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Like several countries, Spain experienced a multi wave pattern of COVID-19 pandemic over more than
one year period, between spring 2020 and spring 2021. The transmission of SARS-CoV-2 pandemics is a
multi-factorial process involving among other factors outdoor environmental variables and viral inacti-
vation.This study aims to quantify the impact of climate and air pollution factors seasonality on incidence
and severity of COVID-19 disease waves in Madrid metropolitan region in Spain. We employed descrip-
tive statistics and Spearman rank correlation tests for analysis of daily in-situ and geospatial time-series
of air quality and climate data to investigate the associations with COVID-19 incidence and lethality in
Madrid under different synoptic meteorological patterns. During the analyzed period (1 January 2020-28
February 2021), with one month before each of three COVID-19 waves were recorded anomalous anticy-
clonic circulations in the mid-troposphere, with positive anomalies of geopotential heights at 500 mb and
favorable stability conditions for SARS-CoV-2 fast diffusion. In addition, the results reveal that air temper-
ature, Planetary Boundary Layer height, ground level ozone have a significant negative relationship with
daily new COVID-19 confirmed cases and deaths. The findings of this study provide useful information
to the public health authorities and policymakers for optimizing interventions during pandemics.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of Institution of Chemical Engineers. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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4.0).

1. Introduction

The worse pandemic in the last century caused by novel
RNA coronavirus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)and its variants, causative agent of COVID-19 disease,
first time identified in the Wuhan area, China, in December 2019
and then transmitted, e.g., to Northern Italy and Spain in early 2020
is responsible for a global crisis spreading the disease and collaps-
ing the world economy. The infectious degree of this pandemic is
very high and, therefore, the consequences of the transmission have
been very hard for the entire World (Yuki et al., 2020). Recently,
more new transmissible variants of SARS-CoV-2 have been identi-
fied globally (WHO, 2021a). The virus has infected globally almost
174,443,743 people and it has caused almost 3,753,998 deaths up
to 8 June 2021, being reported in approximately 222 countries
and territories. On 3 March 2020, the first case of COVID-19 death
was registered in Madrid, and by 8 June 2021 have been recorded
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3,707,523 confirmed cases and 80,236 deaths in Spain. More than
18.93 % percent of COVID-19 positive cases occurred in the region
of Madrid, and Madrid accounted for around 35.55 % percent of the
total number of fatalities recorded in Spain. Madrid metropolitan
region and one of the main foci of the COVID-19 in Europe (CM,
2021).

Since the first emergence of viral infection in February 2020 till
the end of February 2021, and the emergence of multiple variants
of SARS-CoV-2 coronavirus, Spain has experienced three succes-
sive waves of COVID-19 pandemic. If the first COVID-19 wave (15
February to 15 June 2020) was a hard outbreak related to commu-
nity transmission, insufficientinformation and sanitary treatments,
the second COVID-19 wave (10 August- 30 November 2020) started
with increasing social activities and tourism due to so called
“new normality” by June 21, 2020, with poor social distancing,
being better mitigated by the rapid reinforcement of sanitary mea-
sures during the early stages. Compared to the second wave, the
third COVID-19 wave (1 December 2020- 28 February 2021) was
characterized by delayed social distancing reinforcement, winter
holidays, longer duration and higher viral infections and fatalities
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rates. The ongoing fourth coronavirus wave that started on 1 March
2021 is of smaller intensity than the third wave.

In order to minimise global COVID-19 disease spread, forecast
its rate of circulation and develop proper therapies and vaccines,
intense multidisciplinary international scientific efforts try to find
the linkage between the spatiotemporal variability of environ-
mental factors responsible of the fast diffusion, and infectivity of
the SARS-CoV-2 and its new variants virions (Amin et al., 2020;
Hassanzadeh et al., 2020; Coccia, 2020a, b).

Several scientific studies suggest that increased air pollutant
concentrations in big cities (particulate matter PM2.5 and PM10,
03 and NO,) including Saharan dust intrusions in Southern Europe,
and Spain contribute to the worsening of multiple pathologies
associated with human cardiorespiratory and immune systems
(Frontera et al., 2020; Salvador et al., 2019; Zoran et al., 2020a).
It is considered that the changes in the levels of urban air pol-
lution are determined by several factors, including natural and
anthropogenic sources and the rates of emissions, local and regional
atmospheric circulation patterns, the physicochemical composi-
tion of the atmosphere, meteorological variables, and ventilation
conditions of the atmospheric space of the metropolitan region,
as well as spatiotemporal variability of meso- and microclimatic
parameters (Zhou et al.,2018; Molepo et al.,2019; Pfahl et al., 2015;
Baldasano, 2020; Bashir et al., 2020a; Zoran et al., 2008; Zoran et al.,
2013). Air pollution episodes characterized by a high level of air
pollution over an urbanized area for several days (Pandolfi et al.,
2014) can be correlated not only with local conditions but also with
trans-border air pollution contribution asis the case of Saharan dust
intrusions (Linares et al.,2021) for Madrid metropolitan region. Due
to oxidative potential of urban air pollutants, several epidemiolog-
ical and toxicological studies demonstrated their adverse effects
on air airway inflammatory and cardiovascular diseases (Domingo,
Rovira, 2020; Sugiyama et al., 2020; Chen et al., 2020; Seposo et al.,
2020; Kelly, Fussell, 2011; Tager, 2005; Zoran et al., 2020b). It seems
that during stagnant air conditions is a strong correlation between
short-term or long-term exposure and specific characteristics of
ecotoxicity, genotoxicity, and oxidative potential of particulate
matter PM2.5 and PM10 and gaseous pollutants ozone (O3) and
nitrogen dioxide (NO;) and an increased susceptibility to morbid-
ity and mortality from respiratory infections (Igbal et al., 2021;
Romano et al., 2020; Cohen and Kupferschmidt, 2020; Perrone
et al.,, 2012, 2014; Wang et al., 2018a,b; Wang et al., 2020a,b,c; Li
et al., 2004). At the near-surface atmosphere, particulate matter
can attach viral, bacterial, and fungal bioaerosols, which can tar-
get the human immune system through damage of innate immune
recognition receptors that respond to unique pathogen-associated
molecular patterns (Bowers et al., 2009, 2013; Bosch et al., 2003;
Cao et al., 2014, 2020; Jones and Harrison, 2004; Khan et al., 2019;
Kawasaki et al., 2019; Mousavizadeh, Ghasemi, 2020). Regarding
seasonality of SARS-CoV-2, the genetic drift is currently unknown,
and according to previous viral infections pandemic known as SARS
and MERS-CoV, new waves infections are likely to occur, with
unpredictable height and breadth of the waves (Baay et al., 2020;
Moriyama et al., 2020; Wong et al., 2020; Rayan, 2021).

Assessing the impact of environmental and social factors of large
cities/metropolitan regions to the exposure of viral infectious dis-
eases is an important issue for preventing/protection and future
decision making policies of new COVID-19 outbreaks and the trans-
mission of other viral agents in terms of people’s health (Bashir
et al., 2020a,b; Moryama et al., 2020; Haque and Rahman, 2020).

Ongoing global COVID-19 pandemic over several seasons con-
firms the important role of the climate and environmental factors
in SARS-CoV-2 and its new variants airborne diffusion route, from
a reservoir to a susceptible host in densely populated urban areas.

In this study, we focus on the analysis of the SARS-CoV-2 viral
infection fast diffusion relation with environmental variables that
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could affect droplet and bioaerosols transmission and viral survival.
Also, this study examines how different synoptic atmospheric cir-
culation patterns, that influenced turbulent processes and wind
circulations at regional and local scales, may be related to the three
COVID-19 waves start-up and evolution in the Madrid metropoli-
tan region. Based on daily in-situ and geospatial time series data
statistical analysis and Spearman rank correlation tests, this study
aims to compare air pollution and climate factors, which can trig-
ger the spread of SARS-CoV-2 viral infection during the first, second
and third COVID-19 pandemic waves. The specific goal of this study
is to explore the relation between the change in weather-related
factors and the COVID-19 incidence and severity in Madrid region
during several seasons and over one year pandemic time period 1
January 2020-28 February 2021. In addition, this study examines
how different synoptic atmospheric circulation patterns, that influ-
enced turbulent processes and wind circulations at regional and
local scales, may be related to the three COVID-19 waves start-up
and evolution in the Madrid metropolitan region. Accurate estima-
tion of the local and regional seasonality of the environmental and
epidemiological conditions can provide vital information on the
characteristics of the effects of the COVID-19 disease impact on the
future pandemic waves.

2. Theoretical background
2.1. Novel coronavirus COVID-19 disease

Presently it has been more than one year since the first cases
of the new coronavirus variant SARS CoV-2 that invades host
cells using an endocytic pathway have been detected in Wuhan,
Hubei province in China. This coronavirus is a new enveloped
virus positive-sense, single-stranded RNA with roughly spheri-
cal or moderately pleomorphic virions of approximately 60-140
nm with an average to 0.1 pm in diameter (Mousavizadeh and
Ghasemi, 2020; Lu et al., 2020; Shang et al., 2020; Bosch et al., 2003;
Rivellese, Prediletto, 2020). The SARS-CoV-2 spike protein (S) with
two subunits on the surface of the virus is a key factor involved
in viral infection, playing an essential role in the receptor recog-
nition and cell membrane fusion process of the virus particle to
the host cell through angiotensin-converting enzyme 2 (ACE2) (Liu
etal., 2020a,b; Walls et al., 2020). Changes in the spike protein can
result in different variants (Liu et al., 2020a,b; Wrapp et al., 2020;
Wau et al., 2020). Its genetic and structural similarities to previous
coronaviruses SARS-CoV and MERS-CoV in 2003 and respectively
in 2012 explain the aggressive inflammatory response of severe
pneumococcal disease (Zowalaty, Jarhult, 2020). The SARS-CoV-2
genome has the capability of suffering rapid mutations as the virus
spreads (Luo et al., 2020a; Mu et al., 2020; Grubaugh et al., 2020;
Wang et al., 2020a,b,c; Bishop et al., 2004; Shang et al., 2020).

The most worrying emerging coronavirus variants which cause
major changes in the way the pathogen acts, including alterations
to its contagiousness have been developed in rapid succession in
different geographical regions, such as Spain (20A.EU1- identified
in late summer 2020 contains a mutation called A222 V on the
viral spike protein), the U.K. (VOC 202012/01- with notable muta-
tion: N501Y was first identified in December 2020), South Africa
(501Y.V2- with notable mutations E484 K, N501Y, and K417 N was
first detected in South Africain December 2020) and Brazil two vari-
ants (more aggressive P.1 — with notable mutations E484 K, K417
N/T, N501Y identified at the middle of 2020 in Brazil. Presently,
Delta (B.1.617.2) and its new variant delta plus, first detected
in India have - high transmission COVID-19 disease rates among
humans, - being of great health concern -in Europe and worldwide
(Bakhshandeh et al., 2021; Wang et al., 2020a,b,c). Besides Spanish
variant of SARS-CoV-2, in Spain have been identified mostly UK and
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Brazil variants. Spain has known the severity of this first phase of
COVID-19 in terms of cases and deaths. The second and the third
waves were also hard tests for Spanish society, due to existence
of socioeconomic differentials in COVID-19 disease exposure, and
existing social inequalities (Glodeanu et al., 2021).

2.2. Urban air pollution related to COVID-19 spread

Several epidemiologic studies linked exposure to ambient air
pollution with particulate matter and gaseous pollutants and
occurrence of numerous respiratory viral infectious diseases trans-
mission during several seasons (Wilson, Suh, 1997; Baklanov et al.,
2016; Qianetal,, 2010). Was shown that worse air quality was asso-
ciated with increase SARS fatality (Cui et al., 2003) and increase
influenza incidence during winter seasons (Landguth et al., 2020).
Under laboratory conditions, was demonstrated a long time via-
bility of SARS-CoV-2 in ambient aerosols, as an important source
of COVID-19 transmission (van Doremalen et al., 2020; Luo et al.,
2020b; Li et al.,, 2020a,b). Airborne microbial (bacterial, fungal,
viral) communities and their seasonal shift in both the concen-
tration and biodiversity have been systematically observed in the
Planetary Boundary Layer(PBL) (Tignat-Perrier et al., 2020; Zoran
et al., 2020b; Lepeule et al., 2014; Artinano et al., 2003) and
especially in urban areas (Mhuireach et al., 2019). The seasonal
variability was associated to changes in surface air conditions at
landscape interactions, (Bowers et al., 2013), meteorological con-
ditions (Uetake etal.,2019; Liuetal., 2020a,b) and/or changes in the
global air circulation (Caliz et al., 2018). Currently, the pathogenesis
of COVID-19 deadly epidemics is not yet very clear (Nishiura et al.,
2020; Luoetal.,2020a,b; Walls et al., 2020), but its existence as viral
bioaerosol indoors and outdoors explains its pathogenicity, acting
on the human immune system through damage of innate immune
recognition receptors that respond to unique pathogen-associated
molecular patterns (Jones and Harrison, 2004). Bioaerosols are
present in most of the enclosed environments due to its ubiquitous
nature, but can be found and outdoor (Ariya, Amyot, 2004; Gong
etal.,2020; Minhaz Ud-Dean, 2010; Wang et al.,2020a,b,c). Saharan
dust storms can spread different microbiota that survive long-range
transport in the atmosphere (Chuvochina et al., 2011; Linares et al.,
2017). On 5 October 2020 World Health Organization recognized
that airborne transmission can be a possible route of SARS-CoV-2
viral infection diffusion by respiratory droplets (larger and smaller)
and particles that can remain suspended in air and travel far from
the source on air currents (WHO, 2020; WHO, 2021b).

Presently, is considered that the main routes of COVID-19 trans-
mission in humans are:

1) inhalation of respiratory droplets sprays (sneeze or cough)-
aerosol of virus-laden respiratory tract fluid, typically greater
than 5 pm in diameter (Vejerano, Marr, 2018; Harrison et al.,
2005),

aerosol transmission can allow the coronavirus to deeply pen-
etrate into the lower respiratory tract of humans and cause severe
symptoms (Karimzadeh et al., 2021);

2) close contact with infected persons;

3) contact with surfaces contaminated with SARS-CoV-2;

4) a possible oral/fecal transmission through wastewater and
sewage sludge produced by hospitals and houses with infected
people (Collivignarelli et al., 2020; Carraturo et al., 2020;
Waurtzer et al., 2020).

In confined spaces, like hospitals were found two distinct size
ranges of bioaerosols with SARS-CoV-2 pathogens, with aero-
dynamic diameter dominant between 0.25-1.0 wm, and with a
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diameter larger than 2.5 pm (Liu et al., 2020a,b; Li et al., 2020a,b).
Viral infectivity due to the SARS-CoV-2 pandemic is defined as the
capacity of coronavirus to attach and enter the host cell using its
resources to produce new virions. Knowing this parameter is of fun-
damental importance for future prevention and control strategies,
that require an improved understanding of SARS-CoV-2 dynamics
of current and future COVID-19 waves. Viral load is one of the main
variable of viral kinetics in pandemic infectious disease transmis-
sion (Cevik et al., 2021).

