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Recent studies have indicated potential health risks associated with microplastics (MPs) exposure, 
including alterations in blood coagulation homeostasis. This cross-sectional study aimed to 
quantitatively examine MPs in human blood and assess their association with coagulation markers. 
We recruited 36 healthy adults, collected whole blood samples, and analyzed MPs using Fourier-
transform infrared (µ-FTIR) spectroscopy. Lifestyle factors related to MP exposure were assessed, such 
as the use of plastic food containers. Coagulation and inflammatory markers in blood samples were 
analyzed, including C-reactive protein, prothrombin time, activated partial prothrombin time (aPTT), 
antithrombin III, platelet count, erythrocyte sedimentation rate, and fibrinogen. MPs were detected in 
88.9% of the participants, with a mean concentration of 4.2 MPs/mL. The predominant types of plastics 
identified were polystyrene and polypropylene. MPs were significantly higher in participants with 
a greater use of plastic food containers. A high MP load in the blood (≥ 3 MPs/mL) was significantly 
correlated with increased aPTT, C-reactive protein, and fibrinogen. We identified MPs in human blood, 
their association with specific lifestyle factors, and significant alterations in coagulation markers. This 
underscores the need for strategies to reduce human exposure to MPs, particularly in relation to blood 
coagulation and potential cardiovascular risks.
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Plastics are synthetic or semi-synthetic organic polymers with high molecular weight, derived from the Greek 
word “plastikos,” meaning moldable. Plastics are primarily generated by polymerizing monomers derived from 
coal, gas, or oil. Due to their affordability, ease of processing, and chemical stability, plastics have dramatically 
increased over time—from a global production of approximately 1.5 million tons in 1950 to about 390 million 
tons in 20211. According to a 2016 report by the Ellen MacArthur Foundation presented at the Davos World 
Economic Forum, plastic usage has increased by approximately 20 times over the past 50 years. This concerning 
trend suggests that by 2025, the ratio of trash to fish in the ocean could be 1:3, leading to more plastic than fish 
in the oceans by 20502.

The term “microplastic” (MP) was coined in 2004 by Dr. Thompson from the UK, who observed the 
accumulation of microscopic plastic fragments and fibers in marine environments3. Microplastics are generally 
defined as plastic particles smaller than 5 mm—a definition established during a 2008 international workshop 
hosted by the National Oceanic and Atmospheric Administration (NOAA)4. These fragments, including those 
identified in marine sediments using Fourier-transform infrared (µ-FTIR) spectroscopy, exemplify the growing 
concern regarding microplastic pollution. Plankton samples collected routinely in the 1960s from the northeast 
Atlantic near the UK revealed an increasing presence of microplastic particles, correlating with global synthetic 
fiber production. MPs are categorized into primary microplastics, which are artificially manufactured to be less 
than 5 mm in size, and secondary microplastics, which are formed from the fragmentation of larger plastics due 
to environmental factors such as UV radiation, marine activity, and biological attachment. Secondary MPs and 
nanoplastics are generally produced by the breakdown of macroplastics via shear forces5.
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The human body is exposed to MPs through ingestion, inhalation, and skin exposure6. MPs are present in 
food, drinking water, and food packaging7. Products closely associated with daily life, such as plastic teabags8, 
feeding bottles9, and snacks10 have been reported to contain MPs. MPs have been investigated in various human 
biological samples, including colectomy specimens11, saliva12, sputum13, lungs14, liver15, breast milk16, and 
feces17. The detection of MPs in systemic tissues suggests that MPs may also be detected in the bloodstream, 
which supplies the entire body.

Few studies have reported on the presence of MPs in human blood18–21. In vivo studies have reported that 
MPs can cause physical toxicity, oxidative stress, inflammation, immune reactions, and an additional burden of 
plastic additives22. Systemically, these particles can have detrimental effects on cardiovascular systems23. Some 
animal studies have reported that MPs can alter thrombosis formation and coagulation factors24,25. However, the 
epidemiologic study on this issue has been scarce. More recently, a striking report has indicated that the presence 
of MPs in human atheroma is associated with the incidence of cardiovascular events26. This study suggested that 
human exposure to MPs could be associated with coagulation function; however, no method for assessing MP 
exposure using human blood or studies employing this assessment has been investigated. Therefore, this study 
aimed to quantitatively examine microplastics in human blood and investigate the association between these 
findings and health indicators, including coagulation markers.

