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Background: Microplastic has become a growing environmental problem. A
balanced microbial environment is an important factor in human health. This
study is the first observational cross-sectional study focusing on the effects of
microplastics on the nasal and gut microbiota in a highly exposed population.

Methods: We recruited 20 subjects from a Plastic Factory (microplastics
high-exposure area) and the other 20 from Huanhuaxi Park (microplastics
low-exposure area) in Chengdu, China. We performed the microplastic
analysis of soil, air, and intestinal secretions by laser infrared imaging,
and microbiological analysis of nasal and intestinal secretions by 16S
rDNA sequencing.

Results: The result shows that the detected points of microplastics
in the environment of the high-exposure area were significantly more
than in the low-exposure area. Polyurethane was the main microplastic
component detected. The microplastic content of intestinal secretions in
the high-exposure group was significantly higher than in the low-exposure
group. Specifically, the contents of polyurethane, silicone resin, ethylene-vinyl
acetate copolymer, and polyethylene in the high-exposure group were
significantly higher than in the low-exposure group. Moreover, high
exposure may increase the abundance of nasal microbiotas, which are
positively associated with respiratory tract diseases, such as Klebsiella and
Helicobacter, and reduce the abundance of those beneficial ones, such as
Bacteroides. Simultaneously, it may increase the abundance of intestinal
microbiotas, which are positively associated with digestive tract diseases,
such as Bifidobacterium, Streptococcus, and Sphingomonas, and reduce the
abundance of intestinal microbiotas, which are beneficial for health, such
as Ruminococcus Torquesgroup, Dorea, Fusobacterium, and Coprococcus.
A combined analysis revealed that high exposure to microplastics may not
only lead to alterations in dominant intestinal and nasal microbiotas but also
change the symbiotic relationship between intestinal and nasal microbiotas.
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Conclusion: The results innovatively revealed how microplastics can affect the
intestinal and nasal microecosystems.

Clinical trial registration: ChiCTR2100049480 on August 2, 2021.

microplastics, environment, nasal microbiota, intestinal microbiota, 16s rDNA
sequencing, laser infrared imaging

Introduction

Microplastic initially referred to as the tiny plastic
particles present in the ocean (1). Microplastics mostly
come from human daily activities, whose sizes are
usually within 5mm (2). These plastic polymers can
accumulate in landfills and the natural environment
as they cannot be Dbiodegraded (3). Plastic waste
production worldwide is expected to increase by 155-265
million tons per year by 2060 (4). Microplastics are
present in every possible place that people could ever
imagine, including sea, air, soil, and even the South
Pole (5-9).

Studies have shown that the microplastics from the air would
mostly gather in the nasal cavity, whereas the microplastics
from the food would enrich the intestine (10). The human
biomonitoring study reported the presence of plastic in lung
tissues, which indicates that microplastics from the air can
deposit and accumulate in the lung (11). Studies indicated
that the respiratory diseases of workers from synthetic material
factories who are exposed to airborne microplastics have
something to do with their careers (12). Long-term exposure
to microplastics can cause lung diseases, including asthma and
pneumoconiosis (13-15). Furthermore, ingested microplastics
can accumulate in the intestine, which would injure intestinal
epithelial cells, disrupt the intestinal barrier, and produce
enterotoxin effects (16-19). A balanced microbial environment
is an important factor in human health. Microplastics can
lead to diseases through food and air entering into the
intestine and lungs. Some studies have found that exposure
to microplastics for a long time could make a difference
to microbiota in vivo, thus, causing diseases in multiple
systems (20-22).

The study was expected to find out what impact
microplastics could have on nasal and intestinal
microbiota of the high-exposure population, such as
workers in the plastic factory. The results of these
two population comparisons provided interesting and
important insights into the impact of microplastics on
human health.
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Materials and methods

Ethical approvals and consent to
participate

The Medical Ethics Committee of the Hospital of Chengdu
University of Traditional Chinese Medicine has approved this
trial and the approval number is 2021KL-065. The informed
consent has been signed by all subjects. The study has
been implemented in accordance with the guidelines of the
Declaration of Helsinki.