Aerosolised COVID-19 viral infection disease difussion can be
done by droplet or airborne transmission, function of their size, the
site of generation (Gralton et al., 2011), the modes of transmission
and environmental variables both indoors and outdoors. Droplet
transmission considered the main source of viral diseases, defined
as the transmission of viral infection by droplets with diameter size
<5 wmviadirect or indirect physical contact with recipients, is dif-
ferent of airborne transmission, which means inhalation of small
droplets attached to particulate matter or droplet nuclei contain-
ing SARS-CoV-2 virions with diameter size >5 pm (Rametal., 2021;
Vejarano, Marr, 2018). It seems that physicochemical reactivity of
PM microparticles and nanoparticles is an essential factor for the
SARS-CoV-2 virions attachment, the number, size distribution, and
virion loading of atmospheric particulate matters being of great rel-
evance for the development and severity of the COVID-19 disease
(Duval et al., 2021).

Besides the recognized role as coronavirus carriers of partic-
ulate matter in different size fractions (PMO0.1 pm, PM2.5 pm
and PM10 pm), it seems that is a strong correlation between
short-term or long-term exposure and specific characteristics of
toxicity of ground levels of particulate matter and gaseous pollu-
tants ozone (O3), nitrogen dioxide (NO,), carbon monoxide (CO),
volatile organic compounds (VOCs), polyciclic aromatic hydrocar-
bons (PAHSs), etc. frequently occured at high concentration values
in densely populated metropolitan areas in Europe, like Madrid
is in Spain (Penache and Zoran, 2019a,b; Li et al., 2020a,b; Wu
et al., 2020; Zoran et al., 2019). Through induced oxidative stress,
responsible of the free radicals production, damaging of the cardio-
respiratory and immune systems, and altering the host resistance
to viral and bacterial infections, urban air pollutants can increase
susceptibility to mortality and morbidity from respiratory infec-
tions (Ciencewicki and Jaspers, 2007; Martelletti, Martelletti, 2020;
Alghamdi et al., 2014; Asadi et al., 2020; Carugno et al., 2016;
Romano et al., 2020; Cohen and Kupferschmidt, 2020). Recent
advances in studies of mechanisms associated with airway dis-
ease attributed to air pollutants considered epigenetic alteration of
genes by combustion-related pollutants and how polymorphisms
in genes involved in antioxidant pathways and airway inflamma-
tion can modify responses to air pollution exposures (Kelly and
Fussell, 2011; Xie et al., 2018), and generate new viral muta-
tions through involving the non-structural proteins or structural
proteins such as S protein, which can favor the evolution of the
COVID-19 pandemic (Bakadia et al., 2021).

2.3. Local and regional climate factors impact on COVID-19
transmission

It is known that coronaviruses display various diffusion pat-
terns among humans, anyway their transmissibility is influenced
by the geographic location, season, and the local and regional cli-
mate conditions (wind speed intensity and direction, air relative
humidity, air temperature and pressure, precipitation, Planetary
Boundary Planetary Boundary Layer, and synoptic atmospheric cir-
culation patterns) in which pathogen and host meet both outdoor
as well as indoors (Poole, 2020; Conticini et al., 2020; Collivignarelli
et al.,, 2020; Nuvolone et al., 2018). The weather conditions in big
cities like as atmospheric thermal inversions, fog or haze, extreme
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climate events (like as thunderstorms, strong winds, heat and cold
waves, urban heat island phenomenon, etc) can have a high impact
on local, regional and trans-border air pollutants and bioaerosols
(viruses, bacteria and fungi) transport.

Recent multiple studies focused on the analysis of the different
meteorological factors impacts on the first COVID-19 wave inci-
dence and severity in different worldwide regions, considering air
pollution and geographic factors and seasonal variability of local
and regional climate features (Denes et al., 2020; Tobias and Querol,
2020; Sajadi et al., 2020a,b; Zhao et al., 2021; Bontempi, 2020).

Viral human infections associated with SARS-CoV, influenza
virus, rhinovirus, and respiratory syncytial virus have been directly
related to climate variables like as ambient air temperature, relative
air humidity, wind speed intensity, atmospheric pressure, precipi-
tation rate (Coccia, 2021a; Ciencewicki and Jaspers, 2007; Domingo
et al., 2020; Barreca, 2012; Domingo, Rovira, 2020; Carugno et al.,
2018; Coccia, 2020a, c; Ballabio et al., 2013; Bashir et al., 2020a,b).
Both indoors (Jin, 2020) and outdoors, the air is contaminated
by particulate matter, gases, bacteria, fungi and viruses. Outdoor
specific climate conditions can be top predictors of airborne coro-
navirus illnesses diffusion (Poole, 2020; Setti et al., 2020a, b). Was
recognized that besides human behavior, environmental parame-
ters are the main two major contributing factors for the seasonal
nature of respiratory viral infections with a high impact on respira-
tory SARS-CoV-2 virus stability and transmission rates (Moriyama
et al., 2020).

Several studies revealed that urban air pollution depends on
local or regional emission sources, photochemical reactions, and
meteorological variables, including the thermodynamic structure
of the Planetary Boundary Layer(PBL), which determines the ver-
tical atmospheric mixing of air pollutants. While in a cyclonic
convective boundary layer, air quality is influenced by the disper-
sion/transport processes of air pollutants due to wind shears and
convective turbulence, in an anticyclonic stable boundary layer,
with potential temperature inversions, vertical mixing is weak,
which leads to the accumulation of air pollutants (Miao and Liu,
2019; Tangetal., 2016a,b; Lietal.,2017; Yadavetal.,2016).So, diur-
nal variation pattern of the PBL thermodynamic structure can affect
surface concentrations of particulate matter (PM2.5 and PM10) and
gaseous air pollutants (e.g. O3, NO,, CO;, SO3).

3. Materials and methods
3.1. Investigation test site

Madrid Community region, located in the centre of the Iberian
Peninsula in Spain (Fig. 1), with Madrid city (40.40792 °N, 3.69281
°W) and 26 satellite towns is one of Europe’s region the most
affected by COVID-19 pandemic waves. Total area of Community
of Madrid region is of 8,030.1 kmZ, of which Madrid capital has
an area of 604.3 km?. It has a population of 6.661million inhabi-
tants, and a density of 829.62 inhabitants/km? representing 14.2
% of Spain population. Madrid’s economy, based on industry, ser-
vice, construction and transport sectors brings high levels of air
pollution (Gémez-Losada et al., 2019). Madrid city is recognized by
extreme climate events like as summer heat waves under Urban
Heat Island (UHI), and trans-border Saharan intrusions over the
spring-summer periods, (Salvador et al., 2004, 2012; Salvador et al.,
2021; Diaz et al., 2006, 2015, 2017, 2019; Linares et al., 2020).
Road traffic-related air pollution (Cuevas et al., 2014; Monzén and
Guerrero, 2004) is the main source of O3 precursors in the basin,
representing 65 % of NOx, 67 % of CO, 87 % of PM10 and 85 % of PM2.5
and 14 % of total VOCs emissions per year, respectively (Salvador
et al., 2004; Salvador et al., 2012; Montero and Fernandez-Avilés,
2018; Valverde et al., 2016). Although during the last years NO,
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and PM10 ambient air concentrations have shown a clear decreas-
ing trend due to the emission reductions in the road traffic, Madrid
metropolitan area has experienced an increase of 30-40 % of ambi-
ent air O3 levels (Saiz-Lopez et al., 2017). Air pollution still presents
exceedances of air quality legal limits according to the Directive
2008/50/EC.

3.2. Data used
e COVID-19 data

Almost real time data for coronavirus COVID-19 incidence Total,
Daily New, Daily New Deaths and Total Deaths cases recorded
in Spain and Madrid have been provided by the following web-
sites: https://www.worldometers.info and https://www.statista.
com/, being provided by the National Center for Epidemiology
at the Carlos Il Health Institute. Accumulated COVID-19 data
for 15 February 2020- 28 February 2021 time period for Madrid
metropolitan region were provided by https://www.comunidad.
madrid/servicios/salud/coronavirus.

e Air pollution and climate data

Time series data of daily average air pollutants concentra-
tions PM2.5, PM10, O3 and NO, for Madrid selected stations
have been collected from https://aqicn.org/ and from http://
www.mambiente.madrid.es/sica/scripts/index.php. Time series of
meteorological data, including daily average temperature (T),
daily average relative humidity (RH), and daily average wind
speed for Madrid were retrieved from the State Meteorologi-
cal Agency (Agencia Estatal de Meteorologia- AEMET), Weather
Wunderground (https://www.wunderground.com/), and Coperni-
cus climate data (climate.copernicus.eu). Planetary Boundary Layer
height (PBL) data were collected from the archived data of NOAA's
Air Resources Laboratory (https://ready.arl.noaa.gov). In order to
describe urban air quality of Madrid metropolitan area, in Spain
this paper considered Global Air Quality Index (AQI) according to
classification of air quality (http://www.eurad.uni-koeln.de) and
EU regulations, which is defined by formula:

~ 05(24h) NO,(24h) PM10(24h)
AQ"M‘”‘( 100 '~ 90 ' 50
SO,(24h) CO(24h)
125 10000 )"50 (1

where 03(24h), PM10(24h), NO5(24h), SO5(24h), CO(24h) represent
daily mean values of respectively O3, PM10, NO,, sulphur dioxide
and carbon monoxide present in the urban air. Based on the global
criteria for main air pollutants (03, PM10, NO,, SO,, CO) air quality
is classified in six classes from very good to very poor (respec-
tively: < 10-very good; 10 - 20- good; 20 - 30- satisfactory; 30-50
- sufficiently; 50 - 80- poor; > 80- very poor).

e Reanalysis satellite data

The daily 500 hPa geopotential anomaly height charts for Europe
and Spain have been provided by NASA, Reanalysis Data Project
NCEP/NCAR PSD, Boulder, Colorado, USA (http://www.esrl.noaa.
gov/psd/).In order to analyze Madrid lower atmospheric circulation
conditions associated with people’s exposure to air pollutants and
COVID-19 transmission during 1 January 2020 - 28 February 2021,
we extracted the daily anomalies of 500 hPa geopotential height at
about 5.5 Km altitude above the ground at Spain and Europe scales,
where positive anomalies are associated with the anticyclones sta-
bility conditions like as, blocking systems, and negative anomalies
with cyclones conditions.
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Fig. 1. Investigated test site Madrid metropolitan region in Spain.

e Descriptive statistical analysis

We performed descriptive analysis and compared air pollution
and climate data (considered independent variables) with COVID-
19 incidence data (considered dependent variables) between first,
second and third waves. All data analyses have been processed in
ORIGN 10.0 software. First, a descriptive analysis was performed
to provide an overview of COVID-19 incidence and air quality
during the study period. Next, for time series of data we used a
linear regression model to fit the dependent variables (COVID-19
incidence) for each independent variable: ambient air pollutants
(particulate matter PM2.5, PM10, ozone O3 and NO,) and meteo-
rological parameters (daily average air temperature-, air relative
humidity- RH, wind speed intensity —w and daily maximum Plane-
tary Boundary Layer height - PBL). The dependence between pairs of
time series was quantified in this study by standard tools of statis-
tical analysis, Spearman and rank-correlation non-parametric test
coefficients. The main reason for using non-parametric statistical
tests is that compared with parametric statistical tests, are thought
to be more suitable for non- normally distributed data, which are
frequently involved in time series air pollution and climate vari-
ables. In order to use no-parametric rank correlation Spearman
tests, were applied the Kolmogorov-Smirnov Tests of Normality
for time-series data sets, that provided very good evidence that the
considered time-series data were not normally distributed. The val-
ues for levels of correlation are bound in the range [0, +1], with 0
for no association and +1 for complete positive association and [0,
-1] with —1 as negative correlation. Another parameter “p-value”
tells us if the result of an experiment is statistically significant. P
values of <0.05 were considered statistically significant. Though
correlation and p-value provides us with the relationship between
variables, care should be taken to interpret them correctly.

4. Results
4.1. Air pollutants impact on COVID-19 waves

Regarding the air pollutants emission sources of Madrid, indus-
try and traffic related are the predominant emission sources of
primary pollutants, PM2.5 and fossil-fuel combustion by-products,
like as NO,, which are especially prevalent with a significant threat
to human health (Borge et al., 2019; Linares et al., 2018). Table 1
presents the descriptive statistics that correspond to the mean
of daily average concentrations of PM2.5, PM10, O3, and NO,

together with mean of daily average air quality index and standard
deviations for Madrid region during the five time periods (COVID-
19 pre-lockdown from 1 January -15 February 2020; COVID-19
beyond lockdown during first wave-15 February -15 June 2020;
COVID-19 under heat wave-15 June- 10 August 2020; COVID-19
under second wave- 10 August - 30 November 2020; and COVID-19
under third wave-1 December 2020-28 February 2021).

As can be seen in Table 1, the comparative analysis of the
daily mean values and standard deviations of particulate matter
PM2.5, PM10 concentrations and AQI between the three COVID-19
waves periods together heat wave period in comparison with pre-
lockdown period highlights that during COVID-19 pandemic waves,
both particulate matter PM2.5 and PM10 follow a seasonal tempo-
ral variability pattern, having reduced concentrations than during
pre-lockdown period, with respectively (PM2.5: with 28 % for the
first COVID-19 wave lockdown; 20.7 % for the second COVID-19
wave with partial lockdown and with 23.2 % for the third COVID-19
wave; PM10: recorded reductions of 26 % for the first and the third
COVID-19 waves and with 22 % for the second COVID-19 wave)
than values recorded during COVID-19 pre-lockdown period. Sim-
ilar values in different European countries have been reported by
other studies (Coccia, 2021b).

Daily mean of ground level average ozone concentrations fol-
low also a seasonal pattern variation, but the concentrations during
the three COVID-19 waves were increased in comparison with pre-
lockdown period by the following factors: during lockdown and
first wave period was an increase of 2.98 factor (explained by traf-
fic ~and industrial related sources reduction and partially by spring
seasonality), during Heat Wave period the increase of O3 was by a
factor of 1.47 (attributed to summer seasonality and traffic-related
sources), during second wave the increase of O3 was by a factor of
1.92, and during third wave the increase of O3 was by a factor of
1.44.

During the entire investigated period in this study, mean NO,
ground level of daily average concentrations recorded decreased
values as compared with the pre-lockdown period as follows: dur-
ing first wave COVID-19lockdown of 53 %, during heat waves period
with 43 %, during the second COVID-19 wave with 24 %, and dur-
ing the third COVID-19 wave with 20 %, explained by traffic-related
sources reduction, seasonal inversely variation pattern of NO, with
O3 during summer season, when daily ground level NO, concen-
trations record minimum values.

The anthropogenic emission sources that were affected by the
lockdown during the first COVID-19 wave and the implementa-
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Table 1
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Main air pollutants concentrations and air quality index for Madrid region during the five time periods (COVID-19 pre-lockdown, COVID-19 beyond lockdown during first
wave, COVID-19 under heat wave, COVID-19 under second wave, and COVID-19 under third wave).

Time period 1 January -15 February

2020-pre-lockdown

15 February -15 June 2020
during the 1-st COVID-19

15 June- 10 August
2020 under heat

1 December 2020-28
February 2021, during the

10 August — 30 November
2020, during the 2-nd

wave and beyond wave COVID-19 wave 3-rd COVID-19 wave
lockdown
Daily average Mean + SD Range Mean + SD Range Mean + SD Range Mean + SD Range Mean + SD Range
PM2.5 (pg/m?) 28.64 +12.24 10-52 20.43 +10.57 8-65 28.15 +9.87 8-50 23.06 £ 8.29 9-57 21.92 +15.31 6-72
PM10 (p.g/m?) 71.44 +23.44 32-126 51.70 + 17.28 23-109 64.11 + 15.09 33-96 54.64 + 15.06 23-90 52.08 + 29.00 15-147
053 (pg/m?) 15.54 £7.56 1-30 31.89 £7.03 13-51 46.25 +£13.17 23-109 29.53 £11.71 7-64 2241 £6.98 2-33
NO, (pg/m?) 28.07 +10.03 14-62 13.07 + 8.62 2-43 15.92 + 6.36 6-42 21.32+848 4-40 2222 +£13.44 5-72
AQI 30.39 +10.48 16-62 30.56 + 6-59 16-50 34.02 £ 5.06 22-50 27.25+7.02 12-50 25.89 +8.03 13-62
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Fig. 2. Temporal patterns of daily average ground levels of 03 and NO2 concentrations in relation with Daily New Confirmed COVID-19 cases (DNC) and Daily New COVID-19

Deaths (DND) cases during the three COVID-19 pandemic waves in Madrid.

