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A B S T R A C T   

The global crisis caused by SARS-CoV-2 (COVID-19) affected economics, social affairs, and the environment, not 
to mention public health. It is estimated that near 82% of the SARS-CoV-2 genome is similar to the severe acute 
respiratory syndrome. The purpose of the review is to highlight how the virus is impacted by the environment 
and how the virus has impacted the environment. This review was based on an electronic search of the literature 
in the Scopus, Science Direct, and PubMed database published from December 2019 to July 2020 using com-
binations of the following keywords: SARS-CoV-2 transmission, COVID-19 transmission, coronavirus trans-
mission, waterborne, wastewater, airborne, solid waste, fomites, and fecal-oral transmission. Studies suggest the 
thermal properties of ambient air, as well as relative humidity, may affect the transmissibility and viability of the 
virus. Samples taken from the wastewater collection network were detected contaminated with the novel 
coronavirus; consequently, there is a concern of its transmission via an urban sewer system. There are concerns 
about the efficacy of the wastewater treatment plant disinfection process as the last chance to inactivate the 
virus. Handling solid waste also requires an utmost caution as it may contain infectious masks, etc. Following the 
PRISMA approach, among all reviewed studies, more than 36% of them were directly or indirectly related to the 
indoor and outdoor environment, 16% to meteorological factors, 11% to wastewater, 14% to fomites, 8% to 
water, 9% to solid waste, and 6% to the secondary environment. The still growing body of literature on COVID- 
19 and air, suggests the importance of SARS-CoV-2 transmission via air and indoor air quality, especially during 
lockdown interventions. Environmental conditions are found to be a factor in transmitting the virus beyond 
geographical borders. Accordingly, countries need to pay extra attention to sustainable development themes and 
goals.   

1. Introduction 

COVID-19 pandemic has had the most extensive impact on human 
health on a global scale since the first two decades of the 21st century. 
On January 30, 2020 World Health Organization (WHO) expressed 
concern about the spread of COVID-19 for public health. Earlier than 
that, on 3st December 2019, a pneumonia-like syndrome of an 

unidentified source was reported in Wuhan City, Hubei province in 
China (Lu et al., 2019). It is estimated that near 82% of the SARS-CoV-2 
genome is similar to severe acute respiratory syndrome (SARS-CoV-1) 
(Chan et al., 2020). To date, within a matter of a few months, according 
to the latest reports of the WHO, the COVID-19 pandemic has infected 
more than 50,266,033 and has killed near 1,254,567 cases (WHO, 
2020e). This unprecedented disruption of lives since 75 years ago, made 
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the WHO Emergency Committee declare a global health emergency 
(Peeri et al., 2020). Unfortunately, the healthcare infrastructure of many 
countries has failed to properly and adequately respond to this crisis. 

There are two main characteristics of the COVID-19 which have 
made this virus spread far beyond geographical borders, i.e., clinical and 
rapid person-to-person transmission. The clinical characteristic suggests 
the disease is almost unresponsive to conventional treatments; hence, 
the treatment of those who are in critical conditions is challenging. The 
rapid transmission or the environment also plays an important role in 
the global development of the COVID-19. Air, wastewater, water, 
metrological factors (wind speed, absolute humidity, sunlight, atmo-
spheric pressure, etc.) and fomites are the commonly-known building 
blocks of the environmental aspect of COVID-19 (see Fig. 1). Wang et al. 
(2020c) suggest an infected hospital environment can transmit the virus 
to uninfected individuals up to 41%. 

The current discussion on the causes of pathogens and microbial 
resistance is majorly focused on the modernization of urban environ-
ments, which may have led to an increased tolerance in microorganisms. 
Consequently, the current pandemic has shown us the pathogens 
causing infectious diseases are not limited to the less developed coun-
tries with poor environmental and clinical facilities. Hence, it is essential 
to investigate the environments amplifying the transmissibility of the 
SARS-CoV-2 virus and to signify the impact of the virus on the envi-
ronment. In this vein, this review will focus on recent data on the main 
routes of transmission, the preventative measures, related to the main 
environmental matrices, to contain the SARS-CoV-2 virus outbreak and 
secondary effects on the environment are discussed. 

2. Methods 

This brief review was performed according to the PRISMA approach 
(Moher et al., 2015). It was based on an electronic search of the litera-
ture in the Scopus, Science Direct, and PubMed database published from 
late December 2019 to November 2020. Keywords were selected and 

combined (Boolean operators) according to search strategy: 
SARS-COV-2 transmission, COVID-19 transmission, coronavirus trans-
mission, waterborne, wastewater, airborne, fomites, solid waste, and 
fecal-oral transmission. The references included in previously published 
review articles were scanned, and any relevant papers were included. 
Two investigators independently reviewed each publication to be 
included in the review, applying the study selection criteria and then 
reported it. Collectively, we reviewed near 1392 published studies. 
Fig. 2 shows the proposed approach for reviewing the articles. Interested 
readers can refer to the appendix section to see the quality assessment 
checklist (see Table 3), quality assessment of the main studies on which 
we had discussion (see Table 4), the applied preprocessing criteria 
before reviewing the studies (see Table 5) and the summary of the main 
studies on which we had discussion (see Table 6). 

3. Results 

3.1. Outdoor and indoor air 

The main route for COVID-19 transmission is the respiratory system 
(Rothan and Byrareddy, 2020). The virus can either directly (droplet 
and person-to-person) or indirectly (contaminated objects and airborne 
transmission) infects the respiratory system (see Fig. 3). Droplets and 
bioaerosols containing the virus, in case of entering into the human 
body, can cause illness. Any unprotected contact with a contaminated 
object can potentially increase the transmissibility of the virus. After 
respiratory infection, in severe cases, the virus can cause acute respi-
ratory distress syndrome and loss of life is not far-fetched without 
receiving enough treatment (WHO, 2020a). The research carried out in 
2005, studying the SARS-CoV-1 epidemic, suggested airborne trans-
mission of SARS-CoV-1 by analyzing air samples taken from infected 
patients’ rooms by PCR test (Booth et al., 2005). In what follows, the 
studies that address the airborne transmission of the SARS-CoV-2 are 
reviewed to provide the readers with comprehensive and up-to-date 

Fig. 1. Person-to-person transmission cycle of COVID-19 by the environment.  
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knowledge of the topic. 
According to World Health Organization (WHO) and Center for 

Disease Control (CDC), the term “airborne transmission” is a charac-
teristics of pathogens that are capable of being transported through 
small particles less than (5μm) in diameter and can be suspended into air 
for hours and long distances (CDC, 2020b; WHO, 2020c). Guo et al. 
(2020) studied the distribution of SARS-CoV-2 in hospital wards via 
aerosol transmission in different locations including general COVID-19 
wards and ICU wards. In 35% of the samples collected from the air in 
ICU wards, positive infection with SARS-CoV-2 was reported, while in 
12.5% of the samples collected from the general COVID-19 wards re-
ported positive SARS-CoV-2 infection. Higher positivity rates is reported 
in air outlet samples, near the patients bed, with 66.7% of samples tested 

positive. Moreover, the maximum aerosol transmission is reported to be 
about 4 m. It is noteworthy to mention that the samples were tested by 
quantitative real-time PCR. 

To address whether the virus RNA can be transmitted in small size 
particles, Liu et al. (2020) conducted a study by analyzing aerosols 
samples by droplet-digital-PCR-based detection method that were in 
range of sub- and supermicrometer range, i.e., 0.25 < d < 1.0 μm and 
> 2.5 μm, respectively. Reportedly, the SARS-CoV-2 RNA was found in 
both super- and submicrometer samples, indicating that the airborne 
transmission of the virus RNA is possible. Lednicky et al. (2020a) argues 
the viable SARS-CoV-2 is detected by RT-qPCR in air samples collected 
from two COVID-19 patients in 2–4.8m away from the patients. How-
ever, as Lewis (2020) and WHO (2020c) suggest, the PCR-based tests are 

Fig. 2. The flowchart of the proposed systematic review.  
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not indicative of viable virus that could be transmitted through airborne 
pathway, due to out-competition by other respiratory viruses (Lednicky 
et al., 2020b). To address this, Lednicky et al. (2020a) sought to resolve 
this conundrum by using air sampling device that does not does not 
inactivate the virus by adopting water vapor mechanism; hence, 
conserving their viability. Also, the sampling was taken place in a room 
dedicated to COVID-19 patients, which is believed to reduce the possi-
bility of the penetration of other respiratory viruses into the sampler. On 
the other hand, CDC (2020b) suggests the main transmission route for 
SARS-CoV-2 is via droplets, particularly in close contact distances, 
although the airborne route for the virus is possible under a specific 
conditions, including enclosed spaces, long exposure time, and ineffi-
cient ventilation. 

