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� COVID-19 transmission is decreased by isolation measures and disinfection products.
� Reduction of air pollution is favored by confinement policies.
� There is a positive association between air pollution and COVID-19 infection.
� Biocidal products are responsible for toxicity and impact the environment.
a r t i c l e i n f o

Article history:
Received 17 June 2020
Received in revised form
31 July 2020
Accepted 7 August 2020
Available online 14 August 2020

Handling Editor: Jian-Ying Hu

Keywords:
SARS-CoV-2
Transmission
Climate conditions
Air pollution
Aquatic toxicity
* Corresponding author. Laboratorio de Toxicología
Colonia Residencial Col�on, CP 50120, Toluca, Estado d

E-mail addresses: lmgomezo@uaemex.mx, lgolivan

https://doi.org/10.1016/j.chemosphere.2020.127973
0045-6535/© 2020 Elsevier Ltd. All rights reserved.
a b s t r a c t

In recent months, the presence of an emerging disease of infectious etiology has paralyzed everyone,
already being a public health problem due to its high rate of infection, a life-threatening disease. The
WHO has named it COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-COV2).
New studies provide information of the role of the environment in COVID-19 transmission process,
mortality related to this infectious disease and the impact on human health. The following review aims to
analyze information on the implications of COVID-19 infection on human health and the impact of its
presence on the environment, from its transmission capacity and the role of air pollutants and clima-
tological factors to reducing the air pollution during confinement. Likewise, it provides a vision of the
impact on the environment and human health of exposure to disinfectants and the presence of COVID-19
in wastewater, among other actions.
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1. Implications of COVID-19 on human health

The emergence of a disease of infectious etiology in late 2019 by
WHO as “coronavirus disease (COVID-19)" in the city of Wuhan,
China (Adhikari et al., 2020; H. Lu et al., 2020a, 2020b; Xu et al.,
2020), caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), as a causative agent of pneumonia (Di Gennaro
et al., 2020; C. Huang et al., 2020a, 2020b; Sohrabi et al., 2020;
Zhou et al., 2020; N. Zhu et al., 2020a, 2020b). More than 4 million
Table 1
Environmental and health risks of active ingredients for commonly used surface disinfec
confirmed cases of COVID-19 and more than 285,000 deaths have
been reported worldwide as of May 15, 2020 (WHO, 2020b).
(Table 1, Figs. 1 and 2)

The probable origin of COVID-19 has been suggested to be
zoonotic (Bassetti et al., 2020; Ji et al., 2020). The genomic sequence
of SARS-CoV-2 indicates belongs to the betacoronavirus genus, an
identity of 80e96% is reported with SARS-CoV and 50% with MERS-
CoV that originate in bats (Cui et al., 2019; Lu et al., 2020a, 2020b;
Ren et al., 2020; Rothan and Byrareddy, 2020). Of the seven
tants. * Concentrated substance (Conc).



Fig. 1. COVID-19 coronavirus disease is a causative agent of pneumonia and symptoms of the upper respiratory tract. The main coronavirus death cases occur mainly in older
people, however they are reported as susceptible population: people with underlying noncommunicable diseases, chronic respiratory disease, cardiovascular disease, cancer,
diabetes and obesity. a) Computed tomography and chest radiograph of a 70-year-old male high blood pressure and diabetes infected with SARS-CoV-2. Areas of opacity and ground
glass and consolidation are observed with prominent involvement of the upper lobes of both lungs. b) Chest CT scan of an obese, 55-year-old man infected with SARS-CoV2. Areas of
ground glass opacity, consolidations, and intralobular interstitial thickening are seen, with prominent involvement of the lower lobes of both lungs.

Fig. 2. Nitrogen dioxide concentrations over Italy and China (before and during the pandemic). Source (ESA, 2020a, 2020b).
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subtypes of this virus, betacoronaviruses can cause severe illness
and death, while alphacoronaviruses cause mild or asymptomatic
infection. This virus has the ability, due to its structure, to produce
the receptor binding of angio-tensin converting enzyme 2 (ACE2)
from host cells (Cao et al., 2020a, 2020b; Jaimes et al., 2020;
Kucharski et al., 2020; Wang et al., 2020a, 2020b, 2020c).