Table 2

Recorded (at 28 February 2021) Daily New COVID-19 (DNC) and Daily New COVID-19 Deaths (DND) in Madrid metropolitan region during the three COVID-19 waves.

First COVID-19 wave
15.02.2020- 15.06.2020

Number of cases

Second COVID-19 wave
10.08.2020-30.11.2020

Third COVID-19 wave
01.12.2020-28.02.2021

Daily New COVID-19 (DNC)
Daily New COVID-19 Deaths (DND)

92,602
11,134

280,673
5,933

222,114
8,795

tion of other sanitary restrictions during the second and the third
COVID-19 waves are mostly on-road mobile sources such as motor
vehicles, and to a lesser extend the aircraft and industrial emis-
sions. Like was expected that the main primary air pollutants from
these combustion sources, nitrogen oxides (NOx), PM2.5, PM10,
carbon monoxide (CO) and Volatile Organic Compounds (VOC) such
as toluene, benzene, xylenes were decreased. But in case of ozone,
a secondary pollutant, the effect can be complex and the level can
increase or decrease depending on the location, due to interaction

of meteorology driving the dispersion of primary pollutants NOx,
VOCs and the photochemical reactions forming the ozone levels
across the Madrid region. Fig. 2 presents temporal patterns of daily
average ground levels of O3 and NO, concentrations during 15
February 2020 - 28 February 2021and their impacts on the daily
new COVID-19 infections (DNC) and daily new COVID-19 deaths
(DND) during the three COVID-19 waves. As Fig.2 shows, during
the second and the third COVID-19 waves, the daily DND cases
were lower than in the first wave, because air quality was improved
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and also the clinical severity of the last variants of SARS-CoV-2
infections has declined significantly. This is reflecting the impact of
sanitary measures implementation like as social distancing, wider
face masking, improved medication treatments, or vaccination dur-
ing the late third wave. From Table 2 is clear that the DNC confirmed
positive cases were higher for the second and third waves than of
the first wave, respectively of 3.03 and 2.39, possible attributed to
new SARS-CoV-2 variants increased virulence and human contacts.
In case of fatalities, DND cases in Madrid region registered the high-
est value during the first COVID-19 wave, while for the second and
third waves the number of deaths represented respectively 53.3
% and 78.9 % of the first COVID-19 deaths, February 2021 was the
month with the highest number of Daily New Covid-19 Deaths since
the first wave of the pandemic last spring 2020.

As Table 3 presents, during entire studied period 15 February
2020- 28 February 2021 with all three COVID-19 waves, Spearman
rank correlation coefficients and p values between COVID-19-
incidence cases are negative correlated with daily average ground
level ozone concentrations and positive correlated with daily aver-
age of nitrogen dioxide ground level concentrations for analyzed
metropolitan area Madrid region. For each COVID-19 waves period
results are different (namely positive correlation for O3 and neg-
ative correlation for NO, during the first COVID-19 wave, and
invesely correlations for the second and the third waves).

During the all three COVID-19 waves, Spearman rank correlation
coefficients and p values between COVID-19-incidence cases (DNC
and DND) and PM2.5,PM10 and AQI were direct and low correlated.
The results highlight the fact that urban ground surface level of air
pollution with gaseous toxic especially NO, may enhance COVID-19
incidence cases and fatality rates in Madrid metropolitan region.

Like other studies (Collivignarellietal.,2021; Linares et al.,2021)
this research found a positive high correlation of NO2, with the inci-
dence and mortality of COVID-19 in Madrid. Also, values of daily
average of PM10 and O3 concentrations in Madrid were greater
on the days with Saharan dust intrusion (Linares et al., 2021). Was
found a negative association among the ground levels of O3 and
the number of new cases of COVID-19 incidence (DNC and DND),
that can be attributed to decreased conversion of nitrogen oxide to
ozone in urban large areas, a phenomenon previously recorded in
highly trafficked areas. Ozone is a potential oxidizer and pulmonary
irritant causing an inflammatory response in the lungs as well as
a cascade of subsequent responses (Arjomandi et al., 2018; Fuller
etal, 2020; Uetake et al., 2019). As a highly reactive exogenous oxi-
dant, NO, can induce inflammation and enhance oxidative stress,
generating reactive oxygen and nitrogen species, which may even-
tually deteriorate the cardiovascular and immune systems, being a
comorbidity factor in case of SARS-CoV-2 viral infections.

The trends between O3 and NOy are strongly anti-correlated,
showing that the O3 is strongly depressed by high NOy (Gao
et al., 2017). According with several studies in the field (Wang
et al,, 2020a,b,c; Chen et al.,, 2020; Wang et al., 2020a,b,c; Cohen,
Kupferschmidt, 2020), the presence of existing comorbidities asso-
ciated with pacients’ age, immunity system, sex, genetic and

Table 3
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nutritional status, etc., might be essential factors for the aetiol-
ogy and severity of COVID-19 symptoms. The role of pre-existing
immune disorders induced by long- term or short-term exposure to
high ground levels of air pollutants (gaseous and PM) contribute to
the impressive SARS-CoV-2 lethality in Madrid (Baldasano, 2020;
Aleta, Moreno, 2020; Sarkodie, Owusu, 2020).

As can be seenin Fig. 3, temporal patterns of DNC and DND cases
in Madrid metropolitan area in this study, this pandemic is ongoing
and air pollution is a dominant environmental factor which must
be considered in future COVID-19 waves. In good accord with exist-
ing literature in the field, the results obtained in this study suggest
that high ground levels of air pollutants concentrations, and espe-
cially NO; and PM2.5 and PM10 are related to the incidence and
severity of COVID-19 in Madrid (Casado-Aranda et al., 2021). Public
health actions are needed to protect population from COVID-19 dis-
ease in Madrid metropolitan area with historically high NO, and O3
exposure. Also, these results serve to support health measures that
minimize population exposure on days with high concentrations
of particulate matter due to dust advection from the Sahara.

4.2. Climate variables impact on COVID-19 waves

Climate variables provide an useful explanation for the
COVID-19 pandemic disease spread. Several scientific studies
demonstrated that the changes of urban air pollution levels with
aerosols and bioaerosols (fungi, bacteria and viruses) are func-
tion of multiple factors among which anthropogenic and natural
emission sources, the chemical composition of the atmosphere,
meteorological conditions, relationship with Planetary Boundary
Layer height (Zhao et al., 2019; Liu et al., 2020a,b), synoptic atmo-
spheric circulation patterns, micro- and meso-climatic features of
the environment (Zhao et al., 2018) and geomorphology of the city.

In order to describe the meteorological conditions over Madrid
metropolitan region, which can be involved in the diffusion and
severity of COVID-19 viral infection disease during different sea-
sons over investigated time period (15 February 2020 - 28 February
2021), have been analyzed the temporal patterns of daily average
climate parameters (air temperature, relative humidity, atmo-
spheric pressure, precipitation rate, wind speed intensity, Planetary
Boundary Layer height). The main results in Table 3 show dur-
ing one year period, mean of daily average air temperature (15.14
+ 8.5)°C in the range of (-17.8-32.4) °C and relative humidity
(62.06 4 20.42)% in the range of (21.4-97.8)% variables have the
strongest relation with Total COVID-19 confrmed infections and
Daily New Deaths cases in Madrid region. For the entire investi-
gated period (15 February 2020 - 28 February 2021), COVID-19
disease transmission was inversely correlated with daily average
air temperature and direct correlated with daily average air rela-
tive humidity. Table 4 presents Spearman correlation coefficients
and p values between climate variables and daily average ground-
levels O3, NO,, PM2.5, PM10 concentrations and AQI during one
year period of COVID-19 in Madrid. The results for Madrid region
show a positive and high correlations of ground levels of ozone

Spearman rank correlation coefficients and p values between COVID-19-incidence cases and daily average main gaseous air pollutants concentrations and main climate
variables for investigated metropolitan area Madrid region during entire period 15 February 2020- 28 February 2021.

MADRID Air Pollutant Climate parameter
COVID-19 -incidence Ozone (pg/m?) Nitrogen dioxide PBL height (m) Air Temperature T Relative Humidity Wind speed
(g/m?) (°C) RH % Intensity Km/h

r p value r p value r p value r p value r p value r p value
Total COVID-19 cases -0.45 0 037 p<0.01 -0.53 0 -0.52 0 0.35 p <0.01 0.39 p <0.01
Daily New cases (DNC) -0.23 p<0.01 0.27 p<0.01 -0.23 p<0.01 -0.22 p<0.01 0.26 p<0.01 0.12 p<0.05
Daily New Deaths (DND) -0.43 p<0.01 0.18 p <0.01 -0.50 0 —-0.56 0 0.66 0 -0.20 p<0.01
Total Deaths -0.39 p<0.01 0.35 p<0.01 -0.39 p<0.01 -0.35 p<0.01 0.33 p<0.01 0.40 p<0.01
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Fig. 3. Temporal patterns of daily average ground levels of PM2.5, PM10 concentrations and Air Quality Index (AQI) in relation with Daily New Confirmed COVID-19 cases
(DNC) and Daily New COVID-19 Deaths (DND) cases during the three COVID-19 pandemic waves in Madrid.

Table 4

Spearman correlation coefficients and p values between climate variables and daily average ground-level O3, NO,, PM2.5, PM10 concentrations and AQI during investigated

period 15 February 2020 - 28 February 2021 for Madrid region.

A A 15 February 2020 - 28 February 2021
Daily average climate

variable 03 (pg/m?3) NO, (pg/m?3) PM10 (pg/m3) PM2.5 (png/m?3) AQI

r p value r p value p value r p value r p value
PBL height (m) 0.85 0 -0.69 0 -0.30 <0.01 -0.30 <0.01 -0.28 <0.01
Temperature (°C) 0.75 0 -0.67 0 -0.21 <0.01 -0.11 0.13>0.05 -0.16 0.04 <0.05
Relative Humidity (%) —-0.69 0 0.29 <0.01 0.27 <0.01 0.09 0.2 > 0.05 0.09 0.2>0.05
Wind speed (km/h) 0.36 <0.01 -0.48 <0.01 -0.32 <0.01 —-0.40 <0.01 -0.05 0.4>0.05

concentration with air temperture and, Planetary Boundary Layer
heights,and wind speed intensity and inversely correlations with
air relative humidity and oposite relationship of the ground nitro-
gen dioxide concentration levels. Particulate matterials (PM2.5 and
PM10) and AQI present inverse correlations with PBL and air tem-
perature and wind speed intensity, and low correlations with air
relative humidity. The findings are well correlated eith the existing
literature (Adams, 2020; Ahmadi et al., 2020; Poole, 2020), having
a high impact on COVID-19 spread.

For the first COVID-19 pandemic wave the statistical analysis
found a direct correlation of COVID-incidence with air temperature
(r=0.76; p = 0) for Total COVID-19 confirmed cases, (r = 0.80; p =
0) for Total Deaths and invers correlation with air relative humid-
ity (r=-0.24; p < 0.01) for Total COVID-19 confirmed cases, and (r=
-0.37; p < 0.01) for Total Deaths, while for the second and third

waves the rank Spearman correlation coefficients between COVID-
19 incidence cases (DNC and DND) were inversely correlated with
air temperature and direct correlated with relative humidity. On
over one year study period (15 February 2020 - 28 February 2021)
daily average temperature is inversely correlated with daily aver-
age relative humidity (Spearman correlation coefficient being r=
-0.81, and p = 0).

According to results of this study, cold weather is much more
susceptible for the daily new COVID viral infection transmission in
Madrid than is case of good weather conditions. Hot summer 2020
conditions under heat waves events explained recorded reduced
rates of the COVID-19 disease transmission during 15 June- 10
August 2020 in Madrid. Our results are in good agreement with
other studies, which demonstrated that air temperature and rela-
tive humidity parameters are involved in the transmission of the
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Fig. 4. Temporal patterns of daily average air temperature, and Planetary Boundary Layer height in relation with Daily New COVID-19 positive cases (DNC) and Daily New

COVID-19 Deaths (DND) cases during the three COVID-19 pandemic waves in Madrid.

SARS-CoV-2 viral infection, playing an important role in COVID-
19 mortality rate (Byun et al., 2021; Chen et al., 2020; Ma et al,,
2020; Shi et al., 2020; Adams, 2020; Ahmadi et al., 2020; Poole,
2020).

Although most studies indicated an inverse association of viral
community spread with temperature (Srivastava, 2021; Bezabih
etal., 2020; Jiangetal., 2020; Lietal., 2020a,b; Benedetti et al., 2020;
Bolafio-Ortiz et al., 2020; Sanchez-Lorenzo et al., 2021; Luo et al.,
2020a,b) some findings reported a positive relationship between
temperature and the number of COVID19 cases (Zhu, Xin, 2020;
Bashir et al., 2020a,b; Zoran et al., 2020b; Xie and Zhu, 2020; Pani
et al., 2020; Islam et al., 2021) and few studied found no correla-
tion (Briz-Redon, Serrano-Aroca, 2020). Daily relative humidity is
an essential meteorological variable of SARS-CoV-2 airborne diffu-
sion, being involved in the formation and size of aerosol droplets,
used as a medium to infect new hosts (Yang and Marr, 2012; Yang
et al,, 2012, 2020). Some inconsistent findings in the relationship
between air relative humidity and local transmission of SARS-CoV-
2 were reported as follows: negative correlation (Jiini et al., 2020;
Metelmann et al., 2020; Guo et al., 2020; Sahin, 2020; Mangla et al.,
2020; Zoran et al., 2020b; Menebo, 2020) and positive correlations
(Ozyigit, 2020; Oliveiros et al., 2020; Pani et al., 2020) and few
studied found no correlation.

Among the other climate variables, daily average wind speed
intensity of mean value of (7.55 + 5.60) km/h in the range of
(1.29-31.7) km/h, had a weakly inverse relationship with the
recorded Daily New COVID-19 Deaths (r=-0.20 with p < 0.01) and
positive relationship with Total COVID-19 confirmed, Daily New
COVID-19 confirmed and Total COVID-19 Deaths cases, as can be
seen in Table 3.

Among the most important climate variable, the Planetary
Boundary Layer height (PBL) is related to the vertical mixing, affect-
ing the dilution of pollutants and bioaerosols (bacteria, fungi and
viruses) near the ground. Also, PBL may be responsible of pan-
demic SARS-CoV-2 viral infection diffusion through airborne route.
Lower levels of PBL heights may be associated with increased viral
pathogens concentrations at the near surface, and higher transmis-
sion rates.

