
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Environmental Pollution 292 (2022) 118299

Available online 7 October 2021
0269-7491/© 2021 Elsevier Ltd. All rights reserved.

Airborne microplastics and SARS-CoV-2 in total suspended particles in the 
area surrounding the largest medical centre in Latin America☆ 
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A B S T R A C T   

Microplastics (MPs) have been reported in the outdoor/indoor air of urban centres, raising health concerns due 
to the potential for human exposure. Since aerosols are considered one of the routes of Coronavirus disease 2019 
(COVID-19) transmission and may bind to the surface of airborne MPs, we hypothesize that severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) could be associated with the levels of MPs in the air. Our goal 
was to quantify the SARS-CoV-2 RNA and MPs present in the total suspended particles (TSP) collected in the area 
surrounding the largest medical centre in Latin America and to elucidate a possible association among weather 
variables, MPs, and SARS-CoV-2 in the air. TSP were sampled from three outdoor locations in the areas sur-
rounding a medical centre. MPs were quantified and measured under a fluorescence microscope, and their 
polymeric composition was characterized by Fourier transform infrared (FT-IR) microspectroscopy coupled with 
attenuated total reflectance (ATR). The viral load of SARS-CoV-2 was quantified by an in-house real-time PCR 
assay. A generalized linear model (GzLM) was employed to evaluate the effect of the SARS-CoV-2 quantification 
on MPs and weather variables. TSP samples tested positive for SARS-CoV-2 in 22 out of 38 samples at the three 
sites. Polyester was the most frequent polymer (80%) found in the samples. The total amount of MPs was 
positively associated with the quantification of SARS-CoV-2 envelope genes and negatively associated with 
weather variables (temperature and relative humidity). Our findings show that SARS-CoV-2 aerosols may bind to 
TSP, such as MPs, and facilitate virus entry into the human body.   

1. Background 

A novel human coronavirus disease known as severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) emerged in 
December 2019 and rapidly spread worldwide, causing serious global 
damage to public health, and leading to severe social/economic 
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disruptions (Akhbarizadeh et al., 2021a; Wu et al., 2020; Gralinski and 
Menachery, 2020). By May 2021, the pandemic was far from being 
controlled in Brazil, especially in large cities such as São Paulo (FIOC-
RUZ, 2021). With the emergence of the novel gamma and delta variants 
with higher transmissibility, Brazil is currently one of the world epi-
centres of Coronavirus disease 2019 (COVID-19). As of the date of this 
publication, Brazil has more than 581,150 deaths and 20,804,215 
accumulated cases (FIOCRUZ, 2021). 

Droplets or aerosols in the air are considered major routes of COVID- 
19 transmission (WHO, 2020), which seems to be affected by higher 
temperature and relative humidity (Biryukov et al., 2020; Sajadi et al., 
2020). Aerosols are airborne particles smaller than 5 μm. There is evi-
dence that virus particles bind to aerosols and travel over longer dis-
tances, remaining floating in the air for much longer than respiratory 
droplets (Zuo et al., 2020). 

Whether SARS-CoV-2 aerosols can “hitchhike” in atmospheric par-
ticulate matter (PM), thereby triggering the spread of the virus, remains 
in question. Several methodologies have been used to sample SARS-CoV- 
2 in the air (Abdeldayem et al., 2022). Setti et al. (2020) showed that 
SARS-CoV-2 RNA is present in particulate matter (PM10). Their study 
was conducted at an industrial site in the Bergamo Province of northern 
Italy, known for high levels of air pollution and some of the most severe 
cases of COVID-19 in that country. Zhu et al. (2020) found significant 
positive associations of particulate matter 2.5 (PM2.5), particulate mat-
ter 10 (PM10), carbon monoxide (CO), nitrogen dioxide (NO2), and 
ozone (O3) with COVID-19 cases in China. 