Santarpia et al. (2020) performed in a hospital in Nebraska, the USA, 
where air and surface samples were collected in eleven isolation rooms. 
The results of this study suggest the airborne transmissibility of 
SARS-CoV-2, both directly and indirectly. The counterexample of these 
findings is reported in the study which carried out in the biggest hospital 
of Iran treating COVID-19 patients, indicated that none of the indoor air 
samples taken from the wards of intensive care unit-Thorax, Internal, 
ICU-General, and ICU-Heart surgery were infected with SARS-CoV-2. 
The experimental setups were installed in the mentioned wards at the 
height of 1.5 m and 2–5 m away from patients’ beds where the windows 
were closed (Faridi et al., 2020a). In this study, the sampling was per-
formed using standard midget impingers; hence, the quality of the 

samples may have been affected. In another study which carried out in a 
hospital in Singapore from 24th January to 4th February 2020 supports 
the findings of Faridi et al. (2020a) by collecting 26 air samples from the 
COVID-19 patients and suggesting no detection of the virus in any of 
these samples were observed (Jiang et al., 2020). Low range of limit of 
detection, experimental setup for sampling SARS-CoV-2, or un-
certainties in measurement tools could be the potential reasons for not 
detecting the virus in Faridi et al. (2020a) and Jiang et al. (2020). 

Putting all into perspective, the topic of airborne transmission is 
likely. Moreover, there is a general agreement among scientists that cl 
Accordingly, adherence to air-conditioning precautions in isolated 
potentially contaminated environments is strongly encouraged (Van 
Doremalen et al., 2020). 

Based on the most up-to-date studies, the WHO revised the initial 
reports, as well as the Centers for Disease Control and Prevention, rec-
ommended airborne precautions. Both assumed the transmission of the 
virus via carrier particles and issued one to the 2-m distance to prevent 
airborne infection (Bahl et al., 2020). Some studies suggest the virus 
remained viable for 3 h in bioaerosols (Van Doremalen et al., 2020). In 
this connection, some promising study results indicate the viral shed-
ding of the virus can be reduced by air filtration (specifically HEPA fil-
ters) (Elias and Bar-Yam, 2020). Similarly, a study performed in a 
hospital in Singapore suggests despite swaps taken from air exhaust 
outlets tested positive for the virus, air samples collected from indoor 
patient rooms tested negative (Jiang et al., 2020). Besides, a study of 

Fig. 3. The main routes of SARS-CoV-2 transmission.  
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several hospitals in Wuhan, China, found that the airborne transmission 
of SARS-CoV-2 in Cardiac/Coronary Care Unit (CCU), Intensive Care 
Unit (ICU) rooms were undetectable or low, because of the high air 
exchange rate and negative pressure ventilation. Nevertheless, the air 
samples from the patients’ toilets and the crowded places of the hospital 
were positive. They claim that re-suspension of virus-laden aerosol from 
surfaces can be one of the causes of airborne spread of SARS-CoV-2 (Liu 
et al., 2020). 

The studies suggest the airborne transmission of the virus by 
considering droplet size and applying free-fall model simulations. The 
results indicated that the (breathing to sneezing) from an emitter can be 
considered safe (Lednicky et al., 2020a). The viral shedding of the 
SARS-CoV-2 via bioaerosols in specific environments, e.g., isolation 
rooms in hospitals is not unlikely; hence, in closed infected environ-
ments, it is recommended to strengthen protective measures for 
health-care workers. However, based on the current state of knowledge, 
the significant infection rate in open environments and high distances is 
improbable (Contini and Costabile, 2020). 

Many experts believe air pollution, particularly, gas and particle- 
based air pollution can potentially increase the vulnerability urban 
population to COVID-19 (Contini and Costabile, 2020). In this sense, 
some studies found a positive correlation between air pollution and the 
COVID-19 mortality rate (Wang et al., 2020a; Travaglio et al., 2020a; 
Yongjian et al., 2020). The impact of the air quality on COVID-19 cases 
can be divided into short-term and long-term effect on air quality. 
Adhikari and Yin (2020) studied the short-term effect of the concen-
tration of tropospheric ozone, particulate matter, and meteorological 
variables on COVID-19 cases in Queens County, New York. The results 
indicated a strong negative association between particulate matter 
concentration. Conversely, a broader perspective has been adopted by 
Wu et al. (2020a) who found positive association between COVID-19 
cases and particulate matter concentration in 3000 counties in the 
United States. More specifically, they found an increase of 1μg/ m3 in 
long-term exposure to particulate matter concentration is responsible for 
15% increase in COVID-19 mortality. In an even broader perspective, 
Giani et al. (2020) studied both long- and short-term effect of COVID-19 
lockdowns on particulate matter concentration. The results of 
short-term effect suggested that the lockdown interventions averted 
24200 premature deaths in China, and averted 2190 premature mor-
talities in Europe. Moreover, the long-term effect results suggest 76400 
to 287000 reduction in premature fatality in China, while in Europe 
prevented 13600 to 29500 reduction in premature fatality due to 
long-term exposure to particulate matter. 

Some studies revealed that the COVID-19 outbreak decreased air 
pollution majorly due to the decrease in transportation and financial 
activities (Asna-Ashary et al., 2020; Afshari, 2020; Dutheil et al., 2020). 
More particularly, Muhammad et al. (2020) found 30% decrease in air 
pollution in populous cities of Wuhan, Italy, Spain, USA, etc.. Another 
study carried out in Tehran, Iran, signifies that the pandemic has led to 
higher outdoor particulate matter air pollution owing to the use of more 
personal transportation despite having more rainfall compared to the 
same time last year (Faridi et al., 2020b). Within this controversy lays 
the fact that some countries may promote the use of private trans-
portation to avoid infection, which potentially can escalate air pollution, 
while some countries may propose lockdown interventions instead, 
which according to the Giani et al. (2020) may lead to decrease in air 
pollution. 

In contrast, following the stay-at-home orders is not harmless. The 
studies carried out by Hosseini et al. (2020) and Afshari (2020) signified 
the flip side of the current lockdown interventions is that it has caused 
an increase in indoor cooking activities and consequently, decrease in 
indoor air quality and consequently, favored sick building syndrome. 

People living in polluted cities as well as smokers may be at higher 
risk because of lung disease or reduced lung capacity, which would 
greatly increase the risk of serious illness. Moreover, smokers are likely 
to be more vulnerable to COVID-19 as the act of smoking means that 

fingers (and possibly contaminated cigarettes) are in contact with lips 
which increases the possibility of transmission of the virus from hand to 
mouth (Alqahtani et al., 2020). Therefore, in equal conditions, smokers 
are more vulnerable than non-smokers. As the statistical population of 
the study is significant, one may extrapolate the findings to similar cities 
(Cai, 2020). 

The significance of bioaerosols and SARS-CoV-2 transmission in the 
clinical dental care facilities is not overlooked in the literature, as there 
is a possibility of viral shedding via droplets and bioaerosols in these 
environments (Ge et al., 2020). In this regard, the use of air ventilation 
in a healthcare setting is also a primary concern. WHO suggested a 
ventilation rate of 288 m3/h per person in hospitals and healthcare fa-
cilities. Zhao et al. (2020a) propose the use of air purifiers in the 
healthcare setting as an alternative measure after all precautionary 
measures have been taken (Zhao et al., 2020a). 

There is no report on airborne infection in supermarkets; however, 
the possibility of the transmission via respiratory droplets that enter the 
mouth, nose, or eyes by contaminated hands may not be excluded in 
these environments (Desai and Aronoff, 2020). It is important to bear in 
mind that no study was found to indicate infection due to food con-
sumption (Desai and Aronoff, 2020). Precautionary measures may 
include wearing personal protective equipment, e.g., wearing hand 
gloves, and practicing social distancing in supermarkets and grocery 
stores (Desai and Aronoff, 2020). 

As stated previously, one of the major routes of COVID-19 trans-
mission is through the respiratory system in infected hospitals. In this 
vein, WHO and the Center for Disease Control and Prevention (CDC) 
have issued guidelines to prevent SARS-CoV-2 infection. Based on the 
latest reports, healthcare exposures are assessed via close contact mea-
sures, e.g., intake of respiratory droplets produced when an infected 
person speaks, coughs, or sneezes. Thereby, healthcare exposure can be 
classified into low, medium, and high based on the accessibility to 
personal protective equipment in public environments and contact 
levels with asymptomatic COVID-19-suspected individuals (CDC, 
2020a). 

Increased antibiotic resistance is known as a possible side-effect of 
SARS-CoV-2 viral shedding in healthcare facilities. The main cause of 
this phenomenon is the high consumption of anti-microbial agents in 
these facilities to manage bacterial infections (Rawson et al., 2020). The 
high demand for anti-microbial agents can potentially put the lives of 
people with a weak immune system at higher risk, especially in devel-
oping countries (Fouladi Fard and Aali, 2019; Mirhoseini et al., 2018). 

3.2. Metrological factors 

A large and growing body of literature has investigated the rela-
tionship between meteorological variables such as wind speed, absolute 
humidity, sunlight or cloud percentages, atmospheric pressure, etc. and 
COVID-19 outbreak. 