The mean value of daily maximum PBL height level during all
investigated period in Madrid was of (1529.29 + 832.14) m in the
range of (132-3651) m. Temporal patterns of the daily averge air
temperature, Planetary Boundary Layer height, relative humidity
and wind speed intensity in relation with dynamics of the coronavi-
rus disease waves in Madrid can be seen in Fig. 4 and respectively in
Fig. 5. Daily maximum solar radiation and precipitation rates contri-
bution might be reflected in the daily average temperature and also
in the atmospheric pressure. During each of COVID-19 pandemic
wave the means of daily maximum PBL heights in Madrid recorded
different values, namely: for the first COVID wave (1613.82 +
611.88) m in the range of (516-3514) m; for the second COVID
wave (1412 4+ 729.72) m in the range of (174-3117) m; for the
third COVID wave (837.41 + 455.43) m in the range of (55-2012)
m.

The lower values of PBL heights for the third COVID wave may
explain the highest Daily New COVID-19 confirmed positive cases
and Daily New COVID-19 Deaths recorded in Madrid during that
period (1 December 2020- 28 February 2021). We observed sig-
nificant negative associations between Planetary Boundary Layer
heights levels and all COVID-19 incidence cases (Total COVID-
19 confirmed positive, Daily New COVID-19, Daily New Deaths
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Fig. 5. shows temporal patterns of daily average air relative humidity and wind speed intensity in relation with Daily New COVID-19 positive cases (DNC) and Daily New

COVID-19 Deaths (DND) cases during the three COVID-19 pandemic waves in Madrid.

and Total Deaths) in Madrid metropolitan region both on entire
one year period and for each of the three COVID-19 pandemic
waves.

Because COVID-19 disease temporal variability is function of
independent air pollution and meteorological seasonal variables
(air temperature, relative humidity, Planetary Boundary Layer
heights, air pressure, local and regional winds and precipitation
rates), is also seasonal sensitive (Miao et al., 2015). Like as other
viral infections (human influenza virus, coronaviruses, etc.) SARS-
CoV-2 and its variants could exhibit seasonal patterns (Ye et al.,
2020; Coccia, 2020c, d; Byun et al., 2021, Bontempi, 2021), and
multi-wave patterns.

4.3. Influences of atmospheric pressure field and synoptic
atmospheric circulations on COVID-19 waves

Madrid and its metropolitan area has a Mediterranean with
transitions to a cold semi-arid climate, with wide thermal ampli-
tude and an annual mean temperature of 13.7 °C. Blocking
anticyclone atmospheric circulation systems are particularly com-
mon over the Madrid metropolitan region in Spain and Eastern
Atlantic. The city of Madrid, often has poor air quality because

it is frequently under a stationary anticyclone weather condi-
tions (high pressure/geopotential, low wind intensity) that tend
to increase pollution (Garrido-Perez et al., 2018), due to stagnant
air masses.

In the last years, several studies conducted in the Madrid region
have proved that synoptic atmospheric circulations play a signifi-
cant role in the spatiotemporal distribution of urban and industrial
ground level air pollutants (PM2.5, PM10, O3, NO,) formation
and transport at both regional and continental scale (Borge et al.,
2018; Russo et al., 2014; Lopez et al.,, 2019) as well as in the
long-distance transport of Saharan dust intrusions (Salvador et al.,
2013; Russo et al., 2020; Valverde et al., 2015; Linares et al., 2021).
Before the three COVID-19 waves with at least one month, in the
mid-troposphere have been recorded highly stable anticyclonic
atmospheric conditions characterized by the stationary presence of
high pressure systems over Madrid metropolitan region, frequently
associated with urban high-pollution episodes and negative impact
on human cardiorespiratory and immune systems. Atmospheric
pressure is a quite significant factor and could be one of the most
related with the virus transmission.

e First COVID-19 wave case
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Fig. 6. NOAA satellite composite anomaly pattern of 500 hPa geopotential height (m) map over Europe as compared to the climatology mean (1981-2010) period during

first COVID-19 wave start-up in Italy and Spain (15 February 2020 - 15 March 2020).

The main synoptic atmospheric circulation pattern during start-
up of the first COVID-19 wave in Madrid, during 15 February 2020-
15 March 2020 was characterized by an anomalous anticyclonic
system with stable and dry conditions over the western Mediter-
ranean basin and Spain, including Madrid region, as can be seen in
Fig. 6 which presents NOAA satellite composite anomaly pattern in
the upper troposphere of 500 hPa geopotential height (m) map at
5.5 km height over Europe, as compared to the climatology mean
(1981-2010) period during first COVID-19 wave start-up in Italy
and Spain (15 February 2020 - 15 March 2020). Geopotential height
positive anomalies consist of deviations > 95 m in the geopotential
height field from average values, that may have favored the SARS-
CoV-2 viral infection transmission, both outdoors and especially
indoors.

Based on NCEP/NCAR Reanalysis Intercomparison Tool provided
by the NOAA/ESRL Physical Sciences Laboratory, Boulder Colorado
from their Web site at http://psl.noaa.gov/, from 1 January till the
end of April 2020, were recorded positive anomalies of geopotential
height over Spain and Madrid region (Fig. 7), which explain the high
rate of COVID-19 incidence and mortality during the first COVID-19
pandemic wave.

Also, the pre-existing high levels of air pollutants over Madrid
metropolitan region during January-February 2020 months, can
explain increased susceptibility of people’s immune and cardiores-
piratory systems to new viral infections COVID-19 and the high rate
of fatalities recorded during the first wave.

e Second COVID-19 wave case

Before and during the second COVID-19 wave were also
recorded anomalous synoptic anticyclonic blocking atmospheric
circulations, with positive anomalies of isobaric surface heights
of geopotential at 500 mb over Euorpe, associated with favorable
stability conditions for the fast diffusion of the SARS-CoV-2 (Fig. 8).

The comparative analysis of the first COVID-19 wave star-up
in Madrid under similar anticyclonic weather conditions with
geopotential height anomalies, increase of ground level ozone
and decreased air relative humidity may support the hypothesis

that the strong atmospheric stability and associated hot summer
temperatures under heat waves, and dry conditions are main envi-
ronmental factors related with the second COVID-19 wave start-up.

e Third COVID-19 wave case

Before and during the third COVID-19 wave were also recorded
anomalous synoptic anticyclonic blocking atmospheric circula-
tions, with positive anomalies of isobaric surface heights of
geopotential at 500 mb over Spain and Madrid (Fig. 9), associated
with favorable stability conditions for the fast transmission of the
SARS-CoV-2.Therelated higher incidence and severity of COVID-19
disease in Madrid region during the third wave can be explained
through existing stagnant atmospheric conditions favourable for
the main air pollutants (PM2.5 and PM10, and especially O3 and
NO,) accumulation near the ground. Anyway, clinically severe
cases and lethality rates were lower than in first COVID-19 wave
(Soriano et al., 2021).

These results serve to support the important role of climate
factors seasonality in relation with the existing synoptic atmo-
spheric meteorological patterns, before and during all COVID-19
waves, that provide optimal conditions for the SARS-CoV-2 and its
new variants transmission in Madrid metropolitan region. In good
agreement with existing literature in the field (Sanchez-Lorenzo
et al., 2021; Zoran et al., 2020a), our analysis of collected data
and results show that urban air polution, climate and synoptic
meteorological patterns may play a significant role in the airborne
transmission and spread of the coronavirus.

COVID-19 disease incidence analysis over time range of (15
February 2020 - 28 February 2021) supports the hypothesis that
possible SARS-CoV-2 viral infection airborne pathway transmis-
sion is highly dependent on associated air pollution, climate and
regional atmospheric circulation seasonality patterns among which
air temperature, relative humidity, wind speed intensity, atmo-
spheric pressure, precipitation rate. Was observed that COVID-19
seasonality is much more intense at higher latitudes, where are
recorded grater seasonal amplitudes of meteorological variables
(Liu et al,, 2021).
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Fig. 8. NOAA satellite composite anomaly pattern of 500 hPa geopotential height (m) map over Europe as compared to the climatology mean (1981-2010) period before the

second COVID-19 wave start-up in Madrid.

The associated conditions that lead to pandemic levels of COVID-
19 depend on the disease transmission pathways, environmental
factors (air pollution and climate, waste waters, etc.) seasonal-
ity favoring the growth, multiplication and spread of SARS-CoV-2
pathogens. Rapid urbanization, industrialization, globalization and
migration of people must be also considered additional factors pos-
sibly escalating the risk of disease incidence among vulnerable
population during the outbreak. This study suggests that the differ-
ence in the response to the COVID-19 pandemic waves periods can
be also the result of different policies adopted both at the regional
and at the municipality level, considering that timely and properly

intervention strategies such as intensive contact tracing followed
by quarantine and isolation can effectively reduce the transmission
risk of the new SARS-CoV-2 variants.

5. Discussion

The first COVID-19 wave recorded in Madrid started at mid
February 2020 and peaked at the end of March with high fatal-
ity rate, being followed by a progressive decrease with very few
positive confirmed cases and very few fatalities in May and almost
no deaths in June. The number of new infected cases fluctuated
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third COVID-19 wave start-up in Madrid (1 November 2020 - 1 December 2020).

upward from mid-July - beginning of August with COVID-19 s wave
start-up until a sharp increase in mid October 2020. During the
second COVID-19 wave, much longer than previous one have been
recorded few daily new deaths but higher number of daily new
positive confirmed COVID-19 cases than for the first wave. Due to
relaxation of restrictions in December and the rise of social inter-
action over winter holidays the third COVID-19 wave, came hot on
the heels of the second one, which was seen in the autumn. The
third wave considered to start at the beginning of December 2020
and peaked at the mid January 2021 caused a significantly higher
number of COVID-19 confirmed positive cases than the first two
waves but regarding fatalities, fewer than of first wave and higher
than of second wave as can be seen in the graphs in Figs. 2 and 3.
During the first wave, there was a sharp spike in cases, but the
rise has been slower in the third wave, and will likely take longer
to fall, given that coronavirus restrictions are less strict now than
they were last spring, when the Spanish government ordered a full
home lockdown. The spread and the decay duration of the three
COVID-19 pandemic waves (Diao et al., 2021) in Madrid metropoli-
tan region can be attributed to differences in medical and sanitary
governmental intervention actions and regional policies, as well as
the seasonality of climate variables like as air temperature, relative
humidity and synoptic meteorological patterns.

Also, the differences between the COVID-19 waves can be
attributed to different infectivity rates of new variants of SARS-CoV-
2. This was the case of the second COVID-19 wave, that emerged
in early summer 2020 in Madrid and Spain, that was sanitary bet-
ter managed, through greatly increased of response capacities after
the first wave of this virus. Another factor that might have con-
tributed to the decay in the fatalities rates during the second and
third waves in comparison with the first infection wave may be
attributed to the improvement in environmental conditions due
to sanitary measures comparable with pre-lockdown period, and
adopting of different preventive health strategies and better poli-
cies (Jin et al., 2021) that reduce the health risks associated with
COVID-19.

One of the relevant result of this study is the comparative
analysis between environmental variables patterns (air pollu-
tants :PM2.5, PM10, O3 and NO2, AQI; and climate variables
: air temperature, relative humidity, wind speed intensity, air
pressure, Planetary Boundary Layer heigh) and the COVID-19 multi-
waves incidence start-up. There are several physico-chemical-
atmospheric mechanisms that could explain the existence of these
associations (Domingo and Rovira, 2020; Coccia, 2021b; Igbal et al.,
2021).

The chemodynamics of SARS-CoV-2 virions and PM interactions
may be responsible for the COVID-19 pandemic spreading dur-
ing several seasons, which provides a strong basis for explaining
reported correlations between air pollution episodes during anticy-
clonic stagnant periods in densely urban regions and new COVID-19
waves (Coccia, 2021a, c).

Like other previous studies (Liu et al, 2021) we found
that COVID-19 seasonality in relationship with climate variables
seasonality alone are not sufficient to stop the coronavirus trans-
mission in the warm season, this finding has importantimplications
in the control and prevention of COVID-19 transmission.

Lower levels of Planetary Boundary Layer heights and low wind
speeds reduce the dispersion of atmospheric pollutants in the lower
atmosphere, which can act as SARS-CoV-2 carriers in the air and
sustain the transmission of COVID-19 disease in the environment
(Coccia, 2020a; Byun et al., 2021).

Results of this study for Madrid metropolitan region are in
good agreement with other studies for European cities (Coccia,
2021c; Linares et al., 2021;), suggesting that the fast transmission
of COVID-19 disease and daily new confirmed positive cases (DNC)
and deaths (DND) is associated with high levels of air pollution
with PM10 and NO,, lower daily average air temperature and wind
speed intensity.

In conclusion seasonal variability of climate and air pollution
parameters can explain some seasonality and important aspects in
the COVID-19 disease transmission (Rahimi et al., 2021), but epi-
demiological measures of social distance are essential. Also, the
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lessons learned from the pandemic in synergy with environmental
factors can help to define proper actions to mitigate climate change.

6. Conclusions and policy implications

Following concerns of the new variants of the SARS-CoV-2 that
might be more transmissible, environmental conditions among
several major European cities, Madrid Community must consider
the effects of existing heavy air pollution by particulate matter
(PM2.5 and PM10) and ground level ozone (03) and nitrogen diox-
ide (NO2), which can contribute to high rate of SARS-CoV-2 viral
infection spread and severity of the coronavirus disease(COVID-19)
pandemic.

The findings of this study suggest that local air pollution levels
in Madrid metropolitan region are actively controlled by regional
meteorological formation of extensive stationary anticyclones,
with one month before of each of the three COVID-19 pandemic
waves, with blocking effects over the region and higher COVID-19
incidence infection rates. This study considered also synergy effects
of climate and air pollution factors impacts and possible correla-
tion among these variables with regional atmospheric circulation
and COVID-19 waves start-up. As the airborne microbial temporal
pattern is most affected by seasonal changes, Planetary Boundary
Layer height, air temperature, relative humidity, air pressure and
wind speed intensity variables have a strong impact on COVID-19
spread seasonality with higher incidence during winter-spring and
lower incidence during summer seasons. Comparative analyses of
environmental stressors variability between COVID-19 waves in
Madrid offer insights into how urban decision-makers responses
can be made more effective and timely and how health and social
care systems could be made more resilient. Present study under-
lines the need of considering impact of urban densely populated
areas in relation with seasonal variability of environmental factors
in COVID-19 pandemic intervention strategies. Also, these results
may help to understand the characteristics of the COVID-19 waves
in relation with climate and anthropogenic factors and associated
risks of SARS-CoV-2 viral infections in the Mediterranean region
and in Europe. In addition in the context of ongoing COVID-19 dis-
ease worldwide, Spain must adopt anti-epidemic policies and limit
the urban road-traffic in Mdarid metropolitan region, that is the
main source of air pollution. Outbreak management in COVID-19
multi-waves is of great importance for public health and safety.
Early warning strategies to control the spread of the pandemic dis-
ease must be based on proper information on the environmental
factors, that could aggravate cardiovascular and respiratory con-
ditions. Also, public health measures could include informative
notices to especially vulnerable population groups such as the
elderly and people with previous cardio-respiratory and neuro-
logical pathologies, advising them to limit their both short-term
and long-term exposure in outdoor environments during extreme
climate events and high pollution episodes. Further studies are
needed to confirm our findings in order to implement early san-
itary alert protocols and ensure equity and responsiveness to local
and regional contexts, essential steps on the difficult way ahead to
ending the COVID-19 pandemic.

CRediT authorship contribution statement

Maria Zoran: Conceptualization; Methodology, Supervision,
Writing - review & editing. Roxana Savastru: Methodology, Val-
idation, Review. Dan Savastru: Methodology, Validation, Review.
Marina Tautan: Methodology, Validation. Laurentiu Baschir:
Visualization; Software. Daniel Tenciu: Visualization; Data collec-
tion.