Airborne microplastics (MPs) are a constituent part of atmospheric 
PM (Levermore et al. (2020). MPs are the result of plastic degradation 
and are ubiquitously found in the environment due to inadequate 
disposal (Amato-Lourenço et al., 2020). Due to their small size and low 
density, MPs are also present in the air (Allen et al., 2019) and may be 
inhaled by humans (Amato-Lourenço et al., 2020). Airborne MPs have 
been found in urban centres, as shown in studies performed in London, 
Shanghai, and Paris (Wright et al., 2020; Liu et al., 2019; Dris et al., 
2015). Atmospheric deposition of MPs in cities may range from 575 to 
1008 particles/m2/day (largely composed of fibres), as shown by Wright 
et al. (2020). MPs are vectors of several pollutants (Hartmann et al., 
2017; Akhbarizadeh et al., 2021b) as well as pathological microorgan-
isms present in the environment (Foulon et al., 2016). Its surface asso-
ciated with environmental conditions allows the adherence of 
microorganisms and the colonization of bacteria and viruses (Foulon 
et al., 2016; Mammo et al., 2020). 

SARS-CoV-2 is stable on plastic surfaces for up to 72 h at room 
temperature (van Doremalen et al., 2020). Furthermore, the virus can 
remain viable and infectious in aerosols for hours (van Doremalen et al., 
2020). 

We hypothesize that SARS-CoV-2, in contrast to the inhalation mode 
of viral transmission through airborne respirable droplets, is potentially 
associated with airborne MPs present on total suspended particles (TSP). 
Viral particles have been found in aerosols and on surfaces in hospital 
wards (Passos et al., 2021; Liu et al., 2020). Many people circulate 
around large medical centres, but no studies have analysed the presence 
of SARS-CoV-2 and MPs in this setting. 

Therefore, in this study, we quantified the SARS-CoV-2 RNA and MPs 
in the TSP samples collected in the area surrounding the largest medical 
centre in Latin America and elucidated a possible association among 
weather variables, MPs, and SARS-CoV-2 in the air. 

2. Methods 

2.1. Ethics 

This study was approved by the Ethical Board of the São Paulo 
University Medical School (approval #: 08304519.4.0000.0065). 

2.2. Study site description 

As of the date of this publication, Sao Paulo megacity is the epicentre 
of the disease in Brazil, and the number of cases continues to increase 
exponentially (CVE, 2021). 

The city has a population that exceeds 11.8 million people living in 
an area of 1521 km2 (SEADE, 2019). Additionally, Sao Paulo is affected 
by high concentrations of air pollutants from vehicular traffic (such as 
particulate matter) (CETESB, Sao Paulo State Environmental Agency, 
2020) that normally exceed the World Health Organization (WHO) 
recommendations (WHO, 2005). 

On the first day of monitoring (September 24th, 2020), the city of 
São Paulo counted 286,862 confirmed cases and 12,504 deaths attrib-
uted to SARS-CoV-2 (CVE, 2021). 

This study was carried out in the outdoor areas of the largest medical 
centre in Latin America (including a medical school). This area is 
characterized by a high volume of vehicular and pedestrian traffic (CET, 
2020), in addition to having bus stops and access to the subway. During 
the SARS-CoV-2 pandemic, the Central Institute of Clinical Hospital of 
the Faculty of Medicine of the University of São Paulo and the Institute 
of Infectiology – Emilio Ribas were appointed as reference centres for 
COVID-19 in the state of Sao Paulo. In these hospitals, 1100 hospital 
beds (360 intensive care beds) were allocated exclusively to COVID-19. 
In addition, the emergency room of the hospitals attends around 90 
patients per day suspect of COVID-19. 

2.3. Total suspended particles (TSP) sampling 

The samplings occurred from September 24th to November 1st, 
2020, from three outdoor locations in the areas surrounding the hospital 
complex, A (− 23◦33′15.8′′S 46◦40′13.8′′W), B (− 23◦33′24.0′′S 
46◦40′12.4′′W) and C (− 23◦33′20.0′′S 46◦40′05.4′′W) (Fig. 1a). Site “C" 
was located at an infectious disease hospital that shared the main 
entrance for patients and staff. During the sampling period, an average 
circulation of 2623 people in location A, 4104 people in location B, and 
882 people in location C were recorded. TSP samples were collected for 
24 h using a Handi-vol sampler (Energética, Brazil) operating at a flow 
rate of 3 L/min on a fibreglass filter (porosity <1 μm, diameter: 110 mm) 
(Whatman®, Whatman Labware Products, Maidstone, Kent, UK)) 
(Fig. 1b). The samplings were carried out at a height of 1.25 m because it 
corresponds to the standard breathing height of an adult (Sharma and 
Kumar, 2020). Filters were weighed before and after particle collection. 
After sampling, the filters were immediately stored at − 20 ◦C before the 
analysis. All the materials used in handling the filters (tweezers, Petri 
dishes, among others) were autoclaved before sampling and opened at 
the time of collection. 