Materials and methods
Study participants
A total of 36 healthy adults were recruited for the study through notices posted at Inha University Hospital, 
Korea, from October 30, 2023, to November 7, 2023. The inclusion criteria were: (1) age between 20 and 60 
years, and (2) provision of informed consent. Exclusion criteria were: those who had (1) chronic liver diseases 
(e.g., Hepatitis B or C virus carrier or liver cirrhosis), (2) previous history of coronary angioplasty and stenting 
due to coronary disease, (3) chronic kidney disease (estimated glomerular filtration rate < 60 ml/kg/1.73 m2), 
(4) any type of cancer, and (5) any psychiatric disorders. The sample size was determined based on Johanson and 
Brooks’ recommendation of 30 participants for a preliminary study, with a predicted dropout rate of 20%27. This 
study was approved by the Institutional Review Board of the Inha University Hospital (2023-05-016). This study 
was investigated in compliance with the Declaration of Helsinki. All the participants provided written informed 
consent.

Questionnaires
Information on participants’ demographics and plastic-related lifestyles was obtained using questionnaires 
that included the following items: sex, age, education (high school graduate, college graduate, or post-college), 
job (white-collar vs. blue-collar), marital status, smoking status (never, former, or current smoker), alcohol 
consumption, and physical inactivity. Physical inactivity was defined as moderate-to-vigorous physical activity 
for less than 150  min/week28. The plastic-related lifestyle questionnaires were screening questionnaires for 
environmental health clinics at Seoul National University Hospital, developed based on the references29,30. 
The questionnaire assessed the frequency of having ready-made meals (≥ 1/week or < 1/week), percentage of 
plastic containers among total containers in the refrigerator (≥ 50% or < 50%), percentage of discolored plastic 
container among total plastic containers (≥ 25% or < 25%), frequency of consuming vinyl-containing food (≥ 1/
week or < 1/week), the frequency of consuming seafood (≥ 1/week, or < 1/week), and the frequency of indoor 
ventilation (≥ 1/day, < 1/day).

Blood sampling
Whole blood was obtained via venipuncture of the antecubital veins. Approximately 25.7  ml of blood was 
collected into a BD Vacutainer (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) 366,480 Sodium 
Heparin Glass tube, followed by Serum SST, EDTA, and Sodium citrate tubes. Samples in glass tubes for µ-FTIR 
analysis were stored at − 20 °C in a refrigerator for up to one week and then transferred to the Korea Institute 
of Analytical Science and Technology (KIAST) for µ-FTIR spectroscopy. KIAST conducted background 
contamination tests on the entire sampling system, including the needle and glass tubes. Blood samples were 
stored in a freezer at − 20 °C until analysis, for at least one week and at most eight weeks.

Extraction method
Preparation and analysis by µ-FTIR were performed by KIAST (https://www.kiast.co.kr/eng/main/main.php), 
an institute certified by the Korea Laboratory Accreditation Scheme (KOLAS). To remove organic matter from 
the blood, 30% H2O2 was added in 1 mL increments, carefully monitoring its rapid reaction with the blood. 
The total amount of added H2O2 was 30 mL. The mixture was shaken at 60 °C and 110 r/pm using a shaking 
incubator (Hanbaek Scientific Technology, HB-201SF) for a total of 2 weeks. Each blood sample (1  g) was 
placed in a prewashed flask using a glass Pasteur pipette. To remove organic matter from the blood, 30% H2O2 
was added, and the mixture was shaken at 60 °C and 110 r/pm using a shaking incubator (Hanbaek Scientific 
Technology, HB-201SF). After adding 1 ml of 68% HNO3, the solution was filtered through a 5 μm silicon filter 
(10 mm × 10 mm square filters, pore diameter 5 μm, SmartMembrane, Germany). The flask was then washed 
with ultrapure water and filtered.