The incubation period and the onset of symptoms of SARS-CoV-
2 is an average of 5.2 days, it is reported that the death of the
infected person occurs between this period of 6 and 41 dayswith an
average of 14 days (Li et al., 2020a, 2020b, 2020c; Wang et al.,
2020a, 2020b, 2020c). The main reported symptoms of the upper
and lower respiratory tract are: dry cough, runny nose, sore throat
and dyspnea, associated with headache and fever; meanwhile,
some patients have reported gastrointestinal symptoms such as
diarrhea or even have very mild symptoms or be asymptomatic
carriers. Bilateral opacities in the form of ground glass are identified
on chest radiographs and tomography (Assiri et al., 2013; Rothan
and Byrareddy, 2020). Given the above, it is proposed to analyze
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urine and faecal samples to exclude or identify alternative routes of
transmission.

Evidence suggests that person-to-person transmission is the
likely route to spread COVID-19 infection (Carlos et al., 2020; Chan
et al., 2020; Q. Li et al., 2020a, 2020b, 2020c; D. Wang et al., 2020a,
2020b, 2020c), in addition to the contact of contaminated surfaces
through drops that expand when coughing or sneezing (Ghinai
et al., 2020; C. Huang et al., 2020a, 2020b; Yu et al., 2020).

The main cases of coronavirus death occur mainly in older
people, probably due to a poor immune system. People or children
with underlying noncommunicable diseases such as diabetes,
chronic cardiovascular and lung diseases or even high blood pres-
sure and cancer are at a higher risk of coronavirus infection (Fang
et al., 2020; Giannis et al., 2020; Huang et al., 2020a, 2020b; Qiu
et al., 2020; Shekerdemian et al., 2020; Wu et al., 2020a, 2020b;
Xiao et al., 2020; Zhou et al., 2020).

A meta-analysis reports that the probability of developing se-
vere Covid-19 disease for hypertension, respiratory disease, and
cardiovascular disease is between 2.4 and 3.5 times (Yang et al.,
2020). Likewise, it is reported that obesity and smoking were
associated with higher risks (Huang et al., 2020a, 2020b; Wang
et al., 2020a, 2020b, 2020c). Based on current data, the median
case fatality rate for those younger than 60 years is estimated to be
<0.2%, compared to 9.3% for adults older than 80 years (Ferguson
et al., 2020). Comorbidities increase the risk of mortality up to
five times (Jordan et al., 2020). A death rate from COVID-19 is re-
ported in Wuhan of 5.0%, close to that of the world (4.2%), while
higher case fatality rates are reported in Italy (9.3%), Iran (7.8%) and
Spain (6.0%) (Jin et al., 2020; X. Li et al., 2020a, 2020b, 2020c).

Until now, there are no specific pharmacological treatment or
vaccines against COVID-19 infection for potential therapy in
humans, so extensive isolationmeasures and the use of disinfection
products have been implemented to reduce their transmission
from person to person. person and current outbreak; therefore, it is
imperative to continue such measures to avoid the potential effects
of COVID-19 infection.

2. Transmission of COVID-19: stability on surfaces

Evidence reports that COVID-19 significantly pollutes the air and
the environment from the surfaces of the environment built by
aerosol flow (Dietz et al., 2020; Ong et al., 2020; Rothan and
Byrareddy, 2020). Current estimates of contagion for each infec-
ted person (known as Ro) is 1.5e3.9 people (Du et al., 2020; Q. Li
et al., 2020a, 2020b, 2020c; Riou and Althaus, 2020), or even
more 6.5 (Guo et al., 2020; Liu et al., 2020). While within the built
environment it is between 5 and 14 ((Poon and Peiris, 2020; Zhang
et al., 2020a, 2020b). A transmissibility similar to that of other b-
coronaviruses, such as SARS-CoV (Ro ¼ 2.2e3.6) and the estimated
Ro value of MERS-CoV is 2.0e6.7 (Lipsitch, 2003; Majumder et al.,
2014; L. Wang et al., 2020a, 2020b, 2020c). From some published
studies, Ro are estimated for two moderately transmissible viruses,
the coronaviruses of severe acute respiratory syndrome 2 to 4,
Influenza A (H1N1) pdm09 1.4 to 1.6 to 2 and HIV 2 to 5, and for two
highly transmissible viruses, smallpox Ro 4e10 and measles 12e18
(Baldo et al., 2016; Fraser et al., 2004). It is concluded then that
since the beginning of the epidemic the Ro is 2.38 and according to
some current studies up to 5.7 (Li et al., 2020a, 2020b, 2020c; Wu
et al., 2020a, 2020b), which indicates that the SARS-CoV-2 has a
relatively high sustained transmissibility.