Study subject

We recruited 20 subjects who worked and lived in this
area from a plastics factory (microplastics high-exposure area,
HM) and the other 20 subjects who worked and lived in this
area within 1km of the Huanhuaxi Park (microplastics low-
exposure area, LM). Located in the center of Chengdu, China,
Huanhuaxi Park has indisputably good air quality since it has
the largest forest and wetland (32.32 hectares) in Chengdu. In
addition, to ensure the quality of the urban environment, the
Chengdu government has not set up plastic factories and other
industries that are prone to pollution in the surrounding area.
Volunteers who met the criteria below would officially be a
subject of this study. The inclusion criteria were as follows: (1)
Participants who voluntarily participate in this study and sign an
informed consent form; (2) Males and females age 18 through
65; (3) No nasal diseases such as a nasal tumor, congenital
malformation, structural abnormality, and respiratory diseases;
(4) No organic digestive system diseases such as peptic ulcer,
inflammatory bowel diseases, gastrointestinal tumor; (5) No
serious primary diseases in the cardiovascular, digestive, urinary,
and hematopoietic systems; (6) Participants stay in the area for
more than 20 hours a day, which should last for more than 3
years, with less than 7 days of absence every year. The exclusion
criteria were as follows: (1) History of systemic or nasal use
of antibiotics, antifungals, hormones, and other medications
affecting the microecology of the flora within 3 months;
(2) History of systemic or nasal use of probiotics/probiotic
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products (including medications, yogurt, and beverages) within
3 months; (3) No active upper respiratory system infection
findings within 3 months; (4) No active dysbiotic symptoms
conditions (diarrhea, gas, and bloating) within 3 months; (5)
Obviously mental disorders; (6) Long history of smoking; (7)
Pregnancy and lactation.

Sampling and sample processing

Collecting samples of intestinal secretions
Subjects that

they could collect the intestinal secretions themselves.

would receive necessary training so
The samples of high and low-exposure groups would
be named THM and ILM, respectively. We would give
them cryopreservation boxes, sterile feces collectors, and
sterile glass vials at the beginning. Specimens in the feces
collectors would be used for 16S rDNA sequencing, whereas
specimens in the glass vials would be used for microplastic
composition analysis.

The samples would be stored in the cryopreservation box.
Members of our group would be responsible for transferring
those samples. We would place sterile feces collectors in liquid
nitrogen for 4h, and then transfer them to —80°C for storage
pending testing. Sterile glass vials would be stored at 4°C

for testing.

Collecting samples of nasal secretions

Members of the study would be trained to perform
Nasal
help of rhinoscopy. We

sample collections. would be collected
with  the the

samples in liquid nitrogen for 4h and then transfer

samples
would place

them to —80°C for storage. The samples of high and

low-exposure groups would be named as NHM and

NLM, respectively.

Collecting samples from the environment

We would collect environmental samples from Huanhuaxi
Park and the plastic factory. Samples would be collected at
five spots, including the east, west, south, north, and center of
the selected area. The topsoil (10 cm) at five sampling points
will be collected using a stainless steel sampling shovel. Those
samples will be mixed uniformly to be one composite sample
and wrapped in aluminum foil in a sampling bag. Air samples
were collected through a filter membrane hanging on a pole
with a height of 1.5m (adult breathing height), with three
filter membranes hanging on each pole. After 48h, the filter
membranes would be collected and placed in glass containers
for detection (Supplementary Figure 1) (23).
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Microbiota analysis by 16S rDNA gene
sequencing