Analysis by µ-FTIR
One of the challenges in studying the health effects of microplastics on humans is exposure assessment31. Although 
markers indicating the exposure levels of MPs have been suggested, related studies are scarce. The samples were 
measured using µ-FTIR spectroscopy with a microscope (LUMOS II, Bruker Optics, USA) equipped with a 
32 × 32-pixel focal plane array (FPA) detector. Infrared (IR) images were acquired in transmission mode with 
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a spectral resolution of 8 cm− 1 and a single scan over the spectral range of 4000 to 750 cm− 1. The filter surface 
was obtained in Fig. S1a. Before IR imaging, sample photographs were taken to visualize surface morphology. 
Data analysis was performed using siMPle software, a freeware capable of rapidly detecting microplastics32. 
This software performs analyses using an algorithm that compares the IR spectrum of the sample with each 
reference spectrum in the database and assigns materials based on probability scores. The spectral library used in 
the analysis comprised spectra from polypropylene (PP), polyethylene (PE), polyethylene terephthalate (PET), 
polystyrene (PS), polyvinylchloride (PVC), polyurethane (PU), polyamide (PA), poly(methyl methacrylate) 
(PMMA), and polycarbonate (PC). Plastic materials were classified into various plastic groups using the siMPle 
software. Samples with a major-to-minor axis ratio greater than 3 were classified as fibers, while the remaining 
samples were classified as fragments. The major diameters of the samples were used to classify them into five size 
classes: 5–10 μm, 10–20 μm, 20–50 μm, 50–100 μm, and > 100 μm.

Scanning electron microscopy
The morphology of particles collected on silicon filters was characterized using scanning electron microscopy 
(SEM) (JEOL JSM 7001 F, Japan). Before observation, the silicon filters were dried at 60 °C and sputter-coated 
with 7–10 nm of platinum to enhance image clarity. Images were acquired at an accelerating voltage of 15 kV, 
with magnifications ranging from 500 to 10,000 times, allowing for both overview and detailed examinations of 
the particles.

Analysis by µ-Raman
For the sample where MPs were not detected by µ-FTIR, a µ-Raman analysis was performed using an XploRA 
Plus confocal Raman microscope (Horiba, France) to verify blood samples that were not detected using µ-FTIR. 
A 532 nm laser with 10% decreased power and a 1024 × 256 pixel cooled charge-coupled device (CCD) detector 
were used. Grating with 1200 grooves/mm, a 100 μm confocal hole, and a 50 μm confocal slit width were set. A 
mosaic of microscopic dark field images of the filter surface was obtained, as illustrated in Fig. S1b. The mosaic 
image was processed using the Particlefinder™ module by Labspec 6 software, and all bright particles were selected 
against the dark background area. Raman spectrum was recorded by accumulating 1 × 2 s exposure time with 
a spectrum range between 1020 and 3400 cm1. A baseline correction of collected spectra was conducted using 
Labspec6 software. All spectra were screened for plastics using a classical least square algorithm (CLS). Each 
measured spectrum was calculated as the sum of all references and the theoretical composition. The results of 
the CLS Spectra were investigated manually to avoid missing or false positives by know-it-all software spectrum 
matching software with a library of Raman.

Quality control
To prevent microplastic contamination, all plastic tools were excluded, and glass and metal materials were used 
during the sampling and filtering processes. All glassware was washed with ultrapure water before use, and 
chemical reagents were used after being filtered through a 0.5 μm metal filter (KIAST, Korea). To prevent airborne 
microplastic contamination, sampling, pretreatment, and filtration steps were conducted on a laminar flow 
bench (HSCV-1300, SINAN Scientific Industry, Korea) inside a laminar flow cleaning booth. All samples were 
covered with aluminum foil when moved outside the laminar flow bench. Nitrile gloves and cotton coats were 
used to minimize sample contamination. Control samples were prepared for each sample set and pretreatment 
step to perform the same protocol and assess the potential impact of contamination.

To evaluate the potential loss and damage that may occur during pretreatment, the recovery rate and surface 
morphology before and after pretreatment were compared using the same processes as those of the sample. 
Reference materials (RMs) of different sizes and types were used to distinguish between the intentionally added 
microplastic particles and those in the blood medium. Before spiking, RMs were dropped on the sliding glass to 
an appropriate number to manually count and confirm the shapes using a micro-Raman microscope and then 
injected into the blood. Fiber-shaped PP greater than 100 μm, average size of 27 μm PS sphere, and average size 
of 65 μm PS sphere were used for recovery testing. PET fiber greater than 100 μm was additionally added for 
damage testing. After the treatment of RMs spiked samples, the number was manually counted, comparing the 
FPA chemical image of µ-FTIR and the Raman microscopic image. Surface morphology was analyzed using an 
SEM (JEOL JSM 7001 F, Japan) to determine whether the chemical reagents damaged the microplastics after 
pretreatment. Surface morphology was analyzed using an SEM to determine whether the chemical reagents 
damaged the microplastics after pretreatment.