SARS-CoV-2 is reported to be even more contagious (but
thankfully less fatal) than SARS-CoV. The virus has intermediate
levels of both respiratory and fecal-oral transmission potential ac-
cording to a model that measures the percentage of intrinsic dis-
order (PID) of membrane (M) and nucleocapsid (N) proteins in
viruses (Goh et al., 2012, 2020a). The main tool uses AI technology
to recognize the intrinsic disorder, given the protein sequence. The
model is based on the premise that viruses that remain in hostile
environments require harder, that is, less disordered, shells to
survive (Goh et al., 2019). Furthermore, higher levels of inner layer
disorder could be associated with higher infectivity, especially with
respect to viruses with high potential for respiratory transmission
(Goh et al., 2020b, 2020c, 2013). Evidence of the protective role of
outer shells is seen in awide variety of viruses. Sexually transmitted
viruses (eg, HIV, HSV-2, HCV) have PID from the upper outer layer
(Goh et al., 2019, 2020b; 2015; Goh and Foster (2019)). Also, viruses
that are known to last a long time in the environment, such as
smallpox virus, have low outer layer PID. SARS-CoV-2 is very rare
with one of the hardest outer protective layers (PID M¼ 6%) among
coronaviruses (Goh et al., 2020a).

It is likely that this peculiarity is responsible for its high level of
contagion, since the hardness of its outer layer could provide the
virus with greater resistance to conditions outside the body and in
body fluid, since the harder layer will better protect the virion from
damage. As a result of the hostile environment and the action of
digestive enzymes found in body fluids. The ability of SARS-CoV-2
to remain infectious outside the body for a longer period than
SARS-CoV could mean that it requires fewer viral particles for
greater chances of infection. As a result, the infected body is likely
to be able to remove more infectious particles that are more likely
to infect a person throughout their life. All of this may explain not
only the high spread of COVID-19 but also the reported ability of
this virus to spread even before the patient begins to show symp-
toms. The mechanism by which the virus acquires increased viru-
lence through inner coat disorder arises from the ability of the viral
protein to bind promiscuously to the host protein. This ability
provides rapid replication of viral proteins and particles (Goh et al.,
2019, 2020b; 2020a, 2020c, 2016).

The stability of viruses in the environment is essential in risk
analysis. Temperature has been the most studied factor and is
recognized as the most influential. The high temperature causes a
faster viral inactivation, the opposite happens with the low tem-
perature, viruses can survive for long periods of time (Dublineau
et al., 2011; Pinon and Vialette, 2018).

The virus transmitted by blood and body fluids such as the
human immunodeficiency virus (HIV) has the potential to be used
as a vector, surrounded by a high organic load and its sliding en-
velope, which protects the internal viral components from the ef-
fects of dehydration and that carries a high potential to remain
viable for long periods. Persistence of HIV on a glass surface from 30
to 35 h up to broader ranges of 4e8 weeks and survival of HIV for
several days in stored refrigerated or non-refrigerated corpses are
reported. There is a substantial loss of endogenous infectious virus
in plasma samples at room temperature for more than 3 h or a few
after venipuncture. The environmental survival of viruses is
particularly affected by relative humidity and can vary consider-
ably. Despite its long survival time, there is no known evidence that
HIV can be transmitted through contaminated fomites, although
the possibility of such risk cannot be excluded (Valtierra, 2008; Van
Bueren et al., 1994).

Some other viruses are easily transmitted through the aerosol
route such as influence virus and coronavirus, their persistence as
infectious potential is stable in fine aerosols for prolonged periods
of time. This stability is affected by exposure to environmental
stressors, such as relative humidity. Specifically for the Influenza
virus, the potential to persist on surfaces for hours in physiological
drops depends on relative humidity (RH), low RH, and high RH in
cool, dry, or wet and rainy conditions, facilitating virus survival, and
the intermediate RH decreases the stability of the virus. Minor
fluctuations in temperature, pH and salinity improve or reduce
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stability and its transmission. Colder temperatures improve virus
survival and transmission. There is a significant interaction be-
tween particulate matter and mean temperature, while the rela-
tionship between ozone level and influenza incidence was
independent of temperature (Kormuth et al., 2019; Sooryanarain
and Elankumaran, 2015; Xu et al., 2013). Influenza viruses can
survive for approximately 24e72 h on hard non-porous surfaces
such as stainless steel and plastic, and up to 12 h on porous surfaces
such as cloth and paper at 28 �C and humidity levels of 35%e40% As
well as banknotes, it has a viability that ranges from 2 h to five days.
The influenza virus has been found in more than 50% of fomites and
hands in contact on different surfaces in homes and daycare centers
(Valtierra, 2008; World Health Organization, 2017).