3.2.1. Temperature and humidity 
Tosepu et al. (2020) who found a negative relationship between 

temperature and COVID-19 transmissibility in Indonesia; however, they 
did not report any similar association with relative humidity and pre-
cipitation. A broader perspective has been adopted by some studies, 
including Wang et al. (2020f), Roy and Kar (2020), and Nazari Har-
mooshi et al. (2020) who argued a decreased transmissibility of 
COVID-19 in higher outdoor temperatures and humidity. In the same 
vein, Biktasheva (2020) notes a higher infection rate and respiratory 
system sensibility in dry air conditions; however, it has been reminded 
that in extreme humidity conditions, bacterial infection can also happen. 
Xu et al. (2020b) found meteorological parameters in specific situations 
may affect the reproduction of SARS-CoV-2; however, they conserva-
tively indicated an insignificant control of meteorological variables on 
the reproduction rate of the virus in most countries around the world. 

Based on Otter et al. (2016), SARS-CoV-1 was known to be affected 
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by ambient temperature and relative humidity. A study on SARS-CoV-2 
carried out in 122 cities from China has shown a positive association 
between temperature and the number of COVID-19 cases (Xie and Zhu, 
2020). These results are somewhat counterintuitive. In contrast to Xie 
and Zhu (2020), Qi et al. (2020a) found a negative association between 
temperature and COVID-19 cases during a 23-days study carried out in 
Hubei, China. They found a 36%–57% increase in COVID-19 cases by 
every 1 ◦C increase in average temperature when relative humidity is in 
the range 67%–85.5%. Moreover, a negative association was found be-
tween average relative humidity and the count of cases. Particularly, it 
was found that when the average temperature is in range 5.04 ◦C–8.2 ◦C, 
COVID-19 cases dropped 11%–22% (Qi et al., 2020a). The salient dif-
ference between the findings of these studies may stem from the time 
when the studies carried out. The second study was carried out in the 
cold season and the beginning of the epidemic when there was a lack of 
sufficient information on SARS-CoV-2 and the number of total cases did 
not reach 3000. Therefore, it can be concluded that the findings of Xie 
and Zhu (2020) are more reliable. Another study carried out in Brazil 
indicates in temperatures lower than 25.8 ◦C, every 1 ◦C can decrease 
the number of cases by 4.89%; however, to this point, there is no evi-
dence that in temperatures higher than 25.8 ◦C, increase in temperature 
can decrease the COVID-19 cases counts (Prata et al., 2020). 

The variations in temperature and humidity can impact the mortality 
rate of SARS-CoV-2 infection. A study conducted on 2299 victims of 
COVID-19 denotes a positive association between the mortality rate and 
temperature. Notably, it was found that every 1 ◦C increase in ambient 
temperature, is responsible for a 2.92% increase in mortality rate. On the 
other hand, a negative association between relative humidity and the 
fatality rate was found (Wang et al., 2020a). 

Ignoring public health guidelines, the use of public transportation, as 
well as many other factors, can be responsible for the high infection rate 
in many countries where the studies were carried out. These key factors 
should not be disregarded as many studies including Zhou et al. (2017) 
found an association between weather elements, specifically tempera-
ture, rather than other factors on the use of public transportation. 
Mackenbach et al. (1997) and Faunt et al. (1995) found an increased 
rate of hospitalization due to elevated temperature, which, taken 
together, may increase the exposure risk to COVID-19. To date, based on 
evidence, the increase in temperature cannot be responsible for a 
decrease in infection rate while there is a shred of growing evidence that 
obeying public health guidelines can ease the control on COVID-19 
before developing an effective vaccine (Mirzaei et al., 2020). 

3.2.2. Wind speed and solar radiation 
Wind speed and solar radiation, like other meteorological variables, 

can potentially be classified as covariates of COVID-19 cases (Briz-Redón 
and Serrano-Aroca, 2020). Recently, there has been a surge of interest to 
determine how SARS-CoV-2 is affected if the airborne route is one of the 
modes of viral transmission. In this context, investigating wind speed, as 
a carrier of the virus-laden aerosols, is a continuing concern within the 
viral transmissibility of COVID-19. As study carried out by Sarkodie and 
Owusu (2020), signified the positive relationship of wind speed and 
COVID-19 confirmed cases in 20 countries. It was also found the mor-
tality rate of COVID-19 increased with the wind speed. These results are 
supported by Chen et al. (2020) who studied the relationship of 
COVID-19 confirmed cases and wind speed for 52 days, observed the 
peak of SARS-CoV-2 transmissibility under a specific wind velocity. 

As denoted by Nakada and Urban (2020), there is evidence that solar 
radiation is a mitigating factor to COVID-19 transmissibility, most 
possibly through vitamin D synthesis in human skin (Holick et al., 
2007), which itself is thought to be negatively correlated with COVID-19 
mortality rate (Ilie et al., 2020). Accordingly, it was found that the ul-
traviolet radiation caused a decrease in COVID-19 reported cases in São 
Paulo, Brazil. Among different wavelengths of ultraviolet light, the 
200–260 nm range is able to damage pathogens RNA or DNA (Tang 
et al., 2020). Another study indicates 90% the SARS-CoV-2 load can be 

inactivated after being exposed to the midday summer sunlight for 34 
min (Sagripanti and Lytle, 2020). Many studies support the notion of 
negative correlation between solar radiation and COVID-19 cases 
including Sfîcă et al. (2020) and Rosario et al. (2020). However, there is 
a little consensus about whether meteorological variables act in har-
mony with each other to regulate the virus transmission rate or each 
individual meteorological variable may impact transmission rate; hence, 
a systematic need for understanding of the topic still remains 
(Briz-Redón and Serrano-Aroca, 2020). 

3.3. Wastewater 

Wastewater is known for its role in transmitting a wide variety of 
pathogens via sewer network. Wastewater provides food, growth, and 
shelter sources for microorganisms (Simmons and Xagoraraki, 2011). 
Previous literature supported and confirmed the detection of coronavi-
ruses and coronaviridae family in urban sewer networks (Shahbaz et al., 
2016). However, the important note is that some asymptomatic and 
symptomatic patients discharged the viruses before and after showing 
any indication of viral infection (Shahbaz et al., 2016). The later studies 
including Lodder and de Roda Husman (2020) introduced SARS-CoV-2 
in the wastewater collection network as a potential health risk. 
Research has demonstrated that SARS-CoV-1 and SARS-CoV-2 are 80% 
genetically similar. Wang et al. (2005b) detected the nucleic acid of 
SARS-CoV-1 in untreated hospital wastewater while the RNA of this 
virus could be occasionally found after wastewater disinfection (Jia and 
Zhang, 2020). It seems possible that these results do not necessarily 
represent the infection localization as one may bring infection to 
wastewater by washing infected hands. This general lack of methodo-
logical rigor may put in question the results as the samples were not 
taken directly from individuals stool. Some studies are still undergoing 
to discover the detectability of SARS-CoV-2. This view has been sup-
ported in some studies that reported the possibility of the oral-fecal 
route of SARS-CoV-2 virus, despite the main infection route is sup-
posed to be through respiratory system (Lodder and de Roda Husman, 
2020; Mao et al., 2020; Naddeo and Liu, 2020). In these studies, the 
quantity of samples is appropriate which may reflect the credibility of 
these studies. 

From the clinical point of view, 2 to 10 percent of patients have 
shown gastrointestinal symptoms such as diarrhea, vomiting, or belly 
pain (Wang et al., 2020d). The possibility of SARS-CoV-2 can be spread 
through wastewater may not be totally excluded; bearing in mind that 
SARS and Middle East Respiratory Syndrome (MERS) were reported to 
be transmissible through wastewater (Yeo et al., 2020; Wang et al., 
2005b). Up to now, some studies confirmed the detection of two main 
genomes of SARS-CoV-2 in samples taken from wastewater (Medema 
et al., 2020). Depending on the accuracy of the samples taken from the 
sewers of seven cities, the statistical population of these studies seems 
appropriate. 

The initial evidence from Holshue et al. (2020) implies the detection 
of SARS-CoV-2 RNA from the samples of the first case of the COVID-19 
patient in the USA. Other studies carried out in a hospital in China re-
ported the detection of the novel coronavirus genomes in wastewater 
before but not after the disinfection process (Wang et al., 2020d). 
Limited sample size, i.e., three samples, and sampling location, i.e., 
before disinfection, fails to properly identify the quantity of the virus 
genome before the disinfection. Taken together, according to Zhang 
et al. (2020a), there is a chance of detecting the virus in viable form even 
after the disinfection of medical wastewater. The virus may embed itself 
in stool and shield itself from being disinfected. 