To evaluate potential contamination that may occur during the pretreatment of microplastics, procedural 
blank tests were conducted. A total of five blank samples were prepared when the sample batch was pretreated. 
Procedural blank samples that did not contain blood samples were treated using the same process as those used 
for blood samples. The results of the blank test were not subjected to any subtraction or correction but were 
intended to provide information regarding the environmental contamination of microplastics detected in the 
blood samples in this study.

Coagulation and inflammation markers
Blood collected using a Vacutainer Sodium Citrate tube was used to analyze prothrombin time (PT) and 
activated partial prothrombin time (aPTT). Fibrinogen was measured using an STA analyzer (Diagnostica 
Stago, Asnieres-Sur-Seine, France) within 4 h after blood collection. Antithrombin III activity was determined 
by an ELISA using assay kits (Diagnostica Stago). Blood collected by EDTA-anticoagulated Vacutainer Tube was 
used for platelet counts, which were measured using an automated analyzer (ADVIA 120; Siemens, Forchheim, 
Germany). Serum high-sensitive c-reactive protein (hsCRP) levels were measured by an immunonephelometric 
assay (Dade Behring Inc., Deerfield, IL, USA). StaRRsed Auto-Compact (Mechatronics Manufacturing BV, 
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Zwaag, Netherlands) was used to measure the Erythrocyte sedimentation rate (ESR) with the Westergren 
sedimentation technique.

Statistical analysis
The differences in the detection of MPs and the number of total MPs by the characteristics of the participants 
and plastic-related lifestyle were tested using the Wilcoxon rank-sum test (or Kruskal-Wallis rank-sum test) and 
Chi-squared test, respectively. To compare the differences in the coagulation and inflammation markers by MP 
levels in blood, we divided the samples into two groups based on total MP particle counts: low (< 3/ml) and high 
(≥ 3/ml), according to the median value. Differences in hsCRP, PT, aPTT, antithrombin III, platelet count, ESR, 
and fibrinogen between the two groups were tested using the multivariate linear regression models with the 
adjustment for gender, age, education, job, marital status, smoking, alcohol, and physical inactivity. Additionally, 
we examined the beta coefficients (β) and P-values of the linear regression models between the number of total 
MP particles in the blood and each marker. All statistical analyses were performed using R version 4.2.3.

Results
Table 1 presents the characteristics of the study participants and the number of MP particles. Among the 36 
participants, 10 (27.8%) were male and 26 (72.2%) were female. The median age was 41 years, with the range 
of 30–55; 17 (47.2%) participants were younger than 40 years, while 19 (52.8%) were 40 years of age or older. 
Most of the participants (N = 21, 58.3%) were college-educated, followed by post-college (N = 14, 38.9%) and 
high school graduates (N = 1, 2.8%). Most participants had white-collar jobs (N = 32, 88.9%) and were married 
(N = 26, 72.2%). Participants who were nonsmokers (N = 33, 91.7%), consumed alcohol (N = 27, 75.0%), and 
were physically inactive (N = 24, 66.7%) were more common than former smokers (N = 3, 8.3%), participants 
who did not consume alcohol (N = 9, 25.0%), and those who were physically active (N = 12, 33.3%), respectively. 
The number of samples in which MPs were detected (qualitative) and the number of MP particles (quantitative) 
in samples were counted according to their respective characteristics. There were no significant differences 

N (%)

Detected 
samples

Number of 
total MPs 
(N/ml)

