enacted, banning the manufacture, import, and sale of six categories of single-use plastics: checkout bags, cutlery, foodservice ware made from some plastics, ring carriers, stir sticks, and straws. These measures are designed to reduce the volume of plastic waste and, over time, the generation of microplastics in the environment.321,322
Canada's broader strategy is articulated in the Canada-wide Strategy on Zero Plastic Waste, developed in partnership with provincial and territorial governments through the Canadian Council of Ministers of the Environment.323 This Strategy adopts a circular economy approach, focusing on the entire lifecycle of plastics, from product design to collection and recycling. The accompanying Action Plan outlines specific measures to prevent plastic waste, enhance recycling systems, and promote sustainable product design.324
The Canadian government supports ongoing research to understand the health and environmental impacts of microplastics. Initiatives such as the Environmental Health Research Contribution Program fund studies on human exposure to microplastics from food and water (ingestion) and air (inhalation).325 These studies fill knowledge gaps and support the development of evidence-based regulations.323
While Canada regulated certain plastic products and supported research into the health effects of microplastics, comprehensive regulations specifically targeting microplastic contamination in air, water, and food are still forthcoming. Ongoing scientific studies and policy initiatives are expected to inform future regulatory actions to address microplastic pollution more directly.
China
[image: An image showing the key elements in China's response to microplastics]
China's regulatory approach to microplastics is evolving. Current policies primarily focus on broader plastic pollution control and environmental protection. While it does not yet have specific regulations on microplastics, several initiatives and legal instruments indicate a growing recognition of the issue. For instance, the Opinions on Further Strengthening the Control of Plastic Pollution (2020), issued by the General Office of the State Council in 2020 and jointly implemented by the National Development and Reform Commission and the Ministry of Ecology and Environment outlined phased measures to reduce plastic waste. This policy includes bans and restrictions on the production and use of non-degradable plastic bags, disposable plastic tableware, straws, and microbeads in daily chemical products, to curb plastic pollution at its source, thereby indirectly reducing microplastic generation. Specifically, the production of daily chemical products containing plastic microbeads was banned by the end of 2020, and their sale was prohibited by the end of 2022.296 
The 2020 revision of the Law of the People's Republic of China on the Prevention and Control of Environmental Pollution by Solid Wastes (commonly known as the Solid Waste Law) provides the legislative foundation for these measures. Article 69 specifically prohibits and restricts the production, sale, and use of non-degradable plastic bags and other disposable plastic products. Additional relevant laws include the Air Pollution Prevention and Control Law and the Yangtze River Protection Law, which contain provisions restricting the use and open burning of non-degradable plastics.296
In marine environments, the Ministry of Ecology and Environment conducts systematic monitoring of marine litter and microplastics. The Bulletin of Marine Ecology and Environment Status of China in 2018 reported on the presence of microplastics in coastal waters and highlighted the need for continued monitoring and research to assess ecological impacts and inform policy responses.326
China's engagement with the issue of microplastic pollution is also reflected in international cooperation efforts. The Beijing Call for Biodiversity Conservation and Climate Change, a joint statement with France, highlighted the importance of preventing and significantly reducing discharges of plastic litter and microplastics into the oceans.327
Scientific research supported by the National Natural Science Foundation of China has advanced understanding of microplastic accumulation in plants, revealing potential pathways for microplastics to enter the food chain and potentially impact food safety. These findings may inform future regulatory measures targeting microplastic contamination in agriculture and food products.
While specific, quantitative thresholds for microplastics in air, water, food, or consumer products are not yet established, China's ongoing policy development, legal reforms, and research initiatives suggest a trajectory toward more comprehensive regulation of microplastic pollution.328 
New Zealand
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New Zealand's approach to regulating microplastics is developing, with current policies primarily focused on broader plastic pollution. The review found no evidence of comprehensive regulations that address microplastics as a distinct category, but recent initiatives reflect a growing awareness of the issue and its environmental impacts.
One significant initiative is the Waste Minimisation (Microbeads) Regulations 2017, which prohibit the manufacture and sale of wash-off products containing plastic microbeads for exfoliation, hand cleaning, abrasive cleaning, or in cosmetic products. This measure aims to prevent non-biodegradable microbeads from entering marine environments, where they can harm marine life and potentially impact human health through the food chain.329
Building on this, the Waste Minimisation (Plastic and Related Products) Regulations 2022 introduced a phased approach to eliminating certain single-use and hard-to-recycle plastic items. These regulations prohibit the sale and manufacture of items such as PVC and PS food trays and containers, PS takeaway food and beverage packaging, plastic drink stirrers, and non-home compostable plastic produce labels.330 The transition towards home compostable produce labels is ongoing, with full implementation extended to July 2028 to ensure all labels and adhesives are certified home compostable. These measures are designed to reduce plastic waste and limit the environmental release of microplastics.331
New Zealand is also active in international efforts to address plastic pollution, participating in the Intergovernmental Negotiating Committee on Plastic Pollution.332 This reflects New Zealand's commitment to a full lifecycle approach to plastic management, from production to disposal.333
Ongoing scientific research including national programmes such as the Aotearoa Impacts and Mitigation of Microplastics (AIM²) Project, is expected to inform future policy and regulatory development by enhancing data and scientific understanding of microplastic sources, prevalence, distribution, and impacts across New Zealand’s ecosystems.334
Singapore
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Singapore adopts a comprehensive and science-based approach to managing microplastics, focusing on research, monitoring, and preventive measures to mitigate their environmental impact.
In 2021, the National Environment Agency (NEA) commissioned a Marine Litter and Microplastics Consultancy Study to assess the prevalence and sources of plastic waste, including microplastics, in Singapore's inland waterways, coastal waters, and recreational beaches. The study found that most microplastics on recreational beaches originated from sea-based sources, such as ships and transboundary waste, rather than from inland sources. This finding highlights the effectiveness of Singapore's comprehensive waste collection systems and litter traps in preventing land-based plastic waste from entering the marine environment. The study employed standardised sampling methods and advanced analytical techniques, such as FTIR spectroscopy, to identify plastic polymer types and sizes, providing a robust scientific basis for policy development.335
To address marine litter more broadly, Singapore launched the National Action Strategy on Marine Litter in 2022. The strategy sets out measures across six priority areas, including research and development, to tackle marine litter and microplastics. It also stresses the importance of international collaboration and scientific research in formulating effective responses to marine pollution.336
For water quality, the Public Utilities Board ensures that microplastics are effectively removed during the water treatment process. At water and desalination plants, reverse osmosis membranes are used to filter out microplastics. Additionally, used water is treated at water reclamation plants, where microplastics are substantially removed as sludge and subsequently incinerated, minimising their release into the environment.335
In the area of food safety, the Singapore Food Agency (SFA) actively monitors microplastic levels in food and drinking water. Between 2022 and 2023, the SFA conducted surveys on products previously reported to contain microplastics. The findings indicated that microplastic levels were consistent with those reported internationally and did not pose health concerns.335
Singapore also addresses plastic waste through broader regulatory frameworks, such as the Resource Sustainability Act 2019 and its amendments, which introduce measures like the Mandatory Packaging Reporting scheme. Under this scheme, companies are required to report annually on packaging used or imported and submit 3R (reduce, reuse, recycle) plans to the NEA, supporting efforts to reduce plastic waste and its potential to generate microplastics.337
While Singapore has not established specific quantitative thresholds for microplastics in air, water, or food, its ongoing research initiatives and stringent waste management practices demonstrate a commitment to mitigating microplastic pollution. The integration of scientific research into policy making ensures that Singapore is likely to remain responsive to emerging environmental challenges associated with microplastics.
South Korea 
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South Korea has progressively advanced its regulatory and policy framework to address microplastic pollution, focusing on both intentional and unintentional sources. A major development is the proposed Microplastic Control Bill (2023), introduced by the Environment and Labor Committee of the National Assembly. This draft legislation aims to establish a comprehensive system for managing microplastics, including mandatory surveys on their prevalence, regulation of their use and discharge, and the promotion of reduction and removal technologies. The Bill defines microplastics as solid plastic particles measuring ≤5 mm and classifies them as either primary (intentionally added to products) or secondary (generated from the breakdown of larger plastics).338
Under the Bill, the manufacture, import, and sale of products containing primary microplastics that exceed safety standards are prohibited. It also restricts products and electronic goods that may release secondary microplastics beyond permissible limits during production, use, or disposal. The legislation imposes obligations on national and local governments, businesses, and citizens to reduce and manage microplastic emissions throughout the lifecycle of plastic products. A comprehensive Microplastic Management Plan is to be formulated every five years, overseen by a dedicated Microplastic Countermeasures Committee.338
In addition to regulatory controls, South Korea has made significant progress in wastewater treatment. Municipal wastewater treatment plants demonstrate high removal efficiencies for microplastics, often exceeding 99 percent. Most microplastics are removed during secondary clarification and, where tertiary treatment is applied, removal rates are further enhanced.339
Internationally, South Korea has expressed its commitment to addressing microplastic pollution through various cooperative efforts. In a joint statement with the European Union, both parties agreed to work towards reducing pollutants, including microplastics, in water and soil as part of a broader zero-pollution vision for 2050.340
While these measures represent progress, comprehensive regulations specifically targeting microplastic contamination in air, water, and food are still under development. The government continues to invest in research, technology development, and international collaboration to inform and strengthen future policy initiatives.
United Kingdom 
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The United Kingdom has established a multifaceted regulatory framework to address microplastic pollution, focusing on both intentional and unintentional sources. This approach combines legislation, scientific research, and collaborative initiatives to mitigate the environmental and health impacts of microplastics.
A significant legislative milestone is the prohibition of microbeads in rinse-off personal care products. The Environmental Protection (Microbeads) Regulations were enacted across the United Kingdom: in England in 2017, Scotland and Wales in 2018, and Northern Ireland in 2019. These regulations ban the manufacture and sale of rinse-off cosmetics and personal care products containing microbeads, defined as water-insoluble solid plastic particles of 5mm or less used for exfoliation or cleansing purposes.297 A post-implementation review published in January 2024 found the ban effective in removing microbeads from products sold in England, as evidenced by industry feedback and market surveys.341
Beyond microbeads, the United Kingdom government has introduced further measures to address other sources of microplastics. In April 2024, legislation was introduced to ban wet wipes containing plastic, recognising that such products can fragment into microplastics over time, polluting waterways and harming ecosystems.342 Additionally, a tax of £200 per tonne was introduced in April 2022 on plastic packaging that does not contain at least 30 percent recycled content, incentivising the use of more sustainable materials.343
The United Kingdom has also invested in scientific research to better understand microplastic pollution. For instance, the government funded a study by the University of Plymouth to investigate how microplastics from tyres, synthetic materials, and fishing gear enter waterways and oceans. Furthermore, the Environment Agency is actively working with partners to investigate the sources, pathways, and impacts of microplastics in the environment, using a growing body of studies to inform their efforts.344
In the area of food safety, the Food Standards Agency (FSA) has been conducting a critical literature review on the microbiological colonisation of microplastics and their significance to the food chain. This review aims to address data gaps and support the development of evidence-based regulations.345
While the United Kingdom has made significant progress in regulating certain sources of microplastics, comprehensive regulations specifically targeting microplastic contamination in air, water, and food are still under development. Ongoing research and international collaboration are expected to inform future policy initiatives aimed at mitigating microplastic pollution across various environmental media.