Transmission of COVID-19 by air occurs in 2 different ways and
requires no physical contact: droplet sprays produced by coughing,
sneezing, or speaking (vocalization emits an imperceptible aerosol
“cloud”) that directly impact a subject susceptible to or lodged on a
surface or by inhaling aerosols with viral particles that can last in
the air for hours (Asadi et al., 2020; N. Zhu et al., 2020a, 2020b).

A report demonstrated the presence of SARS-CoV-2 virus par-
ticles in ventilation systems in a hospital serving patients with
COVID-19. Finding virus particles in these systems is more consis-
tent with the hypothesis of the existence of a turbulent gas cloud as
a means of transmission of the disease with respect to COVID-19
(Bourouiba, 2020; Ong et al., 2020); therefore, WHO advises
healthcare personnel and anyone to keep a distance of 3 feet (1 m)
and 6 feet from an infected person (WHO, 2020a). The Center for
Disease Control and Prevention recommends a 6 foot (2 m) gap.
However, these distances do not estimate the time scale and
persistence over which the cloud travels and its pathogenic load,
thus generating an underestimated range of potential exposure for
a health worker or healthy person. Protective and source control
masks, as well as other protective equipment, must have the ability
to repeatedly resist the type of turbulent gas cloud that can be
expelled during a sneeze or cough and virus exposure (Bourouiba,
2020).

The built environment serves as a contact vector of the surfaces
for COVID-19 infection, since the virus can survive for hours on
surfaces like fomites, but a simple disinfectant can eliminate it (Lai
et al., 2020). The literature indicates that coronaviruses can remain
for hours or days according to the physical characteristics of the
surfaces: plastic surfaces 6.8 h (half-life ¼ 15.9 h), copper (3.4 h),
cardboard (8.45 h) and stainless steel 5.6 h (half-life ¼ 13.1 h) and
shorter in aerosol form 1.1e1.2 h (2.7 h); however, aerosol survival
was determined at 65% relative humidity (Kampf et al., 2020; van
Doremalen et al., 2020). The COVID-19 virus does not resist tem-
peratures above 26 �C, but can survive for approximately 5e10 min
on the skin, six to 12 h in plastic materials, 12 h in metal (Nazari
Harmooshi et al., 2020). Likewise, the faecal-oral route is reported
as a probable route of transmission of the virus, since it is present in
the faeces (Xiao et al., 2020).

Precautions to take to slow the spread of COVID-19 infection
include: washing hands for at least 20e30 s with soap and water or
60e80% alcohol-based hand sanitizers and implementing cleaning
protocols for surfaces by chemical deactivation of viral particles
(Kampf et al., 2020; Ong et al., 2020).

Transmission of aerosol SARS-CoV-2 is well documented, while
transmission through fomites via abiotic surfaces via the fecal-oral
route; however these mechanisms need to be considered. The so-
cial distancing and confinement policies currently implemented
given the spatial dynamics of the spread of the SARS-CoV-2 virus
are of vital importance; however other less well-known routes of
transmission will have to be considered and addressed to reduce
the spread of this virus, especially the measures that must be taken
during the stay within areas of the built environment.
3. Environmental factors and their influence on COVID-19
infection

3.1. Air quality

Beyond the effects of social distancing, the COVID-19 pandemic
shows a way to achieve positive environmental change. The
reduction of greenhouse gas emissions is identified, due to the
decline in industrial activity and refineries; as well as the use of
vehicles and transportation systems decreased considerably (He
et al., 2020).

In Asia, Europe and America, air pollution levels are reported to
be declining in several cities, specifically concentrations of nitrogen
dioxide (NO2), particulate matter less than 2.5 mm in diameter
(PM), black carbon (CN)$In addition, a reduction in PM10 (�28
to �31.0%) and an increase in ozone (O3) concentrations of around
50% were observed (Tobías et al., 2020).