More strikingly, Wu et al. (2020b) carried out a study on 98 patients 
and found the virus viable in gastrointestinal tract 11.2 days after the 
viral clearance of the respiratory tracts. The evidence presented thus far 
support the idea that viable SARS-CoV-2 can be detectable in raw 
wastewater. The importance of this notion lies in the fact that each 
catchment of the modern wastewater network can be a representative of 
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a study zone. This may help the researchers to estimate the prevalence of 
infections among the population via wastewater-based epidemiology. 
Ahmed et al. (2020) reported two out of nine cases of SARS-CoV-2 
detection in raw wastewater using reverse transcriptase quantitative 
polymerase chain reaction. The Monte Carlo simulation provided an 
estimate the median range of 171–1090 cases out of 600 thousand 
population of a wastewater catchment in Australia could be infected. 
Considering the sample size and the proposed methodological rigor-
ousness, the findings of the study can effectively contribute to the cur-
rent understanding of virus localization in sewer networks. This estimate 
is in agreement with clinical observations of Xing et al. (2020) who 
studied the dynamic changes of SARS-CoV-2 RNA in the fecal specimens 
of the children suffering from the novel coronavirus. In a comprehensive 
review of COVID-19 test results collected from the Shandong Province, 
China revealed that the respiratory tract of the cases was cleared from 
SARS-CoV-2 within two weeks after the abatement of fever. However, 
the virus could be detected in the fecal specimen for longer than four 
weeks. This may be a clear indication that the virus detectability in the 
pediatric patients’ gastrointestinal tract is significantly longer than the 
respiratory tract. As both direct and indirect contact is more prevalent 
among children, the viral shedding of SARS-CoV-2 in feces of children 
should be taken much more seriously especially in kindergartens and 
schools. The study holds a valuable contribution from two perspectives. 
First, the samples were taken from children’s stools rather than the 
sewer network. Second, the virus remained viable two weeks after 
children’s respiratory tract clearance which is more than what was 
previously mentioned by Wu et al. (2020b). A study on the wastewater 
of an airport in Amsterdam confirmed the detection of SARS-CoV-2 acid 
nucleic. Therefore, the fecal-oral transmission route can be taken into 
consideration (Lodder and de Roda Husman, 2020). Similar to Wang 
et al. (2020d) considering only the infection rout of wastewater may not 
yield conclusive results as infection may penetrate into sewer networks 
by washing infected hands or objects. In this sense, one can consider the 
existence of SARS-CoV-2 in various treatment processes of a wastewater 
treatment plant, even in the effluent and the downstream receiving 
environments such as farmlands and water supplies. Hence, the workers 
in wastewater treatment plants and farmers are encouraged to take 
precautionary measures including wearing personal protective equip-
ment (WHO, 2020d). A study carried out in 2003 suggested that aero-
solized SARS-CoV-1 was transmitted through faulty wastewater 
drainage of a high-rise apartment building in Hong Kong, came down 
with 342 cases of the disease, and killed 42 people (Hung, 2003). A 
similar case can happen for SARS-CoV-2 in a wastewater treatment 
plant, particularly in the aeration process, the proximity of manholes, 
and screw pumps. 

Although containing and inactivating the novel coronavirus in 
wastewater may not be practical due to variations in temperature, pH, 
etc. (Gundy et al., 2009), the exposure risk can be reduced by taking 
proper preventive and protective measures. It is suggested to use higher 
than normal doses of disinfectants in wastewater treatment plants. 
Previous studies suggest SARS-CoV-1 can be inactivated by 20 mg/L of 
chlorine in a contact time of 20 min, while E. coli can be 99% inactivated 
by 5 min in the same experimental setup. Similarly, 40 mg/L of chlorine 
dioxide in a contact time of 5 min can inactivate all SARS-CoV-1 and 
99.99% of E. coli. Taking into account that by increasing the concen-
tration of disinfectant, contact time decreases, and vice versa (Wang 
et al., 2005a). A more efficient disinfection method may involve the use 
of two-stage disinfection processes including chemical (e.g., ozone and 
chlorine) and physical (e.g., ultraviolet) disinfection (WHO, 2020d). 

Healthcare facilities wastewater are commonly-known as environ-
ments with significant viral load. Unfortunately in many countries, due 
to the lack of separate wastewater treatment plants, the viral load of 
hospitals is imposed on urban wastewater treatment plants, which are 
often ill-equipped to handle. In this manner, WHO (2020d) suggests a 
wastewater stabilization pond (e.g., an oxidation pond or lagoon) as a 
practical pathogen destroyer due to the long retention time (20 days or 

longer), sunlight and high pH levels. 
All things considered, there are still many unanswered questions 

about the interactions of SARS-CoV-2 and wastewater in sewer net-
works. To exemplify (Kitajima et al., 2020):  

• Is there any possibility of mutation of SARS-CoV-2 under varying 
physicochemical conditions in sewer systems?  

• How much temperature variations can affect the stability of SARS- 
CoV-2 in sewer drainage networks?  

• Can aerosolized SARS-CoV-2 emitted from wastewater treatment 
plants expose nearby workers?  

• Does the pathogenicity of the novel coronavirus vary over time?  
• How is the stability of this virus in solid waste digestion processes?  
• Can SARS-CoV-2 enter into the downstream receiving environments? 

3.4. Water 

Previous studies suggest surrogate coronaviruses can potentially be 
viable in liquid water depending on the physicochemical and biological 
properties of it. Gundy et al. (2009) found coronaviruses can survive at 
23 ◦C water for 10 days, while some of them remained viable after 100 
days in 4 ◦C water. However, the same rule may not apply in urban water 
distribution networks majorly due to rapid pressure and temperature 
difference, etc. (Casanova et al., 2009). It is noteworthy to mention that, 
to date, none of WHO reports, owing to the lack of research, indicates 
the transmission of SARS-CoV-2 via the water distribution network. 
Based on WHO reports, the viral envelope of SARS-CoV-2 is a lipid 
bilayer; hence, lower resistance to commonly-used detergents and ul-
traviolet light is expected (WHO, 2020d). Thereby, the infection risk of 
SARS-CoV-2 from treated water resources might be considered low. It is 
noteworthy to mention that to date, there is no indication of the 
SARS-CoV-2 infection through water; however, the infection risk 
through water, polluted by infected wastewater is still being investi-
gated. However, tighter measures including wastewater disinfection 
should be evaluated based on the current settings in wastewater treat-
ment plants. 

3.5. Fomites 

The studies on fomites are qualified as comprehensive ones with 
relatively low sampling limitations as samples can be taken from every 
surface exposed to every individual. Fomites have a significant role in 
the viral shedding of infectious viruses including SARS-CoV-2. Accord-
ing to the latest reports of WHO, frequent surface hygiene using 
appropriate techniques and regular disinfection practices are introduced 
as protective measures for SARS-CoV-2 infection, especially in health-
care facilities dealing with COVID-19 patients (WHO, 2020c). However, 
a debate has long prevailed as to whether the persistence of the human 
and veterinary surrogate coronaviruses on various surfaces is significant 
or not. Owing to this, Kampf et al. (2020) reviewed the literature to 
collect the persistence of SARS, MERS coronavirus, or endemic human 
coronaviruses (HCoV) on inanimate surfaces. 

Based on Table 1, the persistence of surrogate coronaviruses 
depending on temperature and surface size vary from 2 h to 9 days. 
Therefore, in order to inactivate the virus based on the finding of 22 
studies, it is suggested to apply commonly-used disinfectants, including 
72-62% ethanol, 0.5% hydrogen peroxide, or 0.1% sodium hypochlorite 
for at least 1 min. Other disinfectants including 0.05–0.2% benzalko-
nium chloride or 0.02% chlorhexidine digluconate were found to be less 
successful for inactivating the above-mentioned viruses. The recent 
literature review indicated that relative humidity may also be a factor 
for coronavirus’s persistence on surfaces (Kampf et al., 2020; WHO, 
2020b). Jiang et al. (2020) study results in the First Hospital of Jilin 
University indicate SARS-CoV-2 in a specimen taken from the surfaces of 
the nurse station in the isolation area were detected by Reverse 
Transcription-Polymerase Chain Reaction (Jiang et al., 2020; Van 
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Doremalen et al., 2020). 
People may follow social distancing rules; however, the possibility of 

habitual indirect contact might still be notoriously significant. The 
importance of this cannot be ignored as it can fuel the life cycle of the 
novel coronavirus (Yen et al., 2020). SARS-CoV-2 can stay viable up to 9 
days on unsterilized public surfaces (Kampf et al., 2020) in a city 
including cell phones, doors, toilet bowl, sink, public transportation 
handles or straps, and doorknobs (Hossain et al., 2019; Jiang et al., 
2020; Lai et al., 2020). The spike glycoprotein in coronaviruses and 
SARS-CoV-2 helps the virus hook on surfaces as well as target cells (RAJ 
et al., 2013; Tamal and Bhaskar, 2020). 

Ding et al. (2020) detected SARS-CoV-2 on 60% of hospital bathroom 
doorknobs and 80% of inanimate surfaces in China. Similarly, Hirotsu 
et al. (2020) detected SARS-CoV-2 on 50% of nurse calls attached to the 
COVID-19 infected beds in Japan. 

3.6. Solid waste 

The COVID-19 pandemic has caused major problems including 
municipal solid waste (MSW) management and hazardous waste man-
agement. The Solid Waste Association of North America reported on the 
possible shift in the volume and the source of MSW due to the COVID-19 
restrictions. In China, according to the March 11 press release, a 30% 
decrease in the amount of MSW was observed while in Hubei Province, 
the amount of hospital solid waste strikingly increased by 370% (Kul-
karni and Anantharama, 2020). In addition, the patients being treated at 
home produce infectious solid waste which is disposed of as MSW posing 
danger to MSW management workers (Mol and Caldas, 2020). 