Microbial genomic DNA would be isolated using a
DNeasy PowerSoil kit (Qiagen, Hilden, Germany) following the
manufacturer’s instructions. The Amplicon quality would be
visualized using gel electrophoresis. The PCR products would
be purified with the Agencourt AMPure XP beads (Beckman
Coulter Co., USA) and quantified using the Qubit dsDNA
assay kit. Sequencing would be performed on an Illumina
NovaSeq6000 with two paired-end read cycles of 250 bases each
(Ilumina Inc., San Diego, CA; OE Biotech Company; Shanghai,
China). The primers are 343F TACGGRAGGCAGCAG; 798R
AGGGTATCTAATCCT (24). Paired-end reads were then
preprocessed using the Cutadapt software to detect and cut off
the adapter. After trimming, paired-end reads would be filtering
low-quality sequences, denoise, merge, and detect and cut off
the chimera reads using DADA2 with the default parameters
of QIIME2 (25, 26). We unified the sequencing depth among
different samples at the minimum sequencing depth level. We
rarefied each sample to 41941 sequences before calculating the
diversity indices. At last, the software output the representative
reads and the Amplicon Sequence Variant (ASV) abundance
table. The representative read of each ASV would be selected
using the QIIME 2 package. All representative reads would be
annotated and blasted against Silva database Version 138 (or
Unite) using q2-feature-classifier with the default parameters.
The 16S rRNA gene amplicon sequencing and analysis would be
conducted by the OE Biotech Co., Ltd. (Shanghai, China).

Microplastics analysis by laser infrared
imaging

Analysis of microplastics from intestinal
secretions

Excess concentrated nitric acid (68%) was added to
intestinal secretion samples to digest proteins. The solution was
neutralized using 10 wt% NaOH. For large particles with a
diameter size >500 jLm, a large-aperture filter for interception
and vacuum filtration was employed. After rinsing three
times with hydrogen peroxide and ethanol, the resulting filter
membrane was immersed in ethanol solution for sonication to
disperse the substance on it in the solution. After removing the
filter membrane in the solution and washing it with ethanol
for three times, the ethanol solution was concentrated, then
dropped on a high-reflection glass, and tested by laser infrared
imaging (8700 LDIR, Agilent Technologies Co., Ltd, USA) after
the ethanol was completely volatilized. The microplastic spectral
library was established with the setting mode of matching
degree > 0.65 and the equivalent diameter range of 20-500 pum.
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Matching degree: based on the similarity between the infrared
spectrum of the particle sample and the standard spectrum in
the spectrum library, the maximum is 1. Equivalent diameter:
the irregular area of a particle sample identified is equivalent to
the size of a circular diameter.

Analysis of microplastics from soil

Prepare 1.7-1.8 kg/L ZnCl, (high-grade purity) solution.
Put 30g soil sample into a 100 mL beaker, and add 60 mL of
zinc chloride solution, stir for 2 min, and stand for 12h. The
suspension would be transferred to another beaker and 60 mL
of 30% H»O; would be added to remove organic matter. The
solution was stranded for 24 h after sufficient stirring to allow
the hydrogen peroxide to react adequately with organic matter.
Vacuum filtration was employed on the hydrogen peroxide-
treated solution. The obtained filter membrane was immersed
in ethanol solution for sonication to disperse the substance
on it in the solution. The subsequent steps were the same as

intestinal secretions.

Analysis of microplastics from air
particles

The filter membrane collecting outdoor air particles was
immersed in ethanol solution for sonication to disperse the
substance on it in the solution. The subsequent steps were the
same as intestinal secretions.

Statistical analysis

SPSS 24.0 (IBM, Armonk, NY, USA) and Prism 6.0
(GraphPad, San Diego, CA, USA) would be used for
data analysis. Continuous data are the mean =+ SD. The
significant differences would be analyzed using the one-
way analysis of variance (ANOVA) followed by Tukey’s
multiple comparisons in multiple groups. The permutational
multivariate analysis of variance analyses of PCoA would be
performed so that we could observe the overall distribution
among groups. Correlations would be analyzed by using
Spearman’s correlation analysis. Differences would be significant
if P < 0.05.

Results

Demographics

There were 40 subjects in total, 20 for the microplastics
high-exposure group and the other 20 for the low-exposure
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TABLE 1 Demographics of the study groups.

Characteristics/parameters HM (n=20) LM (n=20) p

Sex (%)
Male 11(55) 5(25)
Female 9(45) 15(75)

Age, median (IQR) (years) 44,5 (37.75-49.75)  38.5(26.5-57) 0.253

Height, median (IQR) (cm) 166 (156.5-170) 160 (158.5-168.7) 0.602

Body weight (kg) 60.4 £ 8.1 60.1+9.3 0.936

group. The median age was 44.5 years in the high-exposure
group and 38.5 years in the low-exposure group, with no
difference in age between the two groups (P > 0.05). The median
height was 166 cm in the high-exposure group and 160 cm in
the low-exposure group, with no difference in height between
the two groups (P > 0.05). The mean body weight was 60.4
=+ 8.1kg in the high-exposure group and 60.1 & 9.3kg in the
low exposure group, with no difference in body weight between
the two groups (P > 0.05). The data of subjects are shown
in Table 1.