NASA satellites and of the Copernicus Atmosphere Monitoring
Service of the European Space Agency (ESA) have documented
significant reduction in air pollution in major cities around the
world. It is predicted that during 2 months of improving air quality
in China alone, thousands of children and older adults could be
saved. A similar 20e30% reduction in pollution in the world’s major
cities could generate significant health benefits (Dutheil et al.,
2020; Nelson, 2020).

Given the magic and illusion of the positive environmental ef-
fects of COVID 19 that could be perceived, there is also the coun-
terpart. As the economy reopens, curbing polluting activities and
the emission of greenhouse gases and particles associated with
respiratory illness, these will have a long-term negative impact
from the Covid-19 pandemic in large cities.

3.2. COVID-19 and atmospheric particles

There is scientific evidence that exposes a high correlation be-
tween the presence of ozone (O3), sulfur dioxide (SO2), nitrogen
dioxide (NO2) and fine particles in the induction of hyperexpression
of proinflammatory interleukins (Kurai et al., 2018; Perret et al.,
2017). NO2 is a common marker of air pollution/industrial activ-
ity, associated with morbidity and mortality (He et al., 2020).

Individuals of any age group, including healthy people who are
in areas with high levels of long-term air pollution, are at increased
risk of developing chronic and infectious respiratory diseases. Fine
particles 2.5 mm in diameter (PM 2.5) suspended in the air have a
greater possibility of entering the lower respiratory tract, leading to
the development of a progressive and chronic inflammatory stim-
ulus characterized by excessive mucus production and dysfunction
of the ciliary epithelium (first defense mechanism in the respira-
tory tract) and induce persistent modifications of the immune
system, which makes individuals more likely to develop severe
respiratory diseases and viral infections (Yu et al., 2020; Conticini
et al., 2020; Martelletti and Martelletti, 2020; Tsai et al., 2019).

It has been hypothesized that the SARS-COV-2 virus has the
ability to bind to PM and in conditions of atmospheric stability
improves its persistence in the atmosphere, due to the presence of
RNA from this virus in said particles, promoting its diffusion
through the air (McNeill, 2020), since the role of short-term
exposure with PM and transmission of COVID-19 has been re-
ported (Y. Zhu et al., 2020a, 2020b); however, a study in Italy re-
ports that the PM concentration and cases of COVID-19 virus
infection are not evident, therefore it is not possible to conclude
that the diffusion mechanism of COVID-19 also occurs through the
air, using PM as a carrier (Bontempi, 2020; Setti et al., 2020).
However, the evaluation of PM as a chronic stressor that makes the
population more vulnerable to an epidemic has been reinforced by
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multiple studies. Chronic exposure to air pollutants may represent
a risk factor in determining the severity of Covid-19 syndrome and
the high incidence of fatal events (N. Chen et al., 2020; Dutheil et al.,
2020; D. Wang et al., 2020a, 2020b, 2020c; F. Wu et al., 2020a,
2020b). A correlation is reported between the high level of
contamination (particles with an exposure diameter less than
2.5 mm (PM 2.5) and the case fatality rate in northern Italy
(Conticini et al., 2020). While the chronicity of Exposure of atmo-
spheric pollutants NO2, O3, PM 2.5 and PM10 were significantly
correlated with the spread of cases (mortality) of the Covid-19 virus
in provinces in Italy, the mortality rate varied from 18% (Fattorini
and Regoli, 2020).

This allows us to conclude that there are still studies to establish
the factors that affect the routes of diffusion and transmission of the
SARS-COV-2 virus, such as the evaluation of the geophysical and
climatic characteristics of the study areas and the relationship be-
tween the dynamics of the populations and their relationship with
atmospheric pollutants.

Although, the information provided by these studies on the
correlation between exposure to particles derived from air pollu-
tion, it is a priority to consider the impact that respiratory
involvement brings on long-term COVID-19 infection, towards the
prevalence of infections and chronic inflammatory processes; these
implications need to be determined for the proposal of a future
environmental policy. An unexpected advantage may be provided
to help understand how environmental health can be altered,
through better environmental regulation from technology. A spe-
cial consideration in the future will be the identification of the ef-
fects of the reduction of air pollution from the different emission
sources that will be a starting point to evaluate other air quality
policies.