Weather data, including the temperature (◦C) and relative humidity 
(%), were obtained from the station closest to the sampling points pro-
vided by the Emergency Management Centre of Sao Paulo Municipality 
(CGE). 

2.4. Quality control and evaluation of microplastic sample processing 

A plastic-free approach was applied to guarantee the quality of the 
results, allowing us to evaluate the sources of variability and error and to 
increase the reliability of the collected data. All procedures were per-
formed in accordance with the protocols recommended by Rochman 
et al. (2019). The analyses were performed at the Experimental Air 
Pollution Laboratory (LIM05) of the Faculty of Medicine of the Uni-
versity of São Paulo and at the Molecular Spectroscopy Laboratory - 
Department of Fundamental Chemistry of the Institute of Chemistry - 
University of São Paulo. Briefly, all materials were washed thoroughly 
with Milli-Q® (Merck KGaA, Darmstadt, Germany) water three times 
before use. The glass materials were cleaned with a 1:1 nitric acid so-
lution. All materials and samples were covered with aluminium foil 
(before and after processing) to avoid airborne sample contamination. 
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Cotton lab coats (100%) and clean nitrile gloves were used during all 
procedures. The samples were processed in a clean laminar flow cabinet. 
A procedural blank was used for every ten samples during the whole 
procedure to account for contamination during sampling and laboratory 
protocols. The amounts in the procedural blanks were subtracted from 
TSP samples according to their chemical identifier (Rochman et al., 
2019). 

2.5. Quantification of microplastics in TSP samples 

Half of the filters were stained with the lipophilic dye Nile Red 
(Sigma-Aldrich®, Saint Louis, Missouri, USA). This dye has been used in 
studies with microplastics being adsorbed on plastic surfaces and mak-
ing them fluorescent when irradiated with UVA light (Erni-Cassola et al., 
2017). Preparation of staining solution was carried out using 1 mg Nile 
Red (C26H18N2O2 ultrapure) for each 1 mL of chloroform and then 
mixed in a volumetric flask (Tamminga et al., 2017). The solution was 
transferred to brown glass bottles for storage. The filters were stained 
with 1 mL of Nile Red solution in two sequences of 0.5 mL each and 
covered with watch glass for at least 24 h at room temperature (Tam-
minga et al., 2017). The coloured filters were analysed under a fluo-
rescence microscope (Olympus BX51) under U.V. and an attached 
Olympus camera (Olympus Co, St Laurent, Quebec, Canada) (Fig. S4 – 
supplemental material). The quantified MPs were classified as fibres or 
particles due to their distinct structural characteristics (e.g., total surface 
area) and possible deleterious effects on human health (Amato-Lourenço 

et al., 2020). To identify and quantify man-made fluorescent parti-
cles/fibres, we adopted the recommendations described by Hidalgo-Ruz 
et al. (2012). Particle/fibre lengths were recorded using Image Pro-Plus 
6.0 software. The lower observation limit was 50 μm. 

Then, the filter samples were analysed using Bruker’s Vertex 80v 
model FT-IR infrared spectrometer, and Ominic software, version 
8.1.0.10. The chemical composition was verified through the spectral 
match with the “HR Hummel Polymer and Additives” and “Aldrich 
condensed phase” libraries. Minor corrections such as baseline adjust-
ment and removal of the carbon dioxide (CO2) peak were performed 
after obtaining the spectra to improve the visualization of the spectra. 
Samples whose match was over 60% were considered. Due to the high 
volume and time constraints, 5% of fibres/particles in each sample were 
randomly analysed as conducted by Wright et al. (2020). 

2.6. SARS-CoV-2 quantification 

2.6.1. DNA∕RNA extraction 
Nucleic acids were extracted from half of the TSP fibreglass filters. 

Briefly, the filters were incubated for 3 h at 56 ◦C in AL buffer (Qiagen, 
Hilden, Germany) and 100 mg/mL proteinase K (Qiagen, Hilden, Ger-
many). Then, DNA and RNA were extracted using a Magna Pure 
Compact Nucleic Acid Isolation kit (Magna Pure Compact, Roche Di-
agnostics GmbH, Germany) according to the manufacturer’s 
instructions. 