United States
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The United States has developed a comprehensive, multifaceted approach to regulating microplastics, integrating legislative actions, scientific research, and strategic initiatives to address both intentional and unintentional sources of microplastic pollution.
A significant legislative measure is the Microbead-Free Waters Act of 2015, which amended the Federal Food, Drug, and Cosmetic Act to prohibit the manufacture and interstate commerce of rinse-off cosmetics containing intentionally added plastic microbeads. The ban on manufacturing took effect on July 1, 2017, and the ban on sales became effective on July 1, 2018. This legislation targets a common source of microplastics in consumer products, aiming to reduce their release into aquatic environments.294
Beyond legislative action, the Environmental Protection Agency (EPA) is actively engaged in research to understand the prevalence, sources, and impacts of microplastics. The EPA defines microplastics as plastic particles ranging in size from 5 mm to 1 nm and is developing standardised methods for sampling, detecting, and characterising microplastics in water, air, and soil. These efforts support risk assessments and inform potential regulatory responses.346
[bookmark: _Hlk205818567]In April 2023, the EPA released the draft National Strategy to Prevent Plastic Pollution, outlining objectives to reduce plastic pollution through improved product design, waste management, and pollution prevention measures. This strategy emphasises a circular economy approach, aiming to minimise the release of plastics, including microplastics, into the environment.346
The Food and Drug Administration (FDA) monitors the presence of microplastics in food and drinking water. While microplastics have been detected in various food items and bottled water, the FDA currently does not consider these levels to pose a risk to human health; however, the agency remains vigilant and is prepared to take regulatory action if new evidence indicates health concerns.346
At the state level, initiatives such as California’s microplastics monitoring and mitigation in drinking water demonstrate proactive efforts to address microplastic pollution, setting precedents for other states.347
European Union
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The European Union has established a robust and evolving regulatory framework to address microplastic pollution, targeting both intentionally added microplastics and those unintentionally released into the environment.
A significant legislative development is Commission Regulation (EU) 2023/2055, which came into effect on 17 October 2023. This regulation restricts the placement on the market of synthetic polymer microparticles (microplastics/microbeads) when intentionally added to products. The restriction applies to a wide range of products, including facial scrubs and other types of cosmetics, detergents, waxes, polishes and air fresheners, fertilisers, glitter, medical devices, and granular infill for use in artificial sports surfaces. Microplastics are defined as synthetic polymer particles smaller than 5 mm that are organic, insoluble, and resistant to degradation.292 To facilitate compliance, the European Commission has published an explanatory guide to assist stakeholders in implementing the restriction.348
In addition to regulating intentionally added microplastics, the European Union is addressing unintentional releases. In April 2025, the Council and the European Parliament provisionally agreed on new rules to prevent plastic pellet losses, which are the industrial raw materials used to make plastic products. The regulation mandates that operators handling more than 1,500 tonnes of plastic pellets annually must obtain independent third-party certification, and develop risk management plans addressing pellet losses during various stages of the supply chain, including packaging, loading and unloading, staff training, and equipment maintenance.293
The European Union is also addressing products designed to create microplastics through environmental degradation. Several Member States have restricted or banned oxo-degradable plastics – products containing additives that cause conventional plastics to fragment into microplastics when exposed to oxygen, light, or heat. This recognises that some products are deliberately designed to break down in ways that generate microplastic pollution, requiring targeted regulatory intervention beyond conventional waste management approaches.
The European Union's approach also includes monitoring and research initiatives. Under the recast Drinking Water Directive (which is the European Union’s main law on drinking water), the European Commission is empowered to establish a methodology to measure microplastics in drinking water.293 The methodology developed by the Joint Research Centre (JDR) was embedded in a Commission Delegated Decision adopted on 11 March 2024. As a result, Member States need to put in place monitoring requirements, using the JRC methodology.349
These regulatory measures are part of the European Union's broader commitment to environmental protection and public health, aligning with initiatives such as the European Green Deal, the Economy Action Plan, and the Zero Pollution Action Plan. The European Union has set a target to reduce microplastic releases by 30 percent by 2030, aiming to significantly diminish microplastic pollution and its associated risks.350
[bookmark: _Toc206412354][bookmark: _Toc210833595]7.3	How do different jurisdictions recognise exposure pathways
Governments and international organisations increasingly recognise the different pathways through which people can be exposed to microplastics. While environmental contamination, particularly in water, has attracted significant attention, other exposure pathways from food or drink (ingestion), air (inhalation), consumer products (dermal, ingestion, or inhalation), and occupational settings are now emerging as areas of attention. International organisations play a central role in advancing global understanding, supporting research, and encouraging coordinated responses to manage exposure risks. Jurisdictions have adopted varied approaches to regulating microplastics, shaped by national priorities, regulatory capacities, and the evolving scientific evidence base.
7.3.1	Drinking water and exposure to microplastics
Advice about exposure to microplastics from drinking water is included in the Exposure pathways section in Part 2 (Evidence Review). 
International organisations
The review found no evidence that any international organisation has established binding regulations specifically aimed at limiting microplastic exposure in drinking water; however, each organisation has undertaken initiatives to assess and address the issue.
The UNEP has discussed the pervasive presence of microplastics in various environmental media, including drinking water. While the organisation has not yet issued specific regulations targeting microplastics in drinking water, it has developed guidelines for monitoring plastic contamination in freshwater environments, which include drinking water sources. These guidelines are intended to harmonise methodologies for assessing plastic pollution in rivers and lakes, thereby supporting efforts to understand and mitigate microplastic contamination in freshwater systems.351 
The FAO has conducted assessments on the occurrence of microplastics in food, including how they might contaminate food chains. While the primary focus has been on food safety, these assessments acknowledge the presence of microplastics in water and other environments. Their work could help inform how microplastic risks are managed, including in drinking water.352
While IARC has assessed certain drinking-water contaminants, microplastics have not been the subject of dedicated monographs or hazard classifications.353 
While microplastics themselves are not classified as POPs under the Stockholm Convention, certain plastic additives, such as perfluorooctanoic acid (PFOA), are regulated due to their persistence and potential adverse effects. By controlling these substances, the Convention may indirectly help reduce microplastic-related contamination in the environment, including in drinking water sources.308 
Australia
Australia currently does not have specific quantitative thresholds for microplastics in drinking water. The Australian Drinking Water Guidelines (the Guidelines), developed by the NHMRC, serve as an authoritative reference for communities and all agencies involved in the supply of drinking water. The Guidelines define what constitutes safe, good quality water and how it can be achieved and assured. The Guidelines are built on the best available scientific evidence and provide a comprehensive framework for managing drinking water supplies to ensure safety at the point of use. They address safety from both a health point of view and the aesthetic aspects of water quality. The Guidelines undergo rolling revisions to ensure that they represent the latest scientific evidence on good quality drinking water. They specify drinking water guideline values for some plasticisers and stabilisers used in plastics but they currently do not include specific guidance or guidelines values for microplastics.354,355 
Other jurisdictions
Across the other jurisdictions, regulatory responses to microplastics in water vary widely. While the review found no evidence that any jurisdiction has established specific thresholds or enforceable standards for microplastics in drinking water, several countries have introduced targeted bans on microbeads or implemented monitoring and research programs that support longer-term regulatory development. These approaches reflect differences in legislative priorities, research capacity, and regulatory frameworks across the reviewed countries.
Targeted bans
Countries that have introduced targeted bans on specific products have focused on rinse-off cosmetics and personal care items containing plastic microbeads as a means of reducing the release of microplastics into aquatic environments. In New Zealand, for instance, the Waste Minimisation (Microbeads) Regulations 2017 prohibit the sale and manufacture of such products. While these rules address a known source of microplastic pollution, they do not extend to broader regulation of microplastics in drinking water.329 Similarly, the United States enacted the Microbead-Free Waters Act in 2015, which bans the manufacture and sale of rinse-off cosmetics containing plastic microbeads at the federal level.294 The United Kingdom also prohibits the manufacture and sale of rinse-off cosmetics and cleaning products containing microbeads but has not introduced requirements related to microplastics in treated drinking water.341
Surveillance and monitoring of water supplies and scientific assessments
A second group of jurisdictions have implemented regular surveillance or monitoring of microplastics in water supplies, although they have yet to establish enforceable thresholds or specific regulatory requirements. For instance, Singapore’s national water agency, PUB, has conducted biennial monitoring of microplastics across its four water sources since 2017. The most recent results (2021) indicated that microplastics were undetected in treated water and that concentrations in raw water sources were low. While not mandated by law, this monitoring informs Singapore’s broader water quality strategy.356 Similarly, South Korea has identified microplastics in bottled spring water, with one government study finding particles in 88.1 percent of samples, averaging 1.32 particles per litre.357 Despite these findings, specific regulatory standards have not yet been introduced. The Ministry of Environment is investing in the development of standardised detection methods, indicating an interest in strengthening future responses.358
While there are no requirements for monitoring microplastics in drinking water in the United Kingdom, the Drinking Water Inspectorate's 2024 advisory report acknowledged their presence in source waters. It concluded that conventional treatment processes like coagulation, flocculation, sedimentation, and filtration would be effective in removing microplastics; however, significant gaps in analytical and toxicological data were cited as key barriers to establishing formal standards.359 
Some jurisdictions have focused efforts on research and developing methodologies to inform future regulatory action. Canada, for example, has yet to introduce federal regulations on microplastics in drinking water but continues to support scientific assessments to understand their sources, fate, and impacts. This research is intended to underpin future policy decisions.360 Similarly China has not set specific quantitative thresholds for microplastics in drinking water despite their detection in the country’s waterways, but it has implemented broader water quality and plastic pollution policies.361 These include the Action Plan for the Prevention and Control of Water Pollution and the Law on the Prevention and Control of Water Pollution, which have improved general water quality and indirectly addressed microplastics.362 China’s River Chief System has demonstrated success in raising water quality compliance, and innovations such as biodegradable microplastic-capturing sponges capable of removing 99.8 percent of microplastics from water underscore its commitment to applied solutions.363
In the United States, several States have taken steps to address the health risks associated with microplastics in drinking water. For instance, California enacted the Safe Drinking Water Act (SB-1422), which requires the State Water Resources Control Board to define microplastics in drinking water, develop a standard testing methodology, and implement a four-year monitoring and reporting programme. Standard Operating Procedures for analysis using infrared and Raman spectroscopy were published in 2022, enabling consistent detection across facilities. This represents one of the most concrete subnational efforts to manage microplastics in water.347
Active management of microplastic particles in drinking water supplies
The European Union has adopted the most advanced and detailed regulatory framework for monitoring and managing microplastics in drinking water. Under Commission Delegated Decision (EU) 2024/1441, Member States must apply a standardised methodology for sampling and analysis. This instrument outlines specific size classifications, polymer types, and sampling protocols, including filtration through 100 μm and 20 μm sieves and minimum water volumes of 1,000 litres.364 This level of detail ensures consistency across Member States and reflects a broader European Union target to reduce microplastic pollution by 30 percent by 2030.365 An Explanatory Guide is being developed to support implementation, and the MicroDrink project offers open-access technical resources and capacity-building for laboratories and regulators.
7.3.2	Food and exposure to microplastics
International organisations
The review found no evidence that international organisations have established binding limits or exposure thresholds for microplastics in food. No legally enforceable international standards that regulates microplastic levels in seafood, salt or other food commodities were identified; however, key international organisations have undertaken initiatives to assess and address the issue.
The UNEP has been actively involved in raising awareness about microplastic pollution and its potential impacts on human health and the environment. While the UNEP has not issued specific regulations targeting microplastics in food, it has developed guidelines and reports that provide a global overview of national laws and regulations limiting the manufacture, import, sale, use, and disposal of selected single-use plastics and microplastics. These efforts aim to support countries in developing policies to reduce plastic pollution, which indirectly contributes to minimising microplastic contamination in food sources.366
The FAO has conducted assessments on the occurrence of microplastics in food commodities and their potential contamination along food value chains. In its publication, Microplastics in food commodities, the FAO examines the presence of microplastics across various food products, including the potential for contamination from water sources. The report discusses how microplastics can enter the food chain through environmental pathways and highlights the need for further research to understand the implications for food safety and human health.304 Furthermore, the FAO is developing a Voluntary Code of Conduct for the sustainable use and management of plastics in agriculture, aiming to reduce plastic pollution and its impact on food systems.367
While IARC has assessed certain food contaminants, microplastics have not been the subject of dedicated monographs or hazard classifications by the agency. It has investigated the carcinogenicity of certain plastics-associated chemicals, such as PFOA, which may be relevant to discussions on microplastic contamination.
While microplastics themselves are not classified as POPs under the Stockholm Convention, certain plastic additives, such as PFOA, are regulated due to their persistence and potential adverse effects. The Convention's measures to control these substances may indirectly contribute to reducing microplastic-related contamination in the environment, including in food sources.
Australia
Australia's food safety regulations do not currently include specific limits for microplastics in food. These regulations are informed by evidence-based standards developed by FSANZ, which also monitors safety of the food supply. FSANZ maintains standards for microbiological and chemical contaminants but has not formally incorporated microplastics under these provisions. Any chemicals or contaminants that could be carried via microplastics will, if they have been identified as posing a health risk, already be monitored, although the focus will be on their overall presence, not on the specific role of microplastics in delivering them. Nonetheless, FSANZ has reviewed the scientific literature and continues to monitor evidence on microplastics in the food chain, particularly in seafood, salt, and honey; however, due to insufficient toxicological data, it has not issued actionable consumer recommendations or implementation guidance. Broader food safety frameworks and sustainability strategies, such as responsible packaging and seafood sourcing, are contextually relevant, but to date there is no detailed regulatory guidance addressing microplastic exposure scenarios or population vulnerabilities. No FAQs or consumer-facing materials on microplastic ingestion risks have been published on official FSANZ websites.368
Other jurisdictions
Different approaches have been taken in other jurisdictions to regulate microplastic exposure in food. While few countries have established specific quantitative thresholds for microplastics in food, many are taking precautionary steps to monitor contamination, reduce upstream plastic inputs, and inform future regulation through targeted research.
Restrictions on the use of plastics in food packaging
Some jurisdictions are pursuing upstream interventions by restricting the use of plastic materials in packaging and food-contact applications. In Canada, microplastic exposure through food is being addressed in part through CEPA, under which a proposed Pollution Prevention Planning Notice sets ambitious targets for packaging reform. The plan aims to ensure that 100 percent of primary food plastic packaging is reusable, recyclable, or compostable by 2028, and that a significant proportion of fresh produce is sold without plastic by 2026.369 Complementing this, the Single-use Plastics Prohibition Regulations ban certain plastic foodservice items made from problematic materials that could degrade into microplastics, potentially entering the food chain.322 
In the European Union, a multi-pronged approach is being taken to prevent microplastic contamination in food. Regulation (EU) 2023/2055 restricts the placing on the market of products containing intentionally added microplastics, including those likely to be released during use.292 Additionally, Regulation (EC) No 450/2009 governs the use of active and intelligent materials in food contact applications, including the migration of substances (such as microplastic particles) from packaging into food. These provisions are designed to reduce both direct and indirect microplastic contamination of the food supply.370
Monitoring, surveillance, and communications about safety risks
For most remaining jurisdictions, the review did not identify introduced enforceable limits on microplastics in food, but jurisdictions are actively monitoring microplastic particle presence and communicating health guidance to consumers. For instance, South Korea has conducted national studies assessing contamination in seafood, salt, and seaweed, estimating an average exposure of 16.3 microplastic particles per person per day.371 Although this level is not considered a health concern based on current data, the Ministry of Food and Drug Safety has issued consumer guidance, such as washing seaweed and soaking shellfish, to reduce potential intake of microplastic particles.371 South Korea also banned the use of microplastics as additives in 2017.
In Singapore, the SFA conducted surveys between 2022 and 2023 to assess microplastic levels in both water and some food products. Results indicated low levels consistent with international data, with no immediate health concern identified.372 While there are no quantitative thresholds, the SFA continues to monitor the situation and supports waste reduction strategies and to limit upstream contamination.373
Similarly, the review found no evidence that China regulates microplastic levels in food but it has incorporated microplastics into its food safety research agenda. The Food Safety Law provides a legal basis for monitoring emerging contaminants, and the government has promoted public awareness around general food safety practices, such as thoroughly washing produce, as a precautionary measure while further research is conducted.361
Similarly, in New Zealand, the review identified no specific regulatory limits for microplastics in food (noting that FSANZ is a Trans-Tasman agency); however, the New Zealand government has implemented waste minimisation strategies to reduce sources of environmental microplastics that could enter the food chain.374 The Ministry for the Environment continues to monitor international developments to guide future policy responses.
The United Kingdom has recognised dietary exposure as a potential risk pathway for microplastics and is investing in research to inform future regulation. The Food Standards Agency has worked with the Committee on Toxicity to issue scientific reviews and statements, including a 2021 report that called for further study into the health risks of ingesting microplastics through food.345 This includes a critical review of microbiological colonisation on plastic particles and its implications for food safety.375 Comprehensive food-specific regulations have yet to be introduced.
In jurisdictions like the United States, oversight of microplastic exposure in food remains largely at the research and advisory stage. The FDA monitors food contact substances but has not introduced microplastic-specific standards. Federal agencies continue to investigate microplastic contamination in the food supply, although regulation is still in development.376 At the state level, California’s legislative efforts, particularly those aimed at monitoring microplastics in drinking water, may indirectly influence future food safety measures, especially if new exposure pathways are identified.377
7.3.3	Exposure to airborne microplastics
International organisations
The UNEP has been instrumental in raising awareness about microplastic pollution and its potential impacts on human health and the environment. While the UNEP has not issued specific regulations targeting microplastics in air, its guidelines and reports provide a global overview of national laws and regulations limiting the manufacture, import, sale, use, and disposal of selected single-use plastics and microplastics. These initiatives support countries to craft policies that reduce plastic pollution, which ultimately helps minimise microplastic contamination in various environmental spheres, including air. 
The FAO has conducted assessments on how microplastics appear in food commodities and their potential contamination along food value chains. While the primary focus has been on food safety, these assessments acknowledge the presence of microplastics in various environmental settings, including air. The FAO's work lays the groundwork for future risk assessments and management strategies concerning microplastic contamination, which may indirectly inform considerations related to airborne exposure.304
To date, IARC has not specifically evaluated or classified the carcinogenicity of airborne microplastics.
While microplastics themselves are not classified as POPs under the Stockholm Convention, certain plastic additives, such as PFOA, are regulated due to their persistence and potential adverse effects. By controlling these substances, the Convention indirectly helps reduce microplastic-related contamination throughout the environment, including in air.308
Australia
There are no specific Australian regulatory standards or quantitative thresholds for microplastic concentrations in ambient air. Although emerging research has confirmed the presence of microplastics in the atmosphere, national regulatory bodies have not issued formal guidance on acceptable exposure levels. The Department of Health in Western Australia has acknowledged the potential implications for human health, particularly concerning inhalation of fine plastic particles; however, it notes that human population studies are not conclusive and has called for further research to better understand the risks.378 In the absence of formal standards, there are no actionable recommendations or implementation steps directly aimed at airborne microplastics. General air quality management measures, such as reducing synthetic textile use and improving ventilation, may indirectly mitigate indoor exposure. Scientific uncertainty remains a barrier to developing comprehensive, pathway-specific recommendations, and no tailored guidance exists for vulnerable populations. Public information resources addressing common concerns or frequently asked questions are also limited.
Other jurisdictions
Airborne microplastics are an emerging area of concern in the environmental health policy of the other jurisdictions, but this review did not identify any jurisdictions that have established enforceable thresholds or comprehensive regulatory measures to address exposure via inhalation. While scientific understanding of the risks associated with airborne microplastic particles continues to evolve, most governments in the reviewed jurisdictions have limited their responses to research, general air quality improvements, and upstream pollution prevention. The lack of standardised monitoring methodologies, toxicity data, and risk assessment frameworks remains a key barrier to the development of specific regulatory controls.
Research and monitoring, including as part of broader air quality management programmes
Across several jurisdictions, airborne microplastics are recognised as a potential health risk, but responses have largely been limited to monitoring and research initiatives. This review found no evidence of specific regulations in Canada for airborne microplastics, although the federal government continues to study the presence of plastic particles in air and other environmental media. The Canadian Council of Ministers of the Environment has acknowledged the issue and identified the need for further research to inform possible future regulation.
China does not appear to have introduced any regulatory limits or guidelines specific to airborne microplastics; however, the country’s broader air quality improvement policies, such as the Action Plan for the Prevention and Control of Air Pollution, contribute indirectly to reducing microplastic particulate matter.361 Chinese researchers have detected microplastics in both indoor and outdoor environments, and the government is supporting ongoing scientific studies to better understand their sources, distribution, and health effects. In the absence of specific regulation, public guidance focuses on reducing plastic use and improving ventilation.
In South Korea, airborne microplastics have been detected in both indoor and outdoor settings, with concentrations ranging from 0.45 to 6.64 particles per m3. Common polymers include PE, PP, PS, and nylon, particularly in indoor environments where synthetic textiles are prevalent. Despite these findings, specific regulatory thresholds or public health guidelines do not appear to be in place.379 While general air quality management strategies, such as improving ventilation and minimising synthetic material use, may reduce indoor exposure, they are not tailored specifically to microplastics. National agencies have acknowledged the knowledge gaps in health risk assessments, which continue to delay regulatory development.379
New Zealand has also acknowledged airborne microplastics as part of its broader environmental monitoring efforts. The Ministry for the Environment’s “Our Air 2024” report notes that particulate matter may include microplastics.380 The government has indicated interest in expanding environmental monitoring to better understand microplastic pathways, which could inform future policy.381
In the United States, the federal government has not enacted specific regulations to address airborne microplastics. While the EPA has published studies showing that indoor air pollution levels can be significantly higher than outdoor levels, its recent work has focused primarily on microplastics in aquatic environments.382 The EPA’s National Strategy to Prevent Plastic Pollution outlines broad objectives to reduce plastic emissions but does not include targeted actions for airborne microplastics.383 The absence of clear risk characterisation has likely delayed policy development in this area.
Publication of statements about risk
In some jurisdictions, the health risks posed by airborne microplastics have been formally recognised by advisory bodies or national agencies, even if regulatory action has not yet followed. In the United Kingdom, for example, the Committee on Toxicity has published statements highlighting the potential for inhalation exposure and the need for further investigation into health effects; however, the United Kingdom has not issued any quantitative guidelines or regulatory controls specific to airborne microplastics.384
Regulation regarding the release of microplastics
The European Union has taken steps to control the release of microplastics into the environment more broadly through Commission Regulation (EU) 2023/2055; however, this regulation does not directly address airborne microplastic exposure.292 The European Chemicals Agency (ECHA) has acknowledged the issue and highlighted the need for additional scientific data to evaluate potential health risks. While ECHA recognises airborne microplastics as a relevant exposure pathway, it has not proposed quantitative thresholds or inhalation-specific guidance to date.385
7.3.4		Consumer products exposure
International organisations
The UNEP has worked to elevate global attention on regulatory measures that directly restrict microplastics in consumer products. The agency has published comprehensive reviews of national-level legislation on plastic pollution, including laws that target intentionally added microplastics in products such as cosmetics and personal care items. While not prescriptive, UNEP’s recommendations encourage governments to phase out non-essential uses of microplastics in products and to develop enforceable standards for safer alternatives.303
Although primarily focused on food systems, the FAO has acknowledged the risk of microplastic migration from packaging and other materials in contact with food. In its technical reports, the FAO highlights the lack of harmonised international standards for microplastics in consumer-contact materials, but it does not provide specific regulatory guidance on microplastics in non-food consumer products. Instead, its analyses support the development of broader policies for plastics management, which may influence future governance of microplastics in manufactured goods.304
IARC has not issued any monographs or classifications related specifically to microplastics in consumer products. No IARC-endorsed risk classifications currently exist for consumer product exposures involving microplastics.
The Stockholm Convention does not classify microplastics as POPs and does not directly regulate their use in consumer goods; however, it does regulate several chemical additives commonly found in plastic products, such as certain flame retardants and PFAS, that may be present in consumer plastics. These controls indirectly support the minimisation of hazardous components in plastic consumer products, which may, in turn, reduce the harmful effects associated with microplastic degradation.308
Australia
Australia has taken targeted regulatory action on microplastics in consumer products, primarily through state-level bans on plastic microbeads in cosmetics and personal care items. For example, New South Wales’ Plastic Reduction and Circular Economy Act 2021 prohibits the sale of rinse-off personal care products containing plastic microbeads.386 Similarly, Western Australia’s Plan for Plastics outlines a phased approach to eliminating problematic plastic products, including those containing microbeads (although only rinse-off products are included).387 
Although these measures do not establish quantitative exposure thresholds, they provide clear, actionable bans and practical implementation timelines for businesses and consumers and are aligned with broader goals of reducing plastic pollution. Some state authorities (such as New South Wales and Western Australia) have published fact sheets and compliance resources to support implementation and public understanding. While these measures do not yet encompass all consumer products (for example, some inland use cleaners, textiles, dental materials), they represent a more tailored and enforceable approach compared to other exposure pathways.
Complementing these product-specific bans, Australia's mandate for microfibre filters on washing machines represents one of the most comprehensive technological approaches globally, requiring all new residential and commercial washing machines to include microfibre capture technology by July 2030.309 This measure targets synthetic textiles, which release significant quantities of microfibres during washing, addressing a major pathway for microplastic pollution entering waterways.
Other jurisdictions
Microplastic exposure from consumer products is increasingly recognised as a significant pathway for environmental contamination and potential human exposure. While most jurisdictions have not established quantitative thresholds for microplastics in consumer products, many are progressing towards more targeted regulatory strategies. 
Prohibition or restriction of rinse-off personal care products
A common early measure across several jurisdictions has been the restriction or prohibition of rinse-off personal care products containing plastic microbeads. These microbeads are a well-documented source of primary microplastic pollution, particularly affecting aquatic environments. In Canada, the Microbeads in Toiletries Regulations (SOR/2017-111) prohibit the manufacture and import of microbeads in products such as exfoliating cleansers and toothpaste.295 Similarly, New Zealand implemented the Waste Minimisation (Microbeads) Regulations 2017 to ban wash-off products containing microbeads, including facial cleansers and body scrubs.374 These regulations focus on limiting direct contributions of microplastics from widely used personal care products.
In the United Kingdom, the Environmental Protection (Microbeads) (England) Regulations 2017 prohibit the manufacture and sale of rinse-off cosmetic products containing microbeads, including toothpaste.341 The United States adopted the Microbead-Free Waters Act of 2015, which bans microbeads in rinse-off cosmetics; however, this federal law does not cover other categories such as makeup, cleaning products, or leave-on cosmetics.294 To close these gaps, some States, such as California, have introduced more stringent state-level measures. These bans are designed to prevent microplastic release at the source and have served as a foundation for more comprehensive policies.347
Prohibition or restriction on single-use plastics
New Zealand has complemented its microbead ban with additional restrictions through the Waste Minimisation (Plastic and Related Products) Regulations 2022, which prohibit the sale of single-use plastic items such as cotton buds and drink stirrers, items that can break down into secondary microplastics.330 Likewise, Canada’s Single-Use Plastics Prohibition Regulations extend plastic controls to items like cutlery and straws but do not yet specifically address microplastics in broader consumer products.322
Addressing products designed to generate microplastics
Several jurisdictions have taken action against oxo-degradable plastics – products containing additives that accelerate fragmentation into microplastics. These products are of particular concern because, although marketed as 'biodegradable', they in fact generate persistent microplastic pollution. Canada has included oxo-degradable plastics within its broader plastic pollution controls under CEPA, while several European Union Member States have introduced specific bans. The rationale for targeting these products recognises that some plastic items are deliberately engineered to break down in ways that generate microplastic contamination.


Ongoing monitoring and research
In Singapore, no dedicated legislation that addresses microplastics in consumer goods was identified, but environmental authorities such as NEA have undertaken studies to trace microplastic sources and pathways in marine and inland water environments. While these efforts support science-based policy, they have not yet lead to binding consumer product regulations.335
Microfibre capture technology and labelling requirements
While most of the jurisdictions reviewed do not appear to have mandated microfibre capture technology, research and voluntary initiatives are underway in several countries. The European Union is considering requirements as part of its broader microplastics strategy, and some manufacturers are beginning to include microfibre-catching devices voluntarily in response to consumer demand and environmental concerns. France has taken a leading position by enacting a requirement for all new washing machines to be equipped with microfibre filters by 2025, positioning it ahead of most other jurisdictions in implementing mandatory technological solutions.
Labelling requirements for synthetic textiles and washing machines have started to emerge as a policy tool but such measures remain relatively uncommon. Some jurisdictions are exploring requirements to inform consumers about microfibre shedding from synthetic clothing and the availability of filtering technologies, though comprehensive labelling mandates have not yet been widely implemented across the jurisdictions reviewed.
Plastic control strategies
Some countries have adopted broader plastic control strategies to limit plastic pollution from degrading consumer products, indirectly addressing microplastic generation. In China, regulations such as the “Opinions on Further Strengthening the Control of Plastic Pollution” and the “Catalogue for the Guidance of Industrial Structure Adjustment” aim to reduce the production and use of certain plastic products. These policies promote the development and adoption of biodegradable materials and encourage reductions in single-use plastic consumption through education and industrial transformation.388
A small number of jurisdictions are advancing more comprehensive and forward-looking approaches. For instance, South Korea has introduced the draft Microplastic Control Bill, which, if enacted, would require the government to develop a national microplastic management plan every five years, overseen by a dedicated Microplastics Countermeasures Committee.338 The proposed law would prohibit the manufacture and importation of products that contain or emit microplastics, including health functional foods, daily chemical products, quasi-drugs, and cosmetics. Additionally, it bans the sale, manufacture, and import of plastic and electronic products that are likely to emit secondary microplastics above emission limits throughout their lifecycle.389 Importantly, the bill places regulatory responsibilities on businesses, requiring them to minimise microplastic emissions through resource-efficient manufacturing, and outlines a national research agenda supported by a dedicated centre for microplastics research and monitoring. Although specific safety and emission standards are still under development, the bill signals a strong commitment to holistic regulation.
The European Union similarly demonstrates a comprehensive approach through its goal to reduce microplastic emissions by 30 percent by 2030. Regulation (EU) 2023/2055 restricts the use of intentionally added microplastics in products and is supported by additional legislation under the Marine Strategy Framework Directive and the Fertilising Products Regulation. The European Union's REACH regulation also targets microplastics through restrictions on their intentional use. Collectively, these frameworks reflect a shift toward regulating both intentional and unintentional microplastic emissions, encompassing a wide range of consumer product categories.293
In the United Kingdom, beyond its microbead ban, the government has committed to banning wet wipes containing plastic and has undertaken research on nanomaterials in consumer goods.342 Reports such as the Use of Metal and Non-Metal Nanomaterials in Consumer Products suggest growing attention to particle-based pollutants in textiles, toys, cosmetics, and PPE. While these efforts are not yet regulatory in nature, they illustrate the United Kingdom’s recognition of broader risks associated with particulate materials in everyday products.390
Together, these diverse approaches reflect a growing international consensus on the need to manage microplastic exposure through consumer products, although formal, coordinated international standards have yet to be developed. While bans on microbeads remain the most common regulatory tool to date, jurisdictions such as South Korea and the European Union are leading the shift toward lifecycle-based regulation. These more advanced frameworks are expected to guide future global developments in this area, particularly as scientific understanding of microplastic health risks deepens and new product categories are identified as sources of exposure.
7.3.5	Occupational risk exposure
International organisations
To date, major international organisations like the UNEP, FAO, IARC, and the Stockholm Convention appear to have focused on initiatives indirectly related to addressing potential occupational risks associated with microplastics.
The FAO has released a report entitled Microplastics in Food Commodities – A Food Safety Review on Human Exposure through Dietary Sources, which examines the presence of microplastics in various foods and assesses human exposure through diet. While the report primarily focuses on dietary exposure, it highlights the need for more research into the toxicity of microplastics and their potential health impacts, which could inform future safety measures for people working in food production and processing.304
The WHO has developed guidelines to protect workers from potential risks associated with manufactured nanomaterials. Although these guidelines do not specifically address microplastics, they provide a framework for assessing risks and implementing protective measures for workers exposed to tiny particles, which may include certain types of microplastics.391
Australia
To date, Australia has not introduced regulations directly targeting occupational exposure to microplastics; however, broader chemical safety and environmental protection frameworks indirectly address this issue. Australia is transitioning from the existing Workplace Exposure Standards to new Workplace Exposure Limits for airborne contaminants, effective from 1 December 2026. This change aims to enhance protection for workers exposed to airborne dusts, fumes, and mists. While microplastics are not explicitly listed, substances related to or containing microplastics could fall under this broader classification.392 Similarly, under the Work Health and Safety Act 2011, engineered nanomaterials, which can include nano-sized plastics, may be classified as hazardous chemicals. This imposes legal duties on employers to assess and manage associated risks, including the implementation of appropriate protective measures and training.393
Australia has also taken steps to limit the environmental release of microplastics through a voluntary industry-led phase-out of microbeads in rinse-off personal care and cleaning products, completed in 2018. While this initiative primarily aimed to protect waterways, it also had the indirect effect of reducing potential occupational exposure during manufacturing and handling.310 
Other jurisdictions
While occupational exposure to microplastics is a growing concern, few jurisdictions have implemented targeted regulations specifically addressing this risk. Most countries appear to rely on general occupational health and safety frameworks, product-based restrictions, or emerging environmental legislation that may indirectly influence workplace exposure. 
Occupational health and safety regulations generally cover microplastics
In some jurisdictions, existing occupational health legislation provides a foundation for managing potential microplastic exposure in the workplace, even though these frameworks do not specifically reference microplastics. In Canada, for example, the Workplace Hazardous Materials Information System requires employers to assess and communicate risks related to hazardous substances in the workplace. While microplastics are not currently listed, the Workplace Hazardous Materials Information System may apply if they are determined to pose a health risk. The Canadian Centre for Occupational Health and Safety provides practical guidance to employers on minimising exposure across the product lifecycle. Recommended measures include substituting safer materials where possible, improving ventilation, and ensuring appropriate PPE is provided.394 
China also lacks microplastic-specific occupational regulations but enforces general worker protection standards under the Law on the Prevention and Control of Occupational Diseases. Employers involved in the plastics manufacturing and processing sectors are required to assess and mitigate workplace hazards. Recommended practices include the use of dust suppression systems, protective equipment, and routine health surveillance. Although no occupational exposure limits for microplastics exist, research is ongoing and could lead to more tailored regulatory responses in the future.395


