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Introduction

The on-going COVID-19 pandemic has resulted in a dramatic increase in the use of 

N95 respirators, barrier face coverings, disposable gloves, gowns, and other measures to 

control the spread of SARS-CoV-2. For example, population-based estimates suggest that 

over seven billion facemasks, which translates to 21,000 tons of synthetic polymer, are 

used daily in the world in response to the COVID-19 pandemic (Hantoko et al. 2021). 

After use, these products end up in the synthetic polymer environmental waste stream and 

contribute to the growing problem of plastic pollution at an estimated rate of about 40% of 

plastic demand (Lau et al. 2020). Plastic litter in the environment breaks down to plastic 

fragments, which have been found in air, water, and food (Gigault et al. 2018; Mitrano 2019; 

Lim et al. 2021). Small particles of plastics are often referred to as microplastics (plastic 

particles with any dimension between 1 micrometer and 1,000 micrometers [ISO 2020]) 

and nanoplastics (plastic particles smaller than 1 micrometer [ISO 2020]). Polyethylene 

and polypropylene are the most commonly found types of plastic in aquatic environments 

and soil matrices (Yang et al. 2021). Nano- and microplastics (NMP) can be formed 

incidentally through environmental and mechanical degradation. Incidental NMP can be 

also generated through condensation of molecular species, for example, during heating or 

burning of plastics. Different pathways for generation of these particles produces incidental 

NMP of varying morphology and chemical composition, thus leading to varying biological 

activity ranging from activation of transient inflammatory response and interference with 

physiological functions to immunosuppression and carcinogenesis (Huaux 2018; Prata 

2018). Manufactured NMP can be made intentionally for use in industrial processes, for 

example, as feedstock for powder-bed and multi-jet fusion 3D printers.
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Human exposure to NMP particles through inhalation and ingestion has raised concerns 

about their potential adverse health effects and has led to calls for monitoring the 

environment and food for plastic pollution (Alexy et al. 2020). At the 2019 Global 

Summit on Regulatory Science, regulatory bodies from ten countries identified a number of 

knowledge gaps, including a lack of suitable and validated analytical methods for sampling, 

identification and quantification of NMP and paucity of hazard and fate data, which hinders 

regulatory risk assessments (Allan et al. 2021). Since 2019, progress has been achieved in 

developing new analytical techniques for characterization of NMP in different environmental 

media (Castelvetro et al. 2021; Velimirovic et al. 2021; Yang et al. 2021). This paper 

discusses potential health hazards and exposure mitigation to NMP in the workplace, along 

with a description of recent work being conducted by NIOSH.

Potential workplace exposure to nano- and microplastics

While recent public attention to the plastic pollution and the presence of NMP in food, 

water, and air raised questions about potential adverse health effects of NMP in the general 

population, a critical issue from an occupational health perspective is whether there is 

exposure of workers to NMP and how it might occur. In the workplace, the main exposure 

route of concern is inhalation of particles suspended in the air. Unlike general population, 

which could be exposed to low-level concentrations of NMP in the air (ca. 50 particles 

per m3 [Dris et al. 2017]), workers can be exposed to many orders of magnitude higher 

concentrations (ca. 4 × 1010 particles per m3 for extrusion 3D printers [Stefaniak et al. 

2019a]). Since workers are also a subset of the general population, they could be exposed to 

short-term high concentration of NMP in the workplace and to long-term low concentrations 

of NMP outside of work (NIOSH 2021a).

Particles of nano- and microplastics can become airborne and consequently lead to 

inhalation exposure during mechanical and environmental degradation of plastic goods 

and during manufacture and processing of plastics through condensation aerosol formation. 

Mechanical and environmental degradation of plastic goods can lead to potential exposures 

to nano- and microplastics among workers in the waste management and recycling 

operations (Wohlleben et al. 2013). Degradation of carpets and other synthetic fiber products 

can produce airborne fibers considered NMP (Dris et al. 2017) with potential for exposure 

among office/teleworkers and custodial staff. In the on-going pandemic, increasing use 

of face masks and respirators prompted studies of the presence of NMP on surfaces of 

respiratory protection equipment (Han and He 2021). At this time, it is unknown whether 

these NMP can be shed during use of these devices and result in toxicologically relevant 

NMP exposures to workers in healthcare and service industries.

Other examples of workplace processes generating dusts and potentially leading to worker 

exposure to NMP are sanding, machining, and cutting of polymer fibers such as nylon 

flocking (Burkhart et al. 1999) and of plastic products and composites (Zimmer and 

Maynard 2002; Starost and Njuguna 2014; Ding et al. 2017; Kang et al. 2017; Lee et al. 