Consent for publication

Process Safety and Environmental Protection 152 (2021) 583-600

All the co-authors consent the publication of this work.

Consent to participate

Not applicable.
Declaration of Competing Interest

The authors report no declarations of interest.
Acknowledgements

This work was supported by Romanian Ministry of Research,
Innovation and Digitization [Program NUCLEU Contract
18N/08.02.2019/2021. We are thankful to NOAA/OAR/ESRL
PSD, Boulder, Colorado, USA for providing useful climate data.

References

Adams, M.D., 2020. Air pollution in Ontario, Canada during the COVID-19 state
of emergency. Sci. Total Environ., http://dx.doi.org/10.1016/j.scitotenv.2020.
140516.

Ahmadi, M., Sharifi, A., Dorosti, S., et al., 2020. Investigation of effective climatology
parameters on COVID-19 outbreak in Iran. Sci. Total Environ., http://dx.doi.org/
10.1016/j.scitotenv.2020.138705.

Aleta, A., Moreno, Y., 2020. Evaluation of the potential incidence of COVID-19 and
effectiveness of containment measures in Spain: a data-driven approach. BMC
Med. 18 (2020), 157, http://dx.doi.org/10.1186/s12916-020-01619-5.

Amin, M., Sorour, M.K,, Kasry, A., 2020. Comparing the binding interactions in the
receptor binding domains of SARS-CoV-2 and SARS-CoV. . Phys. Chem. Lett. 11,
4897-4900, http://dx.doi.org/10.1021/acs.jpclett.0c01064.

Ariya, P.A., Amyot, M., 2004. New directions: the role of bioaerosols in atmospheric
chemistry and physics. Atmos. Environ. 38, 1231-1232.

Arjomandi, M., et al., 2018. Respiratory responses to ozone exposure. MOSES (The
multicenter ozone 379 study in older subjects). Am. J. Respir. Crit. Care Med.
197,1319-1327.

Artinano, B., Salvador, P., Alonso, D.G., Querol, X., Alastuey, A., 2003. Anthropogenic
and natural influence on the PM10 and PM2.5 aerosol in Madrid (Spain). Analysis
of high concentration episodes. Environ. Pollut. 125 (3), 453-465.

Asadi, S., Bouvier, N., Wexler, A.S., Ristenpart, W.D., 2020. The coronavirus pandemic
and aerosols: Does COVID-19 transmit via expiratory particles? Aerosol Sci.
Technol. 54 (6), 635-638, http://dx.doi.org/10.1080/02786826.2020.1749229.

Baay, M, Lina, B., Fontanet, A., et al., 2020. SARS-CoV-2: virology, epidemiology,
immunology and vaccine development. Biologicals 66, 35-40.

Bakadia, B.M., Boni, B.0.0., Ahmed, A.A.Q., Yang, G., 2021. The impact of oxidative
stress damage induced by the environmental stressors on COVID-19. Life Sci.
264, 18653.

Bakhshandeh, B., Sorboni, S.G., Javanmard, A.-R., et al., 2021. Variants in ACE2; poten-
tial influences on virus infection and COVID-19 severity. Infect. Genet. Evol. 90,
10477, http://dx.doi.org/10.1016/j.meegid.2021.104773.

Baklanov, A., Molina, L.T., Gauss, M., 2016. Megacities, air quality and climate. Atmos.
Environ. 126, 235-249, http://dx.doi.org/10.1016/j.atmosenv.2015.11.059.
Baldasano, .M., 2020. COVID-19 lockdown effects on air quality by NO2 in the cities
of Barcelona and Madrid (Spain). Sci. Total Environ. 7411, 140353, http://dx.doi.

org/10.1016/j.scitotenv.2020.140353.

Ballabio, D., Bolzacchini, E., Camatini, M.C., 2013. Particle size, chemical composition,
seasons of the year and urban, rural or remote site origins as determinants of
biological effects of particulate matter on pulmonary cells. Environ. Pollut. 176,
215-227, http://dx.doi.org/10.1016/j.envpol.2013.01.012.

Barreca, A.L, 2012. Climate change, humidity, and mortality in the United States. J.
Environ. Econ. Manag. 63 (1), 19-34, http://dx.doi.org/10.1016/j.jeem.2011.07.
004.

Bashir, M.F., Bilal, B.M., Komal, B., 2020a. Correlation between environmental pol-
lution indicators and COVID-19 pandemic: a brief study in Californian context.
Environ. Res., 109652, http://dx.doi.org/10.1016/j.envres.2020.109652.

Bashir, M.F,, et al., 2020b. Correlation between climate indicators and COVID-19
pandemic in New York, USA. Sci. Total Environ. 728, 138835, http://dx.doi.org/
10.1016/j.scitotenv.2020.138835.

Benedetti, F., et al., 2020. Inverse correlation between average monthly high tem-
peratures and COVID-19-related death rates in different geographical areas. .
Transl. Med. 18, 251, http://dx.doi.org/10.1186/s12967-020-02418-5.

Bezabih, Y.M,, et al., 2020. Correlation of the global spread of coronavirus disease-
19 with atmospheric air temperature. medRxiv, http://dx.doi.org/10.1101/2020.
05.27.20115048, 2020.05.27.20115048.

Bishop, K., Holmes, R., Sheehy, A., Malim, M., 2004. APOBECmediated editing of viral
RNA. Science 305 (5684), 645.

Bolafio-Ortiz, T.R., et al., 2020. Spread of SARS-CoV-2 through Latin America and the
Caribbean region: a look from its economic conditions, climate and air pollution
indicators. Environ. Res. 191, 109938, http://dx.doi.org/10.1016/j.envres.2020.
109938.

596


dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.140516
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1016/j.scitotenv.2020.138705
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1186/s12916-020-01619-5
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
dx.doi.org/10.1021/acs.jpclett.0c01064
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0035
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
dx.doi.org/10.1080/02786826.2020.1749229
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0050
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.meegid.2021.104773
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.atmosenv.2015.11.059
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.scitotenv.2020.140353
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.envpol.2013.01.012
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.jeem.2011.07.004
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.envres.2020.109652
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1016/j.scitotenv.2020.138835
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1186/s12967-020-02418-5
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
dx.doi.org/10.1101/2020.05.27.20115048
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0100
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938
dx.doi.org/10.1016/j.envres.2020.109938

M.A.Zoranetal.

Bontempi, E., 2021. The europe second wave of COVID-19 infection and the
Italy “strange” situation. Environ. Res. 193, 110476, http://dx.doi.org/10.1016/].
envres.2020.110476.

Bontempi, E., Vergalli, S., Squazzoni, F., 2020. Understanding COVID-19 diffusion
requires an interdisciplinary, multi-dimensional approach. Environ. Res. 188,
109814, http://dx.doi.org/10.1016/j.envres.2020.109814.

Borge, R., Artinano, B., Yagiie, C., Gomez-Moreno, F.J., Saiz-Lopez, A., Sastre, M., Nar-
ros, A., Garcia-Nieto, D., Benavent, N., Maqueda, G., Barreiro, M., de Andrés, ].M.,
Cristébal, A., 2018. Application of a short term air quality action plan in Madrid
(Spain) under a high-pollution episode - Part I: diagnostic and analysis from
observations. Sci. Total Environ. 635, 1561-1573.

Borge, R., Requia, W.]., Yagiie, C., Jhun, 1., Koutrakis, P., 2019. Impact of weather
changes on air quality and related mortality in Spain over a 25 year period
[1993-2017]. Environ. Int. 133 (B), 105272.

Bosch, BJ., vander Zee, R.,de Haan, C.A.M., Rottier, P.J.M.,2003. The coronavirus spike
proteinisa class I virus fusion protein: structural and functional characterization
of the fusion core complex. J. Virol., http://dx.doi.org/10.1128/jvi.77.16.8801-
8811.2003.

Bowers, R.M., Lauber, C.L., Wiedinmyer, C., Hamady, M., Hallar, A.G., Fall, R., Knight,
R., Fierer, N.,2009. Characterization of airborne microbial communities at a high-
elevation site and their potential to act as atmospheric ice nuclei. Appl. Environ.
Microbiol. 75, 5121-5130.

Bowers, R.M., Clements, N., Emerson, J.B., Wiedinmyer, C., Hannigan, M.P., Fierer, N.,
2013. Seasonal variability in bacterial and fungal diversity of the near-surface
atmosphere. Environ. Sci. Technol. 47, 12097-12106.

Briz-Redén, A., Serrano-Aroca, A., 2020. A spatiotemporal analysis for exploring the
effect of temperature on COVID-19 early evolution in Spain. Sci. Total Environ.
728, 138811, http://dx.doi.org/10.1016/j.scitotenv.2020.138811.

Byun, W.S., Heo, S.W,, Jo, G., Kim, JW., Kim, S,, Lee, S., Park, H.E., Baek, J.-H., 2021.
Is coronavirus disease (COVID-19) seasonal? A critical analysis of empirical and
epidemiological studies at global and local scales. Environ. Res., http://dx.doi.
org/10.1016/j.envres.2021.110972.

Caliz, ]., Triad6-Margarit, X., Camarero, L., Casamayor, E.O., 2018. A long-term sur-
vey unveils strong seasonal patterns in the airborne microbiome coupled to
general and regional atmospheric circulations. Proc. Natl. Acad. Sci. U. S. A. 115,
12229-12234.

Cao, C,, Jiang, W., Wang, B,, Fang, ]., Lang, ]., Tian, G., Jiang, ]., Zhu, T., 2014. Inhalable
microorganisms in Beijing’s PM,5 and PM;o pollutants during a severe smog
event. Environ. Sci. Technol. 48 (3), 1499-1507, 2014.

Cao, Y., Chen, M., Dong, D,, Xie, S., Liu, M., 2020. Environmental pollutants damage
airway epithelial cell cilia: implications for the prevention of obstructive lung
diseases. Thorac. Cancer 11, 505-510.

Carraturo, F., Del Giudice, C., Morelli, M., Cerullo, V., Libralato, G., Galdiero, E., Guida,
M., 2020. Persistence of SARS-CoV-2 in the environment and COVID-19 trans-
mission risk from environmental matrices and surfaces. Environ. Pollut. 265 (B),
115010, http://dx.doi.org/10.1016/j.envpol.2020.115010.

Carugno, M., Dentali, F., Mathieu, G., Fontanella, A., Mariani, J., Bordini, L., Milani,
G.P., Consonni, D., Bonzini, M., Bollati, V., Pesatori, A.C., 2018. PM10 exposure is
associated with increased hospitalizations for respiratory syncytial virus bron-
chiolitis among infants in Lombardy, Italy. Environ. Res. 166, 452-457.

Casado-Aranda, L.A., Sanchez-Ferndndez, ]., Viedma-del-Jests, M.1., 2021. Analysis of
the scientific production of the effect of COVID-19 on the environment: A bib-
liometric study. Environ. Res. 193, 110416, http://dx.doi.org/10.1016/j.envres.
2020.110416.

Cevik, M, et al., 2021. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics,
duration of viral shedding, and infectiousness: a systematic review and meta-
analysis. Lancet 2, e13-e22.

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., Zhang, L., et al., 2020. Epi-
demiological and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive study. Lancet 395 (10223), 507-513,
http://dx.doi.org/10.1016/s0140-6736(20)30211-7.

Chuvochina, M.S., Marie, D., Chevaillier, S., Petit, J.-R., Normand, P., Alekhina, L.A.,
Bulat, S.A,, 2011. Community variability of bacteria in alpine snow (Mont
Blanc) containing Saharan dust deposition and their snow colonisation potential.
Microbes Environ. 26 (3), 237-247, http://dx.doi.org/10.1264/jsme2.me11116.

Ciencewicki, J., Jaspers, I, 2007. Air pollution and respiratory viral infec-
tion. Inhal Toxicology 19 (14), 1135-1146, http://dx.doi.org/10.1080/
08958370701665434.

CM, 2021. www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam.
covid19.pdf.

Coccia, M., 2020a. An index to quantify environmental risk of exposure to future
epidemics of the COVID-19 and similar viral agents: theory and Practice. Environ.
Res., 110155, http://dx.doi.org/10.1016/j.envres.2020.110155.

Coccia, M., 2020b. Factors determining the diffusion of COVID-19 and suggested
strategy to prevent future accelerated viral infectivity similar to COVID. Sci. Total
Environ. 729, 138474, http://dx.doi.org/10.1016/j.scitotenv.2020.138474.

Coccia, M., 2020c. How do low wind speeds and high levels of air pollution sup-
port the spread of COVID-19? Atmos. Pollut. Res., http://dx.doi.org/10.1016/j.
apr.2020.10.002, PII S1309-1042(20)30293-2.

Coccia, M., 2020d. How (Un)sustainable environments are related to the diffusion
of COVID- 19: the relation between coronavirus disease 2019, air pollution,
wind resource and energy. Sustainability 12, 9709, http://dx.doi.org/10.3390/
su12229709.

Coccia, M., 2021a. The effects of atmospheric stability with low wind speed and of air
pollution on the accelerated transmission dynamics of COVID-19. Int. J. Environ.
Stud. 78 (1), 1-27, http://dx.doi.org/10.1080/00207233.2020.1802937.

Process Safety and Environmental Protection 152 (2021) 583-600

Coccia, M., 2021b. The relation between length of lockdown, numbers of infected
people and deaths of Covid-19, and economic growth of countries: lessons
learned to cope with future pandemics similar to Covid-19. Sci. Total Environ.,
145801, http://dx.doi.org/10.1016/j.scitotenv.2021.145801.

Coccia, M., 2021c. Effects of the spread of COVID-19 on public health of polluted
cities: results of the first wave for explaining the deja vu in the second wave of
COVID-19 pandemic and epidemics of future vital agents. Environ. Sci. Pollut.
Res. - Int., http://dx.doi.org/10.1007/s11356-020-11662-7.

Cohen, J., Kupferschmidt, K., 2020. Countries test tactics in “war” against COVID-19.
Science 367 (6484), 1287-1288, http://dx.doi.org/10.1126/science.367.6484.
1287.

Collivignarelli, M.C.,, Abba, A., Bertanza, G., Pedrazzani, R., Ricciardji, P., Miino, M.C.,
2020. Lockdown for CoViD-2019 in Milan: What are the effects on air qual-
ity? Sci. Total Environ. 732, 139280, http://dx.doi.org/10.1016/j.scitotenv.2020.
139280.

Collivignarelli, M.C., De Rose, C., Abbg, A., Baldi, M., et al., 2021. Analysis of lockdown
for CoViD-19 impact on NO2in London, Milan and Paris: What lesson can be
learnt? Process. Saf. Environ. Prot. 146, 952-960, http://dx.doi.org/10.1016/j.
psep.2020.12.029.

Conticini, E., Frediani, B., Caro, D., 2020. Can atmospheric pollution be considered
a co- factor in extremely high level of SARS-CoV-2 lethality in Northern Italy?
Environ. Pollut., 114465, http://dx.doi.org/10.1016/j.envpol.2020.114465.

Cuevas, C.A., Notario, A., Adame, ].A., Hilboll, A, Richter, A., Burrows, ].P., Saiz-Lépez,
A.,2014. Evolution of NO2 levels in Spain from 1996 to 2012. Nature Scient. Rep.
4,5887.

Cui, Y., Zhang, Z., Froines, J., Zhao, J., Wang, H., Yu, S, et al., 2003. Air pollution and
case fatality of SARS in the People’s Republic of China: an ecologic study. Environ.
Health 2 (1), 15.