N (%) P† Mean P *

Total 36 
(100.0) 32 (88.9) 4.3

Gender

Male 10 (27.8) 9 (90.0) 0.895 2.4 0.128

Female 26 (72.2) 23 (88.5) 5.0

Age

< 40 17 (47.2) 16 (94.1) 0.345 6.2 0.078

≥ 40 19 (52.8) 16 (84.2) 2.5

Education

College or below 22 (61.1) 19 (86.4) 0.546 5.7 0.045

Above college 14 (38.9) 13 (92.9) 2.0

Job

White collar 32 (88.9) 28 (87.5) 0.755 4.4 0.944

Blue collar 2 (5.6) 2 (100) 2.5

No 2 (5.6) 2 (100) 3.0

Marital status

Single 10 (27.8) 9 (90.0) 0.895 5.2 0.999

Married 26 (72.2) 23 (88.5) 3.9

Smoking

Never 33 (91.7) 30 (90.9) 0.201 4.5 0.284

Former 3 (8.3) 2 (66.7) 1.7

Alcohol

No 9 (25.0) 9 (100) 0.221 6.6 0.202

Yes 27 (75.0) 23 (85.2) 3.5

Physical inactivity

No 12 (33.3) 10 (83.3) 0.453 4.6 0.635

Yes 24 (66.7) 22 (91.7) 4.1

Table 1.  The number of samples with detected MPs and the distribution of the number of MP particles by 
µ-FTIR, according to the characteristics. *Wilcoxon rank-sum test (or Kruskal–Wallis rank-sum test) was 
performed to test the differences in the number of MPs in the blood samples by group. Chi-square tests were 
performed to test for differences in MP detection.
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in the total MP counts in whole blood according to sex, age, education, job, marital status, smoking, alcohol 
consumption, and physical inactivity. Participants with post-college degrees showed a significantly higher 
number of MPs (5.7 MPs/ml) in their blood samples than those who graduated from college or had lower levels 
of education (2.0 MPs/ml). Detailed information on the classification and distribution of the MPs is provided in 
Supplementary Tables S1–2.

Among the 36 whole blood samples collected from participants, MPs were detected in 32 samples using 
µ-FTIR. The microphotographs and corresponding FTIR spectra of some selected MPs found in the blood 
samples are illustrated in Fig. S2. The procedural blank test results (Fig. S3) showed that 0 to 5 microplastic 
particles were detected in the blanks, suggesting that an average of 1.67 ± 2.12 particles have a possibility of 
contamination in the samples. In this study, no subtraction or correction using blank values was applied during 
the statistical analysis. The average MP concentration was 4.2 MP counts/1 ml (Table 2). The most detected 
plastic was PS (58.3%), followed by PP (50.0%), PE (38.9%), PET (16.7%), and PA (8.3%). MPs in 20–50 μm were 
most commonly observed in 75.0% of all samples, and MPs in 10–20 μm, 50–100 μm, ≥ 100 μm were detected 
in 52.8%, 19.4%, and 16.7% of all samples, respectively. Fragment MPs (86.1%) were more commonly detected 
than fiber MPs (36.1%). Figure 1 depicts the SEM images of selected MP particles in human blood samples. No 
morphological deformation was observed before and after the organic matter removal treatment, indicating that 
the microplastics were not damaged by H2O2 and HNO3 during the blood pretreatment process.

Table 3 demonstrates the detection and number of MPs according to lifestyle-related factors. The frequency 
of consumption of ready-made meals, vinyl-containing food, and seafood, as well as the level of indoor 

Fig. 1.  SEM images of (a) PE, (b) PP, (c) PS, and (d) PET in the pristine state and (e) PE, (f) PP, (g) PS, and (h) 
PET after organic matter removal treatment.

 

Classification

Detected
samples Microplastic counts (N/ml)

N (%) Mean Min 25th Median 75th Max

Total 32 (88.9) 4.2 0 1 3 4 26

Type

PP 18 (50.0) 1.4 0 0 0 2 17

PE 14 (38.9) 0.7 0 0 0 1 4

PET 6 (16.7) 0.3 0 0 0 0 4

PS 21 (58.3) 1.7 0 0 1 2 22

PA 3 (8.3) 0.1 0 0 0 0 1

Size

5–10 μm 1 (2.8) 0.03 0 0 0 0 1

10–20 μm 6 (16.7) 0.2 0 0 0 0 2

20–50 μm 27 (75.0) 2.8 0 1 2 3 21

50–100 μm 19 (52.8) 0.9 0 0 1 1 5

≥ 100 μm 7 (19.4) 0.3 0 0 0 0 3

Shape
Fragment 31 (86.1) 3.6 0 1 2 3 24

Fiber 13 (36.1) 0.7 0 0 0 1 4

Table 2.  Type, size, and shape of microplastics in human blood detected using µ-FTIR. PP polypropylene, PE 
polyethylene, PET polyethylene terephthalate, PS polystyrene, PA polyamide.
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ventilation, did not exhibit significant differences in the detection of MPs or the mean number of MPs detected. 
The percentage of plastic containers among the other packaging in the refrigerator was significantly associated 
with the number of MPs, with the half or more group reflecting an average of 6.8 MP particles/ml, while the less 
than 50% group recorded an average of 2.4 MP particles/ml.

Coagulation-related markers differed significantly in the high-MP particles group (Fig. 2; Table 4). The aPTT 
was significantly prolonged in the high-MP group compared with the low-MP group (mean ± SD; 35.75 ± 2.67 
vs. 33.78 ± 2.87 s, respectively; P = 0.037). The difference between platelet count between the high-MP group 
and the low-MP group (mean ± SD; 35.75 ± 2.67 vs. 33.78 ± 2.87 × 103/µl, respectively, P = 0.081) was marginally 
significant. Significant linear associations were observed between MP particle counts and hsCRP (β = 0.050, 
P < 0.001), as well as between MP particle counts and fibrinogen (β = 4.260, P = 0.036).