Fig. 1. (a) Overview of the hospital complex and the sampling site locations in the Sao Paulo municipality, (b) TSP sampling at site 3.  
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2.6.2. Real-time reverse-transcription PCR 
SARS-CoV-2 RNA was quantified by an in-house real-time PCR assay 

that amplified part of the envelope protein (E) (Corman Victor et al., 
2020) and nucleocapsid protein (N1) (CDC, 2021) genes. Positive and 
negative controls were included in all amplification reactions. As a 
positive control, synthetic RNA from SARS-CoV-2 Standard (Exact Di-
agnostics SARS-CoV-2 Standard, Cat Number #COV019) and RNA 
extracted from inactivated SARS-CoV-2. Negative controls consisted of 
the reaction with all reagents and eluents without a sample. 

Real-time PCR was performed using StepOne System equipment 
(Applied Biosystems, Foster City, CA, USA) using conditions described 
previously in Corman Victor et al., 2020). Primer and probe sequences 
are presented in Supplemental Material - Table S1). Standard curves 
were generated from serial dilutions (1:10) of SARS-CoV-2 RNA (Sup-
plemental Material Figs. S2 and S3) and converted to genomic units per 
TSP. Samples were considered positive if amplification of target regions 
had a cycle threshold value (Ct) less than 40. 

2.7. Statistical analyses 

Descriptive data are presented as medians, means, minimum and 
maximum values. The nonparametric data (SARS-CoV-2 envelope and 
nucleocapsid) were log transformed to comply with the assumptions of 
variance of homogeneity and residual normality. Analysis of variance 
(one-way analysis of variance (ANOVA)) followed by a Tukey post hoc 
test was used to test for differences among MPs, TSP, SARS-CoV-2 en-
velope, and nucleocapsid quantification variables considering each 
sampling site. 

Exponential regression was performed considering SARS-CoV-2 and 
total MPs quantification. A generalized linear model (GzLM) (Mccul-
lagh, 1984) was employed to evaluate the obtained SARS-CoV-2 quan-
tification on MPs and weather variables. The GzLM was fitted using the 
log-link function and Poisson distribution. Among the GzLM families, 
the most commonly used in studies on the impact of air pollution on 
health is Poisson regression (Conceição et al., 2001). The models were 
evaluated for normal distribution of the residuals, and the random ef-
fects and respective confidence intervals of the estimated variables were 
calculated. Akaike’s information criterion (AIC) was applied to indicate 
a better fitting model. Statistical analyses were performed using IBM® 
SPSS® Statistics software (version 26 IBM Corp., Chicago, IL, USA). A 

value of p < 0.05 was considered statistically significant. 

3. Results 

Descriptive results for the quantification of SARS-CoV-2 envelope 
and nucleocapsid genes, MPs (fibres and particles), TSP, and weather 
data at sites A, B, and C are summarized in Table 1. The SARS-CoV-2 
envelope was detected in 22 out of 38 samples (Ct < 40) at the three 
sites (site A; N = 5, site B; N = 10 and site C; N = 7), while the SARS-CoV- 
2 nucleocapsid was detected in just 6 samples at sites B (N = 3) and C (N 
= 3). 

The envelope concentration (genomic units/TSP) ranged from 9.24 
to 19.28 at site A, 4.99 to 38.52 at site B, and 4.30 to 218.15 at site C. 
The nucleocapsid concentration (genomic units/TSP) ranged from 16.50 
to 156.64 at site B and 25.38 to 28.09 at site C. The envelope and 
nucleocapsid concentrations were not significantly different according 
to the sites (p > 0.05) (Fig. 2). 

The number of MPs fibres compared to the MP particles found was 
significantly higher at the three sites (p < 0.001). On site A, fibres 
ranged from 9.03 to 24.02 units/m3, while particles ranged from 0 to 
0.93 units/m3. On Site B, the fibres ranged from 8.80 to 22.68 units/m3, 
while the particles ranged from 0 to 0.70 units/m3. On Site C, the fibres 
ranged from 7.18 to 19.91 units/m3, while the particles ranged from 0 to 
0.46 units/m3. Regarding the size of the obtained MPs, fibres length 
ranged from 50.01 to 1579.43 μm (mean value = 162.01 (±1.57)) and 
particles diameter ranged from 50.12 to 877.09 μm (mean value =
110.23 (±4.20)). 

The amounts of MPs (particles and fibres) and TSP were not signif-
icantly different among the three sampling sites (p > 0.05). 