Analysis of microplastics from soil

Soil samples from both areas detected 11 different kinds of
microplastics in total, with equivalent diameters ranging from 20
to 500 wm. The detected points of microplastics were 33 in the
high-exposure group and 16 in the low-exposure group. Among
them, polyurethane (PU) was the main microplastic detected,
accounting for 36.36% in the high-exposure group and 12.5% in
the low-exposure group. Silicon resin (SR) accounted for 24.24%
of the high-exposure group and 12.5% of the low-exposure
group (Figure 1A). The Laser infrared imaging diagrams of the
two groups are shown in Supplementary Figures 2A,B.

Analysis of microplastics from air
particles

Air samples from both areas detected 23 different kinds
of microplastics in total, with equivalent diameters ranging
from 20 to 500 wm. The detected points of microplastics
were 1,017 in the high-exposure group and 30 in the low-
exposure group. Polyurethane (PU) was the main microplastic
detected, accounting for 38.05% in the high-exposure group
and 50% in the low-exposure group. Acrylic resin (ACR)
accounted for 16.22% of the high-exposure group and
6.66% of the low-exposure group (Figure 1B). The Laser
infrared imaging diagrams of the two groups are shown in
Supplementary Figures 2C,D.
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FIGURE 1
Analysis of microplastics. (A) Analysis of microplastics from soil. (B) Analysis of microplastics from air particles. (C—G) Analysis of microplastics
from intestinal secretions. Acrylic resin, ACR; Polyethylene, PE; Polyethylene terephthalate, PET; Polypropylene, PP; Polystyrene, PS;
Polyurethane, PU; Silicon resin, SR; Chlorinated polyethylene, CPE; Fluoro rubber, FKM; Polyoxymethylene, POM; Polyvinylchloride, PVC;
Ethylene-vinyl acetate, EVA; Polybutadiene, PBD; Polymethyl methacrylate, PMMA; Polysulfone, PSU; Polytetrafluoroethylene, PTFE; Polyvinyl
Butyral, PVB; Butadiene rubber, BR; Ethylene-acrylic acid copolymer, EAA; Petroleum resin, PR; Phenolic resin, PF; Polyisobutylene, PIB;
Properties, SBR; Styrene-butadiene-styrene copolymer, SBS; Polycarbonate, PC; Polyoxymethylene, POM;
Methylmethacrylate-butadiene-styrene, MBS; Polylactic acid, PLA; Fluorosilicone rubber, FYMQ; Acrylonitrile-butadiene-styrene, ABS;
Polycaprolactone, PCL; Novolac epoxy resin, EPN; Polysulfone, PSU; Polybutadiene, PBD; Chlorinated Polyisoprene, CPI; Ethylene-acrylic acid
copolymer, EAA. *P < 0.05, **P < 0.01.

Analysis of microplastics from intestinal of intestinal secretions from the high-exposure group
secretions was significantly higher than the low-exposure group (P
< 0.001) (Figure 1C). Polyurethane (PU) was the main

Intestinal secretion samples from both groups detected microplastic detected, accounting for 37.30% in the high-

31 different kinds of microplastics, with equivalent diameters exposure group and 29.09% in the low-exposure group.
ranging from 20 to 500pum. The microplastic content Silicon resin (SR) accounted for 12% of the high-exposure
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group and 6.9% of the low-exposure group. Specifically,
the contents of polyurethane (PU), silicone resin (SR),
ethylene-vinyl acetate copolymer (EVA), and polyethylene
(PE) of the
group were significantly higher than the low-exposure
group (P < 0.05 or P < 0.01) (Figures ID-G). The laser

infrared imaging diagrams of the two groups are shown in

intestinal ~secretions from high-exposure

Supplementary Figures 2E,F.