Additionally, four samples with no microplastics detected using µ-FTIR were evaluated using µ-Raman. As a 
result, two samples had microplastics, while two samples still did not contain microplastics.

Discussion
In this study, we detected MPs in the blood samples of 32 out of 36 participants through µ-FTIR. The four 
samples with no MPs detected were subsequently identified using µ-Raman methods, and MPs were found in 
two samples. The mean MP particle concentration in blood, as measured by µ-FTIR, was 4.2/mL, with most 
particles ranging in size from 20 to 50 μm. The number of MP particles in blood was higher among higher 
education levels, and the percentage of plastic containers among total vessels in the refrigerator. Higher MP 
particle concentrations were associated with altered coagulability. Compared to the low-MP group (< 3/ml), the 
high-MP (≥ 3/ml) group showed a significantly longer aPTT. Furthermore, positive associations between MP 
particle counts and hsCRP and MP particle counts and fibrinogen were significant.

Recently, Leslie et al. reported MP particles in human blood from 22 healthy volunteers18. The prepared 
samples were filtered through a glass fiber filter with a mesh size of 700 nm, and the samples were analyzed 
by pyrolysis-gas chromatography-mass spectrometry (Py-GC/MS). Seventeen of the 22 participants had a 
quantifiable mass of plastic particles in their blood samples. However, the size of MP particles in the bloodstream 
could not be reported in this study because the analysis method could not provide this information. Furthermore, 
the differences between duplicated measurements of the same samples imply that the results were unstable and 
unreliable. More recently, MPs were detected in 8 out of 20 health volunteers using µ-FTIR with the mean 
concentration of MP particles was 2.4/mL33.

In our study, most detected MPs’ lengths in human blood samples were in the range of 20–50  μm. Due 
to the detection limit of the length of µ-FTIR, smaller-sized MP particles could exist in the blood samples. A 
particular finding of this study is that relatively large MP particles were found in blood samples. Regarding the 

N (%)

Detected 
samples

Total MP 
counts (N/
ml)

N (%) P† Mean P *

Total 36 
(100.0) 32 (88.9) 4.3

Ready meals

≥ 1/week 13 (36.1) 12 (92.3) 0.644 6.6 0.279

< 1/week 23 (63.9) 20 (87.0) 2.9

Plastic container %

≥ 50% 15 (41.7) 15 (100) 0.091 6.8 0.025

< 50% 21 (58.3) 17 (81.0) 2.4

Discolored plastic container

≥ 25% 8 (22.2) 6 (75.0) 0.181 2.0 0.154

< 25% 28 (77.8) 26 (92.9) 4.9

Vinyl contained food

≥ 1/week 20 (55.6) 19 (95.0) 0.219 4.4 0.479

< 1/week 16 (44.4) 13 (81.2) 4.1

Seafood

≥ 1/week 7 (19.4) 7 (100) 0.326 2.7 0.999

< 1/week 29 (80.6) 25 (86.2) 4.6

Indoor ventilation

≥ 1/day 23 (63.9) 20 (87) 0.644 4.2 0.934

< 1/day 13 (36.1) 12 (92.3) 4.4

Table 3.  The number of samples detected with MP and the distribution of the number of MP particles by 
µ-FTIR, according to the lifestyle-related factors. *Wilcoxon rank-sum test (or Kruskal–Wallis rank-sum test) 
was performed to test the differences in the number of MPs in the blood samples by group. Chi-square tests 
were performed to test for differences in MP detection; MP microplastic.
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human uptake of microplastics, MP particles < 10 μm can cross cellular membranes and reach organs, but MP 
particles < 150 μm are assumed to pass the gastrointestinal barrier34. However, MP particles larger than 20 μm 
are not surprising, as this finding is consistent with previous animal and human studies. Deng et al. orally 
administered 5 μm and 20 μm of PS MP particles to mice and found that they accumulated in the liver35. Wei 
et al. detected MP particles in the blood of mice after a single administration of 3 μm PS beads via gavage36. 
Hussain et al. reported the detection of various sizes of MPs in the range of 0.1–150 μm in the gastrointestinal 
lymphatics of various species, including rodents, dogs, rabbits, and humans37. A study investigating MP particles 
in human saphenous vein samples showed a mean particle length of 119.59 ± 226.82 μm (range 16–1074 μm)38. 
Another study reported the detection of MP particles up to 29.5 μm in human liver tissue, within the range of 
4–30 μm of detection level15.