Industry compliance (manufacturing, importing, or retail)
In several jurisdictions, product-based regulations aimed at reducing environmental microplastic pollution also affect occupational exposure indirectly, particularly for those working in manufacturing, importing, and retail. In New Zealand, the Waste Minimisation (Microbeads) Regulations 2017 ban the sale and production of wash-off products containing plastic microbeads. While not targeted at occupational settings, the ban necessitates compliance by industries involved in the formulation, distribution, or sale of affected products, requiring updates to manufacturing processes and workplace safety procedures.374
Similarly, in the United Kingdom, the ban on rinse-off cosmetic and cleaning products containing microbeads affects employers in relevant manufacturing sectors, though no specific worker protections or exposure limits are included in the regulation.341 The same applies in the United States, where the federal Microbead-Free Waters Act of 2015 prohibits the manufacture and commercial distribution of rinse-off personal care products with microbeads. While the Act was intended to reduce environmental pollution, it also requires operational changes within affected industries, indirectly influencing occupational risk management practices.294
Some jurisdictions are beginning to develop broader regulatory strategies that could influence occupational exposures, even if they do not explicitly focus on workplace settings. In South Korea, the proposed Microplastic Control Bill introduces a framework for microplastic management across industrial processes. While the Bill does not include explicit occupational exposure limits, it mandates reductions in microplastic emissions during production, which may reduce exposure risks for workers. The legislation also requires industries to implement emission-reduction measures across the product lifecycle, suggesting that workplace practices will be affected.338 A recent amendment to the Resource Circulation of Electrical and Electronic Equipment and Vehicles Act introduces additional responsibilities for manufacturers to manage microplastic emissions, including during production, with potential workplace implications.389
In the European Union, Commission Regulation (EU) 2023/2055 restricts the intentional addition of microplastics in a broad range of products. Although the regulation does not directly address occupational health, it requires manufacturers and industrial users to provide instructions on safe use and disposal. From 2026 onwards, companies handling synthetic polymer microparticles will be required to report their annual usage and emissions, introducing new responsibilities for environmental and health and safety officers. This regulatory obligation may shape workplace practices related to exposure monitoring, compliance reporting, and waste handling.292
Across the jurisdictions reviewed, explicit regulation of occupational exposure to microplastics remains underdeveloped. Most policy interventions are either product-based or general in scope, with implications for workplace practices arising indirectly; however, growing legislative attention to lifecycle emissions and industrial accountability suggests that occupational exposure may become a more prominent regulatory focus in future policy development, especially if scientific understanding of microplastic toxicity and exposure pathways deepens.
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7.4.1	Public awareness and education
International organisations
International organisations have increasingly recognised the potential health risks associated with microplastic exposure. While comprehensive, population-specific guidance remains limited, several agencies have initiated assessments and issued preliminary advisories.
For instance, the UNEP has noted that microplastics pose health risks through ingestion, inhalation, and potential dermal absorption.396 It advises the general population to reduce exposure by avoiding single-use plastics, choosing natural fibre clothing, and supporting policies that restrict non-degradable synthetic polymers. High-risk groups, such as pregnant women and infants, may be more vulnerable due to potential developmental and reproductive impacts, as microplastics can cross the placental barrier.397,398 For communities in highly contaminated areas, the UNEP emphasises improving waste management systems and prioritising access to filtered water and air purification technologies.398
The UNEP in cooperation with the Secretariats of the Basel Convention, the Rotterdam Convention, the Stockholm Convention, and the International Panel on Chemical Pollution have identified chemical additives in plastics, such as phthalates, bisphenols, and PFAS, as critical threats due to their endocrine-disrupting properties. The Convention specifically flags pregnant women and children as at-risk populations, noting that early-life exposures can have lifelong health consequences. Guidance includes stricter regulation of industrial microplastic use, promoting circular economy models to minimise plastic waste, and phasing out toxic additives in consumer products.397
The FAO has acknowledged that microplastics are present in various food commodities, raising concerns about their impact on human health. While the FAO has not provided specific guidance for at-risk groups, it emphasises the need for further research to understand the toxicity of microplastics and their associated additives and contaminants.
Similarly, IARC has not classified microplastics as carcinogenic due to insufficient evidence. It recognises the need for comprehensive studies to evaluate the carcinogenic potential of microplastics.
Australia
In Australia, specific population-based health guidance on microplastic exposure remains limited. FSANZ notes that current evidence on potential exposures and health risks of microplastics in the food supply is still evolving. In light of this information, their current view is that microplastics are unlikely to pose immediate health risks to consumers, although the agency acknowledges that further research is needed.368 FSANZ’s Australian Total Diet Study monitors chemical residues in food to estimate dietary exposure for the general population. While microplastics are not currently included, the study provides a framework for assessing potential contaminants. FSANZ also offers general food safety advice for vulnerable populations: which microplastics are not explicitly addressed this advice emphasises the importance of consuming freshly prepared foods to minimise exposure to potential contaminants.368
Australia's regulatory approach has focused more on prevention through technology mandates and product restrictions rather than exposure guidance. For instance, the microfibre filter requirement for washing machines and state-level bans on oxo-degradable plastics represent upstream interventions designed to reduce environmental microplastic loads rather than manage existing exposures.
Other jurisdictions
Across jurisdictions, public awareness and education on microplastic exposure are still emerging as policy response measures. While most countries do appear to have issued population-specific health guidance, particularly for vulnerable groups, several are advancing public education indirectly through government-funded research, environmental reporting, or advisory committee reviews.
Investment in exposure risk assessment and health impacts 
Some countries are beginning to build the foundation for future public education by investing in research that addresses exposure risks for specific population groups. In Canada, Health Canada has allocated $2.1 million to improve understanding of the health impacts of microplastics, including via translocation across the placental barrier and food packaging pathways.325 The Maternal-Infant Research on Environmental Chemicals Study, while not yet specific to microplastics, may be expanded to explore these exposures during pregnancy and early life. Additionally, the Northern Contaminants Program has flagged microplastics as an emerging concern for Indigenous communities in Arctic regions, with baseline environmental monitoring underway.399 These initiatives are designed to inform risk communication strategies tailored to high-exposure populations, even though direct public guidance is still under development.
In the United Kingdom, the Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment has highlighted microplastics as a potential health risk and is currently investigating their effects, particularly through dietary exposure. While formal public health advice is not yet available, the Committee's reports underscore the need for comprehensive risk assessments, including the effects of different particle types and bioplastics. These reviews support a proactive approach that may eventually inform consumer-facing guidance.345
The United States has not issued federal-level microplastic-specific public health advice, but the EPA has acknowledged that pregnant and lactating women may be more vulnerable to contaminants such as PFAS due to increased water intake relative to body weight. While this remains an indirect consideration, the National Institutes of Health continues to prioritise research on plastics-associated chemicals, laying the groundwork for future public education efforts. Specific state-level advice was not sought in this review but may be available.
Use of environmental surveillance reporting frameworks
Overall, most jurisdictions have yet to implement formal public education campaigns or issue detailed health guidance specific to microplastics. Instead, the current focus lies in funding research, conducting surveillance, and establishing scientific advisory frameworks that can later be translated into clear risk communication. 
Several countries use environmental reporting frameworks to highlight links between pollution and health outcomes, but these frameworks are not specific to microplastic particles. In New Zealand, the Ministry for the Environment’s Our Environment 2025 report identifies pollution, biodiversity loss and climate change as contributors to respiratory conditions, mental health issues, and other diseases. Although microplastics are not specifically highlighted, the report signals increasing attention to environmental stressors and their cumulative impacts on public health.400 This recognition is reinforced by national research, such as the ESR-led Aotearoa Impacts and Mitigation of Microplastics (AIM²) project, which found microplastics in green-lipped mussels and remote coastal areas.401 In China, inclusion of general environmental quality goals in China’s public health strategy suggests space for future public education around emerging contaminants, which could potentially include microplastics.402
Within the European Union, the European Food Safety Authority (EFSA) has acknowledged the need for more robust data on microplastic contamination in food systems. The EFSA’s preliminary assessment concluded that microplastics are unlikely to pose immediate harm to consumers based on current evidence. Its work is ongoing and is expected to inform future guidance that could shape public communication strategies across Member States.403
7.4.2	Medical monitoring, screening and surveillance 
International organisations
Some international organisations have begun addressing medical monitoring and screening related to microplastics, although guidance remains limited. For instance, the FAO has conducted assessments on the presence of microplastics in food commodities, highlighting potential exposure routes for humans. Despite these assessments, the FAO has not developed policies or clinical protocols for biomonitoring microplastics in humans.
The Stockholm Convention’s framework addresses POPs in plastics but does not specify medical screening protocols for microplastic exposure; however, its emphasis on regulating endocrine-disrupting chemicals like phthalates and PFAS indirectly supports preventive healthcare measures through chemical disclosure requirements.
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The Lancet Countdown
The Lancet has recently launched the Lancet Countdown. This is a global monitoring system to track progress made to reduce plastics exposures and harms to human health and document the impacts of plastics on human health.5 Countdown indicators related to human exposure indicators include microplastics in food packaging, personal care items, household goods, building materials, consumer products, and in food, air and water. Health impacts will also be tracked. Future development and application of the Countdown could support the further development of policy advice.


Australia
Australia has not issued specific medical guidance for healthcare providers regarding microplastic exposure. The focus remains on environmental monitoring and research, with limited direct clinical directives. There are no national policies or programs in Australia dedicated to biomonitoring microplastics in human populations. Research efforts are primarily directed towards improving isolation and analysis techniques for biological matrices and understanding the presence and impact of microplastics in various environmental matrices. 
Other jurisdictions 
Few jurisdictions have introduced dedicated medical monitoring or clinical screening protocols for microplastic exposure. Instead, efforts have largely focused on environmental research and early-stage risk assessments. While several national agencies have acknowledged microplastics as an emerging contaminant, their integration into clinical guidance, biomonitoring programs, and public health surveillance remains limited.
Clinical guidance for health practitioners
Given the current evidence base, no jurisdiction examined appears to have yet issued specific medical guidance for healthcare providers regarding microplastic exposure. In countries such as Canada, New Zealand, Singapore, South Korea, and the United States, health agencies continue to monitor scientific developments, but clinical practice guidelines have not been developed or updated to specifically address microplastics. Similarly, in China, the national health framework has not been expanded to include microplastic-related advice for clinicians, although broader pollution control remains a focus.
The United Kingdom stands out as having initiated preliminary institutional engagement on the issue. The Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment is actively assessing the health risks posed by microplastics. While this work has not yet translated into clinical guidance, it provides a foundation for future clinical recommendations. In the European Union, research led by the EFSA is advancing knowledge about exposure risks, but clinical applications of this research remain under development.
Biomonitoring and surveillance programs
Across all jurisdictions reviewed, no national biomonitoring programs dedicated to tracking microplastics in human populations were identified, although human biomonitoring programs for plastics-associated chemicals including polychlorinated biphenyls, perfluorochemicals like PFAS, polybrominated diphenyl ethers, phthalates, and bisphenols/BPA have been implemented in some jurisdictions.404–406 In countries like Canada and the United States, biomonitoring activities such as the National Health and Nutrition Examination Survey, have historically focused on other environmental contaminants, such as heavy metals or POPs, and have not yet been extended to microplastic particles or associated chemical additives.
Some programs in Canada, such as Health Canada's Northern Contaminants Program, have acknowledged microplastics as a concern, particularly for Arctic and Indigenous populations, but remain focused on environmental not human biomonitoring. Similarly, China, Singapore, and South Korea are investing in environmental assessments, but there are no established efforts to measure human exposure levels through blood, urine, or tissue sampling.
In the European Union, while extensive monitoring is being conducted in food, water, and environmental media, biomonitoring of microplastics in humans has not been adopted at the European Union level, including as part of the HBM4EU program.405 These gaps in biomonitoring reflect broader scientific uncertainties, including the absence of standardised detection methods for microplastics in human sample matrices.
None of the jurisdictions reviewed have developed clinical follow-up or surveillance protocols for individuals who may be exposed to elevated levels of microplastics. Even in countries where occupational exposure or environmental contamination is recognised as a potential concern, such as South Korea or the United Kingdom, no formal mechanisms are in place for tracking health outcomes among exposed populations.
Healthcare systems in these jurisdictions have not yet integrated microplastic exposure into routine patient assessments, diagnostic screening, or longitudinal health studies. The absence of such protocols reflects both limited regulatory impetus and the current lack of consensus on the health implications of chronic low-level exposure.
7.4.3	Public health responses
International organisations
International organisations have undertaken various initiatives to address microplastic pollution through remediation and environmental risk mitigation. These efforts encompass strategies for contaminated site management, development of environmental management guidelines, and adoption of water filtration technologies.
National strategies for contaminated site management
The international organisations have addressed contaminated site management primarily in the context of broader pollution control frameworks, though specific focus on microplastics remains emerging. The UNEP has supported the development of national marine litter action plans that include the identification of plastic pollution hotspots and prioritisation of site-specific interventions. These plans are designed to guide countries in assessing sources of microplastics, including industrial sites and wastewater discharges, which may warrant remediation actions.407 Similarly, the Stockholm Convention provides guidance on managing contaminated sites, particularly for POPs. While not specific to microplastics, the Convention's remediation framework—including site assessment, risk evaluation, and clean-up planning—may be applied in instances where plastics act as vectors for POPs contamination.308 
Environmental management guidelines and remediation requirements
Environmental management guidelines for microplastics are under development within several international frameworks, although formal remediation requirements and soil contamination thresholds have not yet been established. The UNEP has emphasised the need for science-based policy frameworks that incorporate lifecycle thinking and pollution prevention strategies; however, the agency has not yet issued specific numerical criteria for microplastic remediation in soils or sediments. The FAO has provided guidance for reducing microplastic inputs in aquaculture and fisheries systems, including the handling of fishing gear and waste management practices, though these remain focused on prevention rather than site-specific remediation.305 IARC has not issued environmental remediation guidance related to microplastics, as its mandate primarily concerns carcinogenic risk evaluation rather than environmental policy. Meanwhile, the Stockholm Convention’s guidance on best available techniques and best environmental practices provides a template for pollution mitigation that may be adapted for emerging contaminants like microplastics, particularly where these substances are linked to chemical pollutants of concern.
Australia and other jurisdictions
Across Australia and the other jurisdictions reviewed, the public health response to microplastic pollution through remediation and environmental risk mitigation is still in its early stages, with most countries incorporating microplastics into broader environmental frameworks rather than establishing standalone policies. In Australia, contaminated site management is guided by the National Environment Protection (Assessment of Site Contamination) Measure (NEPM), which, although not microplastic-specific, allows for the consideration of emerging contaminants as the science develops. This work is being complemented by the NSW EPA’s Broadscale Microplastic Assessment (BMA) of 120 estuaries, which aims to build a baseline evidence base that could inform future guidelines.408 
Similar approaches are evident elsewhere: for example, Canada’s Federal Contaminated Sites Action Plan (FCSAP), the United Kingdom’s Environmental Protection Act, and the United States Superfund all provide mechanisms for addressing emerging contaminants, even though microplastics are not explicitly referenced. Across all jurisdictions, formal thresholds or remediation requirements for microplastics in soil or sediment have yet to be established, though awareness is growing and several regions (such as the European Union and South Korea) are conducting supporting research.
Adoption of water filtration technologies and best practices
The most tangible progress, in Australia and internationally, has been in the adoption of water filtration technologies. In Australia, wastewater treatment plants currently use conventional sedimentation and filtration processes that can remove a proportion of microplastics, with research underway to assess their effectiveness and develop more advanced removal methods. Similar developments are occurring elsewhere: Singapore, South Korea, and the European Union have invested in advanced wastewater treatment systems, such as membrane bioreactors and upgraded filtration protocols, while Canada, the United Kingdom, and the United States are pursuing technological upgrades and research-based strategies to improve the capture of microplastics from drinking water and wastewater systems. While a fully harmonised and risk-specific public health approach to microplastic remediation is still evolving, these early infrastructure investments signal a growing commitment to environmental protection and public health resilience. 
A summary of approaches across Australia and other jurisdictions is included in Table 14.
Table 14: Summary of public health approaches
	Jurisdiction
	Contaminated site management
	Environmental management guidelines
	Water filtration technologies and best practices

	Australia
	Covered under NEPM; while microplastics not specifically targeted, emerging contaminants can be considered
	No soil thresholds for microplastics; NSW EPA’s BMA underway to inform future guidelines
	Conventional sedimentation and filtration used in wastewater treatment; research and development of advanced removal technologies ongoing

	Canada
	Covered under FCSAP; microplastics not specifically targeted but can be included
	No soil thresholds; Science Assessment of Plastic Pollution recognises environmental risks
	Proposed federal funding to improve microplastics filtration in drinking water and wastewater 

	China
	Marine Eco-Environmental Protection Plan includes plastic waste but is not microplastic-specific409 
	No microplastic-specific thresholds; studies and policy discussions ongoing
	Advanced filtration systems in wastewater treatment indirectly support microplastics removal410

	New Zealand
	Resource Management Act 1991 allows inclusion of emerging contaminants like microplastics
	No thresholds set; regional reviews (for example, Southland) highlight knowledge gaps and future needs334
	Conventional filtration used; research ongoing into effectiveness and upgrades for microplastic removal 

	Singapore
	Managed by NEA; microplastics not explicitly included
	No microplastic-specific thresholds; marine litter strategy acknowledges microplastics 
	Advanced membrane bioreactor systems help remove microplastics from used water 

	South Korea
	Soil Environment Conservation Act allows for inclusion of emerging pollutants
	Microplastics under active environmental study; no formal thresholds yet
	Advanced treatment technologies used; research to optimise microplastic removal underway

	United Kingdom
	Environmental Protection Act 1990 allows inclusion of emerging pollutants
	Plan for Water includes measures to reduce pollution, including microplastics411
	Drinking Water Inspectorate recommends treatment optimisation to improve microplastics removal412 

	United States
	CERCLA (Superfund) allows inclusion of emerging contaminants
	EPA’s National Strategy to Prevent Plastic Pollution targets plastic pollution broadly, including microplastics 
	EPA researching and developing technologies for microplastics removal from water

	European Union
	Waste Framework Directive and Soil Strategy allow inclusion of microplastics
	Urban Wastewater Treatment Directive revised to address microplastics and other micropollutants413 
	New wastewater rules mandate improved removal of micropollutants including microplastics414 


