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Abstract

This rapid systematic review aims to summarize studies of human exposure to microplastics (MPs) and their health
effects. For the systematic literature review, we separately searched for review articles and original articles published
from 2000 to 2019 in the PubMed, NDSL, KMBASE, and Cochrane databases. A total of 276 review articles and 475
original articles were independently evaluated and eligibility of each article was assessed by two researchers. Finally, 8
review articles and 13 original articles were selected for analysis. There was no standardized methodology for
determining human exposure to MPs. Therefore, the size, shape, color, and chemical composition of MPs were
considered as factors that affected human exposure to MP. We ascertained that human exposure to MPs occurs through
two major routes: inhalation and ingestion. The general population can be exposed to MPs through the food chain, food,
and mineral water. Thus, there are multiple scenarios for the exposure process. The only exposure marker in humans is
the detection and measurement of MPs in feces. Health effects of human exposure to MPs include respiratory effects
from inhalation, digestive effects from ingestion, oxidative stress, and cancer. However, there are few studies of the
effects of MP exposure in the general population. Based on a systematic review, we propose a standardized methodology
to identify various exposure scenarios to facilitate studies of human exposure to MPs and their health effects.
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Introduction

The term microplastics (MPs) was initially coined by Thomson et al. and MPs were defined as very small plastic
particulates and fibers with a particle size less than 5 mm [1, 2]. MPs are classified into primary MPs, which are produced
for special applications, such as cosmetics, toothpastes, and detergent products, and secondary MPs, which are derived
from fragments of plastic discarded in the sea and on land [3]. Small MPs, with particle size between 1 and 100 nm, are
called nanoplastics [4]. With the global increase in plastic consumption over the past decades, MPs have become widely
distributed in the oceans worldwide and their proportion in the environment is steadily increasing [5]. MPs are detected in
most environmental media, such as oceans, soils, lakes, and sediments, and can be referred to as “microplastic pollution”
[4, 6]. Environmental MP pollution can have a negative effect on organisms and ecosystems in the environment and can
even affect human health [6]. Several studies have raised concerns about the health effects of MPs [7-9]. MPs that are present
in various environmental media, including drinking water and manmade products, can directly enter the human body
through ingestion, inhalation, and skin contact [7]. In addition, the transition of MPs to the final predator through the food
chain in an ecosystem contaminated with MPs as well as the human consumption of these final predators constitute
important models of human exposure to MPs [8].

With regard to the determination of human toxicity as an environmental hazard, MPs are similar to particulate
matter (PM) in that they are complex components, and their hazard effect on the human body may be determined by the
chemical composition and physical form like size of PMs. However, exposure to PMs is mainly through inhalation whereas
MP exposure occurs in more diverse scenarios, with both inhalation and ingestion being important routes of exposure [7].

A few researchers envisaged that MPs in environmental media, food, and consumer products are disseminated
to the general population through various channels and can cause health effects [7, 9]. Currently, environmental health and
toxicity scientists are faced with the challenge of establishing a hypothesis for the exposure assessment and health effect
assessment of MPs in human populations, writing exposure scenarios, and establishing research protocols. However, such
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exposure models have only been suggested in the academic world, and few studies have evaluated or quantified the actual
human exposure of MPs so far. Moreover, few studies have been conducted to analyze the possible human exposure to MPs
and the cause and effect of MP exposure on human health.

Therefore, this rapid systematic review aims to establish the possibilities of human exposure and the effects of
MPs by reviewing the literature to develop a standard methodology whereby studies can assess human exposure to MPs
and the health effects of MPs.

Materials and methods

The research question in this study consists of the PECO statement has already been introduced in the other
environmental health study [10]. The PECO statement for the study; P (Population: general population), E (Exposure:
exposure to all types of MPs), C (Comparator: object or group not exposed to MPs), and O (Outcome: MPs exposure and
relationship - all types of health effects) was established.