2020; Shin et al. 2020) and production of polyvinylchloride (PVC) piping and plastics.
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In the manufacture and processing of plastics, polymer fume containing nucleation-based 

NMP can be generated during the following manufacturing activities: (1) the production 

of polymers as beads or powder when polymer is made and then extruded and chopped 

for further processing; (2) the production of plastic products such as injection molding, 

blow melt bottle making and 3D printing from melting or fusing of plastics (Dunn et 

al. 2018; Stefaniak et al. 2018; 2019a; 2019b); (3) coating utensils and cookware with 

polytetrafluoroethylene; and (4) high energy or high heat processing of plastics products 

such as laser cutting or high-speed drilling and treatment of polymer composites (Bello et al. 

2010; Walter et al. 2015). Emission rates of NMP in these processes potentially leading to 

worker exposure in the facilities hosting plastic processers and printers would depend on a 

type of polymer and process used. For example, studies of incidental NMP emissions during 

extrusion 3D printing showed that emission rates depend strongly on filament material with 

polylactic acid (PLA) filaments producing less NMP than acrylonitrile butadiene styrene 

(ABS) filaments (Azimi et al. 2016).

There are other types of 3D printing, including multi-jet fusion and powder bed fusion, 

which utilize manufactured NMP (most commonly nylon powder). In facilities housing such 

printers, workers could be exposed to manufactured NMP as well as incidental NMP from 

uncontrolled process emissions. High concentrations of dust (9.1 mg/m3 and 2.4 mg/m3 for 

powder bed and multi-jet fusion processes, respectively) were reported for post-processing 

of manufactured products, while during manufacturing dust concentrations were low for 

both types of 3D printing (less than 0.4 mg/m3) (Väisänen et al. 2019).

Despite examples of exposure to selected NMP such as flocking particles, there is practically 

no literature on inhalation exposure of workers to the ubiquitous NMP that are in all 

environmental compartments. Exact mechanisms of generation of such NMP from industrial 

sources require further studies. Until these gaps in knowledge are addressed, any concern 

about risk that workers may face from NMP remains speculative.

Potential hazards of nano- and microplastics

Toxicity of inhaled NMP is not well characterized in part due to the complexity of their 

chemical compositions and size and shape distributions and due to common association with 

other chemical hazards producing mixed exposures (Lim et al. 2021). It has been shown in 
vivo that inhalation of a pristine form of NMP can elicit an inflammatory response (Lim 

et al. 2021). Chronic inflammation following particulate matter exposure can lead to lung 

diseases including cancer through several different mechanisms including dust overload, 

oxidative stress, and cytotoxicity, as reviewed by Prata (2018). Inflammation could be 

compounded by the adverse biological response to chemicals and metals also present on the 

surface of the particles (the “Trojan horse” mechanism [Limbach et al. 2007]). For example, 

an in vitro toxicity study of PVC particles produced in different formulations indicates 

that at least some of the observed cytotoxicity was due to the additives such as surfactants 

present in these particles (Xu et al. 2002). In vivo studies of extrusion 3D printer emissions 

using ABS filament caused minimal transient pulmonary and systemic toxicity in animal 

models (Farcas et al. 2020).
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NMP cleared from the lung through mucociliary escalator can result in oral uptake of 

the particles and end up in the gastrointestinal tract. Animal studies suggest that ingested 

NMP can cause inflammation, oxidative stress, and intestinal flora disorders in intestine and 

oxidative stress and lipid metabolism disorders in liver (Yin et al. 2021).

Potential health hazards of environmental NMP to the general population are a subject of 

research and debate. At the same time, adverse health effects of occupational exposures 

to NMP have been known for decades (Prata 2018). For example, inhalation of thermal 

degradation products of polytetrafluoroethylene can lead to “polymer fume fever” (Williams 

et al. 1974) and in extreme cases to fatal acute pulmonary edema (Lee et al. 1997). These 

adverse health effects were associated with the presence of nanoscale particles comprised 

of decomposition products, including polymers, in the fumes, which can reach deep into 

the lung and access the pulmonary interstitium (Ferin and Oberdörster 1992). Inhalation of 

flocking fiber particles can lead to interstitial lung disease (Lougheed et al. 1995). Exposure 

to PVC dust produced during the manufacture of this plastic was reported to result in 

the loss of lung function (Soutar et al. 1980). A review of adverse health effects among 

workers resulting from occupational exposures to microplastics identified three industries 

with potential chronic high-level exposures to airborne microplastics: the synthetic textile 

industry, the flock industry, and vinyl chloride and PVC industry (Prata 2018).