CERLCA = Comprehensive Environmental Response, Compensation, and Liability Act; EPA = Environmental Protection Agency; FCSAP = Federal Contaminated Sites Action Plan; NEA = National Environment Agency.
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International organisations
Efforts to promote best practices for water filtration and microplastic removal have been increasingly visible in international programming. The UNEP advocates for the modernisation of wastewater treatment systems to improve the capture of microplastics, particularly through tertiary filtration technologies. These interventions are promoted as part of integrated water management strategies and are referenced in guidance on sustainable infrastructure investments. IARC has not directly addressed filtration technologies but has highlighted the importance of environmental exposure pathways—including ingestion and inhalation of microplastics—for cancer risk assessment. While not a regulatory agency, IARC’s work underscores the relevance of environmental monitoring in cancer epidemiology. The FAO and Stockholm Convention have not directly addressed water filtration technologies for microplastics; however, their focus on pollution prevention and clean production processes complements the broader international movement toward enhancing water treatment capabilities.
Other stakeholder engagement and public consultation
The UNEP has actively promoted stakeholder engagement through initiatives like Extended Producer Responsibility, which encourages producers to take responsibility for the environmental impacts of their products throughout the product lifecycle. This approach involves collaboration with industry stakeholders to develop and implement policies aimed at reducing plastic pollution, including microplastics. Its efforts emphasise the importance of involving producers, retailers, and other stakeholders in the management and reduction of plastic waste.342
The FAO has engaged with stakeholders in the fisheries and aquaculture sectors to assess the potential impacts of microplastics on these industries. Through consultations and collaborations, the FAO has worked with industry representatives, researchers, and policymakers to gather data and develop strategies to mitigate the effects of microplastics on aquatic food systems.
IARC’s role has been to convene international experts to evaluate the carcinogenic risks of environmental exposures, including plastics-associated chemicals, and to promote collaboration among scientists and health institutions. It has not directly facilitated stakeholder engagement specific to microplastic pollution.
The Stockholm Convention has recognised the role of stakeholders, including industry groups, in discussions about regulating chemicals associated with microplastics. Engagement with these stakeholders has been crucial in shaping policies and understanding the implications of potential regulations on various sectors.
Australia and other jurisdictions
Stakeholder engagement and public consultation on microplastics differs across jurisdictions, with most countries incorporating these activities into broader plastic pollution strategies rather targeted efforts. In Australia, national consultations on packaging regulation reform have attracted strong stakeholder and public support for introducing an Extended Producer Responsibility scheme with mandatory requirements. Canada, the European Union, and New Zealand have adopted similarly structured, multi-sectoral approaches, bringing together government, industry, non-government organisations, and academia to co-develop targets and policies. In contrast, China, South Korea, and Singapore have undertaken limited consultation specific to microplastics, while the United Kingdom and the United States have addressed the issue as part of wider environmental governance processes. Overall, there are signs of a gradual shift toward more inclusive policymaking with increasing but still limited stakeholder inputs to shape effective microplastic mitigation strategies. A summary of engagement and consultation activities across jurisdictions is included in Table 15.
Table 15: Summary of engagement and consultation activities
	Jurisdiction
	Stakeholder engagement and public consultation activities

	Australia
	Conducted national consultations on packaging regulation reform, with strong stakeholder and public support for an Extended Producer Responsibility scheme with mandatory requirements

	Canada
	Undertaken as part of the Zero Plastic Waste Agenda, with input from industry, NGOs, and academia to co-develop targets, standards, and policies

	China
	No evidence of public or industry consultation specific to microplastics exposure

	New Zealand
	Conducted national consultations through the Rethinking Plastics in Aotearoa New Zealand report, promoting circular economy approaches and stakeholder collaboration

	Singapore
	No stakeholder consultation specific to microplastics exposure, but implementation of Extended Producer Responsibility schemes for packaging waste indicates some industry engagement

	South Korea
	No stakeholder engagement or public consultation identified specific to microplastics

	United Kingdom
	Engaged stakeholders through river basin management planning processes, including assessments of microplastic pollution sources and impacts

	United States
	Stakeholder engagement incorporated into national plastic pollution initiatives, including federal planning processes

	European Union
	Broad consultation as part of the EU Plastics Strategy, promoting Extended Producer Responsibility and collaborative policymaking with industry and civil society stakeholders
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International organisations
Research and innovation
The UNEP has supported research initiatives aimed at understanding the sources, distribution, and impacts of microplastics. By collaborating with scientific institutions and promoting studies on microplastic pollution, the UNEP contributes to the development of evidence-based policies and innovative solutions to address this environmental issue.
The FAO conducted research to assess the presence and effects of microplastics in fisheries and aquaculture. Studies evaluated the potential risks to food safety and security as well as identified best practices for reducing microplastic contamination in aquatic food systems.305
IARC published assessments of several chemicals commonly found in plastics (styrene and BPA), evaluating their potential carcinogenicity in humans. While not directly focused on microplastic particles, this work contributes to the scientific understanding of health risks related to plastic exposure. IARC’s evaluations provide critical input for countries developing public health responses to emerging contaminants, including microplastics.
The Stockholm Convention has supported research on the environmental and health impacts of POPs, including those associated with microplastics. By advancing scientific knowledge in this area, the Convention informs policy decisions and promotes measures to reduce the risks posed by hazardous chemicals.
Monitoring, reporting, and evaluation frameworks
The UNEP has developed guidelines for the monitoring and assessment of marine litter, including microplastics. These guidelines assist countries in establishing standardised methods for data collection and analysis, facilitating the evaluation of pollution levels and the effectiveness of mitigation measures.415
The FAO implements monitoring programs to track microplastic contamination in fisheries and aquaculture. Data collection on microplastic presence in aquatic environments and organisms lets the FAO support strategy development to protect food safety and marine ecosystems.
IARC, while not involved in environmental sampling protocols, has underscored the importance of exposure assessment in epidemiological studies. This includes evaluating the potential health effects of plastic-related exposures through international cancer research programmes. Although IARC does not maintain its own environmental monitoring networks, it relies on exposure data to inform global cancer risk assessments.
The Stockholm Convention has incorporated monitoring and reporting mechanisms to track the production, use, and release of POPs, including those associated with microplastics. These frameworks enable the assessment of compliance with the Convention's provisions and the effectiveness of measures to reduce hazardous chemical pollution.308
Australia and other jurisdictions
Australia and other jurisdictions are actively investing in research and innovation to better understand and manage microplastic pollution. In Australia, the Commonwealth Government is reforming the current co-regulatory scheme for packaging, which includes considering requirements for packaging to be designed in line with circular economy principles and without problematic materials. This is separate to the work of the independent co-regulator APCO, which has been consulting its members and stakeholders on potential changes to the way it sets and disburses fees to better integrate extended producer responsibility into its operations. Canada and China are focusing on exposure assessment and risk frameworks, while New Zealand and Singapore are supporting environmental studies to guide policy. South Korea is investing in technology and legislation to manage microplastic emissions. The United Kingdom and the United States are exploring health and economic impacts, and the European Union links regulation with innovation through measures like the Single-Use Plastics Directive. These initiatives reflect a broad and increasing international research response to inform future regulation, mitigation strategies, and public health protection. Table 16 describes key research and innovation activities.
Table 16: Key research and innovation activities
	Jurisdiction
	Key research and innovation activities

	Australia
	Consultation by the Australian Packaging Covenant Organisation on brand owners’ responsibilities under EPR schemes for packaging waste; initiatives informed by emerging evidence on microplastic sources and impacts

	Canada
	Funded health risk research through the Environmental Health Research Contribution Program, focusing on exposure monitoring and development of health-relevant assessment methods

	China
	Developed national datasets and a framework integrating microplastic concentrations and characteristics for improved risk assessment; advancing screening and control standards for emerging pollutants

	New Zealand
	Supported the Aotearoa Impacts and Mitigation of Microplastics (AIM²) Project, investigating impacts on bioheritage and ecosystems

	Singapore
	Conducted studies on marine litter and plastic waste in waterways and beaches to inform management strategies

	South Korea
	Investing in technologies to collect marine plastic debris and trace the fate of microplastics; legislative development includes a comprehensive control mechanism for microplastic management

	United Kingdom
	The Committee on Toxicity reviews exposure studies, particularly focused on microplastics in drinking water and ingestion risks

	United States
	National Oceanic and Atmospheric Administration-funded studies assess economic impacts of marine debris, such as reduced coastal tourism, and support broader marine pollution research

	European Union
	Supports innovation through the Single-Use Plastics Directive, promoting research and development of sustainable alternatives to common marine litter
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International organisations
The UNEP has estimated the economic impact of marine plastic pollution, including microplastics, on sectors such as fisheries, tourism, and maritime industries. The costs associated with environmental degradation, cleanup efforts, and loss of ecosystem services highlight the significant economic burden of plastic pollution.416
The FAO has examined the economic implications of microplastic contamination in fisheries and aquaculture. By assessing the potential effects on food safety, market access, and livelihoods, the FAO underscores the importance of addressing microplastic pollution to protect economic interests in these sectors.305
IARC’s research on microplastics contributes indirectly to understanding the broader economic impacts of plastic pollution, particularly through its work on disease burden estimates associated with environmental exposures. While specific economic assessments may not be the primary focus, IARC’s evaluations support the cost-benefit analyses of interventions that reduce toxic exposures.
The Stockholm Convention has acknowledged the economic costs associated with managing and mitigating the risks of POPs, including those linked to microplastics. By promoting measures to reduce hazardous chemical pollution, the Convention supports efforts to minimise the economic burden on societies and ecosystems.
Australia and other jurisdictions
While detailed studies on the economic impacts of microplastic pollution in Australia remain limited, the government's emphasis on stakeholder engagement and research initiatives suggests an awareness of the broader implications of microplastics. Similarly, only a few other jurisdictions have commissioned formal studies quantifying the economic costs of microplastic pollution, but most have acknowledged its broader financial implications. China stands out with a national study estimating significant natural capital losses per tonne of plastic waste. The United States has examined economic impacts on tourism, while some other countries like Canada, New Zealand, and the European Union have signalled awareness through investments in research and policy development. Although specific economic assessments remain limited, the scale of institutional action across jurisdictions reflects a growing recognition of the potential financial burden microplastic pollution may impose on public health, ecosystems, and key economic sectors. Table 17 describes efforts to consider the economic impact of microplastics across various jurisdictions, including Australia.
Table 17: Efforts to consider the economic impact of microplastics
	Jurisdiction
	Economic impact of microplastic pollution

	Australia
	No specific economic studies identified; government stakeholder engagement and research initiatives suggest awareness of broader economic implications

	Canada
	No specific economic studies identified; research investments suggest awareness of potential economic implications

	China
	A national study estimated natural capital losses at $3,300–$33,000 per tonne of plastic waste, highlighting substantial economic harm

	New Zealand
	No detailed economic studies found, but NZD 12.5 million allocated to a major impact research project reflects awareness of economic risks

	Singapore
	No economic studies identified, but government action on research and monitoring implies recognition of broader impacts

	South Korea
	No specific economic assessments found; technology and legislative responses indicate awareness of economic and environmental risks

	United Kingdom
	No economic studies found; comprehensive engagement and research point to an understanding of microplastic-related economic consequences

	United States
	Government-backed research has examined the economic impact of marine debris, particularly reduced coastal tourism revenues

	European Union
	No direct economic studies cited; the European Union's regulatory and research efforts suggest understanding of the potential economic burden


NZD = New Zealand dollar.
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International organisations
International organisations have developed various monitoring, reporting, and evaluation frameworks to address microplastic pollution. These frameworks aim to standardise data collection, facilitate global collaboration, and inform policy decisions. The UNEP has been instrumental in establishing guidelines for monitoring microplastics in both marine and freshwater environments. The organisation released the Monitoring Plastics in Rivers and Lakes: Guidelines for the Harmonization of Methodologies, which provides standardised methods for assessing plastic contamination in freshwater systems. This initiative supports countries in developing consistent monitoring approaches, enabling better comparison and analysis of data across regions.351
Additionally, the UNEP has emphasised the importance of a global monitoring and reporting framework to track plastic pollution. This framework includes establishing baselines, identifying key indicators, and developing reporting mechanisms to assess the effectiveness of interventions aimed at reducing plastic waste.
The FAO has focused on the presence of microplastics in food commodities, particularly in fisheries and aquaculture. Through its assessments, the FAO has highlighted the need for monitoring microplastic contamination in seafood and other food products. By identifying the occurrence of microplastics in various food items, the FAO aims to inform risk assessments and guide policies to ensure food safety.
Australia and other jurisdictions 
Monitoring and evaluation efforts are becoming increasingly systematic across jurisdictions, reflecting a shared recognition of the need for reliable data to guide policy decisions and evaluate progress in reducing microplastic pollution. Australia has adopted both institutional and citizen science approaches to establish baseline data and identify contamination hotspots.
Most other jurisdictions have similarly begun developing or implementing monitoring frameworks, though approaches vary considerably. Some countries like Canada and the European Union have integrated microplastic monitoring into broader policy agendas, while others such as China, the United States, and the United Kingdom are focused on building foundational scientific knowledge. Several jurisdictions are leveraging partnerships with research institutions to support targeted monitoring efforts, and some are combining data collection with public awareness campaigns. While the sophistication and scope of these frameworks varies, the consistent theme across jurisdictions is the recognition that evidence-based approaches are essential for effective microplastic management. Monitoring and reporting activities are summarised in Table 18.
Table 18: Monitoring and reporting activities
	Jurisdiction
	Monitoring, reporting, and evaluation activities

	Australia
	Monitoring includes NSW EPA's Broadscale Microplastic Assessment of 120 estuaries and the citizen science initiative AUSMAP, which has sampled over 400 locations and identified 45 microplastic hotspots417

	Canada
	Monitoring guided by the Plastics Science Agenda, aligned with findings from the 2020 Science Assessment of Plastic Pollution

	China
	Developing frameworks for microplastic monitoring and risk assessment, particularly in environments such as source water reservoirs

	New Zealand
	Monitoring supported by ESR and partner organisations, focusing on ecological and human health risks from microplastics

	Singapore
	Monitoring and awareness campaigns led by NEA, focused on pollution prevention and reducing disposables

	South Korea
	Research-based monitoring by the Seoul Institute of Health and Environment, including air sampling for microplastics

	United Kingdom
	Monitoring and evaluation frameworks in development to address knowledge gaps and support policy development

	United States
	Monitoring frameworks under development to assess microplastic presence, pathways, and ecological effects

	European Union
	Frameworks in development to evaluate regulatory effectiveness and assess environmental impacts of microplastics


[bookmark: _Toc200385374]ESR = Institute of Environmental Science and Research; NEA = National Environment Agency. 
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The jurisdictional review reveals that no country has yet implemented a fully integrated regulatory and administrative framework specifically targeting microplastics across all exposure pathways; however, several nations are advancing promising approaches that could inform Australian policy development. Most jurisdictions, including the European Union, Canada, and South Korea, are progressively integrating microplastics into broader environmental, health, and product safety regulations. These efforts commonly emphasise upstream controls such as product bans and packaging standards to reduce microplastic generation at the source, alongside downstream measures like improving water filtration systems and expanding environmental monitoring.
7.9.1	Regulatory approaches and gaps
A consistent theme across jurisdictions is the lack of enforceable health-based thresholds for microplastics in air, water, or food. Instead, countries are prioritising scientific research and exposure monitoring as precursors to more prescriptive regulation. The European Union stands out in this respect, having introduced standardised monitoring methodologies for drinking water that establish consistent measurement protocols across member states, alongside restrictions on intentionally added microplastics in products such as cosmetics and detergents. South Korea's draft Microplastic Control Bill also offers a forward-looking model, mandating industrial emissions controls, establishing a national monitoring network, and requiring investment in microplastic reduction technologies. In contrast, countries like Singapore and New Zealand focus more on environmental management and public education, with comprehensive regulatory frameworks still emerging.
7.9.2	Public health integration
The integration of public health considerations varies significantly across jurisdictions, with most adopting precautionary approaches while building their evidence base. Public health responses are largely precautionary, with most jurisdictions yet to issue formal medical guidance, biomonitoring protocols, or targeted screening programs; however, investments in foundational research highlight growing awareness of population-specific risks. For example, Canada's ongoing maternal-infant exposure studies are tracking microplastic levels in pregnant women and newborns to understand developmental risks, while the United Kingdom's Committee on Toxicity is conducting comprehensive reviews of exposure pathways and potential health impacts to inform future guidance.
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[bookmark: _Toc210833602]8	Policy options to address concerns about microplastics and human health
Part 4 of this report sets out possible options that the Australian Centre for Disease Control could consider in response to concerns about the potential health impacts of exposure to microplastics. Options discussed in Part 4 are informed by the evidence review (Part 2) and the jurisdiction scan (Part 3), from conversations with government stakeholders involved in considering the human health impacts of microplastic particles, and by Allen + Clarke’s assessment of how this information could inform action. Options are not necessarily mutually exclusive. They consider a long-term systems-level approach, meeting scientific knowledge where it is while also proposing extension and precaution where reasonable and proportionate. 
[bookmark: _Toc206412362][bookmark: _Toc210833603]8.1	Balancing principles and policy objectives
8.1.1	Strategic tensions and policy trade-offs
[image: An image summarising the strategic tensions and policy trade-offs that need to be considered]
There are a few strategic tensions (that is, policy trade-offs) that will shape the design and implementation of any Commonwealth response to concerns about the impact of microplastics on human health. These are ongoing balancing acts rather than simple either-or decisions, requiring careful navigation as scientific understanding and public expectations evolve.
The first trade-off involves finding the right balance between national consistency and local flexibility. While a uniform national approach offers coherence and clarity for both public messaging and industry compliance, local and state jurisdictions often possess unique advantages for trialling, adapting, or leading specific interventions. This balance reflects established Commonwealth policy frameworks, particularly the Council of Australian Governments' Principles and Guidelines for National Standard Setting and Regulatory Action,418 which emphasise that regulatory measures should achieve minimum necessary outcomes while recognising that different jurisdictions may be better positioned for specific interventions depending on local circumstances and capabilities. Decision-makers must determine when standardisation serves the public interest and when flexibility enables more effective action.
A second trade-off exists between precautionary approaches and evidence-based interventions. This balance is particularly challenging when addressing emerging health risks like microplastics, where the evidence is very new, focused on isolation of particles, and there is limited settled knowledge about exposure or health effects. Precautionary approaches advocate for early action to reduce potential risks even when scientific evidence remains incomplete. Evidence-based interventions emphasise waiting for robust data before implementing specific measures. The implications of this trade-off are significant: acting prematurely risks implementing costly interventions that may prove unnecessary or misdirected and which may offer limited benefit. Delaying action could miss critical opportunities to prevent public health harm, may damage credibility, and may result in adverse but preventable health outcomes. The policy challenge lies in moving forward responsibly – maintaining scientific credibility while avoiding paralysis when protective action may be warranted despite uncertainty. This tension underscores the feasibility of implementing many of the possible options that the CDC could consider at this time.
The next trade-off focuses on whether environmental or direct human health considerations should drive policy leadership. Current momentum around microplastics largely originates in the environmental space; however, as human health-related concerns grow with studies detecting particles in humans (albeit without strong toxicology or exposure assessments), questions arise about whether public health agencies should assume greater leadership roles, along with the associated resources and strategic direction. This choice carries significant implications for governance structures, funding allocation, and overall strategy, but again this tension is rooted in available evidence of human health outcomes associated with exposure to microplastics. 
A fourth consideration involves choosing between education and regulation as policy tools. Some challenges, such as reducing microfibre shedding from textiles or ensuring safer food packaging, might be addressed through public education and voluntary industry action. Others may require regulatory intervention or market-based incentives. Determining when voluntary approaches are sufficient and when regulatory measures are necessary represents an ongoing policy challenge.
Finally, a tension exists between implementing low-cost, immediate measures and committing to systemic reform. Quick wins, such as enhancing public communication, strengthening research coordination, and clarifying agency guidance, are readily achievable. In contrast, transformative goals, including comprehensive national monitoring systems or fundamental shifts in product design, demand structural change and sustained long-term investment. Success depends on clearly differentiating between objectives attainable in the near term and those requiring long-term commitment and resources.
Successfully navigating these strategic tensions require adaptive governance that evolves alongside scientific understanding. Rather than resolving these trade-offs conclusively, effective responses should embrace flexible, adaptive approaches that shift between precautionary and evidence-based stances, adjust national coordination and local innovation, and sequence immediate actions with longer-term reforms. The Commonwealth's role will be to develop regulatory responses that accommodate this complexity while ensuring responses remain proportionate to what we know about the relationship between exposure to microplastics and human health outcomes as well as being responsive to new developments. Success will ultimately depend on managing these tensions thoughtfully to build robust, flexible policies that serve both present needs and future challenges.
8.1.2	Policy objectives
	[image: ]
Current understandings of the relationship between microplastic exposure and human health outcomes influences the policy options that are currently feasible. As described in Part 2, there is very limited evidence showing a clear, consistent association between microplastic particles and adverse human health outcomes (although some in vitro and non-human mammal studies suggest possible biological effects, albeit for exposure levels, durations, and substances that do not reflect real-world human exposures). Much remains uncertain. This uncertainty influences the selection of feasible policy options.