The elevated use of personal protective equipment (PPE) for 
healthcare workers including hand gloves, facemasks, and surgical 
gowns and wearing facemasks in public has caused a dramatic increase 
in the appearance of these kinds of wastes in hospital solid waste and 
MSW (Nzediegwu and Chang, 2020). 

MSW management workers are considered to be more exposed to the 
contaminated PPE in developing countries including Nigeria than the 
developed ones. Although other virus containment measures are taken 
seriously, the management of contaminated MSW along with adopting a 
coherent MSW strategy has been overlooked in some developing coun-
tries (Nzeadibe and Ejike-Alieji, 2020). The impugned legitimacy of 
using single-use plastic is now restoring due to the pandemic and high 
demand for PPE. Consequently, it is not far-fetched to see the severe 
impact of the elevated use of single-use plastics on the environment 
(Kalina and Tilley, 2020). 

A study carried out in February 2020 by Yu et al. (2020) in China, 
concluded solid waste incineration as a temporary solution for decon-
tamination and disposal of solid medical waste in a proper location. 

The use of special trashcans or waste containers for collecting PPE for 
residential, governmental, and hospital buildings could be a safe 
approach to prevent hazardous exposure to the virus. Such measures 
require trained personnel to empty the containers on a daily basis. The 
disposed of plastic bottles could also be decontaminated by 70% ethanol 
solution before being reused by local packaging companies (Nzediegwu 
and Chang, 2020). 

3.7. COVID-19 and secondary effects on environment 

COVID-19 pandemic impacted the sustainable development themes 
in many cities (Lau et al., 2020). Owing to the current pandemic and 
increase in poverty and unemployment rate have classified sustainable 
development in low priority (Khan et al., 2020; Chowdhury et al., 2020). 
Besides, the high mortality rate in many countries has led to a sub-
stantial decrease in promoting the concept of protecting the environ-
ment through sustainable development, especially in developing 
countries. As a side-effect, economic crunch due to the closure of in-
dustries can prevail hunger and poverty despite governmental relief 
packages (Javed, 2020). After managing the crisis, to put sustainable 
development back in track, it is required for impacted countries to reach 
an agreement to revive United Nations Environment Programme. 

Cadotte (2020) reported improved air quality in five out of six cities 
in February 2020 compared to the same month in 2019. Higher air 
quality is majorly due to government restrictions in response to the 
COVID-19 pandemic. Although the effects of these restrictions are sup-
posed to be short-term, the results of Cadotte (2020) confirm that 
governmental policies potentially have the capacity to improve air 
quality by introducing new air quality control policies. 

The use of disinfectants in response to COVID-19 pandemic has 
distressingly increased in both open and closed spaces including streets, 
houses, governmental departments, etc.. Zhang et al. (2020b) stated 
only in Wuhan, China, at least two thousand tons of disinfectants were 
dispensed. There is growing concern that discharging high amounts of 
disinfectants in sewer systems may pollute water resources or aquatic 
environments. The environmental threat posed by chlorine-based sani-
tizers can be classified into three cases. First, chlorine is known to be a 
powerful oxidizer, and owing to this feature it can destroy the living cell 
membrane. Second, the bonding of chlorine to dissolved organic matter 
can produce hazardous byproducts including, trihalomethanes or halo-
acetic acids. Besides, the carcinogenic formation as a result of the 
chemical reaction of chlorine with nitrogen is inherently dangerous 
(Zhang et al., 2020b; Sedlak and Von Gunten, 2011; Liu and Zhang, 
2014; Bei et al., 2016). All things together, it is strongly suggested that 
countries conduct an environmental impact assessment to study how 
much the environment is affected by COVID-19 pandemic. This 
approach can benefit biological diversity and help to mitigate any 
negative impacts of future crises (Karr, 1993). Besides, excessive use of 
disinfectants can lead to an increase in antibiotic resistance by devel-
oping the ability to endure being destroyed. In this regard, studies have 
shown that antibiotic resistance, including multiple antibiotic resis-
tance, in bacteria living in the disinfection process of wastewater 
treatment plants has been substantially increased (Aali et al., 2014, 
2019; Yeganeh et al., 2018). Table 2 provides a summary of COVID-19 
prevalence on the environmental factors. 

4. Limitations 

The survey was hindered by a lack of accurate resources and lan-
guage. Particularly, the authors did not have access to specific accurate 
information on the reviewed papers, e.g., sampling height and ventila-
tion rate. Hence, to be more conclusive, one may need this information 
to compare each based on the physicochemical properties of the study 
area. Moreover, the authors were limited to review literature which was 
in English as a minor portion of the literature was published in non- 
English resources. 

Table 1 
Persistence of various surface types.  

Surface 
Type 

Virus Temperature Persistence  

Steel MERS 20 ◦C 48 h Van Doremalen 
et al. (2013) 

Steel HCOV 21 ◦C 5 days Warnes et al. (2015) 
Aluminum HCOV 21 ◦C 2–8 h Sizun et al. (2000) 
Metals SARS- 

CoV-1 
20 ◦C 5 days Dong (2003) 

Wood SARS- 
CoV-1 

Room 
temperature 

4 days Dong (2003) 

Paper SARS- 
CoV-1 

Room 
temperature 

4–5 days Dong (2003) 

Glass SARS- 
CoV-1 

Room 
temperature 

4 days Dong (2003) 

Plastic SARS- 
CoV-1 

Room 
temperature 

6–9 days Rabenau et al. 
(2005) 

Ceramic HCOV 21 ◦C 5 days Warnes et al. (2015) 
Teflon HCOV 21 ◦C 5 days Warnes et al. (2015)  
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Table 2 
The summarized effects of COVID-19 prevalence on the environmental factors.   

Risk factors Risk measure Effects of COVID- 
19 outbreak 

methodological basis orientation and effort of the 
study 

References 

Atmosphere PM10, PM2.5, 
NO2, CO 

10–43% Decreased air 
pollution 

Data obtained from a network of 
air quality monitoring stations 
across 22 different cities in India 
for the past four years 
(2017–2020) for the time period 
of March 16th to April 14th. 

Determined the effect of 
restricted emissions during 
COVID-19 on air quality in India 

Sharma et al. (2020) 

CO 97.3–207.0% Increased air 
pollution 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

modeling the effect of COVID- 
19 on air quality in 3 regions of 
China 

Zhao et al. (2020b) 

50–58% Decreased air 
pollution 

Data from the eight air quality 
stations located in various 
points in the city of Naples was 
collected 

Analysis of Air Quality during 
the COVID-19 Pandemic 
Lockdown in Naples 

(Sannino et al.) 

20% Decreased air 
pollution 

For the CO data Atmospheric 
Infrared Sounder (AIRS) 
introduces the grating 
spectrometer aboard AQUA 
satellite, launched on May 4, 
2002 was used. 

Compare the concentrations of 
atmospheric pollutants in the 
period before the lockdown and 
during the implementation of 
preventive control measures 
COVID-19. By focusing on East 
China 

(Filonchyk et al.) 

36.2% Decreased air 
pollution 

Data were obtained from the 
platform: http://www.aqistudy. 
cn/. 

Air Quality Index, Indicatory 
Air Pollutants and Impact of 
COVID-19 Event on the Air 
Quality near Central China 

Xu et al. (2020a) 

NO2 4.5–89.5% Increased air 
pollution 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

(Zhao et al., 2020b) 

Nearly 50% Decreased air 
pollution 

The data was collected in two 
phases, 15 days before the 
lockdown (i.e., March 
10th–March 24th) and 15 days 
after the lockdown (25th 
March–April 8th, 2020) 
Implementation from these 
targeted cities. The daily air 
quality data was obtained from 
the data repository maintained 
by Central Pollution Control 
Board (CPCB) under the 
Ministry of Environment, Forest 
and Climate Change, India 
(https://app.cpcbccr.com/A 
QI_India/). 

Assess the changes in air quality 
parameters during the 
implementation of the 
lockdown measures in the four 
major metropolitan cities of 
India, viz., Delhi, Mumbai, 
Kolkata and Chennai for a one- 
month period (15 days before 
lockdown and 15 days after the 
implementation of lockdown). 

(Bedi et al., 2020) 

20–40% Decreased air 
pollution 

The space-based air quality 
measurements from the 
National Aeronautics and Space 
Administration (NASA) Ozone 
Monitoring Instrument (OMI) 
onboard the Aura satellite and 
the TROPOspheric Monitoring 
Instrument (TROPOMI) 
onboard the European Space 
Agency’s (ESA) Sentinel-5 

Investigate the impact of 
COVID-19 Containment 
Measures on Air Pollution in 
California 

Naeger and Murphy 
(2020) 

(continued on next page) 
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Table 2 (continued )  

Risk factors Risk measure Effects of COVID- 
19 outbreak 

methodological basis orientation and effort of the 
study 

References 

Precursor (Sentinel-5P) satellite 
were used for assessing the 
spatial and temporal evolution 
of tropospheric NO2 throughout 
California during the pre- and 
post-initiation of COVID-19 
containment measures in the 
state. 