Exposure mitigation for nano- and microplastics

The U.S. National Institute for Occupational Safety and Health (NIOSH) has been studying 

workplace particles suspended in the air (aerosols), since it was created in 1970. In those 

five decades, NIOSH helped with establishing methods to characterize aerosols including 

particle size and shape distribution, concentration, and chemical composition and to 

minimize exposure to them. In the last decade, the NIOSH Nanotechnology Research Center 

(NTRC) (NIOSH 2021b) developed approaches for exposure measurement, assessment 

and mitigation, and hazard characterization for engineered nanomaterials. Many of the 

approaches would also be applicable to characterize and minimize risk of NMP in the 

workplace. For example, the NIOSH NTRC demonstrated that existing exposure mitigation 

techniques such as local exhaust ventilation and High Efficiency Particulate Air (HEPA) 

filters effectively reduce concentration of airborne particles including those in the nanoscale 

(NIOSH 2013).

Accumulating exposure and hazard data for NMP can create opportunities for the 

application of the Prevention-through-Design/Safe-by-Design approaches (NIOSH 2021c) 

by minimizing emissions and exposures to NMP in the workplace and by substituting 

NMP with less hazardous materials. For example, it has been shown that the use of 

polymer filaments requiring lower temperatures in extrusion 3D printing significantly 

reduces emission levels (Azimi et al. 2016). Engineering controls for capturing emissions 

directly at the extruder head can be incorporated into 3D printer designs, leading to lower 

exposure potential for workers (Dunn et al. 2020).

Although several of the chemicals that are used to synthesize plastics have occupational 

exposure limits, there are none that exist for specific NMP particulates. There is also 
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little information on bioaccumulation or bioavailability of these components and/or the 

particles themselves and toxicity that may result limiting our ability to use chemical-

specific occupational exposure limits. Thus, NMP particulates would be regulated under 

the Permissible Exposure Limit for inert or nuisance dust set at 5 mg/m3 for the 

respirable fraction (OSHA 2021). [For comparison, NIOSH Recommended Exposure Limit 

for nanoscale titanium dioxide is set at 0.3 mg/m3 (NIOSH 2011)]. In the absence of 

occupational exposure limits specific to nano- and microplastics workplace safety efforts 

should focus on minimizing potential exposure through appropriate engineering controls 

such as isolation cabinets, exhaust ventilation, and utilizing good industrial hygiene 

practices (Dunn et al. 2018). For example, in 2020, NIOSH published a good practice 

document for the use of extrusion 3D printers in the workplace entitled “3D Printing with 

Filaments: Health and Safety Questions to Ask,” which cites health and safety questions 

with different control options and information to reduce exposure to potential hazards 

(NIOSH 2020). It draws attention to possible hazards and suggests controls for all printing 

stages. For example, it recommends choosing PLA filament rather than ABS when possible 

and using HEPA-filtered local exhaust ventilation placed near printing to minimize potential 

exposures (NIOSH 2020). On-going toxicity and exposure studies of 3D printer emissions 

could lead to accumulation of enough data to develop occupational exposure limits for their 

emission products.

Ongoing work

U.S. government agencies coordinate their work on all aspects of NMP through an informal 

interest group under the interagency Nanoscale Science, Engineering, and Technology 

subcommittee (NNI 2021). In addition, the Save Our Seas 2.0 Act (P.L. 116–224) 

established the Interagency Marine Debris Coordinating Committee with a focus on NMP in 

the marine environment in 2020 (116th Congress 2020). This law authorized additional funds 

for the National Institute of Standards and Technology (NIST) to develop measurement 

techniques for characterizing NMP in marine debris (NIST 2021) and for the Environmental 

Protection Agency (EPA) to award grants aiming to remove NMP from drinking water 

or sources of drinking water. Among other agencies active in the NMP area, the Food 

and Drug Administration (FDA) is focusing on the safety of NMP in food (Patri 2020). 

The National Science Foundation (NSF) funded proposals looking at broad impacts of 

NMP on the environment (NSF 2020). The Consumer Product Safety Commission (CPSC) 

collaborated with other agencies including NIOSH to study emissions of NMP during 3D 

printing (CPSC 2020). While most of these efforts are not directly aimed at workplace 

safety, some newly developed measurement techniques and toxicity data could be relevant 

for workplace exposures to NMP. NIOSH, as the sole U.S. federal government agency 

charged with conducting research to protect workers’ health, continues to be engaged with 

its public and private sector partners to better understand specific industrial applications or 

processes where there is a potential for exposure to NMP in the workplace, their hazards, 

and tools to minimize exposures.
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Disclaimer

The findings and conclusions in this report are those of the authors and do not necessarily represent the views of the 
National Institute for Occupational Safety and Health.
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