Careful navigation of health-led precautionary approaches with a wider environmental-based responses will assist the Australian Government to achieve the following objectives:
· Provide evidence-based public health advice about the impacts of microplastic particles on human health to reassure the public that it is aware of concerns and is responding appropriately, proportionately, and responsibly 
· Identify proportionate, evidence-based approaches to minimise harm and protect the health of Australians 
· Contribute to increasing collective understanding of the potential impact of microplastics on Australians’ health, within relevant agency remits
· Remain abreast of evidence about the relationship between microplastics and human health so that agencies can respond to knowledge changes.
Potential policy options are built over three pillars:
[image: An image showing the three pillars of activities: regulatory, research and coordination]
[bookmark: _Toc206412363][bookmark: _Toc210833604]8.2	Options that could progress the CDC’s work program
Given current understanding about the relationship between microplastics and human health, the focus ought to be on assessing emerging knowledge and considering how to communicate this in an appropriate, informed, and balanced manner. This section describes five options that largely fall within the CDC’s remit (noting that options may overlap with the work of other agencies as well) and which are feasible to pursue at this time. The options are:
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Other options that were considered but which are either not yet feasible or which could be led by another agency are briefly discussed in Appendix G.
8.2.1	Evaluate the effectiveness of the current regulatory approaches
The desk-based jurisdiction scan and interviews with key agencies (Part 3) provide a summary of federal and state or territory government efforts to assess and respond to the potential human health effects from microplastics. Efforts primarily focus on environmental or waste management measures, with agencies generally waiting for stronger evidence of harm to human health before introducing health-related activities. Australia's current approach relies heavily on voluntary industry agreements, exemplified by the phase-out of plastic microbeads in personal care products. While this approach achieved 99.3 percent compliance by 2018, questions remain about the sustainability and comprehensiveness of voluntary measures across all sources of microplastics. The jurisdictional analysis identified different approaches across Australian state and territories, with some jurisdictions implementing enforceable bans while others rely on broader plastic reduction strategies. The completion of an evaluation could extend the gap analysis to understand:
whether voluntary bans remain effective
the role that some states (New South Wales and Western Australia) play as gatekeepers for imported products that may then be distributed to other parts of Australia
whether consistent, mandatory bans would provide better outcomes. 
8.2.2	Ongoing periodic review as new evidence emerges
Understanding exposure to microplastics and human health is a new and active area of research, with most studies published since 2022. Most studies have focused on isolating and analysing microplastics in human sample matrices, with only a small proportion of studies considering the relationship between the presence of microplastic particles and health outcomes (although an older and deeper body of evidence exploring impact on biological processes exists). Further studies are planned or underway. Our understanding of the relationship between microplastics and human health will grow. Alongside this, efforts to improve instrumentation and analytical techniques continue to develop with fresh guidance and tools becoming available.
Ongoing periodic review of evidence as it emerges enables the CDC (and other relevant government agencies) to stay informed of research findings so that new evidence can be actively considered in relation to whether changes in approach to communicating about and managing microplastics are needed to protect human health. Sustaining understanding also reassures government agencies and the Australian public that emerging insights about microplastics and health are being carefully evaluated and that any shifts in threat level will be met with an appropriate response. There are different ways that this can be done, and associated critical advantages, challenges, and potential trigger points are described in Table 19. These options are not mutually exclusive, and the CDC or relevant government  agencies may wish to use a combination of approaches. 
The use of AI models may assist with the work of maintaining an oversight of new evidence as it emerges, reducing the potential time and resource limitations inherent in regular evidence reviews. AI tools are becoming increasingly sophisticated; however, emerging evidence must still be interpreted within context and with subject-matter expertise, recognising the potential for algorithm bias, misclassification and the generation of non-validated outputs. For this reason, AI tools should not be relied on in isolation at this time; however, these tools support targeted data extraction processes, potentially accelerating evidence monitoring and review, and enabling timely consideration of new findings as they emerge. 
Table 19: Analysis of the options for ongoing review
	
	Complete another formal evidence review in two years 
	Apply a living review process
	Regular bibliographic analysis or Lancet Countdown publications

	What does this entail?
	Develop terms of reference, complete database searches, review returned papers, write-up results, share results with relevant government agencies, and consider for the Australian context
	Establish alerts or digests on relevant academic databases and agency websites, review results and share results with relevant government agencies, and consider for the Australian context
	Set alerts for or directly commission bibliographic analysis, review and share results with relevant government agencies, and consider for the Australian context

	Benefits
	Evidence-based
Robust analysis of a body of evidence to provide balanced advice
Ensures knowledge is considered within the context of the available evidence 
	Evidence-based
Precautionary approach if a significant publication is released 
	Provides a quicker summary of evidence published on a specific topic(s)

	Challenges 
	Time between reviews needs to match pace of publication 
Can take time and is resource intensive 
May be slower to reflect the implications of a single significant study, but ensures that findings are corroborated before informing policy 
	Requires effective resource and alert systems
May result in spikes in activity depending on published results 
More difficult to consider individual studies in the context of wider knowledge
Lack of corroboration, misinterpretation or overreaction in the absence of repeat studies
	Relies on alignment between academia and publishers’ interests and those of the CDC (or direct commissioning by the CDC)
Does not enable assessment of study findings in the context of wider knowledge

	Trigger points and relationships between these options
	A significant body of new evidence that deepens understanding of human health outcomes is available (not detection or biological process research)
Reputable international agencies release position statements indicating health risk
	Findings continue to focus on isolation of particles or in vitro findings (more of the same)
Can be implemented easily via database alert systems
Oversight of these alerts could help to determine if or when a full review is warranted
	Findings continue to focus on isolation of particles or in vitro findings (more of the same)
Can be implemented easily via database alert systems
Oversight of these publications could help to determine if or when a full review is warranted


8.2.3	Prepare communications and advisories
Awareness of and concern about the potential health impacts of microplastic particles is increasing as high-profile research publications gain media attention (noting that research claims about the potential influence of microplastic particles on human health can be reported without sufficient context to support accurate interpretation of results). Without an overlay of expertise, research findings can cause unnecessary alarm for some people. It is also important not to downplay areas of emerging concern or simple actions that can be taken if people are concerned about the plastic waste they create or their exposure to plastics. 
The Australian Government has an important role to play in providing authoritative, balanced, and evidence-based advice that Australians can trust. A range of agencies are likely to be involved in providing advice on microplastics and human health including the CDC, the NHMRC, DCCEEW, and FSANZ (as well as state and territory governments), with interest in providing this information signalled through the development of this report. Working closely with consumer protection agencies is also important to make sure people have access to clear information about product safety, helping them make informed consumer choices. 
Part 2 of this report contains information that could provide the content for a range of public-facing communications about microplastics and human health; however, the selection of potential topics is complicated by the fact that much remains unknown. People may perceive that there are unacceptable gaps in this knowledge or that information is being withheld. Exposure to microplastics is inevitable. At this stage, we understand some details about exposure, but we do not yet have comprehensive data about which routes provide the greatest exposures and whether any exposures are causing ill-health (that is, our understanding of the health risk posed by this exposure needs to develop further). There is a balance to be struck between providing authoritative and summarised content about microplastics and health, not being alarmist about what we do and do not know, and ensuring that suggestions to alter exposure are reasonable, evidence-based, and balanced with what we know about risk. It may be too soon to provide comprehensive advice about how people can reduce exposure to plastics as we are not yet sure that this would change individual health risk or by how much. 
Providing precautionary public health guidance now could help to reduce exposure while the evidence base develops. A coordinated set of resources could offer a unified evidence base, presented through different subject-matter lenses, yet consistent and reliable for the public regardless of which agency publishes the content. 
enHealth could consider preparing advisory guidance on topics such as:
· What we know (and do not know) about microplastics and health, including advice that clarifies existing myths, incorrect data or misinterpretations of published studies
· Easy, low-cost, low-effort ways to reduce non-essential exposure to microplastics (for example, avoid drinks in plastic bottles or plastic cups, heating plastic food and drink containers or utensils including in dishwashers, using plastic kettles, using plastic utensils, unnecessary plastic packaging on food products, etc.)
· Q+A on different topics.
Preparing public communications would assure Australians that the Commonwealth Government is aware of concerns and is responding appropriately, proportionately, and responsibly. It will be important to navigate risks on providing tips on exposure reduction (for example, some may be concerned about the reason for the advice, or those who import and sell products that the Government recommends avoiding if possible may be concerned about financial or reputation loss). Approaches to communicating with the public about microplastics and human health and the associated critical advantages and challenges are described in Table 20. The options in Table 20 are not exclusive or exhaustive.
Table 20: Analysis of the options for communications with the public
	
	Web content
	Webinars or podcasts
	Communications produced by other authoritative bodies

	What does this entail?
	Preparation of written advice on microplastics and health

	Working with experts to prepare a webinar (or series) explaining current knowledge or engaging credible content creators to communicate evidence in accessible language
	Including links to other authoritative sources on the CDC’s website (for example, the WHO) 

	Benefits
	Accessible and easy to engage with
Can be prepared for multiple audiences (depth of information)
Can link to other Government websites, ensuring consistent and coherent advance 
	A different way to engage with technical content 
Can highlight key points with nuance
Can be created as a static product so people can access the information when they want (rather than being live)
	Enables the public to easily access a wider range of authoritative information about a topic of interest to them


	Challenges 
	Be clear that advice is precautionary (that is, there is no strong evidence for specific human health risks yet and risk mitigation for messaging)
	Recorded content is harder to edit than written content, so if new evidence or approaches emerge, statements in the published webinars need to be updated
	Need to ensure that the links stay live and that the CDC reviews content regularly to ensure that it is consistent with its views





8.2.4	Inter-agency coordination and collaboration
Table 21 summarises activities federal agencies undertake on microplastics and health. 
Table 21: activities underway at selected federal agencies 
	Agency
	Remit in relation to microplastics
	Current activities related to microplastics 

	AICIS
	Federal regulator of chemicals: provides risk assessments for individual industrial chemicals introduced to Australia, including those used in plastics manufacture (that is, it regulates the ingredients used to make plastics, not the resulting articles or products)
	Participating in the micro-and nano-plastics network but no other activities underway 

	CSIRO
	National science agency with a focus on turning science into solutions; food security and health are focal points.
	Completes or supports (mostly environmental) research including research on soils, waterways and the food chain, detecting microplastics in environmental samples, and materials science

	DCCEEW
	Responsible for microplastics primarily from an environmental protection and pollution prevention perspective
	Responsible for managing contaminated land in the Commonwealth estate, strong PFAS focus and responsible for the National Plastics Plan

	FSANZ
	Develops food standards and ensures that foods consumed in Australia are safe to eat
	Runs the Australian Total Diet Survey; no specific microplastics programs, dietary surveillance updates, or regulatory actions; awaiting sufficient exposure and hazard data to trigger formal risk measures; has previously published several dietary surveys on plasticisers, chemicals in food packaging, and chemical migration from food contact packaging materials, which showed that plastic chemicals were very low and did not pose a health risk

	NHMRC
	Inquire into, issue guidelines on, and advise the community on matters to improve health including public health and medical research; advise and make recommendations to the Australian Government, the states and territories on these matters
	Manages the Australian Drinking Water Guidelines. While no formal activities are currently underway, NHMRC is considering the issue of microplastics in drinking water as part of the Water Quality Advisory Committee’s work plan

	National Measurement Institute
	Peak measurement body responsible for delivering the regulatory framework for measurement and developing national measurement standards
	Limited agency-level focus (too much uncertainty) but leading some work on particle sizing and detection; staff contribute to global work to harmonise nomenclature, reference materials, and analytical techniques including for human sample matrices and ISO frameworks


AICIS = Australia Industrial Chemicals Introduction Scheme; CSIRO = Commonwealth Scientific and Industrial Research Organisation; DCCEEW = Department of Climate Change, Energy and the Environment; FSANZ = Food Standards Australia New Zealand; NHMRC = National Health and Medical Research Council. 
Agencies are aware of emerging concerns about potential effects of microplastics on human health, but at this time no comprehensive federal government program of work specifically on microplastics and human health has been established. Agency activities currently reflect the limited clear evidence that exposure to microplastic particles cause adverse human health impacts. The well-canvassed challenges associated with understanding microplastics and human health create boundaries for many activities, but there is interest in exploring options for responding to microplastics as a human health issue.  
Maintaining a coordinated approach across health and environment agencies enables the development of coordinated strategies that tackle both the environmental and health sides of the microplastics problem at the same time. This kind of integrated approach recognises that plastic pollution is not just an environmental issue, it is also about protecting people's health and wellbeing. Coordination and continued collaboration are essential to ensure that once the evidence base and/or policy priorities grow stronger, agencies are ready to act and that they can act in a coordinated way. Currently, inter-agency coordination is provided through the Micro- Nano Plastics Network, which is a new, informal mechanism for keeping agencies informed of developments in research and policy, and for coordinating responses to emerging priorities. In parallel, experts from these agencies remain engaged with developments in their respective specialities in overseas jurisdictions. In the future, alternative and more formal groups may be required if stronger inter-agency coordination (including with and between state and territory authorities) is needed to address known risks posed by microplastics.
OFFICIAL

OFFICIAL

[image: A chapter divider][image: A green and white logo
]Allen + Clarke Consulting OFFICIAL

Microplastics and Health Report 


[image: A chapter title: References]

A coordinated Australian government response should continue to be informed by and align with international developments. This would include any future work to advance negotiations of a global plastic pollution treaty following the unsuccessful close of the August 2025 round of negotiations.References
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	Absorption
	the process by which a substance dissolves into or permeates another material

	Adsorption
	the process by which atoms, ions, or molecules accumulate on the surface of another material

	Apoptosis
	programmed cell death to get rid of unneeded cells

	Autophagy
	where the cell degrades and recycles cytoplasmic components, clearing out unnecessary parts including pathogens as well as its own components

	Bioavailability
	the proportion and rate at which a substance enters the body and becomes available for use

	Biofilm
	a community of microorganisms attached to a surface and encased in a matrix of extracellular polymeric substances

	Corona
	a halo- or spike-like structure formed by proteins, lipids and other materials that adsorb to the surface of the microplastic particle and alter the particle’s morphology and properties

	Cytotoxicity
	the ability of a substance or process to damage or kill cells

	Endocytosis
	where cells absorb substances by engulfing them in a vesicle

	Ferroptosis
	where iron in the cell helps to damage the cell membrane leading to cell death

	Hydrophobicity
	a physical or chemical property that causes water to repel and a common property of plastics

	Morphotype
	the physical forms and structure of a particle (for size, shape, colour)

	Necrosis
	the death of most or all the cells in an organ or tissue due to disease, injury, or failure of the blood supply

	Translocation
	the movement of a particle from one place to another in the body



General terms
95% CI	95 percent confidence interval
µFTIR		micro-Fourier transform infrared
µRaman	micro-Raman
ALP		alkaline phosphatase 
ALT 		alanine aminotransferase
aPPT		activated partial prothrombin time 
ATR-FTIR 	attenuated total reflectance Fourier transform infrared spectroscopy
AST		aspartate aminotransferase
ATP		adenosine triphosphate
BALF		bronchoalveolar lavage fluid
BPA		bisphenol-A
CEPA		Canadian Environmental Protection Act 1999
COPD		chronic obstructive pulmonary disease
CRP		c-reactive protein
CVD		cardiovascular disease
DEHP		di-(2-ethylhexyl) phthalate
ECAS		extracranial artery stenosis
EDS/EDX	energy-dispersive x-ray spectroscopy 
EDC		endocrine disrupting chemical
ER		endoplasmic reticulum
FCSAP	Federal Contaminated Sites Action Plan
FLS		fibroblast-like synoviocytes
FSH		follicle-stimulating hormone
FTIR		Fourier transform infrared
GARMI	Global Average Rate of Microplastic Ingestion
GnRH		gonadotrophic-releasing hormone
HDL		high density lipoprotein
IQR		interquartile range
hESC		human embryonic stem cells
HR		hazard ratio
HUVEC	human umbilical vein endothelial cells
IBD		inflammatory bowel disease
IL		Interleukin (for example, Interleukin-6, Interleukin-18, etc.)
ILD		interstitial lung disease
IQR		interquartile range
LDH		lactate dehydrogenase
LD-IR		laser-direct infrared
LDL		low density lipoprotein
LH		luteinising hormone
LOD		limit of detection
LOQ		limit of quantification 
MASLD	metabolic dysfunction-associated steatotic liver disease
NAFLD	non-alcoholic fatty liver disease
NIASs		non-intentionally added substances
OR		odds ratio
PCB		polychlorinated biphenyl
PECOT/S	population, exposure, comparator, outcome, timeframe, study type
PFAS		per- and polyfluoroalkyl substances
PFOA		perfluorooctanoic acid
POPs		persistent organic pollutants
PPE		personal protective equipment
Py-GC/MS	pyrolysis gas chromatography-mass spectrometry
REACH	Registration, Evaluation, Authorisation and Restriction of Chemicals
RoB		risk of bias
ROS		reactive oxygen species
SEM		scanning electron microscopy 
TNFα 		tumour necrosis factor alpha
VSMC		vascular smooth muscle cells
Organisations
AICIS 		Australian Industrial Chemical Introduction Scheme
ATSDR 	Agency of Toxic Substances and Disease Registry 
EFSA		European Food Safety Authority
EPA		Environmental Protection Agency
FAO		Food and Agriculture Organization
FDA		Food and Drug Administration
FSANZ	Food Standards Australia New Zealand
IARC		International Agency for Research on Cancer
NEA		National Environmental Agency
NEPM		National Environment Protection (Assessment of Site Contamination) Measure
NMHRC	National Health and Medical Research Council
SFA		Singapore Food Authority
UNEA		United Nations Environment Assembly
UNEP		United Nations Environment Program
WHO		World Health Organization
Polymers and compositions
ABS		acrylonitrile butadiene styrene
CPE		chlorinated polyethylene
EPS		expanded polystyrene
EVA		ethylene vinyl acetate
HDPE		high density polyethylene
LDPE		low density polyethylene
PA		polyamide 
PA6/PA66	nylon
PBS		polybutylene succinate
PC 		polycarbonate 
PE		polyethylene 
PES		polyester
PET		polyethylene terephthalate 
PEVA		polyethylene vinyl acetate
PMMA		polymethyl methacrylate 
PP		polypropylene 
PS		polystyrene 
PTFE		polytetrafluoroethylene
PU 		polyurethane 
PVAc		polyvinyl acetate 
PVC		polyvinyl chloride 
Units of measurement
µg		microgram (1 µg equals 0.001 milligrams or 1,000 nanograms)
µm		micrometre or micron (1 µm equals 0.001 millimetres or 1,000 nanometres)
cm3		centimetres cubed
dL		decilitre (1 equals one tenth of a litre)
g		gram (1 g equals 0.001 kilograms)
kg		kilograms (1,000 grams)
L		litre (1,000 millilitres)
mg		milligram
mL		millilitre (1 mL equals 0.001 litre)
mm		millimetre (1 mm equals 0.001 metres)
m2		metres squared
m3		metres cubed
nm		nanometer (1 nm equals 0.000000001)
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Evidence review
Allen + Clarke developed four research questions to inform the evidence review:
1. What are the clinically significant health outcomes associated with general population, non-occupational and occupational exposure to microplastics in adults and/or in children? 
2. What is the strength of the relationship between microplastics exposure and each clinically significant health outcome and is there a dose-response relationship? 
3. What are the plausible toxicological or mechanistic means by which exposure to microplastics in adults and/or in children can result in (clinically significant) health outcomes?
4. Are there large or high-quality epidemiological studies underway into health outcomes associated with exposure to microplastics in adults and/or in children? If so, what are the research questions and reporting dates?
Using combinations of subject/index terms as appropriate to the search functionality of each database, we completed a systematic search of the PubMED and clinicaltrials.gov databases between 17 April and 21 April 2025. As this is an area of very active publication, a second evidence search was completed on 1 August 2025 to capture any papers with new and significant findings published during the drafting of this report. The final filters were publication date (1 January 2015 to 1 August 2025) and English language. Papers were also identified from review of the reference lists of included papers. Articles identified during the literature search were assessed against the PECOT/S criteria to ensure relevance. 
Returned studies were excluded by the following criteria:
· Not directly addressing a human health outcome or critical mechanistic insight that was directly relevant to an outcome 
· Non-human mammal studies that did not offer critical mechanistic insights into human health 
· Modelled, simulated (such as organoid models, chip models, simulated digestive tracts or fluids, etc.), or machine learning approaches that did not offer mechanistic insight: results may not accurately reflect the complex biological matrix of the human body
· Cell-line studies that focused on very specific pathways, cellular, or molecular effects that were then not contextualised to a clinically relevant human health outcome
· Investigated health indicators or potential mediators or modulators of effect but which did then not elucidate a correlation or causal relationship between microplastic particle exposure and a clinically relevant health outcome
· Reported on the potential effects of microplastic particles on complex multifactorial outcomes such as obesity/adiposity or neurodevelopmental and behavioural conditions due to inherent methodological challenges in isolating exposure to microplastic particles as a definitive independent causal factor
· Narrative reviews or systematic reviews published before 1 January 2024: there has been significant volume of new research published since 2023, and older reviews are generally already out of dateMost of the returned items were preclinical studies (either cell-line, organoid, chip, or non-human mammal studies). The following criteria determined inclusion of these papers:
· Are any effects translatable to human health, and does the research discuss these? 
· Does the research focus on organ or fluid function (rather than presence alone)?
· Does the exposure route mimic human ingestion or inhalation pathways (in particular)?
· Is the dose realistic for human exposure?

