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Since the first case report on COVID-19, its transmission took place rapidly across the globe. Currently, it
is reported to be spread into a total of 216 countries and territories. The suppression on industrial and
gasoline burning activities accompanied after COVID-19 lock down favorably boosted the nature to
restore its deteriorated sections such as in air with the improved Air quality index and in water bodies
with the natural tone of purity. Increased use of anti-viral drugs along with herbal therapies has been
observed at mass scale as global intervention to prevent the disease. The use of personal protective equip-
ment and disinfection strategies for the control of pandemic has dramatically increased the pollution of
plastic and medical waste. This article aims to forecast and highlight the evidence-based impact/changes
(+ive and -ive) of coronavirus on the environment, global interventions to prevent the disease along with
the levels of effectiveness of personal used protective equipment to stop the spread of coronavirus.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

An ancient Greek writing around 400 BCE ‘‘Book of Epidemics”
by Hippocrates accounts for winter epidemics of respiratory infec-
tious diseases (Pappas et al., 2008). A number of viruses causing
respiratory illnesses have been reported so far as the etiological
agents of such epidemics. Virology and immunology embraced
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remarkable advances to expound the fundamental root of such
cyclical infections. In spite of remarkable efforts put toward public
health, epidemics/pandemics of viral respiratory system infections
can prevail even amongst healthy human beings to lead to lethal
consequences at worst (Fendrick, 2003). In the recent past (e.g.,
2002–2003), the outbreaks of acute respiratory syndrome virus
epidemics of SARS-CoV and current respiratory viral infection
(SARS-C0V-2/COVID-19) were observed in winter season to evi-
dence the blowout of a variety of respiratory tract viral infections
(Li, 2020; Paules et al., 2020). Published reports revealed that sea-
sonal factors in respiratory virus epidemics along with the host
determinants affected by causative factors, including absolute
humidity (AH), seasonal temperature variation, vitamin status,
sunlight, and host behavior (Sloan et al., 2011; Peci, 2019;
Moriyama et al., 2020). These determinants can be clustered as
seasonal variation/changes in environmental conditions, behav-
ioral pattern of human, and viral infection patterns. Environmental
determinants impact on host predisposition by curbing air-
pathways defensive response and viability, and spread of viruses.
Factors of human behavior impact on transmission through contact
rate between susceptible and infected bodies. Seasonality, temper-
ature fluctuation, and humidity have been proposed as critical fac-
tors among all potential drivers to increase respiratory epidemics
(Moriyama et al., 2020; Shoji et al., 2011).

A current respiratory viral infection of Corona Virus-2019
(COVID-19) was for the first time reported from Wuhan city, China
in December 2019 where seafood market was declared culprit of
this spread (Huang, 2020). Since the first report of COVID-19, it
has been spreading rapidly to be reported from 216 countries
and territories. As such, World Health Organization (WHO) has cat-
egorized COVID-19 as pandemic (WHO, 2020). WHO declared this
pandemic as global emergency on 2020 January 30 due to contin-
uous increase in reported/notified cases from many parts of the
globe. The detection of COVID-19 cases is increasing day by day
as tracked on WHO website and other media sources. China faced
high morbidity and mortality rate in the month of February 2020,
whereas boosted morbidity and mortality rate was reported from
Italy and Spain in the month of March. The highest death and
detection cases till April 2020 were reported from the United
States of America, Spain, Italy, United Kingdom, France, Germany,
and Belgium (Belgium bear rapid deaths) along with the boost of
confirmed cases across the majority of global countries (WHO,
2020).