Polyester was the most frequent polymer (80.4%), followed by poly 
(ethyl acrylate) (2.8%), poly(butyl acrylate:acrylic acid) (2.8%), poly 
(amide-6,6:amide-6) (2.8%), poly(acrylonitrile:vinylidene chloride) 
(2.8%), polyamide resin (2.8%), polyether urethane (2.8%), poly(1,4- 
butylene terephthalate) (2.8%). There was no statistical difference be-
tween the types of polymers found in the three sites. When compared to 
the reference spectral library of plastic particles, the detected MPs par-
ticles/fibres had signs of weathering. Microphotographs and the FTIR 
spectra of the main types of microplastics found in the TSP filters are 
presented in Table 2. Figure data on all the analysed filters are presented 
in the supplementary information, Table S4. 

Table 1 
Descriptive data for each sampling site (N = number of samples; S.D. = standard deviation).  

Site N Variables Mean S.D. Median Minimum Maximum 

A 12 Temperature (◦C) 27.7 1.4 30.8 21.8 34.7 
Relative humidity (%) 37.5 5.1 31.0 16.0 68.0 
Envelope protein gene quantification - (genomic units/TSP) 13.66 1.93 12.86 9.24 19.28 
Nucleocapsid protein gene quantification - (genomic units/TSP) – – – – – 
Total MPs (n/m3) 14.02 1.53 12.96 9.03 24.95 
MPs fibres (n/m3) 13.85 1.36 13.08 9.03 24.02 
MPs particles (n/m3) 0.23 0.08 0.23 0.00 0.93 
TSP (mg/m3) 5.75 2.91 520 2.08 11.11 

B 16 Temperature (◦C) 31.4 1.8 32.9 17.1 38.0 
Relative humidity (%) 35.5 5.3 27.0 16.0 76.0 
Envelope protein gene quantification - (genomic units/TSP) 17.21 3.32 13.50 4.99 38.52 
Nucleocapsid protein gene quantification - (genomic units/TSP) 86.26 40.45 85.66 16.50 156.64 
Total MPs (n/m3) 15.90 1.18 15.28 8.80 23.38 
MPs fibres (n/m3) 15.30 1.13 14.58 8.80 22.68 
MPs particles (n/m3) 0.10 0.05 0.00 0.00 0.70 
TSP (mg/m3) 5.44 2.45 6.25 1.39 9.03 

C 10 Temperature (◦C) 27.8 1.0 27.7 22.8 33.1 
Relative humidity (%) 42.5 4.0 44.0 13.0 54.0 
Envelope protein gene quantification - (genomic units/TSP) 38.70 29.95 8.25 4.30 218.15 
Nucleocapsid protein gene quantification - (genomic units/TSP) 26.43 0.83 25.84 25.38 28.09 
Total MPs (n/m3) 14.03 1.57 15.05 6.71 20.37 
MPs fibres (n/m3) 13.89 1.50 14.81 7.18 19.91 
MPs particles (n/m3) 0.09 0.05 0.00 0.00 0.46 
TSP (mg/m3) 6.55 2.93 6.02 4.40 10.65          
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MPs particles were detected in the three procedural blanks (n = 3), 
while fibres were observed in all of them (n = 11). Their respective sizes 
are shown in Supplemental Material Table S5. It was not possible to 
identify the chemical composition of the fibres found in the procedural 
blanks due to the low spectral match with the reference values. 

The daily maximum air temperature oscillated from 17.1 ◦C to 
39.0 ◦C in this period, whereas the minimum relative humidity ranged 
from 13% to 76%. 

The exponential regression results demonstrated that the number of 
MPs (fibres + particles) can statistically significantly predict the SARS- 
CoV-2 envelope concentration (genomic units per TSP) (R2 = 0.522, p 
≤ 0.001) (Fig. 3). The regression equation is presented in the supple-
mentary material (Equation S(6)). However, the same result was not 

observed with the nucleocapsid concentration or considering the TSP 
and genomic particles. 

The GzLM analysis showed that the total amount of MPs was posi-
tively associated with the amount of the SARS-CoV-2 envelope and 
negatively associated with weather variables (temperature and relative 
humidity) (Table 3). 

4. Discussion 

This is the first evidence showing that the amount of SARS-CoV-2 is 
significantly correlated with the number of MPs fibres in the air. Pre-
vious evidence indicates that plastic surfaces are carriers of the virus and 
promote prolonged survival when compared to other materials (van 

Fig. 2. Envelope and nucleocapsid protein concentrations according to the sites.  