Analysis of nasal and intestinal microbiota
The total amount of raw reads obtained from the detection

of 80 samples were distributed from 78,029 to 81,706. The total
amount of valid tags obtained from the four groups for analysis
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was distributed from 41,941 to 69,996 (Figure 2A). A Venn
diagram was used to compare the similarity and specificity of
the distribution of the four group microbiotas (Figure 2B). There
were 87 shared ASV in the four groups, 373 shared ASV in the
NLM and NHM groups, 759 shared ASV in the ILM and IHM
groups, 1,251 specific ASV in the NLM group, 929 specific ASV
in the NHM group, 1,952 specific ASV in the ILM group, and
1,350 specific ASV in the IHM group.

At the phylum level, the histogram of abundance-ranked
top 30 microbes is shown in Figure 2C. Bacteroidota (58.3 and
61.4%) and Firmicutes (30.3 and 30.2%) were the dominant
flora of ILM and THM groups. Actinobacteriota (56.7 and
59.2%) and Firmicutes (30.3 and 29.2%) were the dominant
flora of NLM and NHM groups. Among them, nasal and
intestinal microbiota in the low-exposure group, such as
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FIGURE 3
Alpha and beta diversity analysis. (A) The Good's Coverage. (B) The Shannon-Weaver index. (C,D) Each point in the PCoA represents a sample.
Points in the same color are in the same group. The closer the points in the same group are, and the further the points to other groups are, the
better the grouping effect is. ***P < 0.001.

Bacteroidota (1.96 and 58.3%) and Actinobacteriota (56.7
and 1.4%), were significantly different. Nasal and intestinal
microbiota in the high-exposure group, such as Bacteroidota
(2.3 and 61.4%) and Actinobacteriota (59.2 and 1.1%), were also
significantly different.

At the genus level, the histogram of abundance-ranked
top 30 microbes is shown in Figure 2D. Bacteroides (38.0 and
35.3%) and Prevotella (10.6 and 15.7%) were the dominant
flora of ILM and IHM groups. Corynebacterium (52.0 and
57.0%) and Staphylococcus (20.5 and 21.0%) were the dominant
flora of NLM and NHM groups. Among them, nasal and
intestinal microbiota in the low-exposure group, such as
Corynebacterium (52.0 and 0.1%), Bacteroides (0.3 and 38.0%),
and Staphylococcus (20.5 and 0.2%), were significantly different.
Nasal and intestinal microbiota in the high-exposure group,
such as Corynebacterium (57.0 and 0.1%) and Bacteroides (0.1
and 35.3%) were also significantly different.
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Alpha diversity is used to measure the richness of species in
a community. Alpha diversity is a comprehensive indicator of
species and richness and evenness. The Good’s Coverage reflects
the sequencing depth, the closer it is to 1, the wider range of
species in the samples the sequencing depth covers (Figure 3A).
The Shannon-Weaver reflects species richness and evenness
of distribution. The higher the species diversity and the more
uniform the species distribution are, the higher the value of the
Shannon-Weaver index (27). As shown in Figure 3B, there was
no significant difference in the richness estimator and diversity
index of nasal and intestinal microbiota between the two groups.
Whereas, there was a significant difference in the richness
estimator and diversity index between nasal and intestinal
microbiota in low-exposure and high-exposure groups.

To assess the overall bacterial composition for four groups,
we performed Principal Coordinates Analysis (PCoA) in beta
diversity analysis. As shown in Figures 3C,D, the bacterial
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FIGURE 4
Microbiological multivariate statistical analysis. (A—D) The Wilcoxon analysis. (E,F) Prediction of gene function of known microbes.

communities between the low-exposure group and the high-
exposure group both in the intestine and nasal showed
different patterns.