Search strategy and data source

A rapid systematic review was performed in two stages. First, we searched for systematic review or literature
review articles that reported the latest information and insights on human exposure assessment or health effect assessment
of MPs (Figure 1). The second step was to search for original research articles. PubMed was the primary database for the
searches; however, we searched the NDSL (National Digital Science Library), KMBASE (Korean Medical Database), and
Cochrane Library databases. The search was carried out in May 2020. The MeSH terms “microplastic” and “micro plastic”
were used as search terms, and a combination of the search terms “microplastic” [MeSH Terms] OR “micro plastic” OR
“plastic debris” AND “human exposure” OR “human health” OR “health” [MeSH Terms] were used with all searches by
[All fields] condition. The entire process of searching and reviewing the literature was carried out according to the guidelines
of Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [11], and two researchers , the authors,
independently reviewed the search results.

Study inclusion and exclusion

Articles that were in languages other than English including Korean were excluded from the review as were
studies of the ecosystems or environmental media. Animal studies were excluded, although studies that suggested the
possibility of human exposure through the food chain and studies that showed the potential for health effects by
extrapolating the results of animal experiments to the human body were included in the review. The search, selection, and
review of the articles were conducted by two independent researchers ; disagreements, if any, on the inclusion of any article
in the review were resolved by the inclusion of that article in the review. No restrictions were imposed with regard to study
subjects, types of exposure, comparative groups or confounding variables, and type of health effects.

As this review was not intended to be a meta-analysis that collects quantitative data, this review identified
qualitative information on the exposure factors and pathways of MPs evaluated in each study, measurement methods, and
the proposed health effects. The possibility of health effects was suggested based on the viewpoint from which the research
was conducted and was not actually evaluated or measured in the studies.
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Figure 1 Flowchart of the identification of eligible studies among review articles
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Quality assessment

The risk-of-bias assessment of individual studies was performed using RoBANS-2.0, which is a risk-of-bias
assessment tool for non-randomized studies [12]. ROBANS-2.0 constitutes eight items that are evaluated for comparability,
selection of participants, confounding, measurement, blinding, assessment of outcomes, outcome data, and reporting bias,
and each item is classified into one of three strata (designated by the indicated symbols) as follows: “low risk: +”, “high risk:
-*, and “unclear risk: ?”.

Results and discussion

Selection of review articles
A total of 276 review articles were identified on the initial search, and 268 articles were excluded based on the
exclusion criterion. Finally, eight review articles were selected for analysis in this review (Figure 1).

Summary of review articles

Table 1 shows the PECO components of eight review articles on MPs and human health that describe how the human body
is exposed to MPs and expounds on the potential for human health effects (Table 1). MPs are usually defined as plastic
particles measuring less than 5 mm, but they can contain fiber particles [7, 13] and are classified according to size [8, 9]. The
route of MP exposure in the human body, as suggested by these studies, was indicated that the main exposure scenario was
through the “food chain” [7-9, 13-16], and the consumption of seafood, such as fish and shellfish, was suggested as an
important source of exposure. In addition, MPs were measured in foods and media, such as sea salt, beer, bottled water,
and tap water [13-15, 17]. Exposure to air and occupational exposure scenarios were also suggested [7, 13, 15]. From the
perspective of human health effects, scenarios wherein primary MPs are present in environmental media and are inhaled
or ingested, as well as the pathways through which secondary MPs are transmitted to humans, considered the final predator,
were investigated.

Most of the measurements of MP content in these exposed media have been performed through optical
measurement methods. However, there were a few cases of exposure evaluation of MPs that were introduced into the
human body, and although some studies have reported a quantitative evaluation of MPs in human fecal samples [15], it
would be difficult to definitively aver that a standardized human exposure biomarker of MPs has been suggested. In
addition, rather than quantitatively assessing the health effects of MPs, only some possibilities were raised through
descriptive considerations in the eight articles included in this review.

Table 1 PECO (population, exposure, comparator, and outcome) components for the identification of review
articles for analysis of human exposure to microplastics (MPs)

Contents

® No limited certain population

® Workers exposed to microfibers [7]

® General definition of MPs D

® Microfiber [13]

® According to size: macro, micro, and nano [8, 9]

® According to chemical components: phthalates, BPA, styrene, PAHs, microbes, POPs,
metals, andorganotin compounds [8, 14]

® Food chain: seafood; shellfish [7-9, 13-16]

® Food except for seafood: sea salt, beer, honey, sugar, can food, mineral water [13-15, 17],
and tap water [14]

® Exposure through air (inhalation) [7, 13, 15]

® Mainly detects environmental media or food: FT-IR, Raman spectrometry, SEM/TEM, GC-
MS [8, 13, 16]