Table 2 
Microphotographs and FTIR spectra of the main types of microplastics.  

Sample Image Spectrum Reference spectrum Spectrum overlay Chemical 
characterization 

02covid_part1 Poly(ethyl 
acrylate) 
HR Hummel 
Polymer and 
Additives 
(match: 83%) 

hv04_part1_ATR Poly(butyl 
acrylate:acrylic 
acid), 
HR Hummel 
Polymer and 
Additives 
(match: 83%) 

hv13covid_1 Poly 
(acrylonitrile: 
vinylidene 
chloride) 
HR Hummel 
Polymer and 
Additives (71%) 

hvcovid26_1 Polyether 
urethane 
HR Hummel 
Polymer and 
Additives (71%) 

hv02cov_07 Polyester, 
terephthalic 
HR Hummel 
Polymer and 
Additives 
(match: 72%)  
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Doremalen et al., 2020). Our data suggest that MPs may also be carriers 
of SARS-CoV-2 in the air. 

The issue of the airborne particulate matter-associated microbiome, 
particularly viruses, in urban environments remains largely under-
investigated (Jiang, 2015). The capability of SARS-CoV-2 to bind par-
ticulate matter, including MPs, could occur through the mechanism of 
adsorption (Qu et al., 2020). The large surface area of fibres would 
facilitate their role as carriers. In addition, Corpet (2021) proposed the 
idea that plastics, by being waterproof substances, prolong virus survival 
by avoiding more rapid drying. Consistent with this idea, the protein 
coating that MPs acquire during environmental exposure, curiously 
known as eco-corona, could indeed prolong SARS-CoV-2 survival and 
facilitate MPs internalization to cells. (Ramsperger et al., 2020; Pathan 
et al., 2020). 

Due to the FTIR limit of detection, we found and characterized more 
fibres than particles in air samples. We cannot, however, exclude that 
MP particles are present in the urban air, as previously suggested by 
Wright et al. (2020). The most frequently identified polymer in our 
samples was polyester, which is the main fabric for medical aprons. The 
high flux of the hospital staff wearing medical aprons on the sampling 
sites could therefore explain our results. The inhalation of long MP fibres 
would result in their entrapment in the upper respiratory tract, which is 
also one of the entry sites of the coronavirus. Further worrying is the fact 
that the weathering of MPs facilitates their internalization into cells 
(Ramsperger et al., 2020). 

We found that lower temperature and humidity were associated with 
an increase in the presence of SARS-CoV-2 envelope RNA. These data are 
in accordance with previous epidemiological data. Coccia (2021) re-
ported that the number of infected people was higher in Italian cities 
with 100 days exceeding the limits set for PM10 or ozone, having a low 
wind speed and lower temperature. In addition, Ma et al. (2020) 

demonstrated a negative association between COVID-19 mortality and 
temperature. 

This study has some limitations that should not be ignored. It is 
possible that the apparent high ratio of positive samples was due to the 
fact that samples were collected surrounding large medical facilities 
treating COVID-19 patients. Thus, our results cannot be extrapolated to 
other sites. We did not assess viral viability or infectivity since our filter 
material inactivated the virus rapidly (Pan et al., 2019). Other studies 
have shown that the virus is rapidly inactivated under environmental 
conditions such as exposure to sunlight and high temperature (Carraturo 
et al., 2020; Biryukov et al., 2020) however, in plastic particles, the virus 
can remain viable for 72 h. We found that the concentration of the 
nucleocapsid was lower than that of the envelope. Passos et al. (2021) 
also found few positives when testing the samples by only the nucleo-
capsid. Setti et al. (2020) obtained many more positives for SARS-CoV-2 
envelope RNA than for the other regions tested. The ranges in envelope 
and nucleocapsid concentrations in the different sampling sites may be 
related to site characteristics and environmental factors affecting 
degradation in the target genetic material. 