Denes, K.AR., Mutz, Y.S., Bernardes, P.C., Conte-Junior, C.A., 2020. Relationship
between COVID-19 and weather: case study in a tropical country. Int. . Hyg.
Environ. Health 229, 113587, http://dx.doi.org/10.1016/j.ijheh.2020.113587.

Diao, Y., Kodera, S., Anzai, D., et al., 2021. Influence of population density, tem-
perature, and absolute humidity on spread and decay durations of COVID-19:
a comparative study of scenarios in China, England, Germany, and Japan. One
Health 12, 100203, http://dx.doi.org/10.1016/j.onehlt.2020.100203.

Diaz,]., Garcia-Herrera, R., Trigo, R.M., Linares, C., Avendano, A., Hernandez, E., 2006.
The impact of summer 2003 heat wave in Iberia: how should we measure it?
Int. ]. Biometeorol. 50, 159-166.

Diaz, ], Carmona, R., Mirén, 1], Ortiz, C., Linares, C., 2015. Comparison of the
effects of extreme temperatures on daily mortality in Madrid (Spain), by
age group: the need for a cold wave prevention plan. Environ. Res. 143,
186-191.

Diaz, J., Linares, C., Carmona, R., Russo, A., Ortiz, C., Salvador, P., Trigo, R.M., 2017.
Saharan dust intrusions in Spain: health impacts and associated synoptic con-
ditions. Environ. Res. 156, 455-467.

Diaz, J., Saez, M., Carmona, R., Mirén, 1J., Barceld, M.A., Luna, M.Y., Linares, C., 2019.
Mortality attributable to high temperatures over the 2021-2050 and 2051-2100
time horizons in Spain: adaptation and economic estimate. Environ. Res. 172,
475-485.

Domingo, J., Rovira, J., 2020. Effects of air pollutants on the transmission and severity
of respiratory viral infections. Environ. Res. 187, 109650, http://dx.doi.org/10.
1016/j.envres.2020.109650.

Domingo, J.L., Marqu‘es, M., Rovira, ]., 2020. Influence of airborne transmission of
SARS-CoV-2 on COVID-19 pandemic. Areview. Environ. Res. 188, 109861, http://
dx.doi.org/10.1016/j.envres.2020.109861.

Duval, J.F.L,, van Leeuwen, H.P., Norde, W., Town, R.M., 2021. Chemodynamic fea-
tures of nanoparticles: application to understanding the dynamic life cycle of
SARS-CoV-2 in aerosols and aqueous biointerfacial zones. Adv. Colloid Interface
Sci. 290, 102400, http://dx.doi.org/10.1016/j.cis.2021.102400.

Frontera, A., Cianfanelli, L., Vlachos, K., Landoni, G., Cremona, 2020. Severe air pollu-
tion links to higher mortality in COVID-19 patients: the “double-hit” hypothesis.
J. Infect., 0163-4453, http://dx.doi.org/10.1016/.jinf.2020.05.031.

Fuller, C.H,, Jones, J.W., Roblin, D., 2020. Evaluating changes in ambient ozone and
respiratory -related healthcare utilization in the Washington, DC metropolitan
area. Environ. Res. (2020), http://dx.doi.org/10.1016/j.envres.2020.109603.

Gao, W,, Tie, X., Xu, J., Huang, R., Mao, X., Zhou, G., et al,, 2017. Long-term trend
of O3 in a mega City (Shanghai), China: characteristics, causes, and interactions
with precursors. Sci. Total Environ., http://dx.doi.org/10.1016/j.scitotenv.2017.
06.099, 1252, 10.1016/j.scitotenv.2018.07.238.

Garrido-Perez, ].M., Ordéiez, C., Garcia-Herrera, R., Barriopedro, D., 2018. Air stag-
nation in Europe: spatiotemporal variability and impact on air quality. Sci. Total
Environ. 645, 1238-.

Glodeanu, A., Gullon, P., Bilal, U., 2021. Social inequalities in mobility during and
following the COVID-19 associated lockdown of the Madrid metropolitan area
in Spain. Health Place 70, 102580, http://dx.doi.org/10.1016/j.healthplace.2021.
102580.

Goémez-Losada, A., Santos, F.M., Gibert, K., Pires,].C.M.,2019. A data science approach
for spatiotemporal modelling of low and resident air pollution in Madrid (Spain):
implications for epidemiological studies. Comput. Environ. Urban Syst. 75, 1-11,
http://dx.doi.org/10.1016/j.compenvurbsys.2018.12.005.

Gong, ]., Qi, ., Beibei, E., Yin, Y., Gao, D., 2020. Concentration, viability and size distri-
bution of bacteria in atmospheric bioaerosols under different types of pollution.
Environ. Pollut. 25, 113485.

Gralton, J., Tovey, E., McLaws, M.-L., Rawlinson, W.D., 2011. The role of particle size
in aerosolised pathogen transmission: a review. J. Infect. 62, 1-13.


dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.110476
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
dx.doi.org/10.1016/j.envres.2020.109814
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0125
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
dx.doi.org/10.1128/jvi.77.16.8801-8811.2003
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0140
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.scitotenv.2020.138811
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
dx.doi.org/10.1016/j.envres.2021.110972
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0165
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
dx.doi.org/10.1016/j.envpol.2020.115010
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0175
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
dx.doi.org/10.1016/j.envres.2020.110416
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0185
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1016/s0140-6736(20)30211-7
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1264/jsme2.me11116
dx.doi.org/10.1080/08958370701665434
dx.doi.org/10.1080/08958370701665434
dx.doi.org/10.1080/08958370701665434
dx.doi.org/10.1080/08958370701665434
dx.doi.org/10.1080/08958370701665434
dx.doi.org/10.1080/08958370701665434
dx.doi.org/10.1080/08958370701665434
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
http://www.comunidad.madrid/sites/default/files/doc/sanidad/210314_cam_covid19.pdf
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.envres.2020.110155
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.scitotenv.2020.138474
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.1016/j.apr.2020.10.002
dx.doi.org/10.3390/su12229709
dx.doi.org/10.3390/su12229709
dx.doi.org/10.3390/su12229709
dx.doi.org/10.3390/su12229709
dx.doi.org/10.3390/su12229709
dx.doi.org/10.3390/su12229709
dx.doi.org/10.3390/su12229709
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1080/00207233.2020.1802937
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1016/j.scitotenv.2021.145801
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1007/s11356-020-11662-7
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1126/science.367.6484.1287
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.scitotenv.2020.139280
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.psep.2020.12.029
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
dx.doi.org/10.1016/j.envpol.2020.114465
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0265
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0270
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.ijheh.2020.113587
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
dx.doi.org/10.1016/j.onehlt.2020.100203
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0285
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0290
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0295
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0300
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109650
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.envres.2020.109861
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.cis.2021.102400
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.jinf.2020.05.031
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.envres.2020.109603
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
dx.doi.org/10.1016/j.scitotenv.2017.06.099
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0335
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.healthplace.2021.102580
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
dx.doi.org/10.1016/j.compenvurbsys.2018.12.005
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0350
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0355

M.A. Zoranetal.

Grubaugh, N., Hanage, W., Rasmussen, A., 2020. Making sense of mutation: what
D614G means for the COVID-19 pandemic remains unclear. Cell 182 (4),
794-795.

Guo, C., Bo, Y., Lin, C,, et al., 2020. Meteorological factors and COVID-19 incidence in
190 countries: an observational study. Sci. Total Environ. 757, 143783.

Haque, S.E., Rahman, M., 2020. Association between temperature, humidity, and
COVID-19 outbreaks in Bangladesh. Environ. Sci. Policy 114, 253-255, http://dx.
doi.org/10.1016/j.envsci.2020.08.012.

Harrison, R.M., Jones, A.M., Biggins, P.D.E., Pomeroy, N., Cox, C.S., Kidd, S.P., et al.,
2005. Climate factors influencing bacterial count in background air samples. Int.
J. Biometeorol. 49, 167-178, http://dx.doi.org/10.1007/s00484-004-0225-3.

Hassanzadeh, K., Pena, H.P., Dragotto, J., Buccarello, L., lorio, F., Pieraccini, S., et al.,
2020. Considerations around the SARS-CoV-2 spike protein with particular
attention to COVID19 brain infection and neurological symptoms. ACS Chem
Nerosci. 11, 2361-2369, http://dx.doi.org/10.1021/acschemneuro.0c00373.

Igbal, W., Tang, Y.M., Chauc, K.Y., Irfand, M., Mohsin, M., 2021. Nexus between air
pollution and NCOV-2019 in China: application of negative binomial regression
analysis. Process. Saf. Environ. Prot. 150, 557-565, http://dx.doi.org/10.1016/j.
psep.2021.04.039.

Islam, N., Bukhari, Q., Jameel, Y., et al., 2021. COVID-19 and climatic factors: a
global analysis. Environ. Res. 193, 110355, http://dx.doi.org/10.1016/j.envres.
2020.110355.

Jiang, Y., et al., 2020. Effect of ambient air pollutants and meteorological variables on
COVID-19 incidence. Infect. Control Hosp. Epidemiol. 41 (9), 1011-1015, http://
dx.doi.org/10.1017/ice.2020.222.

Jin, B, Ji, J., Yang, W., Yao, Z., Huang, D., Xu, C., 2021. Analysis on the spatio-
temporal characteristics of COVID-19 in mainland China. Process. Saf. Environ.
Prot., http://dx.doi.org/10.1016/j.psep.2021.06.004.

Jones, A.M., Harrison, R.M., 2004. The effects of meteorological factors on atmo-
spheric bioaerosol concentrations — a review. Sci. Total Environ. 326 (1-3),
151-180.

Jiini, P., Rothenbiihler, M., Bobos, P., et al., 2020. Impact of climate and public health
interventions on the COVID-19 pandemic: a prospective cohort study. CMAJ 192
(May (21)), E566-E573, http://dx.doi.org/10.1503/cmaj.200920, 2020.

Karimzadeh, S., Bhopal, R., Nguyen Tien, H., 2021. Review of infective dose, routes of
transmission and outcome of COVID-19 caused by the SARS-COV-2:comparison
with other respiratory viruses. Epidemiol. Infect. 149, e96, http://dx.doi.org/10.
1017/S0950268821000790, 1-8.

Kawasaki, F., Wakamatsu, M., Sugahara, K., 2019. Trends in the prevalence of COPD
in elderly individuals in an air-polluted city in Japan: a cross-sectional study.
Int. J. Chronic Obstr. Pulm. Dis. 14, 791-798.

Kelly, F.J., Fussell, J.C., 2011. Air pollution and airway disease. Clin. Exp. Allergy 41,
1059-1071.

Khan, M.F,, Hamid, A.H., Bari, M.A,, Tajudin, A.B., Latif, M.T,, et al.,, 2019. Airborne
particles in the city center of Kuala Lumpur: origin, potential driving factors, and
deposition flux in human respiratory airways, Science of the Total Environment
650. Part 1, 1195-1206.

Lépez, V., Salvador, P., Artifiano, B., Gomez-Moreno, F.J., Fernidndez, ]., Molero, F.,
2019. Influence of the origin of the air mass on the background levels of atmo-
spheric particulate matter and secondary inorganic compounds in the Madrid
air basin. Environ. Sci. Pollut. Res. 26 (29), 30426-30443.

Landguth, E., Holden, Z., Graham, ]., Stark, B., Mokhtari, E., Kaleczyc, E., et al.,
2020. The delayed effect of wildfire season particulate matter on subsequent
influenza season in a mountain west region of the USA. Environ. Int. 139,
105668.

Lepeule, ], Bind, M.A.C., Baccarelli, A.A., Koutrakis, P., et al., 2014. Epigenetic influ-
ences on associations between air pollutants and lung function in elderly men:
the normative aging study. Environ. Health Perspect. 122, 566-572.

Li, Y., Huang, X., Yu, LT.S., Wong, L.T.S., Qian, H., 2004. Role of air distribution in SARS
transmission during the largest nosocomial outbreak in Hong Kong. Indoor Air
15, 83-95.

Li, X., Ma, Y., Wang, Y., Liu, N., Hong, Y., 2017. Temporal and spatial analyses of
particulate matter (PM10 and PM2.5) and its relationship with meteorological
parameters over an urban city in northeast China. Atmos. Res. 198, 185-193,
http://dx.doi.org/10.1016/j.atmosres.2017.08.023.

Li, H., Xu, X.-L., Dai, D.-W., Huang, Z.Y., Ma, Z., Guan, Y.-]., 2020a. Air pollution and
temperature are associated with increased COVID-19 incidence: a time series
study. Int. J. Infect. Dis. 97, 278-282.

Li, Q., Guan, X., Wu, P.,, Wang, X., Zhou, L., Tong, Y., et al., 2020b. Early transmission
dynamicsin Wuhan, China, of novel coronavirus-infected pneumonia. N. Engl. .
Med., http://dx.doi.org/10.1056/NEJM0a2001316.

Linares, C., Carmona, R, Russo, A., Ortiz, C., Salvador, P., Trigo, R.M., 2017. Saharan
dustintrusions in Spain: health impacts and associated synoptic conditions Julio
Diaza. Environ. Res. 156, 455-467, http://dx.doi.org/10.1016/j.envres.2017.03.
047.

Linares, C., Falcén, ., Ortiz, C., Diaz, ]., 2018. An approach estimating the short-term
effect of NO; on daily mortality in Spanish cities. Environ. Int. 116, 18-28, http://
dx.doi.org/10.1016/j.envint.2018.04.002.

Linares, C., Diaz, J., Negev, M., Martinez, G.S., Debono, R, Paz, S., 2020. Impacts
ofclimate change on the public health of the Mediterranean Basin population -
current situation, projections, preparedness and adaptation. Environ. Res. 182,
109107.

Linares, C., Culqui, D., Belda, F., Ldpez-Bueno, ].A., et al., 2021. Impact of environmen-
tal factors and Sahara dust intrusions on incidence and severity of COVID-19
disease in Spain. Effect in the first and second pandemic waves. Environ. Sci.
Pollut. Res. - Int., http://dx.doi.org/10.1007/s11356-021-14228-3.

Process Safety and Environmental Protection 152 (2021) 583-600

Liu, L., Zhou, Q., Yang, X,, Li, G., Zhang, ]., Zhou, X., Jiang, W., 2020a. Cytotoxicity
of the soluble and insoluble fractions of atmospheric fine particulate matter. J.
Environ. Sci. 91 (105), 116.

Liu, Y., Ning,Z., VY, etal.,2020b. Aerodynamic characteristics and RNA concentration
of SARS-CoV-2 aerosol in Wuhan hospitals during COVID-19 outbreak. bioRxiv,
http://dx.doi.org/10.1101/2020.03.08.982637, preprint.

Liu, X., Huang, J., Li, C,, Zhao, Y., et al., 2021. The role of seasonality in the spread
of COVID-19 pandemic. Environ. Res. 195, 110874, http://dx.doi.org/10.1016/j.
envres.2021.110874.

Lu, C, Liu, X, Jia, Z., 2020. 2019-nCoV transmission through the ocular surface must
not be ignored. Lancet 395 (10224), 39.

Luo, C, Yao, L,, Zhang, L., Yao, M., Chen, X., Wang, Q., et al., 2020a. Possible Trans-
mission of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in
a Public Bath Center in Huai’an, Jiangsu Province, China. JAMA network open 3
(3), e204583.