Corona viruses were first time studied in 1966 when Tyrell and
Bynoe cultured them from a common cold patient (Kooraki, 2020).
In light of projections and shells on outer surface with spherical
virion morphology, they were named as coronavirus, whereas cor-
ona is a Latin word used to imply crown or wreath (Lexico. covid.,
2020). Coronavirus is subdivided into four subfamilies (i.e., a-
coronavirus, b-coronavirus, c-coronavirus, and d-coronavirus).
Mammalians, especially bats were proposed as the sources respon-
sible for a and b coronaviruses, while c and d coronaviruses are
supposed to instigate from pig and birds, respectively (Amber
Ather and Nikita, 2020). Alpha-coronavirus results asymptomatic
or even mildly symptomatic infection while b coronavirus could
cause severe infection and mortalities (Kucharski, 2020; Cao
et al., 2020).

Since the pandemic started, the quality of different environ-
mental segments (including atmosphere, water system, and wild-
life freedom) has been reported to improve the deterioration of
plastic and medical waste generations and susceptibility of coron-
avirus prevalence in sewage and fecal matters. Increased use of
anti-viral drugs along with herbal therapies has been observed at
mass scale as global intervention to prevent the disease
(Kanniah, 2020; NASA, 2020a, 2020b; Aura, 2020; IQAir, 2020;
Häder, 2020; Yunus et al., 2020; Clifford, 2020; ESA, 2020; Saadat
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et al., 2020; Corlett, 2020; Rutz, 2020; Diamant, 2020; Mandal
and Pal, 2020; Thomson and Barclay, 2020). We aimed to organize
a detailed study to forecastimmediate and long-term impact of
COVID-19 on environment, global interventions to prevent the dis-
ease along with the levels of effectiveness of personal used protec-
tive equipment to stop the spread of coronavirus. It is expected
that this study will help researchers gain a better knowledge for
the assessment of various environmental changes and their corre-
sponding implications. Further, we also highlighted some effective
intervention activities that may help curve the spread of CVOID-19.
2. Global public intervention to prevent Covid-19

2.1. Research and effectiveness of anti-viral drugs against COVID-19

The COVID pandemic, infect people across the world and con-
sidered as a global medical risk to the public and healthcare work-
ers. Being an emerging viral infection, there is no precise antiviral
treatment or vaccine for COVID-19. Thus, it is urgently needed to
develop a safe and stable coronavirus vaccine and scientific com-
munity is working in this field. The scientific community revealed
that chloroquine and hydroxychloroquine are found to be effective
anti-viral drugs against COVID-19 in-vivo and in laboratory stud-
ies, which has been stopped now due to its poor results (Rolain
et al., 2007; WHO, 2020). A recent study by Wang and Su (2020)
investigates the effectiveness of five FAD-approved drugs including
ribavirin, penciclovir, nitazoxanide, nafamostat, chloroquine as
well as two well-recognized broad-spectrum antiviral drugs
remdesivir and favipiravir against 2019-nCoV. The study con-
cluded that remdesivir and chloroquine were highly effective in
the control of 2019-nCoV in vitro. Any vaccine operational against
RNA viruses such as measles, polio, encephalitis B and influenza
may perhaps be the most auspicious substitutes for SARS, an envel-
oped RNA virus (Lu, 2020; Liu, 2020). Thus, it will remain a prime
area of research to develop vaccine to prevent and treat corona
virus ailment (Chakraborty and Maity, 2020).
2.2. Effectiveness of indigenous herbal medicines

According to the available literature, 80% of the world’s popula-
tion is dependent on herbal drugs (Sultana, 2012). In China, on the
onset of disease rhizome of Scythian lamb or extract, compound
have been testified for anti-SARS-Coronavirus-1 in Vero cells with
SARS-Coronavirus-1 contagion model and reported to be effective
against SARS (Chen, 2008; Hoever, 2005; Li, 2005; Wen, 2011).