® Exposure assessment of humans: Human feces [15]

Population

Definition  of

pollutant

Exposure
Pathway/Media

Exposure

assessment

Comparator ® Not mentioned

® Digestive and immune effect [8, 15]

® Lung effect by inhalation [13]

® Cancer, liver, and hormonal effect (toxicity effect of phthalate and BPA) [13]

® Oxidative stress, central nervous system, digestive, and immune system effect [9]
® Endocrine system and cancer [14]

® Occupational asthma (exposure to microfibers in the textile industry) [7]

Outcome

1) Small plastic pieces <5 mm
PAHs: polycyclic aromatic hydrocarbons; BPA: bisphenol A; POPS: persistent organic pollutants; FT-IR: Fourier-transform infrared spectroscopy; SEM:
scanning electron microscope; TEM: transmission electron microscope; GC-MS: gas chromatography - mass spectrometry
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Some studies have speculated that the health effects of MPs may be related to the chemical composition of MPs,
such as polymers, phthalates, bisphenols, polycyclic aromatic hydrocarbons, persistent organic pollutants, and metals [8,
14]. The health effects of MPs are related to the toxicity of adsorbed chemicals, and the possibility of digestive effects from
ingestion of MPs and lung effects from inhalation; cancer, oxidative damage, immune system effects, and hormonal effects
have also been estimated. However, to date, it has not been identified in epidemiological studies.
Selection of research articles

A total of 475 original articles were identified on the initial search, and 462 articles were excluded due to
duplication (n=161), incompatibility (n=270), and not reporting original research (n=31). Thirteen original articles were
selected for inclusion in this review (Figure 2).

Summary of original articles

After the initial search and a full-text review, 13 original research articles were finally selected (Figure 2). The
definitions of MPs as hazardous substances were reported in these articles were plotted based on the following aspects:
chemical species that can be considered, quantitative measurement methods and exposure factors, exposure routes,
exposure assessment markers, early effects from exposure, and proposed health effects (Figure 3). Several studies have
determined the types of MPs in plastic particles or nano-sized plastic particles [18], polymer particles, and micro-rubber
[19]. The definition of a chemical substance as a polymer, such as polystyrene, polyethylene, polypropylene, polyvinyl
chloride, and alkyd resin, and the standard reference materials of these substances were applied to analyze studies in the
environmental media. In the quantitative evaluation of seafood and industrial products, the number of MPs per unit volume
was mainly measured through optical instrumented analysis; however, in addition to the quantitative evaluation of the
concept of concentration, an evaluation of the size, shape, and color of MPs was conducted. Thus, in the process of MP
exposure to the human body, factors such as the absolute concentration (amount or number) of MPs as well as its shape and
size can act as risk factors. These characteristics are likely to be factors that determine the mode of absorption of MPs by the
human body, the amount of exposure, target organs, and resultant toxicity.

The environmental hazards of MPs can be considered similar to that of PMs in that there is no chemical definition.
However, unlike PMs in which exposure is mainly inhalational, a study of the exposure routes of MPs must consider both
inhalational exposure mechanisms [19-21] and ingestion-related exposure scenarios [22-26]. The possibility of exposure
through ingestion was mainly considered and evaluated based on the intake of predators above the marine ecosystem in
the food chain as well as the intake of mineral water or drinking water containing MPs. On the other hand, in cases where
human feces were applied as a biomarker for evaluating the amount of human exposure through ingestion, an optical
quantification method was used to assess the involuntary ingestion of MPs [22]. Ingestion is considered as the main exposure
pathway of MPs and MPs are defined in their physical form. Therefore, the only methodology to measure MPs exposed to
humans to date is the detection of MP itself in biospecimen excreted from the digestive tract. The method is different from
general biomarkers of environmental chemical pollutants, which measuring levels of chemicals in blood or urine samples.
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Figure 2 Flowchart of the identification for eligible studies from a search among original articles
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Figure 3 Summary of the systematic review - human exposure to microplastics (MPs) and human health
effects.
FT-IR: Fourier-transform infrared spectroscopy; SEM: scanning electron microscopy.