One potential route for the uptake of MP particles of several micrometers in size is through persorption. 
This phenomenon was proposed by Volkheimer based on several studies, including an animal study that showed 
the presence of PVC particles in portal bloodstream and lymph vessels after the oral administration of PVC 
particles (5–110 μm)39. Persorption is the purely mechanical passage of large, solid, undissolved particles as 
large as approximately 150 μm in diameter from components in the gastrointestinal tract through gaps in the 
epithelium, known as desquamation zones40,41. Another potential route for the uptake of large MP particles is 

fi Total MP counts /ml

MP counts as 
a continuous 
variable

Mean ± SD
Low (< 3/ml)
(N = 16)

High (≥ 3/ml)
(N = 20) Pa β Pb

hsCRP (mg/dl) 0.21 ± 0.39 0.07 ± 0.04 0.32 ± 0.5 0.424 0.050 < 0.001

PT (s) 12.51 ± 0.60 12.47 ± 0.68 12.54 ± 0.55 0.730 -0.018 0.423

aPTT (s) 34.88 ± 2.90 33.78 ± 2.87 35.75 ± 2.67 0.037 0.096 0.340

Antithrombin III (IU) 102.61 ± 9.30 104.56 ± 10.15 101.05 ± 8.51 0.652 -0.632 0.054

Platelet count (10³/µl) 231.61 ± 45.91 207.19 ± 29.25 251.15 ± 47.98 0.081 1.084 0.428

ESR (mm/h) 7.61 ± 9.00 7 ± 11.48 8.1 ± 6.69 0.166 0.240 0.416

Fibrinogen (mg/dl) 303.64 ± 68.03 292.31 ± 61.22 312.7 ± 73.29 0.569 4.260 0.036

Table 4.  Coagulation and inflammation markers and their relationship with MP in blood samples. The 
β coefficient and P values were estimated using multivariate linear regression models. Multivariate linear 
regression models were used to adjust gender, age, education, job, marital status, smoking, alcohol, and 
physical inactivity; asignificance of the MP count group as a dichotomous variable in the multivariate linear 
regression model; bA significance of MP counts as a continuous variable in the multivariate linear regression 
model; MP microplastic, hsCRP C-reactive protein, PT platelet time, aPTT activated partial platelet time, ESR 
erythrocyte sedimentation rate.

 

Fig. 2.  aPTT by MP counts group, and scatter plots with regression lines: MP counts in blood and C-reactive 
protein (hsCRP) and fibrinogen. * The P-value was calculated using multivariate linear regression models 
adjusted for gender, age, education, job, marital status, smoking, alcohol, and physical inactivity; MP 
microplastic, aPTT activated partial platelet time.
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from iatrogenic sources. Zhu et al. found MP particles in three of five PP-bottled infusion therapy sets, three 
of five PE-bagged sets, and one of five glass-bottled sets on the market, although their concentration in the 
products was low42.

Among the total amount of MPs in the environment, it has been estimated that secondary MPs account 
for 70–80% and primary MPs for 15–30%43. Plastic demand for European countries, including 27 European 
Union member states, Norway, Switzerland, and the United Kingdom, was 54 Mt in 2022, with 39% used for 
packaging44. One source of secondary MPs is food packaging, which humans can be directly exposed to via 
the oral route. An increase in the use of plastic food containers has become a concern concomitant with the 
detection of MP particles in these containers29. A recent study reported that plastic food containers and reusable 
food pouches could release secondary MP particles through microwave heating or refrigerated storage30. In 
our study, the percentage of plastic containers among all containers in the refrigerator was significantly and 
positively associated with the number of MP in the blood, which is consistent with previous studies that reported 
the detection of MPs in plastic containers. Similarly, a report that phthalate metabolites were higher among those 
who used plastics in refrigerator food storage compared to those using other materials also implies that plastic 
container usage is associated with oral exposure to the breakdown materials of those containers45. Another 
notable finding is that MPs were detected more in people with higher education levels. In South Korea, people 
with high incomes prefer bottled water to tap water46, which could contribute to higher exposure to MPs7. This 
could explain the positive association between education levels and MPs.