In Pakistan, an exponential rise in consumption of Senna (Cassia
angustifolia Vahl.) has been witnessed to treat and prevent covid-
19 virus. Current reports have showed that Senna is not much
effective against coronavirus disease due to that its consumption
decreased exceptionally. However, the head of Infection Control
Society of Pakistan stated that proliferating untested assertions
related to senna use is harmful as it produces an incorrect sense
of satisfaction (Tribune, 2020). There are some natural products
such as baicalein and baicalin that are reported to act as inhibitors
of SARS-CoV-2 (Su, 2020). However, there is no publication related
to any herb, extract or bioactive compounds that may act against
SARS-CoV-2 (Ding, 2017; Runfeng, 2020). SARS-CoV-2 is associated
to cause hazardous and possibly lethal diseases through the respi-
ratory route. Henceforth, investigating the effect of a specific bioac-
tive compound against SAR-CoV-2 entails an extremely controlled
laboratory with inward directional airflow (Biosafety level 3; BSL-
3) (WHO, 2020; Wang and Su, 2020; Lu, 2020; Liu, 2020;
Chakraborty and Maity, 2020; Sultana, 2012; Chen, 2008; Hoever,
2005; Li, 2005; Wen, 2011; Tribune, 2020; Ding, 2017; Runfeng,
2020; Panyod et al., 2020) posing challenges for most researchers.
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2.3. Declined consumption of bats, frogs and other wild animals

It is reported that coronavirus pandemic is likely to be initiated
at Chinese wet markets. The ingestion of wild animals, especially
wild mammals, supposed to be carriers of COVID 19 that can cross
the species barrier, and pose a significant risk to human health
(BBC, 2020). Bats and other wild animals serve to be the ecological
reservoir of covid-19 and are responsible for transmission of this
virus to humans while transmission through intermediary animal
that may be domestic, wild or wild-domestic in nature is currently
unidentified (WHO, 2020). In addition, pangolins are also found to
be infected with SARS-CoV-2-related coronavirus. These pangolin
coronavirus genomes contain 85.5% to 92.4% sequence correspon-
dence to SARS-CoV-2. Hence, their part in the advent of human
SARS-CoV-2 remains to be definite. Though the epidemiology,
pathogenicity, interspecies infectivity and transmissibility of coro-
naviruses in pangolins and other wild animals is a subject of inter-
est but the data presented here advises that handling of such
animals entails substantial care and their dealing in wet markets
must be stringently banned (Lam, 2020), thus be less consumed
by the public (CRS, 2020).

2.4. Use of personal protective equipment

Coronavirus disease is primarily instigated by interaction or
droplet spread attributed to comparatively out size respirational
units which are matter of mobility for approximately 1 m from
affected person (Murphy, 2020). It is reported that corona virus
is predominately spread via contact (directly or via fomite); dro-
plet transmission (coughing and sneezing by an infected person);
aerosols (principally during intubation) and faeco-orally (CEBM,
2020) and (Ong, 2020) described that SARS-CoV-2 sustain longer
than other artificially aerosolized respiratory viruses.

Personal protective equipment used as preventive action in hos-
pital and household settings including eye protection, surgical or
respirator masks, aprons or gowns, and gloves (Santarpia, 2020).
Filtering face piece class 3 (FFP3) respirators, fluid-resistant (Type
IIR) surgical masks (FRSM), particulate respirator Grade N95, pow-
ered air purifying respirator and elastomeric respirators are recom-
mended to be used by patients, health care workers and general
public. As a reduction measure of coronavirus spread and trans-
mission from affected persons everyone need to use face protective
(ECDC, 2020). It is recommended to discontinue the use of PPE if
damaged, soiled, compromised, and uncomfortable or in other cir-
cumstances (CDC, When and How to Wash Your Hands., 2020;
Public-Health-England, 2020).

Table 1 demonstrates the WHO’s recommendations for the
coherent utilization of personal protective equipment (PPE) in
health care center and in houses, as well as all through the han-
dling of cargo. Data related to shoe protective equipment is scarce
Table 1
WHO recommendations for the use of PPE.