3.3. Climate indicators and COVID-19

In particular, in addition to person-to-person transmission,
weather parameters (temperature, wind speed and humidity) are
classified as the main predictors of infectious respiratory diseases
according to the viability, transmission and range of spread of the
virus. This reveals a possible association between the accumulation
of atmospheric pollutants and the combination of specific weather
factors that promote a greater permanence of viral particles in the
air and their diffusion, specifically for infection by COVID-19
(Frontera et al., 2020; van Doremalen et al., 2020). Ambient tem-
perature and air quality have been estimated to be correlated with
the spread of COVID-19. The mean temperature is related to the
high risk of virus transmission (with a threshold of 3 �C, when the
temperature is < 3 �C) (Tosepu et al., 2020; Xie and Zhu, 2020). A
limited number of studies have shown that humidity and temper-
ature likely affect COVID-19 activity and transmissibility (Nazari
Harmooshi et al., 2020). In Hubei province in China, low relative
humidity and daytime temperature were found to have a greater
impact on COVID-19 infection, while extreme daily temperature
negatively influenced this virus (Liu et al., 2020; Pirouz et al., 2020).

When talking about COVID-19 mortality, weather conditions
could also contribute to the decline. In Wuhan, China, temperature
variation, humidity, and wind speed were reported to influence
COVID-19 case fatality and number (Chen et al., 2020; Şahin, 2020).
Decreasing one unit in the daytime temperature range increases
the risk of COVID-19 cases and deaths by 2.92 times. On the other
hand, the increase of 1 unit of temperature as the absolute hu-
midity were related to the decrease in death from this virus (Ma
et al., 2020). Therefore, increased mortality from COVID-19 may
also be related to lower humidity in winter.

Following the analysis of associations between weather condi-
tions, air pollution and COVID-19 infection, related theories are
proposed in the population distribution and the presence of the
disease. Some researchers propose that the epidemic could grad-
ually decrease as a result of rising temperatures in the coming
months. While others suggest the possibility of this disease
becoming seasonal during the autumn-winter months (Hellewell
et al., 2020; Maier and Brockmann, 2020). Meanwhile, it is imper-
ative to further strengthen prevention measures against potential
transmission; therefore, strict compliance with confinement, hand
washing and personal hygiene is necessary to record a lower inci-
dence of COVID-19 and mortality.

3.4. COVID- 19 and wastewater

Transmission of COVID-19 has been established to take place
from person to person through direct contact of secretions from an
infected individual and contaminated surfaces or objects; however,
this virus has been found in faeces and urine (Holshue et al., 2020;
Pan et al., 2020; Xiao et al., 2020; Y. Zhang et al., 2020a, 2020b).
Some studies report detection of SARS-CoV-2 viral RNA in fecal
samples from infected humans in Australia, the Netherlands and
Italy in untreated wastewater, which could spread the virus
through excreta (Ahmed et al., 2020; La Rosa et al., 2020; Medema
et al., 2020). Until now, sewage or drinking water has not been
reported as a route of infection for this virus (WHO, 2020a). The
proposal that this virus can survive on surfaces for hours or days
suggests that it is a potential pathogen capable of being trans-
missible through untreated wastewater, untreated waste and soil,
or its entry into other forms of life allowing its diffusion into the
environment and under its influence to change its characteristics.

Recent studies as a result of this short and long-term public
health problem propose the evaluation of wastewater as a potential
means of transmission of SARS-CoV-2 (C. Daughton, 2020a, 2020b;
Sims and Kasprzyk-Hordern, 2020). Wastewater-based epidemi-
ology (WBE) is an efficient approach with great potential for early
warning of infectious disease transmission and outbreaks, which
aims to trace the source of the virus, identify the locations of po-
tential carriers, and provide early warning effective. Also, if linked
to an effective response system, WBE can be useful for epidemic
surveillance. Analyzing infectious disease biomarkers in waste-
water taken from various collection points reports infectious dis-
ease transmission in certain areas that can be comprehensively
monitored in near real time (Daughton, 2020a, 2020b; Mao et al.,
2020). The WBE measures biochemical signatures in wastewater,
such as fragment biomarkers for Coronavirus Severe Acute Respi-
ratory Syndrome 2 (SARS-CoV-2), simply by applying the type of
clinical diagnostic test (designed for individuals) to the signature
collective of entire communities (Daughton, 2020a, 2020b;
Venugopal et al., 2020). However, it is known that you will
encounter a number of challenges, many of which are shared by
existing WBE methods for other test targets (such as chemical
micro-pollutants). Challenges include: statistically representative
sampling of wastewater, which is heterogeneous. Accurate esti-
mation of population size to account for temporal fluctuations in
population size. In addition, additional revisions to the procedures
to be considered are required as there is a pressing need for data on
the prevalence and persistence of SARS-CoV-2 in wastewater to
better understand related transmission. Given the complexity of
the wastewater matrix, the need arises for new biomarker extrac-
tion techniques and the development of tools for cost-effective,
sensitive, selective and multi-residue analysis of powerful
biomarker groups spanning from genes to proteins. Establish effi-
cient methods to evaluate the survival of these viruses under nat-
ural conditions (different temperatures and types of water),
evaluate the efficiency of water and disinfection treatments to
avoid contamination of urban and hospital wastewater; as well as