Microbiological multivariate statistical analysis would
be wused to assess significant differences between the
two groups at every level. We selected species that were
abundance-ranked top 10 to perform the Wilcoxon analysis
to compare the differences in dominant species. At the
phylum level, the relative abundances of Fusobacteriota in
the NHM group were significantly lower than in the NLM
group (P < 0.05) (Figure 4A). The relative abundances of
Proteobacteria and Campilobacterota in the IHM group
were significantly lower than the ILM group (P < 0.05)
(Figure 4B). At the genus level,the relative abundances of

Haemophilus, — Actinomyces, Porphyromonas,

Bacteroides,
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Gardnerella, and Gemella in the NHM group were significantly
lower than the NLM group (P < 0.05 or P < 0.001 or P
< 0.0001), and the relative abundances of Klebsiella and
Helicobacter in the NHM group were significantly higher
than the NLM group (P < 0.05 or P < 0.0001) (Figure 4C).
The relative abundances of Bifidobacterium, Streptococcus,
and Sphingomonas in the IHM group were significantly
lower than that in the ILM group (P < 0.05 or P < 0.001),
and the relative abundances of Fusobacterium, Coprococcus,
[Ruminococcus]_torques_group, Dorea, and Butyricicoccus in
the IHM group were significantly higher than the ILM group
(P < 0.05) (Figure 4D).

To determine the discriminant power of microbiota
signatures under the environmental state of microplastic
exposure, we applied random forest analysis. Based on
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Co-occurrence network map. (A) Correlation analysis of intestinal and nasal microbiota at low-exposure group. (B) Correlation analysis of
intestinal and nasal microbiota at high-exposure group. Species with Spearman Coef > 0.8 and p < 0.01 are shown by default in the figure. The
size of nodes indicates the abundance of species, and different colors indicate different species. The color of the line indicates a positive and
negative correlation, red indicates positive correlation, and green indicates negative correlation. The thickness of the line indicates the Pearson
correlation coefficient, the thicker the line is, the more correlative species are. The more lines, the more connected one species is to others.

the analysis of nasal microbiota, the abscissa of species
is positively correlated with the environmental state of
microplastic
Haemophilus,

exposure, such as Klebsiella, Actinomyces,
Ralstonia, Bacteroides, and Acinetobacter,
featured as microbiota members for the discrimination
between groups (Supplementary Figure 3A). Based on the
analysis of intestinal microbiota, the abscissa of species
is positively correlated with the environmental state of
microplastic exposure, such as Bifidobacterium, Fusobacterium,
Faecalibacterium, Lachnoclostridium, Parabacteroides, and
Ruminococcus, featured as microbiota members for the
discrimination between groups (Supplementary Figure 3B).

Based on the sequence of a marked gene, the PICRUSt2
(2.3.0b0) software was used to predict the gene function
of known microbes, and to show the difference between
groups. At level 3 of KEGG, pathways from two groups
with significant statistical differences ranked from top to
the bottom in bar graphs based on the Wilcoxon method,
suggesting that exposure to microplastics may lead to
differences in Toll and Imd signaling pathways, Autophagy-
yeast, and Cardiac muscle contraction in nasal microbiota
(Figure 4E), and differences in cardiac muscle degradation,
Prion diseases, Staphylococcus aureus infection, styrene
degradation, biosynthesis of unsaturated fatty acids, and
nitrotoluene in intestinal microbiota (Figure 4F).

Correlation analysis between the nasal
and intestinal microbiota

At the genus level, species from the four groups which
were abundance-ranked top 10 were compared based on the
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Kruskal Wallis method. The results showed that the difference
in the abundance of nasal and intestinal shared microbiota was
similar in both the low-exposure and high-exposure groups.
For example, Corynebacterium, Staphylococcus, Ralstonia, and
Lawsonella were more abundant in the intestine than the nasal
cavity, while Bacteroides, Prevotella, Faecalibacterium, Alistipes,
and Escherichia-Shigella were less abundant in the intestine
than nasal cavity (P < 0.05 or P < 0.01 or P < 0.001)
(Supplementary Figure 4).