Personal Protective Equipment Characteristics

Masks (Medical Health Worker) � Medical masks
� Appropriate breathability
� Clear to identify faces

Face Shield � Good visibility
� Adjustable bands to attach firmly
� Fog resistant
� Full coverage on the sides and alon
the length of the face

� Might be reusable or disposable
Particulate Respirator,

Grade N95 or FFP2 or higher
� Good breathability
� Must not collapse against mouth
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in the context of any respiratory disease (CEBM, 2020). The chief
threat of communication of respiratory viruses is in the course of
AGPs (Aerosol Generating Procedures) of the respiratory tract,
and use of improved respiratory shielding equipment is specified
for health and social care workforces carrying out or supporting
in such procedures. A long-sleeved one-use fluid repellent gown
or disposable fluid repellent coveralls, a filtering face cover class
3 (FFP3) respirator, a full-face visor and gloves are suggested in
the course of AGPs on potential and confirmed cases, irrespective
of the clinical locale and thus used by public and healthcare work-
ers as per needs (Public-Health-England, 2020).

2.5. Continuous sanitization at individual and mass levels

Cleaning along with disinfection is a finest practice to prevent
COVID-19 and other viral respiratory illnesses in households and
community settings (CDC, 2020). To lessen the threat of disease
spread in the community, it is recommended to prioritize better
hygiene practices including washing hands frequently and thor-
oughly (Güner et al., 2020). Individually, people are observed to
be using alcohol based hand sanitizer with 60–70% alcohol as sug-
gested by CDC (2020), regularly upon meeting other individuals
outside or on return back to home (UNICEF, 2020) suggests that
an untidy surface must be cleansed with soap or detergent with
water followed by the use of disinfectant containing alcohol
(70%) or bleach. Vinegar and other natural products are not
suggested.

Public is also observed to be disinfected via spraying disinfect-
ing substances in public places, such as super marts, offices, indus-
trial units, massive gathering spots. However, (WHO, 2020)
recommended to prohibit drenching of persons with antiseptics
(as in tunnel, cabinet, or chamber) in any condition. This exercise
is considered to be physically and psychologically damaging and
is not effective to decrease a septic person’s capability to spread
the virus through droplets or contact when speaking, coughing or
sneezing. It is reported that spraying of individual with substances
such as chlorine is responsible for the toxic influence on entities
and lead towards eye and skin irritation, bronchospasm due to
inhalation, and possibly gastrointestinal effects such as vomiting
and nausea (Mahmood, 2020). It is suggested to use EPA-
registered disinfectants with label by the employers to clean and
disinfect environments potentially contaminated with SARS-CoV-
2 (OSHA, 2020).

2.6. Smart lockdown strategy

Contrary to the earlier harsher lockdowns, which led the world
economies to a grinding halt in different countries of Europe, now a
number of countries are opting for smart or selective lockdowns
(The News, 2020). The National Command and Operation Centre
Standards

� EN 14,683 Type II, IIR
� ASTM F2100 minimum level 1 or equivalent

g

� EU PPE Regulation 2016/425
� EN 166
� ANSI/ISEA Z87.1Or demonstrate equivalent set of standards

� Minimum N95 respirator, according to NIOSH 42, CFR 84
� Minimum FFP2, according to EN 149 or demonstrate
equivalent set of standards
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(NCOC) after undertaking a comprehensive review identified 20
cities in the country which are reporting large numbers of coron-
avirus cases. In Pakistan, the Federal Ministry on Health voiced leg-
islators at a briefing that these targeted hotspots must be
considered for limited locality-based lockdowns in the face of pre-
sent economic situation. According to Government of Pakistan, a
balance must be maintained between life and livelihood by adopt-
ing smart lockdowns and keeping businesses open, and implement
strict SOPs that will be ensured through awareness and adminis-
trative actions (Al-Jazeera, 2020).

2.7. Limited mass gathering and social distancing

Social distance measures to duck the blowout of this virus is
presented in Table 2 (Güner et al., 2020). Social distancing is aimed
to decrease physical communications among peoples in a broad
community (Wilder-Smith and Freedman, 2020). Working places
are among high risk units for coronavirus spread. Many researches
have supported the infectiousness of SARS-CoV-2 in the pre-
symptomatic stage; thus social distancing is of serious significance
Table 2
Preventive and control measures adopted by community (). Source:GÜNER et al.,
2020

Quarantine Other Measures

Voluntary quarantine (self-quarantine) Avoiding crowding
Mandatory quarantine
� Private residence
� Hospital
� Public institution
� Others (cruise ships, etc.)