S. SanJuan-Reyes et al. / Chemosphere 263 (2021) 127973 7
establishing a surveillance system through the monitoring of re-
sidual waters of the potential circulation of the virus. This scope
requires the cooperation of various related research fields and the
generation of public policies that regulate such functions. So much
work remains to be done on a larger scale, and rapid progress is
needed to address some of the key challenges mentioned above
(Carducci et al., 2020; C. Daughton, 2020a, 2020b; Mao et al., 2020;
Nghiem et al., 2020; Sims and Kasprzyk-Hordern, 2020).

Molecular detection of the virus has been proposed using paper-
based tools inwastewater samples (Ahmed et al., 2020; Lodder and
de Roda Husman, 2020; Mao et al., 2020). The use of specific and
effective techniques such as bio-sorbents is recommended to
inactivate and control its environmental spread (Martínez-Puchol
et al., 2020; Nag et al., 2020; Nú~nez-Delgado, 2020).

Although there are not yet conclusive studies that demonstrate
the role of wastewater as a transmission medium for COVID-19,
however it has been established that it can potentially occur
through the fecal-oral route. It would be useful to assess the
characteristics of wastewater, its impact on the environment, and
future implications for human and environmental health.

3.5. Impact of Covid-19 on soil and water

Among the changes in the environment due to the presence of
the SARS-CoV-2 virus in the world, it is observed that the water of
rivers, coasts and seas is clearer and cleaner given the reduction in
the number of tourists, of the use of motorboats and decreased
sediment agitation, while the presence of water pollutants have
also been reduced accordingly. Derived from the policies of social
confinement around the world for the mitigation of Covid-19, a
cleaning of the recreation spaces (beaches, parks, gardens, etc.) is
observed given the null or little human influence in these spaces. At
the beginning of the pandemic, a decrease in the production of solid
waste of up to 30% was reported in China, in contrast to what was
observed in the generation of medical waste (infectious and non-
infectious), which increased considerably (þ370.00%) in Hubei
province (Kleme�s et al., 2020). Safe waste management has been
critical during the COVID-19 emergency. Some countries have
abandoned their recycling andwastemanagement programs due to
the risk of spreading the virus, this being a factor of possible sec-
ondary effects on health and the environment (Zambrano-
Monserrate et al., 2020). The increase in the volume of medical
care waste and the delay in municipal waste recycling activities can
negatively affect the environment (Kulkarni and Anantharama,
2020).

The increase in the volume of plastic waste, particularly for
products used for personal protection for health care purposes and
for the general public such as face masks, that are being used to
take precautionary measures in the face of this recent outbreak of
COVID-19, made of durable materials, are being disposed of in large
quantities, empty bottles of hand sanitizer together, solid waste,
paper and cardboard, are becoming an environmental problem
important due to growing concerns about pollution in natural
terrestrial and marine habitats.

Among the measures proposed are the modification of urban
waste management, in the handling, separation and storage in
homes and hospitals, appropriate transportation, treatment and
disposal, up to safety protocols and training for waste collection
teams. during the pandemic (Zand and Heir, 2020). The crucial
priority at this time is the destruction of residual pathogens for the
safe disposal of waste (Kleme�s et al., 2020).

4. Covid-19: exposure to disinfectants

Common coronavirus viruses spread through the respiratory
and gastrointestinal tracts; meanwhile, the nose and mouth are its
two main routes of entry. The outflow and spread of the virus from
the body occurs within about six days after infection and peaks four
days later (Nishiura et al., 2020). Actions that can help prevent the
risk of infection, such as frequent hand washing with soap and
water or an alcohol-based sanitizing gel for 20e30 s are of utmost
importance. The WHO also recommends a 70% concentration of
ethanol for disinfecting small surfaces and for proper cleaning
(WHO, 2020a).