The symbiotic relationship among microbes is significantly
different in the nasal cavity and gut. Therefore, spearman
correlation coefficient calculation was performed based on
the relative abundances among species to obtain the network
of interrelationships of species (Figure 5). Analysis for the
abundance-ranked top 50 species at the genus level suggests
that exposure to microplastics may lead to alterations in
the correlation between intestinal and nasal microbiota in
subjects. For example, Corynebacterium was not correlated
with Bacteroides in the low-exposure group, but negatively
correlated in the high-exposure group; Corynebacterium
was not correlated with X. Ruminococcus.torquespes in the
low-exposure group, but negatively correlated with the
high-exposure group; Staphylococcus was not correlated with X.
Ruminococcus torquespes at low-exposure group, but negatively
correlated at-high exposure group; Alisbacterium was not
correlated with Bifidobacterium at the low-exposure group,
but positively correlated at high-exposure group; Alistioides
was not correlated with Bacteroides at the low-exposure
group, but positively correlated at high-exposure group,
et cetera.

Indicator analysis revealed the indicator species for
each group. The bubble size is positively correlated with
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the indicator value of each species in this group. The
results showed that exposure to microplastics may not
only lead to alterations in the abundance of intestinal
and nasal microbiota but also cause changes in the
correlation between intestinal and nasal microbiota, which
is consistent with the conclusion of network analysis

(Supplementary Figure 5).
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Correlation analysis of microplastics and
microbiota in intestinal secretions

We performed canonical correspondence analysis between
the bacterial species within the genera and the main microplastic
components of intestinal secretions to reflect the relationship
between the flora and the environment. As shown in Figure 6,
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the
with the HM group and negatively correlated with the LM

microplastic composition was positively correlated
group. The bacterial species within the genera Coprococcus,

Dorea, [Ruminococcus]_torques_group, and Butyricicoccus
were positively correlated with microplastic composition,
Bifidobacterium,

and  Fusobacterium  were

while Streptococcus,  Sphingomonas,

negatively  correlated  with

microplastic composition.

Discussion

In this study, air and soil samples from microplastic low-
exposure (Huanhuaxi Park) and high-exposure areas (plastic
factories) were examined. The detected points of microplastics
in the high-exposure area were significantly more than the low-
exposure area. Among them, polyurethane (PU) was the main
microplastic component detected, which was the main plastic
product in the plastic factory.

Nasal and intestinal secretions were collected from 40
subjects (20:20) who have been working and living in low-
exposure and high-exposure areas to microplastics. Specific
effort was taken to preserve the microbiota by flash-freezing
of nasal and intestinal secretions, to avoid any technical
confounders. The results of the examination showed that the
microplastic content of intestinal secretions was significantly
higher in the high-exposure group than in the low-exposure
group. Among them, polyurethane (PU), silicone resin (SR),
ethylene-vinyl acetate copolymer (EVA), and polyethylene (PE)
were significantly higher in the high-exposure group than the
low-exposure group. Furthermore, the bacterial species within
the genera Coprococcus, Dorea, [Ruminococcus]_torques_group,
and Butyricicoccus were positively correlated with these
Bifidobacterium,
Sphingomonas, and Fusobacterium were negatively correlated

microplastics, while Streptococcus,
with these microplastics.

Microbiological analysis from 40 subjects showed that
nasal and intestinal microbiota shared ASV, which may be
due to swallowed snot. At the phylum level, Bacteroidota
and Firmicutes were the dominant strains in the intestinal
microbiota, and Actinobacteriota and Firmicutes were the
dominant strains in the nasal microbiota. At the genus level,
Bacteroides and Prevotella were the dominant strains in the
intestinal microbiota, and Corynebacterium and Staphylococcus
were the dominant microbiota in the nasal microbiota. The
dominant microbiota between the nasal cavity and intestine in
the same group were significantly different, in line with the
objective differences in colonization areas.

Studies have shown that bacteroides have antioxidant effects
and beneficial effects on the body (28). Clinical studies have
found that the abundance of bacteroides decreases in patients
with allergic airway diseases (29, 30). Klebsiella is closely related
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to the occurrence of chronic sinusitis and chronic diseases of the
upper airways (31, 32). Helicobacter is a microaerophilic Gram-
negative spirochete that has been proven to be a causative factor
for gastric ulcers, gastritis, and gastric cancer (33). Helicobacter
can colonize not only the gastric mucosa but also the nasal
mucosa due to indirect contact infection (34). We found that
the relative abundances of Bacteroides in the NHM group were
significantly lower than in the NLM group. Simultaneously, the
relative abundances of Klebsiella and Helicobacter in the NHM
group were significantly higher than the NLM group. These
results suggested that exposure to microplastics may increase
the abundance of nasal microbiota that are positively associated
with respiratory and digestive tract diseases, while reducing the
abundance of beneficial microbiota in the nasal cavity.