The early effects of MPs on the body have been suggested to be mediated by the absorption or alteration of the
digestive system [27, 28], which is mainly based on ingestion exposure scenarios. Meanwhile, the possibility of respiratory
exposure, such as lung inflammation [13], chronic respiratory effects [21], asthma, pneumothorax, alveolitis, chronic
bronchitis, and pneumonia [29], were suggested. In addition, it has been suggested that the influx of MPs into the body may
induce oxidative stress [18, 30], metabolic disorders [26], gastrointestinal effects [28], and cancer [28] in the long term,
although the actual health impact assessment has not been sufficiently conducted in these studies.

Overview

The results of this review show the current stage of research on the effects of MPs on human health. In other
words, reports on human exposure and effects of MPs are at a nascent stage, and observations of various phenomena are
listed instead of the creation of more original research evidence. There is relatively much evidence to indicate that MPs have
contaminated environmental media, although it is difficult to obtain evidence that this environmental MP contamination
can cause human exposure and health effects. Observational studies on the human body or population have not been
reported to date, and the possibility of human exposure and health effects have been suggested indirectly through the
measurement of the MPs content of ecosystems, foods, and household goods. There is a lack of clear evidence of human
exposure and health effects; nonetheless, the hypothesis that the general population is exposed to MPs and that there are
resultant health effects is sufficiently persuasive. Therefore, human exposure assessment and health effect studies of MPs
should be carried out; however, there are no guidelines on how to assess the human exposure of MPs to date.

Currently, MPs are defined as plastic particles with a diameter of 5 mm or less [1, 2], although the physical
properties and chemical compositions of MPs have not been standardized. Therefore, these non-standardized parameters
can be variously defined according to the viewpoint of the research. This perspective supports recent efforts to develop
reference materials for the standardized exposure assessment of MPs [31].

In future studies, it is considered necessary to estimate the total exposure to MPs by combining the evaluation
results of individual exposure routes for the consideration of the characteristics of MPs based on the various exposure routes.
In order to facilitate this estimation, a large number of individual path evaluation results with high reliability and validity
should be collected. If the estimated exposure values evaluated in various exposure pathways are sufficiently established,
the risk assessment of MPs based on the total exposure calculation might be possible. In addition, in order to discover
biomarkers that can link human exposure and health effects, it needs to be necessarily considered to establish absorption,
distribution, metabolism, and excretion pathways of MPs.

Limitations

In this study, a quality assessment of the selected articles was performed, but it was difficult to sufficiently judge
each item of quality assessment. The exposure assessment method for MPs was not determined. Moreover, most of the
studies were not actual human studies nor health effect assessment studies that evaluated clear health outcomes. These were
studies that observed and reported primary phenomena. Therefore, the requisite evidence base could not be created.
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Conclusions

This systematic review identified articles on MPs exposure assessment that have been published to date, and
mapped the viewpoints presented by classifying them into each stage of the pollutant-exposure-health outcome process. In
addition, the research tools, such as analysis methods, risk factors, and biomarkers that were applied at each stage, were
listed. Observations from this review that should be considered for future studies of MPs exposure assessment and health
impact assessment include the followings:

1. MPs have various forms, chemical compositions, exposure routes, and delivery media. Therefore, their
mechanisms of MP exposure to the human body and the patterns of their effects are diverse. Future studies of MP health
effect assessment should be conducted by creating a scenario and identifying the expected types of exposure, and the results
of these studies can be assimilated to suggest the total exposure estimates and integrated risk assessment of exposure to
MPs.

2. There is a need for a standardized exposure assessment method that can quantify human exposure to MPs or a
method that can predict MP exposure levels. Therefore, it is necessary to define MPs in terms of exposure evaluation and
undertake studies to identify surrogates and markers of MP exposure. In PM studies, individual exposure can be calculated
through PM concentrations of ambient air at the group level and the determination of indoor air quality at the individual
level. However, to study MP exposure, more complicated evaluations and theoretical evidence to estimate exposure are
necessary.

3. It is reasonable to assume that exposure to MPs has already occurred in the general population and that the
health effects of the general population due to MPs exposure have already occurred. The risk of various chronic diseases
may be increased by the toxicity of the chemical components of MPs. Furthermore, the identification of the chemical
composition and the establishment of exposure assessment guidelines will facilitate the definition and listing of health
outcomes caused by human exposure to MPs.
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