· Ecotoxicological, environmental distribution, remediation, or management focused, or trends and levels of exposure to microplastic particles and approaches for exposure mapping
· Focused on macroplastic particles (≥5 mm) 
· Focused on plastics-related chemicals like BPA or phthalates without reference to microplastic particles and human health 
· Industrial use or the chemistry of microplastics.
Selection of the papers was initially completed by the Allen + Clarke Project Team, with the final returns for inclusion confirmed by the CDC. 
Challenges in the evidence base are summarised earlier in this report. Assessment of methodological rigour and the RoB analysis was completed for systematic reviews with meta-analysis but not for epidemiological studies as most did not have a standardised method with an exposure assessment (meaning that the available tools can only return null results). We have, however, taken care to identify specific challenges in papers in the narrative assessment and have considered methodology in each epidemiological study presented (even if a formal assessment has not been completed).
Jurisdiction review and comparative analysis
We completed desk-based research based on to identify and assess international approaches to managing microplastics. Our analytical framework included these policy areas/topics: identification of primary exposure pathways, identification of clinically significant health effects and available public health advice, public awareness and education, stakeholder engagement and public consultation, legal framework and enforcement mechanisms, regulation of microplastics in products and food-producing industry, industry engagement and extended producer responsibility, research and innovation, economic impacts and feasibility, and monitoring, reporting, and evaluation frameworks.
PECOT/S
	Criterion
	Description

	Participants
	Adults and/or children

	Exposure 
	Exposure to microplastics (≤5 mm diameter) and nanoplastics (for example, including polyethylene, polyethylene terephthalate, polyamide, polypropylene, polystyrene, polyvinyl alcohol and polyvinyl chloride, polylactic acid, oxo-degradable plastic, synthetic (micro) fibres, bioplastics, etc.)
Type: general population, non-occupational, occupational
Route: air, water, food and consumer-focused personal care products
Exposure pathway: ingestion, inhalation or (potentially) dermal/direct contact
Measure of exposure: biological sample such as serum

	Comparator 
	Adults and/or children who have a lower exposure to microplastics (including definitions by quartile approaches)

	Outcomes
	Mechanism: inflammation, oxidative damage, carrier for other pollutants (toxicity), physical damage, abrasion 
Health outcomes by system (including but not limited to):
· Cardiovascular system (for example, cardiac fibrosis, cardiovascular disease)
· Respiratory system (for example, asthma, pulmonary function, etc.)
· Endocrine system
· Nervous system (for example, development)
· Gastrointestinal function (for example, inflammatory bowel disease)
· Reproductive system (eg, sperm motility/mobility, reproductive hormones, pregnancy and birth outcomes, etc.)
· Immune system (for example, autoimmune disease)
· Musculoskeletal system
· Urinary/renal system effects (for example, chronic kidney disease)
· Cancer (for example, lung or bowel cancer)
· Hepatic effects (for example, chronic liver disease)
· Metabolic function (for example, kidney and liver function, diabetes)
· Toxicity/carrier for other pollutants that have adverse health outcomes
· Microbiome dybiosis

	Study types
	Systematic reviews with meta-analysis or other original data
Human cohort or case-control studies (epidemiologic design)
Studies exploring toxicological or mechanistic effects (human cell-line, in vitro and non-human mammal studies that contain clinically relevant advice for humans)

	Timeframe
	1 January 2015 to current

	Jurisdictions
	No limitation 
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Common quality assurance approaches include:
minimising the use of plastics during sample collection, processing, and analysis (such as using plastic-free PPE, use of metal or glass containers and tools, washing samples and equipment with distilled water, filtration methods that avoid plastic textiles, storage of equipment in non-plastic containers, use of laminar flow hoods following disinfection, vacuum filtration of reagents and solutions, etc.)
use of more than one detection and analytical technique (including manual confirmation) to confirm that identified particles are plastic in origin 
selection of polymer databases, noting that many have reference spectra for pristine plastics only (potentially leading to misclassification of weathered particles)
use and analysis of procedural blanks or other controls so results can be compared and contamination calculations used (NB this should include analysis of samples, the laboratory environment including air and water, containers, reagents, solutions, etc.)
mathematical and reporting techniques that adjust for possible contamination.
Common techniques are described in the following table.
	Technique
	Advantages
	Limitations 

	Particle-based methods
	
	

	Steriomicroscope
Manual identification and classification of particles including counting microplastic particles
	Commonly used
Cost-effective and quick
Does not destroy samples
Suitable for larger particles that can be visualised microscopically
	Difficulty detecting white, transparent or spherical particles – often has a high identification error rate
Cannot detect below 50 µm
Low acceptance (inaccurate)

	Scanning electron microscopy (SEM)
Evaluation of the shape and size of microplastic particles and surface analysis
	Provides high resolution images of particle surface features
Quick: allows for rapid analysis
Can detect to 20 nm
	Requires extensive sample preparation, specialised equipment, and expertise
Costly and time-consuming for large sample volumes 
Can damage samples
Cannot be used to determine polymer type and may struggle with determining it is a plastic

	SEM-EDX (energy dispersive x-ray spectroscopy)
	Identifies elemental composition
Can detect to 1 nm
	Costly and time-consuming for large sample volumes 

	TEM-EDX microscopy
Visualisation of nanoplastic particles 
	Provides detailed information on particle morphology and elemental composition
	Depends on particle orientation for accurate detection
Cannot detect smaller particles 

	Laser-direct infrared (LD-IR)
Scans particle surface to generate chemical images based on IR reflectance
	Faster than FTIR (automatic)
Can complete large-scale, automated analysis
Does not destroy samples
	Cannot detect below 10 µm, and accuracy below 20 µm is limited

	MicroRaman (µRaman) or Raman spectroscopy
Uses Raman scattering to create a molecular ‘fingerprint’ and used for identifying the polymer composition

	High spatial resolution: can detect to smaller than 1 µm (that is, inhalable particles)
Provides detailed chemical composition information and can detect different compositions (with a degree of automation)
Samples remain intact
	Expensive – needs specialised equipment and expertise
Requires extensive sample preparation
May take longer to sufficiently identify weak Raman signals
Fluorescence interference can affect accuracy 

	Raman-in-SEM system 
	Provides information about structure, morphology, and chemical composition
	Very new technology that may not be available in all laboratories

	Fourier transform infrared (FTIR) and micro-FTIR (µFTIR)
Passes IR through a sample, which absorbs some of the IR leaving a molecular ‘fingerprint’, used for identifying polymer composition
	Commonly used 
Identifies polymer composition including additives
Can detect to 10 µm
Samples remain intact
	Expensive – needs specialised equipment and expertise
Time-consuming if large-scale preparation and analysis needed (often only a portion of the sample is analysed)
Has difficulty detecting <50 µm
Difficulty detecting chemical mixtures or degraded plastic: requires a 70 percent database match threshold 

	Mass-based methods
	
	

	Pyrolysis gas chromatography mass spectrometry (Py-GC/MS)
Burns a sample then passes pyrolysates through a gas chromatography column which separates fragments that are then identified using spectrometry
	Detects polymer composition including additives
Requires less sample preparation than other methods
Can detect to 1 nm
Less biased than visualisation methods
Separates and identifies volatile and non-volatile compounds
	Can destroy samples
Does not provide information about morphotype
Time-consuming (up to 30 minutes per particle) 
Cannot detect below 50 µm
Pyrolysates can look very similar to lipids (matrix interference)

	Thermal extraction desorption gas chromatography mass spectrometry
Uses heat to decompose polymers, gases are then trapped on a solid phase adsorber before being passed through a gas chromatography column which separates compounds can then be quantified by spectrometry
	High sample throughput
Automated (easy to reproduce results)
Can be good for environmental samples
Little sample preparation required
	Not used in many studies of human sample matrices
Relies on spectral databases
Does not provide information about particle size (only can provide identification and quantification by mass)
Fragments can look very similar to lipids (matrix interference)
Complex and expensive machinery required 


μm = micrometre; FTIR = Fourier transform infrared; IR = infrared; nm = nanometre; SEM = scanning electron microscopy.
Sources: reference numbers19,31,35,425
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	Study
	Date + status
	Country
	Research questions

	Detection of microplastics and nanoplastics in neurosurgery patients (DT-MiNi)
	2025
Recruiting
	China
	Detection-focused
To detect microplastic particles in blood and operation samples of 500 neurosurgery patients.

	Biomonitoring of internal exposure to microplastic and nanoplastics and its effects in blood of patients with chronic kidney disease
	2025
Recruiting
	Spain 
	Detection and association 
To analyse specific biomarkers of exposure to microplastic particles in humans, as well as biomarkers of genetic damage in 50 patients with chronic kidney disease and undergoing haemodialysis

	The presence of microplastics and nanoplastics in the human ileum, colon, and rectum and their relation with inflammatory bowel disease (MATISSE)
	2026
Not yet recruiting
	Italy
	Detection and association 
To identify the presence of microplastic particles in 102 people’s ileum, colon, and rectum, and to determine if there is an association with inflammatory bowel disease

	Identification of microplastics in liver, stomach, blood, and faeces of obese patients and their associations analysis with macrogenomics and metabolomics
	2026
Active, not recruiting
	China
	Detection-focused
To isolate and analyse microplastic particles in the stomach, liver, faeces, and blood of 20 obese patients undergoing bariatric surgery, and to detect differences in gut microbiota
1 year follow-up

	Microplastics in the human respiratory system
	2026
Not yet recruiting
	Poland 
	Detection-focused
To isolate and analyse microplastic particles present in the lung parenchyma and lymph nodes of 100 patients with lung cancer and other respiratory diseases

	The association between microplastics and macrogenomics and metabolomics in gastric cancer
	2026
Active, not recruiting 
	China
	Detection-focused
To isolate and analyse microplastic particles in blood, faecal, and tumour surgical specimens from 20 gastric cancer patients 

	Microplastics and nanoplastics (MNPs) in patients with ST-elevation Myocardial Infarction (STEMI-Plastics) 
	2027
Recruiting
	Italy
	Detection-focused
To investigate the presence and burden of microplastic particles within coronary thrombi/thromboaspirate of 130 patients presenting with ST segment elevation acute myocardial infarction 
1 year follow-up

	Actionable European Roadmap for early life (AURORA)
	2026
	Austria, Belgium, Germany, Iceland, Italy, Luxembourg, Portugal, Spain, Sweden, Switzerland, United Kingdom
	Detection and association
To investigate exposure to microplastic particles and health during pregnancy and their effect on placental function, immune-inflammatory responses, oxidative stress, ageing, endocrine disruption, and child development (800 mother-child dyads and 110 pregnant women)
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All studies reported on mechanisms to minimise, adjust for, or quantify potential background and/or procedural contamination, with several noting that some background contamination is an accepted part of the scientific method at this stage. Results either adjusted for identified contamination (such as via subtraction methods), used specified but differing limits of detection or quantification methods (which may underestimate the abundance or concentration of microplastic particles), and/or included statistical testing that compared samples and procedural blanks. By preference, the results reported in Appendix D relate to data adjusted for potential background or procedural contamination.
	Organ
	Study details
	Description of the microplastic particles found

	Cardiac tissue
	Microplastic particles detected in all 17 arterial tissue samples
Py-GC/MS
LOD: not stated426
	Average concentration of particles: 118.66 ± 53.87 μg/g of tissue
Particle shape and size: not stated 
Polymer types: PET, PA66, PVC, PE

	
	Microplastic particles detected in 5/15 samples taken from various cardiac tissues
LD-IR
LOD: 20 μm427
	Average number of particles: not stated
Particle shape and size: 20 to 469 μm in diameter
Polymer types: PET, PE, PC, PU, PP, PS, PA, PVC, PMMA


	Stomach428

	Microplastic particles detected in all 26 cadaver samples 
LOD: not stated
	Average particles per cadaver: 9.4 ± 10.4; abundance by polymer type not provided 
Particle size and shape: mostly fibres, fragments and films
Polymer types: Vinylidene chloride, PVC, PP, polyacrylonitrile, PMMA, PET, PE, PA6, cellulose 

	Kidney101
	Microplastic particles detected in 2/10 tissue samples 
µRaman spectroscopy
Filtration size: 0.2 μm
LOD: 1 µm	

	Average particles per sample: 43 particles in total, no further details; abundance by polymer type not provided
Particle size and shape: 1 to 29 µm with most below 10 µm; no shape provided (no value provided)
Polymer types: PE, PS; pigments and additives identified in a further 5 samples

	Gall bladder429
	Microplastic particles detected in all 16 gallstone samples 
LD-IR, Py-GC/MS
Filtration size: not stated
LOD: not stated	
	Average particles per sample: not provided; higher in people aged under 50 years compared to those aged over 50 years
Particle size and shape: 0 to 300 µm, with 0 to 30 µm the most common found
Polymer types: PS, PE, PP, PET, EVA

	Ovary102

	Microplastic particles detected in 14/20 ovarian cyst samples 
µRaman analysis
Filtration size: not stated
LOD: not stated
	Mean concentration of particles per g/tissue: 1.35 ± 1.06; concentration by polymer type not provided 
Particle size and shape: irregular fragments, spheres, fibres and films; average length 14.25 ± 5.27 µm; average width 11.66 ± 4.65 µm
Polymer types: PE (38 percent), PP (24 percent), PE-co-PP, PS, PET, PU, PA, polyethylene vinyl acetate (PEVA), PC, polyvinyl acetate (PVAc), acrylonitrile butadiene styrene (ABS)

	Fallopian tubes102

	Microplastic particles detected in 15/20 samples 
µRaman analysis
Filtration size: not stated
LOD: not stated
	Mean concentration of particles per g/tissue: 1.60 ± 1.24; concentration by polymer type not provided
Particle size and shape: irregular fragments, spheres, fibres and films; average length 18.09 µm ± 6.46 µm; average width 15.77 ± 5.63 µm
Polymer types: PE (25 percent), PP (21 percent), PE-co-PP, PS, PET, PU, PA, ABS, PEVA, PC, PVAc

	Endometrium

	Microplastic particles detected in 14/20 adenomyosis samples 
µRaman analysis
Filtration size: not stated
LOD: not stated102
	Mean concentration of particles per g/tissue: 1.35 ± 1.06
Particle size and shape: irregular fragments, spheres, fibres and films; average length 12.61 ± 6.19 µm; average width 9.71 ± 4.64 µm
Polymer types: PE (32 percent), PP (21 percent), PE-co-PP, PS, PET, PU, PA, ABS, PEVA, PC, PVAc

	
	Microplastic particles detected in 22 endometrial tissue samples
µRaman analysis
LOD: 0.2 µm248
	Concentration of particles: not stated
Particle shape and size: 2 to 200 µm
Polymer types: PA, PU, PET, PS, and PP

	
	Microplastic particles detected in 19/20 endometrial samples 
LD-IR
Filtration size: 13 µm 
LOD: 20 to 500 µm105
	Median particles/100 mg: 21 (IQR 9, 38); range 0 to 117
Particle size and shape: between 20 and 100 µm (no dimension provided)
Polymer types: PE (9.95 percent), CPE (11.47 percent), PU (2.09 percent), PET (6.63 percent), PP (6.68 percent), PS (0.85 percent), PVC (0.98 percent), additives like ACR, EEA, and EVA, rubbers like butadiene rubber and resins

	Endometrial polyps430 

	Microplastic particles detected in 16 endometrial polyps and 14 normal endometrium samples 
LD-IR and Py-GC/MS 
LOD: usually <1 µg (Py-GC/MS
	Average particles (μg/g): PE: polyp 3.66 ± 2.0 versus normal endometrium 7.132 ± 0.78; PS polyp 94.81 ± 10.67 versus normal endometrium 69.29 ± 6.93; PVC polyp 67.67 ± 11.02 versus normal endometrium 56.35 ± 6.90; polyps had statistically more microplastics than normal tissue; concentration by polymer type not provided
Particle size and shape: spheres
Polymer types: PMMA, PE, PS, PVC, MBS, PIB, PP, PLA, FR, CPE, EVA, PBAT, PU, ACR

	Uterine fibroids106 

	Microplastic particles detected in 16/96 fibroid and myometrium samples 
µRaman analysis
LOD: not stated
	Average particles/g: 1.5 ± 1.17, with higher abundance reported in fibroid tissue (2.63 ± 1.77) versus myometrium tissue (1.08 ± 0.93); concentration by polymer type not provided
Particle size: between 4.86 µm to 40.15 µm in length and between 2.79 to 22.79 µm in width
Particle shapes: film, fragment, microspheres, and fibres 
Particle colours: blue, brown, dark brown, grey, white, light white, and yellow
Polymer types: PE, PP, PE-co-PP, PEVA, PA, ABS

	Placenta

	Microplastic particles detected in all 10 placenta (62 samples in total)
Fluorescence microscopy (FM), Py-GC/MS, and FTIR
LOD: 0.5 µm (FM); 20 µm (FTIR), usually <1 µg (Py-GC/MS)111 
	Average total count: FM: 153.07 ± 84.45 particles; Py-GC/MS: 6.5 to 685 mg total microplastics/g of tissue; average total for nanoplastics: 126.8 ± 147.5 mg/g; median 85.8 mg/g
Particle size and shape: Not stated
Polymer types: 27 different types including PE (96 percent), PVC (61 percent), nylon (95 percent), PET (92 percent), PP (18 percent), PS (30 percent), PMMA (55 percent), PU (74 percent), PC (58 percent)

	
	Microplastic particles detected but unclear in how many samples or the exact source of the tissue
LD-IR
LOD: 20 to 500 µm117 
	Total number of particles in the placenta: 4.675 (95% CI: 2.53, 35.235); abundance by polymer type not provided
Total number of particles in the umbilical cord: 2.726 (95% CI: 21.62, 18.463)
Particle size and shape: 90 percent <100 µm
Polymer types: PA (45 to 56 percent), PU (21 to 27 percent), PET, CPE, PE, ACR, PP, FKM, PMMA, PVC, BR

	
	Microplastic particles detected in all 30 maternal placental samples
TEM, variable pressure SEM
LOD: not stated252
	Microplastics identified in the villus and inside cells in different placental layers (the syncytiotrophoblast, cytoplasm, micro-vessels, the basement membrane, pericytes, endothelial cells, and the cytotrophoblast). Abundance was highest in the syncytiotrophoblast. No quantification or identification completed.

	
	Microplastic particles detected in placental samples (number not stated but 1,057 women in the study)
LD-IR
LOD: not stated263
	Median number of particles/10 g placental tissue: 4 (PVC, PBS, and PP each); total particles was 12 per 10 g placental tissue 
Particle size and shape: 56.76 percent <100 µm
Polymer types: PVC (88.4 percent), PP (88.8 percent) PBS (89.1 percent)

	Prostate104
	Microplastic particles detected in 6/12 tissue samples 
Light microscopy and ATR-FTIR
Filtration size: 2.5 μm
LOD: not stated
	Average particles per sample: 21.5 ± 10.13; abundance by polymer type not provided
Particle size and shape: range: 2.5 (LOD) to 26 µm; mostly pellets and rarely fibres or spheres
Polymer types: PA, PP, polyacrylic acid, polydimethylsioxane

	Bone, marrow, intervertebral disc, cartilage

	Microplastic particles detected in 8 each of bone, cartilage or intervertebral disc samples 
µRaman analysis
LOD: not stated118
	Average particles/g: bone 22.9 ± 15.7; cartilage 26.4 ± 17.6; intervertebral disc 61.1 ± 44.2; concentration by polymer type not provided
Particle size and shape: bone 138.9 ± 105.7 µm; cartilage 87.5 ± 30.7 µm; intervertebral disc 159.5 ± 103.8 µm; dimension not clear; fragments, fibres, spheres
Polymer types: detected in each sample type: PP (35 percent), EVA (30 percent), PS (20 percent); only detected in bone samples: PU, PET, PC; only in intervertebral disc samples: PA, PBS 

	
	Microplastic particles identified in all 16 bone marrow samples
LD-IR, SEM, and Py-GC/MS
LOD: usually <1 µg (Py-GC/MS)431 
	Particles µg/g: 19.72; 51.29 µg/g; range 15.37 to 92.05 µg/g; PE 30.2 µg/g 
Average particle size and shape: 89 percent of particles were smaller than 100 µm
Polymer types: PE, PS (in all samples), PVC, PA66, PP


µg = microgram; µm = micrometre; µRaman = microRaman; g = gram; ABS = acrylonitrile butadiene styrene; ATR-FTIR = attenuated total reflectance Fourier transform infrared spectroscopy; CPE = chlorinated polyethylene EVA = ethylene vinyl acetate; FTIR = Fourier transform infrared; IQR = interquartile range; LD-IR = laser direct infrared; LOD = limit of detection; PA = polyamide; PA66 = nylon; PBS = polybutylene succinate; PC = polycarbonate; PE = polyethylene; PET = polyethylene terephthalate; PEVA = polyethylene vinyl acetate; PMMA = polymethyl methylacrylate; PP = polypropylene; PS = polystyrene; PVAc = polyvinyl acetate; PVC = polyvinyl chloride; PU = polyurethane; Py-GC/MS = pyrolysis gas chromatography/mass spectrometry; SEM = scanning electron microscopy; TEM = transmission electron microscopy.