Luo, W., et al., 2020b. The role of absolute humidity on transmission rates of the
COVID-19 outbreak. medRxiv, http://dx.doi.org/10.1101/2020.02.12.20022467,
2020.02.12.20022467.

Ma, Y., Zhao, Y., Liy, J., He, X, Wang, B., Fu, S., Yan, J., Niu, J., Zhou, J., Luo, B., 2020.
Effects of temperature variation and humidity on the death of COVID-19 in
Wuhan, China. Sci. Total Environ. 724, 138226, Allergy 41, 1059-1071.

Mangla, S., et al., 2020. Impact of environmental indicators on the COVID-19 pan-
demic in Delhi, India. In: PREPRINT (Version 1). Research Square., http://dx.doi.
org/10.21203/rs.3.rs-66969/v1, available at.

Martelletti, L., Martelletti, P., 2020. Air pollution and the novel Covid-19 disease: a
putative disease risk factor. SN Comprehensive Clinical Medicine 2, 383-387.

Menebo, M.M., 2020. Temperature and precipitation associate with Covid-19 new
daily cases: A correlation study between weather and Covid-19 pandemic
in Oslo, Norway. Sci. Total Environ. 737, 139659, http://dx.doi.org/10.1016/j.
scitotenv.2020.139659.

Metelmann, S., et al., 2020. Impact of climatic, demographic and disease
control factors on the transmission dynamics of COVID-19 in large
cities worldwide. medRxiv, http://dx.doi.org/10.1101/2020.07.17.20155226,
2020.07.17.20155226.

Mhuireach, G.A., Betancourt-Roman, C.M., Green, L., Johnson, B.R., 2019. Spatiotem-
poral controls on the urban aerobiome. Front. Ecol. Evol., 7.

Miao, Y., Liu, S., 2019. Linkages between aerosol pollution and planetary boundary
layer structure in China. Sci. Total Environ. 650, 288-296, http://dx.doi.org/10.
1016/j.scitotenv.2018.09.032.

Miao, Y., Hu, X.-M,, Liy, S., Qian, T., Xue, M., Zheng, Y., Wang, S., 2015. Seasonal
variation of local atmospheric circulations and boundary layer structure in
theBeijing-Tianjin-Hebei region and implications for air quality. ]. Adv. Model.
Earth Syst. 7, 1602e1626, http://dx.doi.org/10.1002/2015MS000522.

Minhaz Ud-Dean, S.M.,2010. Structural explanation for the effect of humidity on per-
sistence of airborne virus: seasonality of Influenza. . Theor. Biol. 264, 822-829,
http://dx.doi.org/10.1016/j.jtbi.2010.03.013.

Molepo, K.M., Abiodun, B.J., Magoba, R.N., 2019. The transport of PM10 over Cape
Town during high pollution episodes. Atmos. Environ. 213, 116-132, http://dx.
doi.org/10.1016/j.atmosenv.2019.05.041.

Montero, ].M., Ferndndez-Avilés, G., 2018. Functional kriging prediction of atmo-
spheric particulate matter concentrations in Madrid, Spain: Is the new
monitoring system masking potential public health problems? J. Clean. Prod.
175, 283-293.

Monz6én, A., Guerrero, M.J., 2004. Valuation of social and health effects of transport-
related air pollution in Madrid (Spain). Sci. Total Environ. 334-335, 427-434.

Moriyama, M., Hugentobler, W.]., Iwasak, A., 2020. Seasonality of respiratory
viral infections. Annu. Rev. Virol. 7, 83-101, http://dx.doi.org/10.1146/annurev-
virology-012420-022445.

Mousavizadeh, L., Ghasemi, S., 2020. Genotype and phenotype of COVID-19: their
roles in pathogenesis. J. Microbiol. Immunol. Infect., http://dx.doi.org/10.1016/
j-jmii.2020.03.022.

Mu, F, Li, Y., Lu, R, Qi, Y., Xie, W., Bai, W., 2020. Source identification of airborne
bacteria in the mountainous area and the urban areas. Atmos. Res. 231, 104676.

Nishiura, H., Lintona, N.M., Akhmetzhanov, A.R., 2020. Serial interval of novel coro-
navirus (COVID-19) infections. Int. J. Infect. Dis. 93, 284-286.

Nuvolone, D., Petri, D., Voller, F., 2018. The effects of ozone on human health. Environ.
Sci. Pollut. Res. 25, 8074-8088.

Oliveiros, B., et al., 2020. Role of temperature and humidity in the modulation of the
doubling time of COVID-19 cases. medRxiv, http://dx.doi.org/10.1101/2020.03.
05.20031872, 03.05.20031872.

Ozyigit, A., 2020. Understanding Covid-19 transmission: the effect of temperature
and health behavior on transmission rates. Infect. Dis. Health 25 (4), 233-238,
http://dx.doi.org/10.1016/j.idh.2020.07.001.

Pandolfi, M., Tobias, A., Alastuey, A., Sunyer, J., Schwartz, ]., Lorente, J., Pey, J., Querol,
X., 2014. Effect of atmospheric mixing layer depth variations on urban air quality
and daily mortality during Saharan dust outbreaks. Sci. Total Environ. 494-49,
283-289.

Pani, S.K,, Lin, N.-H., Babu, S.R., 2020. Association of COVID-19 pandemic with mete-
orological parameters over Singapore. Sci. Total Environ. 740, 140112, http://dx.
doi.org/10.1016/j.scitotenv.2020.140112.

Penache, M.C., Zoran, M., 2019a. Temporal patterns of surface ozone levels in relation
with radon (222Rn) and air quality. AIP Conference Proceedings, 2075., http://
dx.doi.org/10.1063/1.5091279, 120021.

Penache, M.C., Zoran, M., 2019b. Seasonal trends of surface carbon monoxide con-
centrations in relation with air quality. AIP Conference Proceedings, 2075.,
http://dx.doi.org/10.1063/1.5091292, 130007.

598


http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0360
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0365
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1016/j.envsci.2020.08.012
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1007/s00484-004-0225-3
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1021/acschemneuro.0c00373
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.psep.2021.04.039
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1016/j.envres.2020.110355
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1017/ice.2020.222
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
dx.doi.org/10.1016/j.psep.2021.06.004
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0405
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1503/cmaj.200920
dx.doi.org/10.1017/S0950268821000790
dx.doi.org/10.1017/S0950268821000790
dx.doi.org/10.1017/S0950268821000790
dx.doi.org/10.1017/S0950268821000790
dx.doi.org/10.1017/S0950268821000790
dx.doi.org/10.1017/S0950268821000790
dx.doi.org/10.1017/S0950268821000790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0420
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0425
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0430
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0435
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0440
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0445
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0450
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
dx.doi.org/10.1016/j.atmosres.2017.08.023
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0460
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1056/NEJMoa2001316
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envres.2017.03.047
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
dx.doi.org/10.1016/j.envint.2018.04.002
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0480
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
dx.doi.org/10.1007/s11356-021-14228-3
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0490
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1101/2020.03.08.982637
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
dx.doi.org/10.1016/j.envres.2021.110874
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0505
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0510
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
dx.doi.org/10.1101/2020.02.12.20022467
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0520
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
dx.doi.org/10.21203/rs.3.rs-66969/v1
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0530
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1016/j.scitotenv.2020.139659
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
dx.doi.org/10.1101/2020.07.17.20155226
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0545
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1016/j.scitotenv.2018.09.032
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1002/2015MS000522
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.jtbi.2010.03.013
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
dx.doi.org/10.1016/j.atmosenv.2019.05.041
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0570
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0575
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1146/annurev-virology-012420-022445
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
dx.doi.org/10.1016/j.jmii.2020.03.022
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0590
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0595
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0600
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1101/2020.03.05.20031872
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
dx.doi.org/10.1016/j.idh.2020.07.001
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0615
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1016/j.scitotenv.2020.140112
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091279
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292
dx.doi.org/10.1063/1.5091292

M.A.Zoranetal.

Perrone, M.G., Larsen, B.R., Ferrero, L., Sangiorgi, G., De Gennaro, G., Udisti, R.,
Zangrando, R., Gambaro, A., Bolzacchini, E., 2012. Sources of high PM2.5 concen-
trations in Milan, North- ern Italy: molecular marker data and CMB modelling.
Sci. Total Environ. 414, 343-355, http://dx.doi.org/10.1016/j.scitotenv.2011.11.
026.

Perrone, M.G., Gualtieri, M., Consonni, V., Ferrero, L., Sangiorgi, G.M.L., Longhin, E.M.,
Sandrini, S., Fuzzi, S., Piazzalunga, A., Prati, P., Bonasoni, P., Cavalli, F., Bove,
M.C,, et al., 2014. Spatial and seasonal variability of carbonaceous aerosol across
Italy. Atmos. Environ. 99, 587-598, http://dx.doi.org/10.1016/j.atmosenv.2014.
10.032.

Pfahl, S., Schwierz, C., Croci-Maspoli, M., Grams, C.M., Wernli, H., 2015. Importance
of latent heat release in ascending air streams for atmospheric blocking. Nat.
Geosci. 8,610-614, http://dx.doi.org/10.1038/NGEO2487.

Poole, L., 2020. Seasonal influences on the spread of SARS-CoV-2 (COVID19),
causality, and forecastabililty (3-15-2020). In: Causality, and Forecastabililty,
3-15-2020 (March 15, 2020).

Qian, Z., He, Q., Lin, H.M,, et al., 2010. Part 2. Association of daily mortality with
ambient air pollution, and effect modification by extremely high temperature
in Wuhan. China. Res Rep Health Eff Inst. 154, 91-217.

Rahimi, N.R.,, Fouladi-Fard, R., Aali, R, et al., 2021. Bidirectional association between
COVID- 19 and the environment: a systematic review. Environ. Res. 194, 110692,
http://dx.doi.org/10.1016/j.envres.2020.110692.

Ram, K., Thakur, R.C., Singh, D.K,, et al., 2021. Why airborne transmission hasn’t been
conclusive in case of COVID-19? An atmospheric science perspective. Sci. Total
Environ,, http://dx.doi.org/10.1016/j.scitotenv.2021.145525, c.

Rayan, R.A.,, 2021. Seasonal variation and COVID-19 infection pattern: a gap from
evidence to reality. Curr. Opin. Environ. Sci. Health., 100238, http://dx.doi.org/
10.1016/j.coesh.2021.100238.

Rivellese, F., Prediletto, E., 2020. ACE2 at the centre of COVID-19 from paucisymp-
tomatic infections to severe pneumonia. Autoimmun. Rev., http://dx.doi.org/10.
1016/j.autrev.2020.102536.

Romano, S., Perrone, M.R., Becagli, S., Pietrogrande, M.C., Russo, M., Caricato, R.,
Lionetto, M.G., 2020. Ecotoxicity, genotoxicity, and oxidative potential tests of
atmospheric PM10 particles. Atmos. Environ. 221, 117085.

Russo, A., Trigo, R.M., Martins, H., Mendes, M.T., 2014. NO2, PM10 and O3 urban
concentrations and its association with circulation weather types in Portugal.
Atmos. Environ. 89, 768-785.

Russo, A., Sousa, P.M., Durdo, R.M., Ramos, A.M., Salvador, P., Linares, C., Diaz, ].,
Trigo, R.M., 2020. Saharan dust intrusions in the Iberian Peninsula: predominant
synoptic conditions. Sci. Total Environ. 717, 137041.

Sahin, M., 2020. Impact of weather on COVID-19 pandemic in Turkey. Sci. Total
Environ. 728, 138810, http://dx.doi.org/10.1016/j.scitotenv.2020.138810.

Saiz-Lopez, A., Borge, R., Notario, A., Adame, ].A., de la Paz, D., etal.,2017. Unexpected
increase in the oxidation capacity of the urban atmosphere of Madrid, Spain.
Nature Scientifics Reports 7, 45956.

Sajadi, M.M.,, et al., 2020a. Temperature, humidity, and latitude analysis to estimate
potential spread and seasonality of coronavirus disease 2019 (COVID-19). JAMA
Network Open. 3, e2011834, http://dx.doi.org/10.1001/jamanetworkopen.
2020.11834.

Sajadi, M.M., Habibzadeh, P., Vintzileos, A., Shokouhi, S., Miralles-Wilhelm, F.,
Amoroso, A., Available at SSRN 3550308 2020b. Temperature and Latitude Anal-
ysis to Predict Potential Spread and Seasonality for COVID-19.

Salvador, P., Artifiano, B., Alonso, D.G., Querol, X., Alastuey, A., 2004. Identification
and characterisation of sources of PM10 in Madrid (Spain) by statistical methods.
Atmos. Environ. 38 (3), 435-447.

Salvador, P., Artifiano, B., Viana, M., Alastuey, A., Querol, X., 2012. Evaluation of the
changes in the Madrid metropolitan area influencing air quality: analysis of
1999-2008 temporal trend of particlaute matter. Atmos. Environ. 57, 175-185.

Salvador, P., Artinano, B., Molero, F., Viana, M.M., Pey, ]., Alastuey, A., Querol, X.,
2013. African dust contribution to ambient aerosol levels across central Spain:
characterization of long-range transport episodes of desert dust. Atmos. Res.
127,117-129.

Salvador, P., Molero, F., Fernandez, A]., Tobias, A., Pandol, M., et al., 2019. Synergis-
tic effect of the occurrence of African dust outbreaks on atmospheric pollutant
levels in the Madrid metropolitan area. Atmos. Res. 226, 208-218.

Salvador, P., Barreiro, M., Gémez-Moreno, F.-J., Alonso- Blanco, E., Artinano, B., 2021.
Synoptic classification of meteorological patterns and their impact on air pol-
lution episodes and new particle formation processes in a south European air
basin. Atmos. Environ. 245 (2021), 118016.

Sanchez-Lorenzo, A., Vaquero-Martinez, J., Calbd, J., Wild, M., Santurttn, A., Lopez-
Bustins, J.A., Vaquero, ].M., Folini, D., Antén, M., 2021. Anomalous atmospheric
circulation favor the spread of COVID-19 in Europe? Environ. Res. 194, 110626,
http://dx.doi.org/10.1016/j.envres.2020.110626.

Sarkodie, S.A., Owusu, P.A., 2020. Impact of meteorological factors on COVID-19
pandemic: evidence from top 20 countries with confirmed cases. Environ. Res.
191, 110101, http://dx.doi.org/10.1016/j.envres.2020.110101.

Seposo, X., Ueda, K., Sugata, S., Yoshino, A., Takami, A., 2020. Short-term effects of air
pollution on daily single- and co-morbidity cardiorespiratory outpatient visits.
Sci. Total Environ., http://dx.doi.org/10.1016/j.scitotenv.2020.138934.

Setti, L., Passarini, F., De Gennaro, G., Barbieri, P., Perrone, M.G., Borelli, M., Palmisani,
J., et al,, 2020a. Airborne transmission route of COVID-19: why 2 Meters/6 feet
of inter-personal distance could not Be enough. Int. J. Environ. Res. Public Health
17 (8), 2932, http://dx.doi.org/10.3390/ijerph17082932.

Setti, L., Passarini, F., De Gennaro, G., Barbieri, P., Perrone, M.G., Borelli, M., Palmisani,
J., et al., 2020b. SARS-Cov-2RNA found on particulate matter of Bergamo in

Process Safety and Environmental Protection 152 (2021) 583-600

Northern Italy: first evidence. Environ. Res. 188, 109754, http://dx.doi.org/10.
1016/j.envres.2020.109754.