Studies have found that the bacterial species within
the genera Bifidobacterium, Streptococcus, are known to
possess gluten probiotic properties and the ability to
produce SCFA (35), which has an important role as a
probiotic in the prevention and treatment of intestinal and
parenteral diseases (36, 37). Moreover, Bifidobacterium also
has anti-IL-6, anti-inflammatory, as well as immune-enhancing
effects (38). It can conduct biodegradation and destroy
microplastics through its enzymatic hydrogen peroxide
activation under semi-anaerobic conditions, thus predicting
high exposure of microplastics in gastrointestinal systems
with low Bifidobacterium levels (39). The abundance of
Streptococcus and  Sphingomonas is negatively correlated
with the occurrence of colorectal cancer (40, 41). The
abundance of Sphingomonas decreased in patients with
gastric inflammation (42). The results of clinical studies
showed that [Ruminococcus] torques_group and Dorea in
the intestine of patients with irritable bowel syndrome
were significantly higher than the healthy controls (43).
Fusobacterium can cause opportunistic infections that are
clearly associated with inflammatory bowel disease and
colorectal cancer (44, 45). The abundance of Coprococcus is
associated with diarrhea, intestinal salmonella infection, and
liver tumors (46, 47). We found that the relative abundances
of Bifidobacterium, Streptococcus, and Sphingomonas in
the THM group were significantly lower than that in the
ILM group. Simultaneously, the relative abundances of
[Ruminococcus]_torques_group, Dorea, Fusobacterium, and
Coprococcus in the THM group were significantly higher
than the ILM group. These results suggested that exposure
to microplastics may increase the abundance of intestinal
microbiota that are positively associated with digestive tract
diseases, while reducing the abundance of beneficial microbiota

in the gut.

PICRUSt2 (2.3.0b0) would be wused to annotate
the gene function of known microbes. The results
showed that there were differences in intestinal
microbiota in Styrene and Nitrotoluene degradation
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that under the environmental

state of microplastic exposure, there was a more active

pathways, indicating
microplastic metabolism in intestinal microbiota in the
high-exposure group.

The symbiotic relationship among microbes is significantly
The
combined analysis revealed that exposure to microplastics

different between the mnasal cavity and the gut.
may not only lead to changes in dominant microbiota in
the intestine and nasal cavity but also cause correlation
changes of nasal and intestinal shared microbiota, such
as  Corynebacterium-Bacteroides,
Alistipes-Bifidobacterium,
group, Staphylocus-X.Ruminococcus.torocc group, etc.

Alistipes-Bacterquesoides,
Coryneum-X.Ruminococcus.torques

However, there are still some limitations of this study.
Participants in the study group were all from one facility,
which may not be representative of the entire high-exposure
population. However, it is an indisputable fact that the subjects
involved in this study were exposed to microplastics, and the
results of the study can reflect the impact of microplastics
(especially polyurethane) exposure on human intestinal and
nasal microbes to a certain extent.

Opverall, the results innovatively revealed how microplastics
can affect intestinal and nasal microecosystem. Hopefully, the
study will provide reliable evidence to answer the question that
how microplastics can affect human health.
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SUPPLEMENTARY FIGURE 1
Schematic diagram of environmental specimen collection.

SUPPLEMENTARY FIGURE 2
The laser infrared imaging diagrams of the two groups.

SUPPLEMENTARY FIGURE 3

Random forest analysis. Abscissa MeanDecreaseGini is the measure of
importance, ordinate represents species. The value of
MeanDecreaseGini is positively correlated with the reliability of one
species as biomarker screening between groups. (A) The nasal
microbiota. (B) The intestinal microbiota.

SUPPLEMENTARY FIGURE 4
Kruskal Wallis analysis.

SUPPLEMENTARY FIGURE 5
Indicator analysis. The histogram represents the relative abundance of
each ASV.

SUPPLEMENTARY FIGURE 6
Rarefaction curve.
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