	Body fluid
	Study details
	Description of the microplastic particles found

	Blood 
	Microplastic particles detected in 8/20 samples 
µFTIR microscopy
LOD: 5 µm103
	Estimated maximum concentration of particles per sample: 4.65 µg/mL (PE); 1.84 µg/mL (EVA/EVOH); 2.22 µg/mL (EPDM); 1.84 µg/mL (PA); 40.61 µg/mL (EVA); mean concentration = 0.66 ± 0.87 µg/mL (total mass of particles per sample)
Particle size and shape: mean length 127.99 ± 293.26 µm; mean width 57.88 ± 88.89 µm; mostly fragments
Polymer types: PE (32 percent), EPDM (14 percent), EVA/EVOH (12 percent), PA, EVA as well as additives or plastic alternatives including four types of phthalates and some bioplastics
Note: particle size larger than plausible

	
	Microplastic particles detected in all 30 samples of blood from 10 healthy and 20 ECAS patients
Py-GC/MS and LD-IR
LOD: Not stated185 

	Average concentration of particles:
ECAS group: 174.89 ± 24.95 μg/g
Control group: 79.82 ± 31.73 μg/g
Particle shape and size: between 20 to 500 μm; most commonly between 20 to 50 μm
Polymer types: 30 different polymers detected, most common were PE, PU, CPE, PET, ACR, FKM, PVC, PMMA, PA66, BR
Note: particle size larger than plausible

	
	Microplastic particles detected in 150/257 samples 
Py-GC/MS
LOD: not stated184
	Average number of particles: 
PE: 21.7 ± 24.5 μg/mg
PVC: 5.2 ± 2.4 μg/mg
Particle shape and size: range or average not stated, some particles reported as <1 μm
Polymer types: PE, PVC

	
	Microplastic particles detected in 32/36 samples
FTIR and Raman
LOD: not stated109
	Mean number of particles: 4.2 particles/mL
Particle shape and size: 5 μm and above; 20 to 50 μm was the most common. Fragment and fibre shaped particles were found. 
Polymer types: PP, PE, PET, PS, PA
Note: particle size larger than plausible

	
	Microplastic particles detected in all 101 blood samples
Py-GC/MS
LOD: not stated187
	Average concentration of particles: 150.08 μg/g blood
Particle shape and size: not stated
Polymer types: PE, PVC, PP, PS, PA66

	
	Microplastic particles detected in at least 105 of the 110 blood samples (likely all though this is not stated explicitly)
Py-GC/MS
LOD: not stated186
	Mean concentration: PS: 2.47 ± 6.38 mg/kg;
PE: 45.61 ± 26.25 mg/kg; PVC: 10.1 ± 7.7 mg/kg; PA66: 20.89 ± 12.87 mg/kg
Particle shape and size: not stated
Polymer types: PS, PE, PVC, PMMA, PA6, PP, PA66

	
	Microplastic particles detected in 24/30 thrombi samples from cardiovascular patients 
Py-GC/MS and LD-IR
LOD: Varied – LOD and LOQ were determined to be three and ten times of the procedural blank signal for each polymer, respectively432
	Average concentration of particles: 91.05 μg/g
Particle shape and size: 84 percent of polymers ranged between 20 to 50 μm
Polymer types: PA66, PVC, PE
Note: particle size larger than plausible

	
	Microplastic particles detected in fetal or maternal blood; number of samples unclear
LD-IR
LOD: 20 to 500 µm117

	Total number of particles in fetal samples (umbilical cord blood): 2.726 (95% CI: 1.62, 18.46); abundance by polymer type not provided
Total number of particles in maternal samples: 8.176 (95% CI: 13.991, 19.573); abundance by polymer type not provided
Particle size and shape: 90 percent <100 µm
Polymer types: PA (32 to 63 percent), PU (21 to 25 percent), PET, CPE, PE, ACR, PP, FKM, PMMA, PVC, BR

	Sputum, nasal lavage, bronchoalveolar lavage, or pleural fluid (upper and lower airways)

	Microplastic particles detected in all 13 sputum samples, 11 BALF, 10 pleural fluid samples 
µRaman spectroscopy and SEM/EDS115 
	Range of particles/100 mL: sputum 56 to 468; bronchoalveolar lavage fluid 28 to 133; pleural fluid 21 to 210; concentration by polymer type not provided 
Particle size and shape: fibres, fragments 
Polymer types: PS

	
	Microplastic particles detected in all 18 BALF samples 
Stereomicroscopy
LOD: 20 µm433
	Range of particles/g: PE: 0.38; PET: 0.26; PU: 0.16; PP: 0.16; total microplastics 0.91
Particle size and shape: 20 to 80 µm
Polymer types: PE (86 percent), PET (7.5 percent), PP (1.9 percent)

	
	Microplastic particles detected in all 10 BALF samples 
TEM-EDX microscopy
LOD: not stated119
	Particles/100 mL BALF: range: 0.11 ± 0.02 to 12.80 ± 0.64; mean: 2.61; concentration by polymer type not provided 
Particle size and shape: width 20 to 283 µm (mean 49 µm); length 35 to 1,020 µm (mean 203 µm); 92 percent within 10 to 300 µm; fibres (15.65 percent), fragments (84.2 percent)
Polymer types for identified microplastics: not stated 

	
	Microplastic particles detected in 11/18 BALF samples (with ILD) and 2/7 (without ILD)
µRaman analysis, 70 percent database correlation
LOD: not stated434
	Particles per sample: usually 1 particle with 3 samples having 2 particles
Particle size and shape: not described
Polymer types: PVC, PA, PU, PET, PU, polyacrylamide, PE, PET 

	
	Microplastic particles detected in 30/44 BALF samples 
Stereomicroscopy, µFTIR, SEM-EDS
LOD: 20 µm435
	Average concentration of particles/100 mL BALF: 9.75 ± 2.49; women had higher concentrations than men (5.02 ± 0.64 versus 3.82 ± 0.14), concentrations were higher in people older than 60 years (4.87 ± 0.30 versus 2.76 ± 0.12) and in smokers (5.26 ± 0.0.52 versus 3.14 ± 0.21); concentration by polymer type not provided but only 5 percent of particulate matter was plastic and it is not clear if the reported values at of this 5 percent only
Particle size and shape: mostly fibres (9.18 ± 2.45 fibres/100 mL); remainder was particles (0.57 ± 0.27 particles/100 mL); average fibre size: 1.73 ± 0.15 mm, minimum size detected 140 µm 
Polymer types: rayon/viscose, PS, PA, PU

	
	Microplastic particles detected in all 16 nasal lavage and sputum samples 
Polarised light microscopy and LD-IR
LOD: 10 µm436 
	Range of particles/g: nasal lavage: 1.1; sputum: 80.5; concentration by polymer type not provided 
Particle size and shape: Particle size and shape: fibre and ‘other’ shapes detected, size not reported
Polymer types: PC, PVC, PA, PE

	Faeces
	Microplastic particles detected in 59/69 samples 
Py-GC/MS
LOD: varied by polymer type (0.02 to 0.5 μg)212 
	Median mass of particles: 337.8 µg/g dry weight (IQR: 204.8, 613.3)
Particle size and shape: not stated
Polymer types: PVC (in 76.8 percent of samples), PET (in 27.5 percent of samples), PE (in 24.6 percent of samples), PA6 (in 4.3 percent of samples)

	Urine

	Microplastic particles detected in 2/10 samples 
µRaman analysis
LOD: 1 µm101
	Average particles per sample: 23 particles in total; abundance by polymer type not provided
Particle size and shape: 3 to 13 µm with most below 5 µm; not shape provided
Polymer types: PE, PS; pigments and additives identified in a further four samples

	
	Microplastic particles detected in 29/38 samples 
µFTIR spectroscopy and SEM/EDX
LOD: 5 to 10 µm121 
	Average particles/L above LOD per sample: 533 ± 1,365 in non-endometriosis patients; 3,416 ± 8,635 in those with endometriosis; no statistically significant difference (p=.38); concentration by polymer type not provided
Particle size and shape: no endometriosis: mean length 61.92 ± 51.15 µm, mean width 34.85 ± 19.63 µm, fragments (66 percent), films (30 percent), smaller than procedural blanks; endometriosis patients with sample from metal catheter: mean length 31.98 ± 21.97 µm, mean width 21.88 ± 11.80 µm, fragments (95 percent), films (4 percent)
Polymer types: PTFE (59 percent), PE (16 percent), PP:PE, PTFE, resins, nylon, EVA, PFS (with PTFE and PE being most abundant in those with endometriosis) and PE (27 percent), PS (16 percent), and PP (12 percent) in those without; additives, resins, and plastics monomers as well

	
	Microplastic particles detected in 9/12 samples 
Py-GC/MS and LD-IR
LOD: 20µg112
	Concentration: Py-GC/MS: 1.50 mg/kg in samples from people in rural areas and 2.31 samples from those in urban areas; LD-IR15.17 particles/kg – rural, 23.13 particles/kg – urban 
Particle size and shape: 20 - 500 µm 
Polymer types: PE, PVC, PA66

	Ovarian follicular fluid

	Microplastic particles detected in 14/18 samples 
Patented method (not described)
LOD: 0.1 µm127 
	Average particles per mL: 2,191 (range 0 to 7,181); concentration by polymer type not provided 
Particle size and shape: mean diameter 4.46 µm (range = 3.18, 5.54); only fragments (no fibres)
Polymer types: not reported

	

	Microplastic particles all 19 samples 
LD-IR and Py-GC/MS
LOD: 20 µm (LD-IR)238
	Range of particles per mL: 32 to 4,532; concentration 22.482 ± 2.15 mg/kg (PVC, PS, PP, PE)
Particle size and shape: irregular shapes; 20 to 500 µm, mostly less than 100 µm (87 percent)
Polymer types: 30 types of plastic identified: CPE detected in 94.74 percent of samples), PVC (89.47 percent), PET (84.21 percent, SBS (68.42 percent), butadiene rubber (68.42 percent), ACR (68.42 percent) 

	


	Microplastic particles detected in 97 percent of 44 samples 
µRaman analysis
LOD: 1 µm238 

	Average particles per mL: 8.82 ± 6.14 (PE); 5.9 ± 7.82 (PP); 4.75 ± 6.95 (PET) 5.27 ± 9.33 (PET)
Particle size and shape: irregular shapes; 1 to 497 µm
Polymer types: PE (35.21 percent), PP (21.51 percent), PET (18.97 percent), PS (21.05 percent)

	Amniotic fluid 

	Microplastic particles detected in 39/48 samples
µRaman analysis and Py-GC/MC 
LOD: not stated253 
	Average particles per sample: not provided 
Particle size and shape: average size 3.05 ± 1.05 µm 
Polymer types: PTFE (31.25 percent), PS (20.83 percent), ABS (14.58 percent)

	

	Microplastic particles detected but unclear in how many samples 
LD-IR
LOD: 20 to 500 µm117 
	Total number of particles: 4.795 (95% CI: 2.869, 6.35); abundance by polymer type not provided
Particle size and shape: 90 percent <100 µm
Polymer types: PA (61 percent), PU, PET, CPE, PE, ACR, PP, FKM, PMMA, PVC, butadiene rubber

	

	Microplastic particles detected in 32/40 samples
LD-IR
LOD: 20 µm107
	Average particles/g: total 2.01 ± 4.19; concentrations were 0.78 ± 2.61 (PE), 0.54 ± 1.53 (CPE), 0.44 ± 1.67 (PA), 0.08 ± 0.24 (PU)       
Particle size and shape: 87 percent of particles were between 20 to 100 µm and 9 percent were larger than 200 µm; mostly fragments (71.23 percent) or fibres (16.57 percent), spherical particles (9.71 percent), films (2.49 percent)
Polymer types found in samples: PE (38.8 percent), CPE (26.98 percent), PA (22.09 percent), PU (4.25 percent), PP (3.74 percent), EVA (2.11 percent), SBS (1.22 percent), PET (0.55 percent), PVC (0.36 percent)

	Semen
	Microplastic particles detected in all 40 samples
µRaman analysis
LOD: not stated114
	Average particles per sample: 2; abundance by polymer type not provided
Particle size and shape: range: 0.72 to 7.02 μm
Polymer types: PS (31 percent), PE (14 percent), PVC (14 percent), ABS (11 percent), PC (11 percent), PET (8 percent), PP (6 percent), PTFE (6 percent)

	
	Microplastic particles detected in all 113 samples
µRaman analysis
LOD: not stated262
	Average particles per sample: not stated; abundance by polymer type not provided
Particle size and shape: range: not stated
Polymer types: PS (100 percent), PVC (91 percent), PP (89 percent), PE (77 percent), PTFE (55 percent), PET (20 percent), PC (17 percent), ABS (2 percent)

	
	Microplastic particles detected in 6/10 samples
µRaman analysis
LOD: not stated128
	Particles detected across all samples: 16; abundance by polymer type not provided
Particle size and shape: 2 to 6 µm, mostly fragments (only 2 spheres)
Polymer types: PP, PS, PET

	
	Microplastic particles detected in all 18 testicular samples, 15 semen samples, 1 epididymal cyst fluid sample 
Py-GC/MS analysis
LOQ: 0.02 to 0.2 µm depending on the polymer116
	Median particles per sample: testes 2,207 mg/kg; semen 25.98 µg/mL; epididymal cyst fluid (one sample only) 8.15 µg/mL
Particle size and shape: not detected
Polymer types: PVC, PS, PMMA, PET, PE, PP, PC, PA66, PA6, PLA, PBAT

	Cerebrospinal fluid266
	Microplastic particles detected in all 28 samples
LD-IR and Py-GC/MS
Filtration rate: 13 µm
LOD: 20 µm (LD-IR), usually <1 µg (Py-GC/MS) 
	Average concentration of particles: not stated; abundance by polymer type not provided
Particle size and shape: mostly with a diameter <100 µm (not quantified)
Polymer types: PP, PE, PS, PVC
NB PS were not detected y LD-IR, but was detected by Py-GC/MS

	Aqueous or vitreous humor (eye) 
	Microplastic particles detected in all 28 samples
Py-GC/MS and LD-IR
LOD: usually <1 µg (Py-GC/MS)110
	Average concentration of particles (µg/g): 13.0909 ± 5.8658 (female); 7.8381 ± 2.9850 (male); PE 2.5869 to 10.4918; PVC: 1.0667 to 6.8518; PP was dominant in children: 1.0248 to 3.7178; PA66 was mostly detected in adults: 1.2532 to 4.3575; concentration by polymer type not provided
Particle size and shape: not provided
Polymer types: PE, PVC, PP, PA66, PS

	
	Microplastic particles detected in 49 vitreous humor samples 
LD-IR and Py-GC/MS
LOD: 20 µm for Py-GC/MS, LOD for LD-IR not stated274
	Average particles/sample: 35.6 
Particle size and shape: 89 percent of particles were between 20 - 50 µm
Polymer types: PA, PP, PE, PVC, PS, and PMMA


[bookmark: _Toc200110427][bookmark: _Toc200126626]µg = microgram; µm = micrometre; µRaman = microRaman; g = gram; ABS = acrylonitrile butadiene styrene; ATR-FTIR = attenuated total reflectance Fourier transform infrared spectroscopy; BALF = bronchoalveolar lavage fluid; CPE = chlorinated polyethylene; ECAS = ; EVA = ethylene vinyl acetate; FTIR = Fourier transform infrared; IQR = interquartile range; kg = kilogram; LD-IR = laser direct infrared; LOD = limit of detection; LOQ = limit of quantification; mg = milligram; mL = millilitre; PA = polyamide; PA6/66 = nylon; PBS = polybutylene succinate; PC = polycarbonate; PE = polyethylene; PET = polyethylene terephthalate; PEVA = polyethylene vinyl acetate; PMMA = polymethyl methylacrylate; PP = polypropylene; PS = polystyrene; PTFE = polytetrafluoroethylene; PVAc = polyvinyl acetate; PVC = polyvinyl chloride; PU = polyurethane; Py-GC/MS = pyrolysis gas chromatography/mass spectrometry; SEM = scanning electron microscopy; TEM = transmission electron microscopy.

[bookmark: _Toc210833611]Appendix E: Summary of health effects of some plastics-associated chemicals 
ATSDR advice on the health effects of some plastics-associated chemicals (advice developed from individual datasheets for the relevant compound)437
	Substance
	Toxicology data (ATSDR, including IARC classifications) 

	Di -(2-ethylhexyl) phthalate

	Probable human carcinogen (IARC Group 2B)
Unclear evidence of immunological effect in humans 
Possible hepatic or renal effect in animals
Suspected reproductive and development effects in animals

	Some per- and polyfluoroalkyl substances
	PFOA is carcinogenic to humans (IARC Group 1)
PFOS is a probable human carcinogen (IARC Group 2B)
Non-causal association to hypertensive disease in pregnancy, liver toxicity, changes to lipid metabolism, potential decrease in birthweight, or decreased response to vaccine antibodies, 

	Some phosphate ester flame retardants
	Possible carcinogenic, neurotoxic or renal effects in animals
Possible altered lipid metabolism

	Polychlorinated biphenyl
	Skin conditions in highly exposed people
Possible haemeotological, respiratory, gastrointestinal, or hepatic effects in humans
Hepatic, gastrointestinal, reproductive, immune, endocrine or skin effects in animals

	Polycyclic aromatic hydrocarbons
	Carcinogenic to humans (IARC Group 1)
Respiratory or immune effects in humans
Possible genotoxicity in humans
Haematological, respiratory, gastrointestinal, renal, hepatic, reproductive (including intergenerational, developmental, and genotoxic effects), and immune effects in animals

	Styrene
	Neurotoxic effects in humans
Respiratory and reproductive effects and a loss of sensory function in animals

	Vinyl chloride
	Group 1 human carcinogen (IARC)
Hepatic and neurological effects are presumed for humans
Immunological, and developmental effects are suspected for humans
Insulin resistance effects were not classifiable


 IARC = International Agency on Cancer Research; PFOA = perfluorooctanoic acid; PFOS = perfluorooctane sulfonate.



[bookmark: _Toc210833612]Appendix F: Maps of study locations
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[image: A map of the world showing the locations of studies to detect microplastics in human matrices]
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[image: A map of the world showing the locations of completed in vivo studies on microplastics]
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[image: A map of the world showing the locations of upcoming in vivo studies on microplastics]



[bookmark: _Toc210833616]Appendix G: Other policy options
Appendix G sets out additional policy options considered; however, these options either fall outside of the CDC’s remit or are not feasible at this time. Potential policy options are built over five pillars:
[image: Summary of the pilalrs of activities: regulatory, research, coordination, strategu, non-regulatory activities ]
[bookmark: _Toc210833617]Options that primarily fall in another agency’s remit
There are options that are important elements in responding to concerns about microplastic exposure and human health, but which require additional knowledge (including evidence of health impacts) before implementation can be successful, or which fall under the mandates of other federal or state/territory agencies. While the CDC may not have direct responsibility for all these actions, it can play a role in supporting and encouraging other agencies to consider these actions should new evidence about adverse health impacts of microplastics become available. The options are:
[image: An image showing the range of activities that could be completed by agencies other tahn the Department of Health, Disability, and Ageing]
Consider expanding product-based restrictions
The European Union's Commission Regulation (EU) 2023/2055 takes a broader approach to tackling microplastics than Australia currently does. While Australia focuses mainly on rinse-off personal care products like face scrubs and toothpaste, the European Union's new regulation covers a wide range of products including cosmetics, cleaning products, fertilizers, glitter, medical devices, and even artificial sports surfaces. This comprehensive approach suggests significant opportunities for Australia to expand its regulatory scope while learning from international implementation experiences.
Implementing similar restrictions in Australia would require careful assessment of feasibility and coordination with relevant regulatory agencies including DCCEEW, the consumer watchdog (ACCC), medicines regulator (TGA), and pesticides authority and regulator of agricultural chemical products (APVMA) to determine appropriate oversight mechanisms for different product types. Any extended approach would need to consider where exemptions might be necessary, particularly for essential uses like medical equipment and scientific research while ensuring these exemptions are time-limited and regularly reviewed. A staged implementation approach would allow industry time to adapt while maintaining regulatory momentum toward comprehensive coverage.
Several European Union Member States have already implemented bans on oxo-degradable plastics, and Canada has included them within its broader plastic pollution controls. Introducing similar restrictions in Australia would address the deliberate design features of products that contribute directly to microplastic contamination. As part of the reform of packaging regulations, the DCCEEW is considering methods of reducing, restricting, and phasing out problematic packaging additives and materials, including oxo-degradable additives.
Australia could also consider expanding product-based restrictions to address microfibre pollution from textiles. Options include requiring all new washing machines to be fitted with filters to capture microfibres before they enter wastewater systems and introducing labelling requirements for clothing and/or washing machines to inform consumers about fibre shedding. Such measures would help reduce a major pathway of microplastic release while also raising consumer awareness and encouraging better laundering practices.
Consider ongoing monitoring 
Some jurisdictions have developed robust systems to monitor regulatory frameworks governing microplastics, which gives Australia a chance to create world-leading approaches of its own. Comprehensive monitoring systems are essential to ensure regulations are effective and for adjusting policies as we learn more about microplastics.
The further development of such systems would mean creating standardised methods for testing microplastics in the environment and intentionally added to consumer products, supported by clear rules about what happens when companies do not comply, including meaningful penalties that deter rule-breaking. Companies could be required to report on their progress in reducing microplastics, which would help track improvements and spot new problems as they emerge. Regular reviews of how well the regulations are working would be essential. This would allow the system to adapt as scientists discover more about how microplastics affect our health and environment. This kind of approach ensures that the rules achieve what they are meant to do while staying flexible enough to respond to evolving understanding of microplastic risks.
Consider federal-state coherency
Looking at how different states and territories handle microplastics indicates that there is a range of approaches to managing microplastics across Australia. It is not clear from this gap analysis whether there are specific gaps that exist and which could be strengthened by inter-agency coherency. The evaluation of the effectiveness of current regulatory approaches could further explore this. It could consider coherence between federal, state and territory governments to help avoid situations where efforts overlap or important areas get missed entirely in a region. Having formal systems for sharing information between jurisdictions (if needed) could help everyone make policy decisions based on solid evidence. Cost-sharing arrangements could be valuable for monitoring and research activities. Rather than each state and territory trying to fund comprehensive studies on their own, pooling resources could deliver better quality research with broader coverage while keeping costs manageable for individual governments. This kind of collaborative approach could strengthen Australia's overall response to microplastics while making the most efficient use of public resources, if required.
Consider contribution to efforts to improve analytical techniques
The lack of clear health evidence can cause a lack of urgency to fund activities. Evidence is needed that exposure is a problem for health in order to justify building work programs including to establish consistent methods for monitoring in human exposure. Until agreement about what a microplastic is. Low contamination laboratory facilities, and standardisation of analytical methods can be reached, it will likely remain challenging to provide clear guidance on interpreting the available research about microplastics and their relationship to human health. Several government agencies already participate in global efforts to improve techniques to isolate and analyse microplastics in human sample matrices. Further prioritising partnerships to develop agreed standards for isolating, analysing, and reporting on microplastic particles in relation to human sample matrices could be useful and fall into the National Measurement Institute of Australia’s remit. Other agencies’ efforts are still at early stages given the lack of certainty on nomenclature, and whether currently used techniques are optimal for the purposes they are used for or if standardisation is feasible. More broadly, governments’ role may also be more directly about supporting external researchers such as those based in universities to contribute to the development of these standards rather than widespread direct participation (in line with agency remits).
Improve water treatment and monitoring systems
The amount of microplastics found in Australian tap water and other drinking water sources is not known. Australia does not currently have specific quantitative thresholds for microplastics in drinking water. The NHMRC reviews emerging contaminants through a rolling review of the Australian Drinking Water Guidelines. While microplastics are not currently included in the Guidelines, they may be considered in future updates as understanding of the health impacts evolves. 
Work by the International Standards Organization (see below) will assist in selection of the most appropriate techniques. A choice of technique or combination of techniques to monitor microplastics in Australian drinking water would have to be based on what is known or able to be determined about the polymer types and particle sizes in that drinking water, and on what is feasible in terms of resources. Implementation would involve collaboration with water utilities to assess and upgrade filtration technologies for improved microplastic removal, incorporating proven approaches such as reverse osmosis and membrane bioreactor technologies. Regular reporting requirements for water quality agencies would ensure ongoing assessment and improvement while providing data to support broader policy development.
	[image: ]
There are several possible techniques for monitoring microplastics in drinking water. Of the techniques highlighted in the European Commission review, the more commonly used FTIR technique is less able to detect chemical mixtures or smaller particles compared with Raman spectroscopy techniques. Both techniques are resource-intensive. Py-GC/MS techniques are useful for environmental samples though only quantify findings by mass rather than particle size or morphology. The International Organization for Standardization has published guidance on sampling for microplastics in water (ISO 5667-27: 2025), and principles to be followed in the analysis of microplastics in various environmental matrices (ISO 24187:2023), although this does not include requirements for monitoring. Several new standards are under development. These include General and sampling for waters with low content of suspended solids including drinking water (ISO/CD 16094-1), Vibrational spectroscopy methods for waters with low content of suspended solids including drinking water (ISO 16094-2), and Thermo-analytical methods for waters with low content of suspended solids including drinking water (ISO/CD 16094-3). While the publication date for these new standards is not yet known, they will likely form a useful resource for guiding decisions about techniques for monitoring microplastics in wastewater and drinking water. 