30% Decreased air 
pollution 

Nitrogen dioxide (NO2) 
emission data obtained from 
Ozone Monitoring Instrument 
(OMI) on board the AURA 
satellite launched in 2004 as 
part of the NASA EOS (Earth 
Observation System) was used 

Compare the concentrations of 
atmospheric pollutants in the 
period before the lockdown and 
during the implementation of 
preventive control measures 
COVID-19. By focusing on East 
China 

(Filonchyk et al.) 

SO2 Negligible Increased air 
pollution 

Data obtained from a network of 
air quality monitoring stations 
across 22 different cities in India 
for the past four years 
(2017–2020) for the time period 
of March 16th to April 14th. 

Determined the effect of 
restricted emissions during 
COVID-19 on air quality in India 

Sharma et al. (2020) 

16.9–33.9% Increased air 
pollution 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

Zhao et al. (2020b) 

70% Decreased air 
pollution 

Data from the eight air quality 
stations located in various 
points in the city of Naples was 
collected 

Analysis of Air Quality during 
the COVID-19 Pandemic 
Lockdown in Naples 

(Sannino et al.) 

52.5% Decreased air 
pollution 

Data were obtained from the 
platform: http://www.aqistudy. 
cn/. 

Air Quality Index, Indicatory 
Air Pollutants and Impact of 
COVID-19 Event on the Air 
Quality near Central China 

Xu et al. (2020a) 

O3 17% Increased air 
pollution 

Data obtained from a network of 
air quality monitoring stations 
across 22 different cities in India 
for the past four years 
(2017–2020) for the time period 
of March 16th to April 14th. 

Determined the effect of 
restricted emissions during 
COVID-19 on air quality in India 

Sharma et al. (2020) 

16.4–33.9% Decreased air 
pollution 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

The hourly concentrations from 
35 monitoring stations were 
obtained from China’s National 
Environmental Monitoring 
Centre and meteorological data 
were collected from the 
Meteorological Information 
Comprehensive Analysis and 
Process System (MICAPS) of the 
Chinese Meteorological 
Administration so modeling was 
carry out by HYSPLIT, PSCF and 
CWT. 

Zhao et al. (2020b) 

PM2.5 20.5% Increase air 
pollution 

Tehran Air Quality Control 
Company data in two years 

Compare the concentrations of 
ambient air PM10 and PM2.5 in 
Tehran during the SARS-CoV-2 
outbreak and over the same 
period of last year. 

(Faridi et al.) 

Nearly 50% Decreased air 
pollution 

The data was collected in two 
phases, 15 days before the 
lockdown (i.e., March 
10th–March 24th) and 15 days 
after the lockdown (25th 
March–April 8th, 2020) 
Implementation from these 
targeted cities. The daily air 
quality data was obtained from 

Assess the changes in air quality 
parameters during the 
implementation of the 
lockdown measures in the four 
major metropolitan cities of 
India, viz., Delhi, Mumbai, 
Kolkata and Chennai for a one- 
month period (15 days before 

Bedi et al. (2020) 

(continued on next page) 
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Table 2 (continued )  

Risk factors Risk measure Effects of COVID- 
19 outbreak 

methodological basis orientation and effort of the 
study 

References 

the data repository maintained 
by Central Pollution Control 
Board (CPCB) under the 
Ministry of Environment, Forest 
and Climate Change, India 
(https://app.cpcbccr.com/A 
QI_India/). 

lockdown and 15 days after the 
implementation of lockdown). 

46.5% Decreased air 
pollution 

Data were obtained from the 
platform: http://www.aqistudy. 
cn/. 

Air Quality Index, Indicatory 
Air Pollutants and Impact of 
COVID-19 Event on the Air 
Quality near Central China 

Xu et al. (2020a) 

PM10 15.7% Increase air 
pollution 

Compared Tehran Air Quality 
Control Company data 

Compare the concentrations of 
ambient air PM10 and PM2.5 in 
Tehran during the SARS-CoV-2 
outbreak and over the same 
period of last year. 

(Faridi et al.) 

Nearly 50% Decreased air 
pollution 

The data was collected in two 
phases, 15 days before the 
lockdown (i.e., March 
10th–March 24th) and 15 days 
after the lockdown (25th 
March–April 8th, 2020) 
Implementation from these 
targeted cities. The daily air 
quality data was obtained from 
the data repository maintained 
by Central Pollution Control 
Board (CPCB) under the 
Ministry of Environment, Forest 
and Climate Change, India 
(https://app.cpcbccr.com/A 
QI_India/). 

Assess the changes in air quality 
parameters during the 
implementation of the 
lockdown measures in the four 
major metropolitan cities of 
India, viz., Delhi, Mumbai, 
Kolkata and Chennai for a one- 
month period (15 days before 
lockdown and 15 days after the 
implementation of lockdown). 

Bedi et al. (2020) 

48.9% Decreased air 
pollution 

Data were obtained from the 
platform: http://www.aqistudy. 
cn/. 

Air Quality Index, Indicatory 
Air Pollutants and Impact of 
COVID-19 Event on the Air 
Quality near Central China 

Xu et al. (2020a) 

Water Water quality decreased 15.9% of 
suspended particulate 
matter 

Improved water 
quality 

The suspended particulate 
matter was measured by the red 
band (655 nm) 

Investigate the effect of COVID- 
19 lockdown on surface water 
quality 

Yunus et al. (2020) 

The BOD and COD 
values reduced by 
42.83% and 39.25%, 
respectively, Faecal 
Coliform declined by 
over 40%. 

Improved water 
quality 

Water quality data was obtained 
from the Delhi Pollution Control 
Committee (DPCC) for nine 
monitoring stations. The time 
period primarily examined is 
from January to April of 2020. 
The data obtained for 6 
January, 13 February and 13 
March 2020, was taken to 
represent the pre-lockdown 
state while that of 6 April and 
14 April 2020, as indicative of 
the water quality status during 
the lockdown phase. 

Examining the Yamuna’s water 
quality at Delhi during the 
COVID-19 lockdown period 

Patel et al. (2020) 

Clean beaches The lack of tourists Decreasing 
beaches solids and 
improved seaside 
water quality 

Positive and negative indirect 
effects of COVID-19 on the 
environment are presented and 
compared with the period of 
time which COVID-19 is not 
exist. 

Presentation Indirect effects of 
COVID-19 on the environment 

Zambrano-Monserrate 
et al. (2020) 

Wastewater Disinfectants To prevent the new 
coronavirus from 
spreading 

The excess of 
chlorine in the 
water is harmful 
for human 

Positive and negative indirect 
effects of COVID-19 on the 
environment are presented and 
compared with the period of 
time which COVID-19 is not 
exist. 

Presentation Indirect effects of 
COVID-19 on the environment 

Zambrano-Monserrate 
et al. (2020) 

To prevent the new 
coronavirus from 
spreading 

Increased 
disinfectants using 

Authors comparison the usage 
of disinfectants by economic 
and feasible factors 

Investigate the amount and type 
of disinfection technology of 
hospital wastes and wastewater 

Wang et al. (2020e) 

Wastewater 
disinfection 
process 

Amount of liquid 
chlorine, sodium 
hypochlorite, chlorine 
dioxide that discharge 
to sewage 

Killing viruses and 
viruses gens so 
effluent can 
discharge for 
agricultural 

Authors comparison the usage 
of disinfectants by economic 
and feasible factors 

Investigate the amount and type 
of disinfection technology of 
hospital wastes and wastewater 

Wang et al. (2020e) 

Solid waste Medical waste – Medical waste 
increased 

determined the present and 
future plastic waste, energy and 

Klemeš et al. (2020) 
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5. Summary of conclusions 

After a long time of studying non-communicable diseases, appar-
ently, it is time for the world to exert and extra effort to study contagious 
diseases. The current crisis has shown us COVID-19 and other trans-
missible diseases can potentially impact the whole world as well as the 
environment. Based on the current scientific understanding of COVID- 
19, airborne SARS-CoV-2 can be transmissible in 4 m in closed spaces; 
hence, following airborne precautions is required. Also been proven that 
SARS-CoV-2 can be transmitted by holding on aerosols. In this case, it is 
highly recommended to use air conditioning systems with extra per-
suasions, especially when the air is possibly infected. As pointed out by 
Sfîcă et al. (2020) and Briz-Redón and Serrano-Aroca (2020), although 
meteorological variables are believed to be a contributing factor to 
COVID-19 cases, social practices and local regulation, including lock-
down interventions are believed to be the principal components of the 
virus spread. 

There is evidence that virus-containing aerosols are re-suspended 
from contaminated surfaces, which should be cleaned and disinfected, 
especially in the toilets. Wearing masks can lower the chance of infec-
tion through the air, particularly in closed-space populated locations. 
Clearly, obeying the stay-at-home orders and traffic restrictions can 
hinder the further spread of this disease (Wang et al., 2020b). MSW 
management is also affected by the pandemic. The MWS management 
workers are recommended to handle MWS with extra care as they may 
be infected by the virus. 

The current understanding of the SARS-CoV-2 is constantly chang-
ing. Fecal-oral transmission route control can significantly be advanta-
geous to contain the virus. As the virus has been detected in wastewater 
and stool samples, considering this can help us originate the virus 
through the sewer system and assess the efficiency of wastewater 
treatment processes (Núñez-Delgado, 2020; Pan et al., 2020). These 
findings are reliable as these two studies samples were taken directly 
from patients’ stool and prove the virus can spread from patient feces to 
sewer networks. 