Currently, for most surface disinfectant products they are clas-
sified as biocides, available on the European Union market in
accordance with Biocide Regulation No. 528/2012 (European
Parliament and of the Council, 2012). Biocides that have virucidal
activity and are licensed are effective against the SARS-CoV-2
coronavirus. For more information and to obtain the list of autho-
rized disinfectant products, visit the European Chemicals Agency
(ECHA) at https://echa.europa.eu/covid-19 and the Environmental
Protection Agency (US EPA) https://www.epa.gov/pesticide-
registration/list-n-disinfectants-use-against-sars-cov-2.

The selection of disinfectants must comply with the re-
quirements of local authorities, including regulations (WHO,
2020b). The following disinfectants and defined concentrations
can be used on surfaces to achieve> 3 log10 reduction of human
coronavirus: 70e90% ethanol, 0.1% (1000 ppm) chlorine-based
products (eg hypochlorite) for surface disinfection in general, or
0.5% (5000 ppm) for body fluid spills (such as blood) and hydrogen
peroxide> 0.5% (Kampf et al., 2020).

Most of the products used to disinfect that meet the criteria of
the US Environmental Protection Agency. USA EPA for use against
SARS-CoV-2, contain the active ingredient quaternary ammonium
(benzalkonium chloride). Others contain mixtures of hydrogen
peroxide; peroxyacetic acid, lactic acid, isopropanol, ethanol, so-
dium hypochlorite, aldehyde (formaldehyde), phenols and their
derivatives. These compounds are characterized by having negative
health effects when used regularly, especially children and people
who are particularly sensitive to toxic effects (acute poisoning,
irritation of the skin or mucous membranes, asthma, carcinogenic
effect, etc.) (Yari et al., 2020). EPA registers all disinfectants and
surface disinfectants without food contact as pesticides. Commonly
used disinfectants are described below taking into account the
health and environmental effects (Culver et al., 2014):

Taken and modified from (Culver et al., 2014).
Exposure to biocidal agents used for chemical disinfection

(cleaners and disinfectants) and the direct attribution of these ex-
posures to efforts to prevent or treat COVID-19 are not yet available.
The possibility of improper use of cleaners and disinfectants is a
waste, such as using more than indicated on the label, mixing
various chemicals and storing them within reach of children.
Misuse of disinfecting substances leads to many incidents of acute
toxicity in the home. However, knowledge of the use and prepa-
ration of disinfecting solutions in accordance with the manufac-
turer’s recommendations for volume, compatibility of chemical
disinfectants with mixing, and product stability is imperative. The
impact or efficacy for health, as well as the risk of toxicity due to
acute or chronic chemical exposure of disinfecting substances
(carcinogenic effect, respiratory sensitizer or corrosive damage to
the eyes or skin) is of importance for public health. It should be
noted that the continuous use of these substances leads to their
presence in the environment and cause serious biological damage,
such as its potential to persist in the environment (through its
ability to bioaccumulate and biomagnify), irreversible damage to
fish or other aquatic organisms.

https://echa.europa.eu/covid-19
http://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
http://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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5. Conclusions, future trends and perspectives

The impact of COVID-19 infection on human health represents
at this time a negative effect due to the scarce information on
behavior under natural conditions according to its stability in the
environment of this new virus and is reflected in the lack of health
systems worldwide; meanwhile, the impact on the environment in
the short term brings with it temporary positive effects on air
quality that is manifested in health, by reducing the transmissibility
and infection of other viral pathogens according to their season-
ality. This study is exploratory in nature and aims to carry out a
thorough investigation of the influence that the environment
generates on the survival and behavior of the COVID-19 virus and
how it affects different environmental environments. In the long
term, the evaluation of the impact that the SARS-CoV-2 virus
infection brings is uncertain at the environmental level and on
human health, so it is imperative that epidemiological actions
should focus on possible transmission routes, influence of the
environment on the spread of the virus between people and
possible reservoirs. There are still some outstanding questions to
consider. However, today the use of technology will allow better
regulation of an environmental policy to be implemented by pro-
moting preventivemeasures of the highest priority. The direction of
future research can provide a better insight into the fight against
the SARS-CoV-2 virus, by generating more flexible policies that
allow for accurate and comprehensive education, by implementing
adequate prevention and control in an uncertain to medium future.
and long-term to decrease the risk of Covid-19 infection.
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