Embed lifecycle approaches to plastic management
Canada's approach to packaging reform and the European Union's circular economy initiatives demonstrate the effectiveness of comprehensive lifecycle thinking that addresses both intentional and unintentional microplastic sources throughout the entire product lifecycle. This approach recognises that effective microplastic management requires attention to all stages from design and production through use and disposal. Further embedding lifecycle implementation could involve developing sustainable product design standards that explicitly consider microplastic generation throughout product lifecycles, supported by waste reduction strategies that prioritise reuse, repair, and refill models. Circular economy incentives could reward the development and adoption of safer plastics or alternatives while targeted research and development funding could support domestic innovation in plastic alternatives. Ongoing monitoring of recycled plastics safety could ensure that recycling processes do not inadvertently increase microplastic exposure through degradation or contamination introduced during the recovery or reuse phase of product design and development.
[bookmark: _Toc210833618]Options that are not feasible yet
This section summarises options that may be important in the future, but which are not currently feasible as they require a significant level of additional knowledge including relating to isolation and analysis, as well as health effects. 


The options are: 
[image: An image showing pillars of activities
]
Address unintentional microplastic releases
While there are a range of potential regulatory options that could be considered, unintentional release of microplastics is an area of focus on other jurisdictions, and this analysis therefore focuses on this option. Australia already participates in Operation Clean Sweep, a voluntary global initiative to prevent plastic pellet losses, the European Union's recent mandatory regulatory framework provides an important model for strengthening these efforts through legally binding requirements. These EU measures target operators handling significant volumes of plastic raw materials and require third-party certification and comprehensive risk management plans. This approach recognises that unintentional releases from industrial activities may represent a substantial source of environmental microplastic contamination.
Australia could build upon existing voluntary initiatives by first conducting a comprehensive assessment of major industrial sources of unintentional microplastic releases, including manufacturing operations involving plastic raw materials, textile manufacturing operations, and waste management facilities. Regulatory standards could then require comprehensive risk management plans for high-volume plastic handlers, supported by mandatory reporting and monitoring requirements for industrial microplastic contamination. The system could include certification and auditing requirements for operators above specified volume thresholds, ensuring ongoing compliance and continuous improvement in release prevention. Implementation would require technical, regulatory, and data foundations including a nationally coordinated inventory of major industrial microplastic sources, agreed measurement and monitoring methods for unintentional releases, and baseline data on emission volumes. Without this groundwork (and a strong health or environment reason to justify action), setting enforceable standards, thresholds, and certification requirements would be difficult.
Implement a human biomonitoring program
Human biomonitoring programs can provide a direct measurement of an internal dose of a chemical(s), which is helpful when exposure may occur via multiple routes. 


A human biomonitoring program could be used to (among other things):
Assess the Australian population’s exposure to microplastics by measuring concentrations in human sample matrices (where known metabolites exist)
Inform future risk assessments and evidence-based risk reduction measures
Identify whether microplastics are a public health concern, or if there are specific population groups who have or areas where there are higher levels of exposure 
Consider inhalation, ingestion, and dermal exposures from different plastics, which could then be aggregated into an assessment of overall exposure.419 
Our understanding of microplastics does not yet meet many criteria required of an effective screening programme.420 Understanding of the relationship between exposure and specific health outcomes remains limited. While a wide range of techniques provide some data on concentrations of particles in some human matrices, validated methods to isolate and analyse microplastic particles, their metabolites, or reaction products in specific human sample matrices are not yet established. Overcounting and false positives are commonplace. Without a clear early stage of disease, an accepted intervention, and robust analytical capacity, a human biomonitoring program risks generating results of uncertain significance. Specific criteria for a human biomonitoring program are in Table 22.
Criteria for a human biomonitoring program on microplastics419,421
	Criteria 
	Assessment notes for microplastics

	A biomarker or test that can detect the chemical of concern (or its metabolites or reaction products) with an acceptable level of sensitivity and specificity
	Microplastics are complex, consisting of the base polymer(s) and a wide range of additives. There is no single chemical, metabolite, or reaction product of concern. Although there are individual plastic substances of concern, we do not have toxicology data for most plastics or their constituent chemicals.5,422 Validated tests are available for some plastics-associated chemicals, but these are not representative of microplastics as a group. It is not clear if a human biomonitoring program would focus on particles or on the constituent chemicals of plastics (or, if so, which ones). Efforts to develop agreed methods for isolating and analysing microplastics are underway but there are no agreed standardised methods. 

	Source of exposure and the exposure pathway and route are understood
	Available studies focus on detecting microplastics in specific human sample matrices. Most do not include comprehensive exposure assessment. 

	Understanding that an exposure leads to a health outcome (including dose and temporality)
	Evidence of a causal relationship between exposure to microplastics and specific health issues has not been established. Dose and temporality are not understood.

	Relative priority to assess microplastics as a health concern (compared to other compounds) 
	There are potentially thousands of chemicals in microplastics and millions of combinations (beyond the main polymers), including a wide range of other substances of public health interest. There may be other priorities for biomonitoring programs, including for other plastics-associated chemicals.

	Evidence that the human biomonitoring program would bring health benefits
	We do not know that microplastics directly cause harm to human health. While individuals may be able to make choices that reduce exposure, exposure to microplastics is also likely unavoidable. We do not know if a human biomonitoring program would generate health benefits at either an individual or population level. Because of this uncertainty, there may be unintended harm to participants (such as increased mental health burden without a commensurate improvement in health).


Australia has experience in developing and implementing human biomonitoring programs including for PFAS, but there is no national program covering a wide range of chemical contaminants (including those that could be present in or adsorbed to microplastic particles). Microplastics are not the subject of any human biomonitoring program in other international jurisdictions yet, as most programs focus on other chemicals of interest. A biomonitoring program for some plastics-associated chemicals like BPA or phthalates may be more feasible than looking at the plastic particles alone, given the deeper understanding of toxicity and human health effects associated with these chemicals. Establishing and operating a human biomonitoring program is resource intensive. It needs to balance the burden of completing the necessary foundational research with the ability to produce actionable improvements in human health. The major argument for doing so sooner rather than later would be to provide a baseline measure or to assess other plastics-associated chemicals. There is however no precautionary justification for proceeding with a biomonitoring on “microplastics” at this time, as the benefits are uncertain and the methods used to detect, quantify, and characterise microplastic particles are subject to some variation, especially if a pyrolysis-based method is used. Further work is needed to identify the highest-priority plastics and to reach agreement on the most sensitive and specific methods for isolating and analysing these in human sample matrices before this can advance with a high degree of repeatable accuracy.
Comprehensive health risk assessment
There are currently no coordinated national repositories for data on microplastics exposure pathways in Australia and no comprehensive health risk assessments have been published. Internationally, there are some examples of coordinated plans for monitoring microplastics in the environment, especially in marine environments; however, there is little indication that governments are committing to coordinated monitoring of all the main pathways for human exposure to microplastics including food, water, and air. 
Exposure to microplastic particles is inevitable regardless of where people live or what they do. It is uncertain if available and narrowly-focused exposure or risk estimates from other jurisdictions accurately reflect exposures experienced in the Australian population given likely geographical differences in atmospheric, water, and soil concentrations of microplastics (including by level of rural activity and urban development and by how these differences might affect the food chain and water supplies, as well as food production activities). At an individual level, exposure is likely to vary considerably depending on location, occupation, choices about diet, home furnishings, and clothing, and use of certain consumer or medical products (among other things). Given that there is likely to be considerable heterogeneity in exposure based on individual and community circumstances, it is possible that international exposure data would have some relevance to the Australian population. Moreover, with yearly increases in global plastic production and associated pollution, exposure levels in Australia are likely to rise, meaning that data from countries where current exposures are higher than those expected for Australians may become increasingly relevant in the coming years. 
It would be helpful to quantify the most common exposure routes (inhalation and ingestion via specific food and drink sources) so that appropriate, proportionate and effective policy responses can be developed and implemented, including being able to provide more specific advice to people about how to reduce exposures. A health risk assessment requires several types of data: different exposure scenarios and factors, ways to model these according to available data and probabilities, and calculations of risk based on evidence for how exposures and different microplastics features (chemicals, size, morphology) lead to health impacts. Human health exposure and risk assessment is limited by our understanding of the health risks posed by microplastic particles (and/or their chemical constituents), the lack of toxicology studies (including those that explore relevant biokinetic processes relating to accumulation and clearance), and the lack of standardised ways to measure and compare microplastics in human sample matrices. In 2022, the WHO concluded that there was insufficient human exposure and intake data from which to determine the risks to human health,423 and the FDA has also advised that there is insufficient data on which to complete risk assessments. While knowledge has advanced since then, it is still too early to complete this work particularly because of the existing analytical challenges associated with isolating and analysing particles.
Criteria to consider for ability to conduct risk assessment for human health related to microplastics
	Criteria 
	Notes

	Source of exposure and the exposure pathway and route 
	Studies focus on detecting microplastics in human sample matrices, but most do not include exposure assessment. 

	Understanding that exposure leads to a health outcome, and dose and temporality data
	Evidence of a causal relationship between exposure to microplastics and specific health issues has not been established. Dose and temporality are not understood. 

	Exposure modelling developed
	Data on typical human consumptions, exposure levels, and concentrations of different types of microplastic particles and associated chemicals (polymers, additives, and sorbed content) is needed but much is not yet available.

	Environmental monitoring data available for routes of exposure
	No comprehensive and coordinated environmental monitoring programs cover the range of Australian exposure settings.

	Internalisation, translocation and deposition are understood
	Biokinetics for microplastics are not well-understood, especially accumulation and clearance mechanisms and rates.

	Integration of exposure and hazard data to characterise risk
	This is not yet possible due to lack of available data.


Incomplete or inconclusive evidence undermines efforts to better understand exposure as a human health justification is needed to prioritise resources towards comprehensive monitoring and risk assessment work. Recent work to articulate exposure scenarios and their accompanying complexity has been completed, which provides some guidance on the considerations necessary for calculating exposure assessments for microplastics (should the CDC or other relevant government agencies consider proceeding with a specific risk assessment study for Australia);95,424 however, amassing this information is a complex task, underpinned by the need for further work on standardisation of techniques to isolate and analyse particles in relevant human sample matrices. One of the most significant challenges in responding to concerns about the impact of exposure to microplastics on human health is the emerging nature of knowledge, which is underpinned by a lack of standardised analytical tools and techniques that can accurately isolate and characterise particles in human sample matrices, especially at the nano-level. Some Australian federal agencies have mandates to commission or support research, including through Targeted Research Calls, which could assist in closing knowledge gaps as well as increasing collective knowledge. Potential research priority areas include toxicological studies to demonstrate whether microplastic particles or chemicals in these particles (or both) can be dangerous to human health, and secondly at what point, amount, or morphologies their presence is dangerous. Reliable findings would indicate how much exposure to or biological accumulation of microplastic particles cause human health impacts and therefore what constitutes an unacceptably high level of microplastic exposures. This would be a vital part of calculating risk. Microplastics as a potential vector for contaminants (chemical or biological) is also of interest. 
One of the most significant challenges in responding to concerns about the impact of exposure to microplastics on human health is the emerging nature of knowledge, which is underpinned by a lack of standardised analytical tools and techniques that can accurately isolate and characterise particles in human sample matrices, especially at the nano-level. Some Australian federal agencies have mandates to commission or support research, including through Targeted Research Calls, which could assist in closing knowledge gaps as well as increasing collective knowledge. Potential research priority areas include toxicological studies to demonstrate whether microplastic particles or chemicals in these particles (or both) can be dangerous to human health, and secondly at what point, amount, or morphologies their presence is dangerous. Reliable findings would indicate how much exposure to or biological accumulation of microplastic particles cause human health impacts and therefore what constitutes an unacceptably high level of microplastic exposures. This would be a vital part of calculating risk. Microplastics as a potential vector for contaminants (chemical or biological) is also of interest. 
Considering the role of national strategies 
Tackling microplastics means bringing together environmental protection, human health concerns, and consumer safety. Some countries have explicitly incorporated human health considerations into plastic policies; others have not yet chosen to do this. Australia's National Plastics Plan, released in 2021, focuses primarily on environmental outcomes with different actions scheduled between 2021 and 2030. It is led by DCCEEW, but other agencies play a role in achieving the National Plastics Plan Plastics Mission or implementing actions. The National Plastics Plan does not include a human health component (that is, in the Plastics Mission and most actions focus on waste management, research, the lifecycle of plastics, and environmental impact). Plans to update the National Plastics Plan are uncertain and as such, amendments to the Plan to incorporate more of a health focus are not feasible.
Health agencies require specific guidance on exposure assessment, risk communication, and population protection measures. In general, international examples demonstrate the value of health-specific strategies that can operate alongside environmental frameworks while addressing the specific concerns and responsibilities of health agencies. A national microplastics health strategy could outline clear roles, responsibilities, and priorities for health agencies at all levels of government. This strategy could entrench coordination mechanisms between federal health agencies and state/territory health departments while creating linkages with the CDC to ensure microplastics are integrated into broader health protection frameworks. 
There is a need to strengthen our understanding of the potential impact of microplastics on human health before appropriate, cross-sectoral, and proportionate activities can be implemented. At this time, in the absence of a strong evidence base around harms associated with exposure to microplastics, it may be difficult to create a cohesive stand-alone strategy, but as our knowledge evolves it may become feasible. 
A formal position statement provides focused, authoritative, evidence-based advice about microplastics and human health. Potential users include state and territory agencies, health professionals, researchers, and the public. The scope of a formal position statement would depend on the audience. It could describe the ways in which microplastic particles can be isolated and analysed in human sample matrices, describe the uncertainties underpinning the different techniques, discuss current understanding of exposure to microplastics and human health including the contributions made by in vitro and experimental non-human mammal studies, summarise the existing (but limited) epidemiological evidence on the relationship between microplastic exposure and human health, and outline research needs and priorities.
There is insufficient clarity about exposure to microplastics and any potential links to human health outcomes to provide comprehensive advice that would provide assurance and guidance without potentially raising undue alarm. In addition, the study of microplastic exposure and human health is an area of active research, with most studies focusing on detecting the presence or calculating concentrations of microplastics in specific human tissues or fluids. Completing a formal position statement at this time would provide assurance that the Australian Government is aware of concerns about exposure to microplastics and human health and is responding; however, given the current uncertainties underpinning knowledge, it is too early to produce a comprehensive national position statement that could be agreed by a range of agencies. In addition, given the pace of publication, it is likely that a formal position statement could become outdated in a short time. This option could be reconsidered should robust new studies demonstrate a relationship between exposure to microplastics and adverse human health outcomes. 
Complete more food monitoring 
Research supported by Australia’s CSIRO has already investigated microplastics in the food supply44 and FSANZ has completed a number of dietary surveys on plasticisers. These reports indicated a very low risk to health and safety. Advice on the findings published in 2023 notes that more research is needed to monitor and assess safe levels in food, drinking water and agroecosystems, and to understand any human health effects which are so far not definitively shown.
The Australian Total Diet Study has been conducted every two to three years for over 50 years, initially by the NHMRC and by FSANZ since 2001. It monitors levels of different chemicals and substances in a range of foods typical to the Australian diet, but microplastics are not included. This could be feasible in future, but only once appropriate analytical methods and capability are established, and data gaps about health risks are addressed. To date, there is no Tolerable Daily Intake (TDI) calculated for microplastics. Our understanding of the human health effects of microplastics is also developing. Therefore, while pilot studies could monitor exposure and potential intake now, they could not yet provide interpretation of the findings to conclude whether that intake falls into an as-yet-to-be calculated acceptable human health limits. Until the TDI is available and until we have robust data on intake, this option is not yet ready to be implemented. 
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What are the clinically significant health outcomes associated
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exposure to microplastics in adults and/or in children?

While concerns exist about the potential health effects of microplastic
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What is the strength of the relationship between microplastics
exposure and each clinically significant health outcome and is
there a dose-response relationship?
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What are the plausible toxicological or mechanistic means by
which exposure to microplastics in adults and/or in childrencan
resultin (clinically significant) health outcomes?
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responsible for potential human health outcomes. There is limited
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profile and lipid metabolism, and induce chronic inflammation. The
link to actual human disease outcomes remains suggestive. The
potential mechanistic pathway is detailed in the box below.
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How have other jurisdictions addressed the potential healthrisks
associated with microplastics?

Jurisdictions have focused on different elements. Some have banned
some primary microplastic products (like microbeads), others have
focused on environmental measures to reduce plastics and waste.
These approaches are summarised below.
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every toxic plastics-
associated chemical is
included in every plastic, but
toxicological data is not
available for many
chemicals.

Microplastic particles ?
have differenthealth .
effects than other
inhaled or ingested
particles of similar sizes

Lots of things affect toxicity
and there are many toxic
inhalable and ingestible
particles. We don’t know if
microplastic particles are
more or less toxic than other
inhalable or ingested
substances.

KEY:

H Myth busted

? We don’t know
x We don'’t think so

J True
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Australia
Voluntary Phase-Out of
Microbeads in Cosmetics

Canada
Microbeads in Toiletries
Regulations

UK, NZ, South Korea and others
National policy banning microbeads
and restricting plastic use

China
Plastic Pollution Control Plan

Australia
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Regulatory approaches: voluntary phase-outs of

microbeads in rinse-off products

Strategies and plans: The National Plastics
Plan; the National Waste Policy and the

National Waste Policy Action Plan

Research: National
Environmental Science
Program includes some
work on microplastics

Individual agencies
monitor evidence about
microplastics in the food
chain (seafood, salt, honey)

Non-regulatory activities:
National Packaging Targets

Scientific monitoring: Activities
by CSIRO and DCCEEW

Provides a small amount of public
guidance (no immediate risk to
health but evidence is evolving)

Key:

@ Ban in place

Planned ban

@ No direct ban

NT

plans to ban microbeads
and some other single
use plastics (but no
legislation in place yet)

® WA

banned microbeads in

rinse-off products and
oxo-degradable plastics and
some other single use plastics

® SA

banned some single use
plastics including
oxo-degradable plastics

® QLD

banned microbeads in
rinse-off personal
care/cleaning products

® NSW

banned microbeads
in rinse-off products
and some other
single use plastics

VIC ——

@ indirect regulation of some single use plastics;

@ bans on some single use plastics

TAS

proposes to ban microbeads;

@ bans some other single use plastics

® ACT

banned
microbeads and
some other single
use plastics
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