Accordingly, epidemiological approaches in wastewater can aid us 
screen and classify suspicious areas from clean areas (Núñez-Delgado, 
2020). Besides, the need for studying several wastewater treatment 
techniques to contain the virus, not to disinfect it, including bio sorbents 
is more being stressed (Núñez-Delgado, 2020). In the case of disinfection 
of the virus in the wastewater disinfection process, applying the rec-
ommended dose of disinfectant based on state-of-art studies is vital. 

A while ago, common knowledge about the persistence of the virus 
was limited to a few days (Kampf et al., 2020). Now, knowing that the 
virus can persist up to nine days, the possibilities of the virus spread 
from place to place, person to person, reproduction, and mutation are 
now serious (Núñez-Delgado, 2020). As the persistence time increases, 
the chance of the virus being transmitted via vaporized droplets in-
creases; hence, transmission over the distance of 10 m is not far-fetched 
(Morawska et al., 2009). Although there is no indication of airborne 
transmitted SARS-CoV-2 in indoor environments, it is essential that 
governments increase public awareness of the droplet or particle 
transmission (Morawska and Cao, 2020). The novel coronavirus can be 
transmitted both directly and indirectly. In this regard, doorknobs, cash, 

nurse calls, hospital beds, and street fences are some of the most infected 
objects. Accordingly, the disinfection of these high-contact objects can 
decrease the chance of SARS-CoV-2 spread while increasing the possi-
bility of containing it. It is noteworthy to mention that disinfection using 
truck-size white-fog-spraying machines may pose several chronic 
side-effects on humans and the environment. Promising studies suggest 
the application of technology for tracking infected individuals including 
Min-Allah and Alrashed (2020) who found the application of smart 
campus and internet of things to track infected persons. 

COVID-19 may become a seasonal disease; hence, measuring its 
persistence in various environments including water, wastewater and 
airborne aerosols based on different factors including temperature, hu-
midity, etc. is crucial. The bottom line for counties in the world is to 
adhere to sustainable development themes and goals and support those 
countries with poor infrastructures; as the whole international com-
munity is integrated and an epidemic in one country can rapidly turn 
into a pandemic. 

6. Conclusion of systematic review 

Following the PRISMA approach, 49 studies were comprehensively 
reviewed and near 100 studies were cited to explore and provide the 
readers with the most up-to-date knowledge on the bidirectional rela-
tionship between COVID-19 and the environment. The study sets out a 
systematic review on broad topics of COVID-19 and the way it is being 
impacted by the environment and vice versa. 

The mean score of the reviewed studies is ~49, which indicates all of 
the explored studies are of high quality according to Table 3 criteria. 
Among these studies, 33% in China, 25% in the United States, 13% in 
Europe, 4% in Australia 12% were carried out in Iran, 2% in Africa, and 
11% in the rest of the world. Therefore, the spatial distribution of the 
studies is not uniform. 

Among all reviewed studies, more than 36% of them were directly or 
indirectly related to the indoor and outdoor environment, similarly, 
16% of them were related to meteorological factors, 11% were related to 
wastewater, 14% were related to fomites, 8% were related to water, 9% 
to solid waste, and 6% to the secondary environment. The growing body 
of literature on airborne transmissibility of SARS-CoV-2 suggests the 
new ways to detect the viable virus in air samples are being developed, 
which is the introduction for manufacturing portable devices that does 
so, perhaps more quickly and effortlessly than the current PCR-based 
tests. As the virus is capable of being transmitted via droplets and 
airborne routes, the fact that social practices of COVID-19 prevention 
are of great importance, should not be ignored; more than the effect of 
temperature or solar radiation on viral transmission. 

Accordingly, based on the share of those mentioned topics, airborne 
and droplet transmission, and their association with air pollution has 
drawn more attention. This may be due to humans living in polluted and 
concentrated urban environments, which has favored both exposures to 
the virus-laden particles and air pollution. The COVID-19 pandemic 
effect on the environment has been explored more than the effect of the 
environment on COVID-19. This has to be due to still unknown nature of 
the virus and the fact that we are still learning its behavior. 

Collectively, at least, the current pandemic has thought us how to 

Table 2 (continued )  

Risk factors Risk measure Effects of COVID- 
19 outbreak 

methodological basis orientation and effort of the 
study 

References 

effects of COVID-19 on the 
hospital waste production was 
presented by available data 

environmental footprints 
related to COVID-19 

MSW 
management 

– Decreased MSW 
management 

effects of COVID-19 on the 
municipal waste production 
Was investigated using existing 
data and information from the 
past 

Determine the COVID-19 
pandemic on municipal solid 
waste management 

Kulkarni and 
Anantharama (2020)  
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contain future epidemics and hopefully, avoid another pandemic. The 
post-pandemic era can be a place where social hygiene is more prac-
ticed, where crisis management may be handled more efficiently, and 
where technology plays a more salient role in human life. 
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Appendix  

Table 3 
Quality assessment checklist of quality assessment results.  

Questions YES NO 

1. Is the study population clearly described?   
2. Are competing alternatives clearly described?   
3. Is a well-defined research question?   
4. Is the study design appropriate to the stated objective?   
5. Is the time chosen appropriate?   
6. Is the actual perspective chosen appropriate?   
7. Are all important variables, whose are uncertain, appropriately subjected to sensitivity analysis?   
8. Do the conclusions follow from the data reported?   
9. Does the study discuss the generalizability of the results to other settings and patient groups?   
10. Does the article indicate that there is no potential conflict of interest of study researcher(s) and funder(s)?   
11. Are ethical and distributional issues discussed appropriately?     

Table 4 
Quality assessment of articles  

Study 1 2 3 4 5 6 7 8 9 10 11 Score 

Faridi et al. (2020a) Y N Y Y Y Y Y Y N Y Y 9 
Jiang et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Santarpia et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Guo et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Morawska and Cao (2020) Y N Y Y Y Y Y Y N Y Y 9 
Elias and Bar-Yam (2020) Y N Y Y Y Y Y Y N Y N 8 
Liu et al. (2020) Y N Y Y Y Y Y Y N N Y 8 
Lednicky et al. (2020a) Y N Y Y Y Y Y Y N Y N 8 
Wang et al. (2020a) Y N Y N Y Y Y Y N Y Y 8 
Travaglio et al. (2020b) Y N Y Y Y Y Y Y N Y Y 9 
Yongjian et al. (2020) Y N Y N Y Y Y Y N Y Y 8 
Asna-Ashary et al. (2020) Y N Y N Y Y Y Y N Y N 7 
(Faridi et al.) Y N Y Y Y Y Y Y N Y N 8 
Tosepu et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Wang et al. (2020f) Y N Y N Y Y Y Y N Y N 7 
Adhikari and Yin (2020) Y N Y Y Y Y Y Y N N Y 8 
Wang et al. (2020e) Y N Y Y Y Y Y Y N Y Y 9 
Giani et al. (2020) Y N Y Y Y Y Y Y N N Y 8 
Roy and Kar (2020) Y N Y Y Y Y Y Y N Y Y 9 
Xu et al. (2020b) Y N Y Y Y Y Y Y N Y Y 9 
Zhao et al. (2020a) Y N Y Y Y Y Y Y N N Y 8 
Lodder and de Roda Husman (2020) Y N Y Y Y Y Y Y N Y Y 9 
Mao et al. (2020) Y N Y N Y Y Y Y N Y Y 8 
Wu et al. (2020b) Y N Y Y Y Y Y Y N Y Y 9 
Ahmed et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Briz-Redón and Serrano-Aroca (2020) Y N Y Y Y Y Y Y N Y N 8 
Sarkodie and Owusu (2020) Y N Y Y Y Y Y Y N Y Y 9 
Chen et al. (2020) Y N Y N Y Y Y Y N Y N 7 

(continued on next page) 
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Table 4 (continued ) 

Study 1 2 3 4 5 6 7 8 9 10 11 Score 

Nakada and Urban (2020) Y N Y Y Y Y Y Y N Y Y 9 
Tang et al. (2020) Y N Y Y Y Y Y Y N Y N 8 
Sfîcă et al. (2020) Y N Y Y Y Y Y Y N Y N 8 
Rosario et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Xing et al. (2020) Y N Y Y Y Y Y Y N N Y 8 
Cadotte (2020) Y N Y Y Y Y Y Y N Y Y 9 
Zhu and Xie (2020) Y N Y Y Y Y Y Y N Y Y 9 
Zhao et al. (2020b) Y N Y Y Y Y Y Y N N Y 8 
(Sannino et al.) Y N Y Y Y Y Y Y N Y Y 9 
(Filonchyk et al.) Y N Y Y Y Y Y Y N N Y 8 
Xu et al. (2020a) Y N Y Y Y Y Y Y N Y Y 9 
Bedi et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Naeger and Murphy (2020) Y N Y Y Y Y Y Y N N Y 8 
Yunus et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Patel et al. (2020) Y N Y N Y Y Y Y N Y Y 8 
Zambrano-Monserrate et al. (2020) Y N Y Y Y Y Y Y N Y Y 9 
Qi et al. (2020b) Y N Y Y N Y Y N N Y Y 7 
Klemeš et al. (2020) Y N Y Y Y Y Y Y N Y N 8 
Kulkarni and Anantharama (2020) Y N Y Y Y Y Y Y N Y N 8   