The detection of SARS-CoV-2 genetic material in the air seems to 
vary according to several conditions. Whereas Setti et al. (2020) found 
viral particles in an outdoor industrial area in Bergamo, Linillos-Pradillo 
et al. (2021) and Chirizzi et al. (2021) could not find genomic particles 
in Madrid and parts of Italy. On the other hand, we and others (Passos 
et al., 2021) found viral particles in hospital surroundings, whereas 
Piana et al. (2021) only found genomic particles surrounding infected 
patients but not in other parts of the hospital. Influencing factors include 
weather, levels of air pollution, social interaction, restriction of eco-
nomic activities, and indoor ventilation systems. It must be stressed that 
in Brazil, due to governmental denialism, strict social isolation and se-
vere restrictions in economic activities never occurred, which may have 
influenced our and Passos et al.’s (2021) results, both in Brazilian large 
cities. Whether in situations of a high number of infected individuals 
with social circulation present, airborne transmission is more likely to 
occur remains to be determined. 

5. Conclusion 

In summary, we showed that the presence of SARS-CoV-2 RNA sur-
rounding a large medical centre in Brazil was associated with the 
number of MP fibres in the air, high temperature, and humidity. We, 
therefore, suggest that MP’s may be a carrier and increase virus survival 

Fig. 3. Correlation curve of the envelope protein and total microplastics (R2 = 0.522, ***p < 0.001).  

Table 3 
Coefficients estimated with the generalized linear model (GzLM). β = beta co-
efficient, S.E. = standard error.  

Predictor В S.E. p-value 

(Intercept) 8.21 1003 <0.001 
Total MPs 0.067 0.015 <0.001 
Temperature − 0.172 0.021 <0.001 
Humidity − 0.037 0.006 <0.001 

Dependent variable: envelope protein (genomic units per TSP). 
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in the air, thereby facilitating the entry of the virus into the human body. 
We should still expect substantial increases in environmental MPs due to 
the widespread use of disposables (including protection devices) during 
the pandemic. We believe our findings open venues for further research, 
also in other environments than medical facilities. It seems that the 
COVID-19 pandemic and MPs are complementary mirrors of the 
Anthropocene period (O’Callaghan-Gordo and Antó, 2020; Enrique 
De-la-Torre et al., 2021). 

Data availability 

For primer sequences and standard curve data, see the Supplemental 
Material. All other data or materials can be obtained from the corre-
sponding author upon request. 
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Determination of SARS-CoV-2 RNA in different particulate matter size fractions of 
outdoor air samples in Madrid during the lockdown. Environ. Res. 195, 110863. 
https://doi.org/10.1016/j.envres.2021.110863. Epub 2021 Feb 17. PMID: 
33609549; PMCID: PMC7888991.  

Liu, K., Wang, X., Fang, T., Xu, P., Zhu, L., Li, D., 2019. Source and potential risk 
assessment of suspended atmospheric microplastics in. Shanghai. Sci. Total Environ. 
675, 462–471. https://doi.org/10.1016/j.scitotenv.2019.04.110. Epub 2019 Apr 9), 
207.  

Liu, Y., Ning, Z., Chen, Y., Guo, M., Liu, Y., Gali, N.K., Sun, L., Duan, Y., Cai, J., 
Westerdahl, D., Liu, X., Xu, K., Ho, K.F., Kan, H., Fu, Q., Lan, K., 2020 Jun. 
Aerodynamic analysis of SARS-CoV-2 in two Wuhan hospitals. Nature 582 (7813), 
557–560. https://doi.org/10.1038/s41586-020-2271-3. Epub 2020 Apr 27. PMID: 
32340022.  

Ma, Y., Zhao, Y., Liu, J., He, X., Wang, B., Fu, S., Yan, J., Niu, J., Zhou, J., Luo, B., 2020 
Jul 1. Effects of temperature variation and humidity on the death of COVID-19 in 
Wuhan, China. Sci. Total Environ. 724, 138226. https://doi.org/10.1016/j. 
scitotenv.2020.138226. Epub 2020 Mar 26. PMID: 32408453; PMCID: 
PMC7142681.  

Mammo, F.K., Amoah, I.D., Gani, K.M., Pillay, L., Ratha, S.K., Bux, F., Kumari, S., 2020 
Nov 15. Microplastics in the environment: interactions with microbes and chemical 
contaminants. Sci. Total Environ. 743, 140518. https://doi.org/10.1016/j. 
scitotenv.2020.140518. Epub 2020 Jul 2. PMID: 32653705.  

Mccullagh, P., 1984. Generalized linear models. Europ. J. Oper. Res. 16 (3), 285–292. 
https://doi.org/10.1016/0377-2217(84)90282-0. 
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