Our results show a significant association between MP particles in the blood and higher aPTT and lower 
antithrombin III levels, implying that the decreased coagulability could be induced by MP particles in the 
blood. An animal experiment showed that increasing PS MPs in plasmas and increased prothrombin time were 
significantly correlated, and clotting factors VII, IX, VIII, XI, protein S, and protein C could bind to isolated 
MPs24. The liver is the major organ responsible for producing plasma clotting factors47,48, and decreased 
liver function could also be associated with the body burden of MPs15. On the other hand, MPs and elevated 
platelet count were marginally significantly associated in our study. Wang et al. demonstrated the presence of 
MPs in human lung tissues from 12 nonsmoking patients and reported that the levels of MPs in lung tissues 
were positively correlated with platelets and thrombocytosis49. Although it has been studied that zebrafish 
exposed to PS MPs showed an increase in the expression of genes encoding platelets, which might activate large 
numbers of platelets50, the detailed mechanism of this association has yet to be known. Finally, the role of MPs 
in cardiovascular disease has to be interpretated cautiously because of the low numbers and the small number 
of important factors.

Furthermore, the chemical composition of MPs could affect the balance in the coagulation pathway in diverse 
ways. The study using human plasma disclosed that the PS nanoparticles could induce thrombin generation, 
whereas amine-modified nanoparticles could decrease thrombin formation24. Additionally, additives such as 
phthalates could be another hurdle for coagulation hemostasis. A study of 1,482 pregnant women proved that 
their urinary phthalate metabolites were positively associated with prolonged blood clotting time as measured 
by aPTT51. Because blood coagulation is a complex process involving various cells and factors, it may be difficult 
to assume that MPs act in the same direction on these cells and factors. Future studies are needed to determine 
whether MPs in human blood are associated with hypercoagulability and to investigate the underlying 
mechanisms.

A significant and positive correlation between hsCRP and MP counts was found. Although alterations in 
coagulation were suggested in our study, the plausible mechanistic pathway of MP particles in the blood should 
be investigated in further studies. Previous research has reported that MPs could cause inflammation, so we 
found a significant and positive association between hsCRP and MPs. In mice, inflammatory markers, including 
elevated IL-6 and CRP, were associated with PS52. The significant association was also reported in a human cell-
line study53,54. Chronic inflammation could be a decisive driver of atherosclerosis, as insufficient inflammation 
resolution could promote lipid core formation55. Additionally, it has been reported in an animal study that 
exposure of hamsters to PS particles was associated with thrombotic events56. These inflammatory responses 
and alterations in coagulation seem to be a risk factor for cardiovascular disease, although the underlying 
mechanism has not been fully revealed. A recent study analyzed asymptomatic carotid plaques in 257 patients 
who underwent carotid endarterectomy and found that 58.4% of patients with MPs in carotid artery plaques had 
a higher risk of cardiovascular events than those without MPs26. More recently, a study with 82 acute coronary 
syndrome patients and 19 controls showed that the patient group showed higher MPs in their blood as well as 
inflammation-related cytokines such as IL-6 and IL-12p70.

This study had several limitations. First, the study samples were not generalizable and were conveniently 
recruited, even though they were all healthy adults. Second, every endeavor was made to effectively adopt 
preventive measures for quality control, but laboratory contamination cannot be completely excluded. Third, 
MPs were primarily detected by the µ-FTIR method, which cannot detect MPs smaller than 5–20 μm. As the size 
of microplastics detected by Raman was generally smaller than 20 μm, Raman proved to be more advantageous 
for analyzing smaller particles. However, a Raman analysis requires a significant amount of time to analyze 
each particle, so it was not possible to apply this method to all samples in this study. Future studies could 
employ additional methods, such as µ-Raman and Py-GC/MS, to further investigate microplastics. Fourth, the 
association between the number of MP particles in human blood and coagulation markers was investigated. The 
total mass in the blood can be obtained using Py-GC/MS, as reported in a study18. For the present study, µ-FTIR 
and the number of MP particles were applied. However, the most effective and appropriate way to assess MP 
exposure is yet to be determined. Further studies are necessary to investigate the association between human 
health indices and MPs measured by various means (Py-GC/MS, µ-FTIR, and µ-Raman).
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Conclusion
The current study found that MPs are present in human blood and positively correlate with various lifestyle factors 
and notable changes in coagulation markers. This emphasizes the need for methods to reduce MP exposure in 
humans and to further investigate the health effects of MPs, especially with regard to blood coagulation and 
possible cardiovascular hazards.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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