Table 5 
The inclusion and exclusion criteria used for preprocessing studies  

Inclusion criteria Exclusion criteria  

• Study types  • Study types 
Cohort, case-control, or cross-sectional studies, ecologic studies Review and meta-analyses articles; proceeding articles; and policy articles, abstract, 

letters, short communications, and chapter in books case-crossover, or time-series studies, WHO, and World Bank report  

examining the impacts of COVID-19 on environment  • Articles languages 
Non-English language articles  • Environment factors: 

Outdoor and indoor air 
Humidity and temperature 
Metrological factors 
Wastewater 
Water 
Fomites 
Solid Waste 
COVID-19 Pandemic and Secondary Effects on Environment  
• Place and time period 
Articles published from the late December 2019 to November 2020  
• Articles languages 
English language articles   

Table 6 
The summary of some reviewed studies  

# Journal Date Study Design 
(RCT, 
prospective, 
retrospective, 
etc.) 

Sample 
Size 

Country Province Environmental 
Factor (air, 
water …) 

Main Finding Reference 

1 Science of the 
Total Environment 

March- 
2020 

Cross Sectional 44 Iran Tehran Air SARS-CoV-2 is not 
airborne 

Faridi et al. 
(2020a) 

2 Med Rxiv _ Cross Sectional 26 _ _ Air no detection of the 
virus in any of air 
samples were 
observed 

Jiang et al. 
(2020) 

3 Med Rxiv _ Cross Sectional 163 USA Nebraska Air SARS-CoV-2 have 
airborne 
transmission 
potential 

Santarpia et al. 
(2020) 

4 Emerging 
Infectious Diseases 

March- 
2020 

Cross Sectional 39 China Wuhan Air Positive for SARS- 
CoV-2 virus 
infection at 4 m 
away from infected 
patients 

Guo et al. 
(2020) 

5 New England 
Complex Systems 
Institute 

_ Cross Sectional _ _ _ Air some promising 
study results 
indicate the viral 
shedding of the 
virus can be 

Elias and 
Bar-Yam 
(2020) 

(continued on next page) 
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Table 6 (continued ) 

# Journal Date Study Design 
(RCT, 
prospective, 
retrospective, 
etc.) 

Sample 
Size 

Country Province Environmental 
Factor (air, 
water …) 

Main Finding Reference 

reduced by air 
filtration 

6 Nature February- 
2020 

Cross Sectional 35 China Wuhan Air re-suspension of 
virus-laden aerosol 
from surfaces can be 
one of the causes of 
airborne spread of 
SARS-CoV-2 

Liu et al. 
(2020) 

7 medRxiv July 
− 2020 

Pro-spective _ USA _ Air demonstrated of 
viable virus isolated 
from air samples 
collected 2–4.8m 
away from the 
patients should be 
included 

Lednicky et al. 
(2020a) 

8 MedRxiv January- 
2020 

Cross Sectional 50 China Shanghai Air a positive 
correlation between 
air pollution and the 
COVID-19 mortality 
rate 

Wang et al. 
(2020a) 

9 MedRxiv February- 
2020 

Cross Sectional 200 England _ Air positive correlation 
between air 
pollution and the 
COVID-19 mortality 
rate 

Travaglio et al. 
(2020b) 

10 Science of the 
Total Environment 

January- 
2020 

Cross Sectional 120 China _ Air There is a 
significant 
relationship 
between air 
pollution and 
COVID-19 infection 

Yongjian et al. 
(2020) 

11 Econstor February- 
2020 

Cross Sectional 682 Iran _ Air the COVID-19 
outbreak decreased 
air pollution 
majorly due to the 
decrease in 
transportation and 
financial activities 

Asna-Ashary 
et al. (2020) 

12 Aerosol and Air 
Quality Research 

February- 
2020 

Cross Sectional 22 Iran Tehran Air signifies that the 
pandemic has led to 
higher outdoor 
particulate matter 
air pollution owing 
to the use of more 
personal 
transportation 
despite having more 
rainfall compared to 
the same time last 
year 

Faridi et al. 
(2020b) 

13 Science of the 
Total Environment 

January- 
2020 

Cross Sectional _ Indonesia Jakarta Air a negative 
relationship 
between 
temperature and 
COVID-19 
transmissibility 

Tosepu et al. 
(2020) 

14 Available at SSRN 
3551767 

January- 
2020 

Cross Sectional _ China Wuhan Temperature 
and humidity 

a decreased 
transmissibility of 
COVID-19 in higher 
outdoor 
temperatures and 
humidity 

Wang et al. 
(2020f) 

15 MedRxiv March- 
2020 

Cross Sectional 15 India _ Temperature 
and humidity 

a decreased 
transmissibility of 
COVID-19 in higher 
outdoor 
temperatures and 
humidity 

Roy and Kar 
(2020) 

16 SSRN May-2020 Pro-spective 3739 _ _ Temperature 
and humidity 

Warmer 
temperature and 
moderate outdoor 
ultraviolet exposure 

Xu et al. 
(2020b) 

(continued on next page) 

N.R. Rahimi et al.                                                                                                                                                                                                                              



Environmental Research 194 (2021) 110692

16

Table 6 (continued ) 

# Journal Date Study Design 
(RCT, 
prospective, 
retrospective, 
etc.) 

Sample 
Size 

Country Province Environmental 
Factor (air, 
water …) 

Main Finding Reference 

may offer a modest 
reduction in 
transmission 

17 Building and 
Environment 

June-2020 Pro-spective _ China _ Air The indoor air 
purifiers should be 
used as a 
supplementary 

Zhao et al. 
(2020a) 

18 The Lancet 
Gastroenterology 
& Hepatology 

February- 
2020 

Cross Sectional 232 Netherlands Amsterdam Wastewater introduced SARS- 
CoV-2 in the 
wastewater 
collection network 
as a potential health 
risk 

Lodder and de 
Roda Husman 
(2020) 

19 Environmental 
science and 
technology 

February- 
2020 

Pro-spective 16 China Shanxi Waste water The paper-based 
device has the 
potential to be used 
as a small, portable 
device to detect 
SARS-CoV-2 in 
wastewater on site 
and to track virus 
carriers in the 
community. 

Mao et al. 
(2020) 

20 The Lancet 
Gastroenterology 
& Hepatology 

January- 
2020 

Pro-spective 98 China Zhuhai Wastewater The evidence 
presented thus far 
support the idea 
that viable SARS- 
CoV-2 can be 
detectable in raw 
wastewater 

Wu et al. 
(2020b) 

21 Science of the 
Total Environment 

March- 
2020 

Cross sectional _ Australia A catchment Wastewater The presence of 
SARS-CoV-2 was 
con-firmed by 
sequencing. 

Ahmed et al. 
(2020) 

22 Journal of 
Microbiology, 
Immunology and 
Infection 

January- 
2020 

Cross Sectional 3 China Shandong Wastewater dynamic changes of 
SARS-CoV-2 RNA in 
the fecal specimens 
of the children 
suffering from the 
novel coronavirus 

Xing et al. 
(2020) 

23 EarthArXiv February- 
2020 

Pro-spective _ Thailand.India. 
Chinese Special 
Administrative 
Region.Indonesia. 
South Africa.Japan. 
United Kingdom. 
USA.Mexico.Italy. 
Brazil.Bosnia and 
Herzegovina.South 
Korea.China.Israel. 
Canada.China 

Bangkok.Delhi. 
Hong Kong. 
Jakarta. 
Johannesburg. 
Kyoto.London.Los 
Angeles.Mexico 
City.Milano.Sao 
Paulo.Sarajevo. 
Seoul.Shanghai. 
Tel Aviv.Toronto. 
Wuhan 

Air Declines in air 
pollution in 
response to activity 
changes during the 
quarantine period 

Cadotte 
(2020) 

24 Science of The 
Total Environment 

January- 
2020 

Pro-spective 122 China _ Temperature 
and humidity 

When mean 
temperature was 
below 3 ◦C, each 
1 ◦C rise was 
associated with a 
4.861% increase in 
the daily number of 
COVID-19 
confirmed cases. . 

Zhu and Xie 
(2020) 

25 Science of the 
Total Environment 

December- 
2019 

Pro-spective 31 China All province Temperature 
and humidity 

Temperature and 
humidity showed 
negative 
associations with 
COVID-19. 

Qi et al. 
(2020b) 

26 Renewable and 
Sustainable 
Energy Reviews 

April-2020 Pro-spective _ _ _ Solid waste Sudden surge in the 
volume of plastic 
waste 

Klemeš et al. 
(2020) 

27 Science of The 
Total Environment 

July-2020 Pro-spective _ India Karnataka Solid waste Medical and 
household waste 
generated affects 
municipal waste 
management 

Kulkarni and 
Anantharama 
(2020)  
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