Shang, J., Ye, G., Shi, K., Wan, Y., Luo, C,, Aihara, H., et al., 2020. Structural basis
of receptor recognition by SARS-CoV-2. Nature, 1-8, http://dx.doi.org/10.1038/
s41586-020-2179-y.

Shi, P., Dong, Y., Yan, H.,, et al., 2020. Impact of temperature on the dynamics of the
COVID-19 outbreak in China. Sci. Total Environ. 728, 138890.

Soriano, V., de Mendoza, C., Gomez-Gallego, F., Corral, O., Barreiro, P., 2021. Third
wave of COVID-19 in Madrid, Spain. Int. J. Infect. Dis., http://dx.doi.org/10.1016/
jijid.2021.04.074.

Srivastava, A., 2021. COVID-19 and air pollution and meteorology-an intricate rela-
tionship: a review. Chemosphere 263, 128297.

Sugiyama, ].T., Ueda, K., Seposo, X.T., Nakashima, A., Kinoshita, M., Matsumoto, H.,
et al., 2020. Health effects of PM2.5 sources on children’s allergic and respira-
tory symptoms in Fukuoka. Sci. Total Environ. 709, 136023, http://dx.doi.org/
10.1016/j.scitotenv.2019.136023.

Tager, 1.B., et al., 2005. Chronic exposure to ambient ozone and lung function in
young adults. Epidemiology. 16, 751-759.

Tang, G., Zhang, J., Zhu, X., Song, T., Munkel, C., Hu, B., Schafer, K., Liu, Z., Zhang, J.,
Wang, L., Xin, ], Suppan, P., Wang, Y., 2016a. Mixing layer height and its impli-
cations for air pollution over Beijing, China. Atmos. Chem. Phys. 16, 2459-2475,
http://dx.doi.org/10.5194/acp-16-2459-2016.

Tang, J.W., et al., 2016b. Comparison of the incidence of Influenza in relation to
climate factors during 2000-2007 in five countries. J. Med. Virol. 82, 1958-1965,
http://dx.doi.org/10.1002/jmv.21892.

Tignat-Perrier, R., Dommergue, A., Thollot, A., Magand, O., Amato, P., Joly, M., Sellegri,
K., Vogel, T.M., Larose, C., 2020. Seasonal shift in airborne microbial communi-
ties. Sci. Total Environ. 716, 137129, http://dx.doi.org/10.1016/j.scitotenv.2020.
137129.

Tobias, A., Querol, X,, et al.,, 2020. Changes in air quality during the lockdown in
Barcelona (Spain) one month into the SARS-CoV-2 epidemic. Sci. Total Environ.
726, 138540.

Uetake, J., Tobo, Y., Uji, Y., Hill, T.C.J., DeMott, P.J., Kreidenweis, S., Misumi, R., 2019.
Seasonal changes of airborne bacterial communities over Tokyo and influence
of local meteorology. bioRxiv, 542001, http://dx.doi.org/10.1101/542001.

Valverde, V., Pay, M.T., Baldasano, J.M., 2015. Circulation-type classification derived
on a climatic basis to study air quality dynamics over the Iberian Peninsula. Int.
J. Climatol. 35, 2877-2897.

Valverde, V., Pay, M.T., Baldasano, J.M., 2016. Ozone attributed to Madrid and
Barcelona on-road transport emissions: characterization of plume dynamics
over the Iberian Peninsula. Sci. Total Environ. 543, 670-682.

van Doremalen, N., Bushmaker, T., Morris, D.H., Holbrook, M.G., Gamble, A.,
Williamson, B.N., et al., 2020. Aerosol and surface stability of SARS-CoV-2 as
compared with SARS-CoV-1. N. Engl. ]. Med. 382 (16), 1564-1567.

Vejerano, E.P., Marr, L.C., 2018. Physico-chemical characteristics of evaporating res-
piratory fluid droplets. J. R. Soc. Interface 15, 20170939.

Walls, A.C., Park, Y.-J., Tortorici, M.A., Wall, A, McGuire, A.T., Veesler, D., 2020. Struc-
ture, function, and antigenicity of the SARS-CoV-2 spike glycoprotein. Cell 181
(2),281-292, e6.

Wang, Y., et al., 2018a. Associations between daily outpatient visits for respiratory
diseases and ambient 428 fine particulate matter and ozone levels in Shanghai.
China. Environ Pollut. 240, 754-763.

Wang, Y., Du, H,, Xu, Y., Ly, D., Wang, X., Guo, Z., 2018b. Temporal and spatial vari-
ation relationship and influence factors on surface urban heat island and ozone
pollutionin the Yangtze River Delta. China. Sci. Total Environ. 631-632,921-933,
http://dx.doi.org/10.1016/j.scitotenv.2018.03.050.

Wang, B, Li, Y., Xie, Z,, Du, S., Zeng, X., Hou, J., Ma, T., 2020a. Characteristics of
microbial activity in atmospheric aerosols and its relationship to chemical com-
position of PM2.5 in Xi'an. China. Journal of Aerosol Science 146, 105572.

Wang, R., Hozumi, Y., Yin, C., Wei, G.-W., 2020b. Mutations on COVID-19 diagnostic
targets. Genomics 112 (6), 5204-5213.

Wang, Y., Chen, Y., Qin, Q., 2020c. Unique epidemiological and clinical features of
the emerging 2019 novel coronavirus pneumonia (COVID-19) implicate special
control measures. ]. Med. Virol. 92, 568-576.

WHO, 2020. Science Brief: SARS-CoV-2 and Potential Airborne Transmission. https://
www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html.

WHO, Update - 12 January 2021 [WWW Document]. Accessed 1.13.21 2021a.
COVID-19 Weekly Epidemiological. https://www.who.int/docs/default-source/
coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf.

WHO 2021b.https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports/.

Wilson, W.E., Suh, H.H., 1997. Fine particles and coarse particles: concentration rela-
tionships relevant to epidemiologic studies. J. Air Waste Manage. Assoc. 47 (12),
1238-12489, http://dx.doi.org/10.1080/10473289.1997.10464074.

Wong, KW.,, Fung, P.CW., Chow, W.K., 2020. COVID-19: a physical model. Open ].
Biophys. 10, 88-95, http://dx.doi.org/10.4236/0jbiphy.2020.102008.

Wrapp, D., Wang, N., Corbett, K.S., Goldsmith, J.A., Hsieh, C.-L., Abiona, O., et al.,
2020. Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation.
Science 367 (80), 1260-1263, http://dx.doi.org/10.1126/science.abb2507.

Wau, CF, Chen, X,, Cai, Y., Xia, J., Zhou, X,, Xu, S., Huang, H., Zhang, L., Zhou, X, Dy, C.,
etal., 2020. Risk factors associated with acute respiratory distress syndrome and
death in patients with coronavirus disease 2019 pneumonia in Wuhan, China.
JAMA Intern. Med., http://dx.doi.org/10.1001/jamainternmed.2020.0994.

Wourtzer, S., Marechal, V., Mouchel, .M., et al., 2020. Evaluation of lockdown
impact on SARS-CoV-2 dynamics through viral genome 2 quantification in

599


dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.scitotenv.2011.11.026
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1016/j.atmosenv.2014.10.032
dx.doi.org/10.1038/NGEO2487
dx.doi.org/10.1038/NGEO2487
dx.doi.org/10.1038/NGEO2487
dx.doi.org/10.1038/NGEO2487
dx.doi.org/10.1038/NGEO2487
dx.doi.org/10.1038/NGEO2487
dx.doi.org/10.1038/NGEO2487
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0650
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0655
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.envres.2020.110692
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.scitotenv.2021.145525
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.coesh.2021.100238
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
dx.doi.org/10.1016/j.autrev.2020.102536
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0680
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0685
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0690
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
dx.doi.org/10.1016/j.scitotenv.2020.138810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0700
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
dx.doi.org/10.1001/jamanetworkopen.2020.11834
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0715
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0720
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0725
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0730
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0735
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110626
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.envres.2020.110101
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.1016/j.scitotenv.2020.138934
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.3390/ijerph17082932
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1016/j.envres.2020.109754
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
dx.doi.org/10.1038/s41586-020-2179-y
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0770
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
dx.doi.org/10.1016/j.ijid.2021.04.074
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0780
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
dx.doi.org/10.1016/j.scitotenv.2019.136023
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0790
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.5194/acp-16-2459-2016
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1002/jmv.21892
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
dx.doi.org/10.1016/j.scitotenv.2020.137129
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0810
dx.doi.org/10.1101/542001
dx.doi.org/10.1101/542001
dx.doi.org/10.1101/542001
dx.doi.org/10.1101/542001
dx.doi.org/10.1101/542001
dx.doi.org/10.1101/542001
dx.doi.org/10.1101/542001
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0820
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0830
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0835
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0840
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0845
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
dx.doi.org/10.1016/j.scitotenv.2018.03.050
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0855
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0860
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0865
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/weekly_epidemiological_update_22.pdf
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.1080/10473289.1997.10464074
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.4236/ojbiphy.2020.102008
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1126/science.abb2507
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994
dx.doi.org/10.1001/jamainternmed.2020.0994

M.A. Zoranetal.

Paris wastewaters. medRxiv, http://dx.doi.org/10.1101/2020.04.12.20062679,
preprint.

Xie, Z., Li, Y., Lu, R, Li, W,, Fan, C,, Liu, P., Wang, W., 2018. Characteristics of total
airborne microbes at various air quality levels. ]J. Aerosol Sci. 116, 57-65.

Xie, J.,Zhuy, Y., 2020. Association between ambient temperature and COVID-19 infec-
tion in 122 cities from China. Sci. Total Environ. 724, 138201.

Yadav, R, Sahu, LK, Beig, G., Jaaffrey, S.N.A., 2016. Role of longrange transport and
local meteorology in seasonal variation of surface ozone and its precursors at an
urban site in India. Atmos.Environ 176-177, 96-107.

Yang, W., Marr, L.C,, 2012. Mechanisms by which ambient humidity may affect
viruses in aerosols. Appl. Environ. Microbiol. 78, 6781-6788, http://dx.doi.org/
10.1128/AEM.01658-12.

Yang, W., Elankumaran, S., Marr, L.C., 2012. Relationship between humidity and
influenza a viability in droplets and implications for influenza’s seasonality. PLoS
One 7, e46789.

Yang, Y., Peng, F., Wang, R., Guana, K., Jiang, T., Xue, G., Suna, J., Chang, C., 2020. The
deadly coronaviruses: the 2003 SARS pandemic and the 2020 novel coronavirus
epidemic in China. J. Autoimmun. 109, 102434.

Ye, G.,Pan,Z.,Pana, Y., et al., 2020. Clinical characteristics of severe acute respiratory
syndrome coronavirus 2 reactivation. J. Infect. 80 (5), E14-17.

Yuki, K., Fujiogi, M., Koutsogiannaki, S., 2020. COVID-19 pathophysiology: a review.
Clin. Immunol., http://dx.doi.org/10.1016/j.clim.2020.108427.

Zhao, L., Oppenheimer, M., Zhu, Q., Baldwin, J.W., Bou-Zeid, E., Guan, K., Liu, X., 2018.
Interactions between urban heat islands and heat waves. Environ. Res. Lett. 1
(3),034003.

Zhao, Y., Richardson, B., Takle, E., Chai, L., Schmitt, D., Win, H., 2019. Airborne trans-
mission may have played a role in the spread of 2015 highly pathogenic avian
influenza outbreaks in the United States. Sci. Rep. 9, 11755.

Zhao, K., Luo, H.,Yuan, Z.,Xu,D.,Du, Y., etal.,2021. [dentification of close relationship
between atmospheric oxidation and ozone formation regimes in a photochem-
ically active region. J. Environ. Sci. 102, 373-383.

Process Safety and Environmental Protection 152 (2021) 583-600

Zhou, C., Wei, G., Xiang, J., Zhang, K, Li, C., Zhang, ]J., 2018. Effects of synoptic
circulation patterns on air quality in Nanjing and its surrounding areas dur-
ing 2013-2015. Atmos. Pollut. Res. 9, 723-734, http://dx.doi.org/10.1016/j.apr.
2018.01.015.

Zhu, Y., Xin,].,2020. Association between ambient temperature and COVID-19 infec-
tion in 122 cities from China. Sci. Total Environ., http://dx.doi.org/10.1016/j.
scitotenv.2020.138201.

Zoran, M.A,, Savastru, R.S., Savastru, D.M.,, Dida, A.L, Ionescu, 0.M., 2013. Urban veg-
etation land covers change detection using multi-temporal MODIS Terra/Aqua
data. Proc. SPIE Remote Sensing Agric. Ecosyst. Hydrol. XV Book Ser. 8887,
888720, http://dx.doi.org/10.1117/12.2028710, In this issue.

Zoran, M., Savastru, R, Savastru, D., Miclos, S., Mustata, M.N., Baschir, L., 2008.
Urban landcover mapping using multiple endmember spectral mixture analysis.
J. Optoelectron. Adv. Mater. 10 (3), 701-706.

Zoran, M., Savastru, D., Tautan, M.N., Baschir, L., 2019. Use of satellite data for land
surface radiative parameters retrieval of Bucharest metropolitan zone. J. Opto-
electron. Adv. Mater. 21 (7-8), 470-483.

Zoran, A.M., Savastru, S.R., Savastru, M.D., Tautan, N.M., 2020a. Assessing the rela-
tionship between ground-levels of ozone (03) and nitrogen dioxide (NO2) with
coronavirus (COVID-19) in Milan, Italy. Sci. Total Environ. 740, 140005, http://
dx.doi.org/10.1016/j.scitotenv.2020.140005.

Zoran, A.M., Savastru, S.R., Savastru, M.D., Tautan, N.M., 2020b. Assessing the rela-
tionship between surface levels of PM2.5 and PM10 particulate matter impact
on COVID-19 in Milan, Italy. Sci. Total Environ. 738, 139825, http://dx.doi.org/
10.1016/j.scitotenv.2020.139825.

Zowalaty, M.E,, Jarhult, J., 2020. From SARS to COVID-19: a previously unknown
SARS- related coronavirus (SARS-CoV-2) of pandemic potential infecting
humans - call for a one health approach. One Health 9, 100124.

600


dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
dx.doi.org/10.1101/2020.04.12.20062679
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0910
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0915
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0920
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
dx.doi.org/10.1128/AEM.01658-12
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0930
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0935
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0940
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
dx.doi.org/10.1016/j.clim.2020.108427
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0950
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0955
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0960
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.apr.2018.01.015
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1016/j.scitotenv.2020.138201
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
dx.doi.org/10.1117/12.2028710
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0980
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref0985
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.140005
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
dx.doi.org/10.1016/j.scitotenv.2020.139825
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000
http://refhub.elsevier.com/S0957-5820(21)00336-0/sbref1000

	Exploring the linkage between seasonality of environmental factors and COVID-19 waves in Madrid, Spain
	1 Introduction
	2 Theoretical background
	2.1 Novel coronavirus COVID-19 disease
	2.2 Urban air pollution related to COVID-19 spread
	2.3 Local and regional climate factors impact on COVID-19 transmission

	3 Materials and methods
	3.1 Investigation test site
	3.2 Data used

	4 Results
	4.1 Air pollutants impact on COVID-19 waves
	4.2 Climate variables impact on COVID-19 waves
	4.3 Influences of atmospheric pressure field and synoptic atmospheric circulations on COVID-19 waves

	5 Discussion
	6 Conclusions and policy implications
	CRediT authorship contribution statement
	Consent to participate
	Declaration of Competing Interest
	Acknowledgements

	References