Hand hygiene
Isolation
Personal protective equipment
School measures/closures
Social distancing
Workplace measures/closures

Fig. 1. Variation in SO2 concentration before and a
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in instituting control over the pandemic (Wei, 2020). Government
of various countries have suspended all types of religious, cultural,
social, scientific, sport, and political mass gathering events in dif-
ferent parts of the world. Thus, limiting mass gathering could be
the prime preventive tactic for COVID-19 (Chakraborty and
Maity, 2020).

Considering the available studies, quarantine is the most effec-
tive measure adopted to control both the number of infected and
dead individuals (Pan, 2020; Iwasaki and Grubaugh, 2020). It is
seem to be effective where it was implemented since the outbreak.
3. Effectiveness of personal level prevention

3.1. Effectiveness on the basis of face mask types

Preventing a respiratory infection at origin by a face mask is an
entrenched strategy (Esposito, 2020). Asymptomatic patients in
large number unaware of their own infection (Day, 2020a,
2020b), the analogous viral load in their upper respiratory tract
(Zou, 2020), droplet and aerosol spreading during talking and
breathing (Lewis, 2020), and protracted viral capability outside
our body (Van Doremalen, 2020) strongly advocate use of face
mask as a protective measure to control transmission of COVID
19 at source in mass gatherings and public places during the
COVID-19 pandemic (Esposito, 2020).

To manufacture highly effective a tall degree of obedience is
required that will maximize the influence of covers used by public
(Esposito, 2020; Van Doremalen, 2020; BSI, 2020; Rosenstock,
1996). The W.H.O. recommended that unspoiled FFP2 or FFP3 with
N-95 masks can be operated for up to 04 h, that is an average
health-care worker’s lenience time (WHO, 2020; Murphy, 2020;
Radonovich, 2009). Such intermediation is expected to be life-
saving in various resource limited settings (Esposito, 2020).
fter COVID-19 pandemic (Source: Aura, 2020).



Fig. 2. Map indicates percentiles difference of PM2.5 between 2020 and mean of 2017–19. (Source: ECMWF Copernicus Atmosphere Monitoring System, 2020).
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3.2. Effectiveness on the basis of virus clearance

Coronavirus can transmit either via airborne aerosols or
through contact with the contaminated surfaces such as keyboard,
toys counter top, door knobs and others. Many studies conclude
that SARS.CoV-2 remains intact on the surfaces of objects for hours
and even days. It is recommended to clean the dirty surfaces
should be cleaned by disinfectants to prevent the transmission
and spreading of COVID-19 in humans through contaminated sur-
faces of objects and considered as best preventive action. For effec-
tive cleaning and disinfection of high touch surfaces especially
common household objects by using EPA and WHO recommended
disinfectant at least once a day. Virus clearance from the hands is
also an important factor to be considered for effective control of
virus spreading (CDC, 2020). It is recommend to use alcohol based
hand sanitizer or frequent hand washing with soap (WHO, 2020;
Rabenau, 2005) conducted a study to investigate the efficiency of
different hand sanitizers against SARS coronavirus. Eights disinfec-
tants were investigated sterillium, based on 45% iso-propanol, 30%
n-propanol and 0.2% mecetronium etilsulphate, SterilliumRub,
based on 80% ethanol, SterilliumGel, based on 85% ethanol and
SterilliumVirugard, based on 95% ethanol. The study concludes that
SARS CoV was inactivated by all disinfectants.

It is reported that room ventilation is really effective against the
clearance of COVID 19 aerosols. (Murphy, 2020) reported that a
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single air exchange removes about 63% of virus aerosols and after
two fresh air exchange events there is 14% and after five exchanges
there is only less than 1% of virus load remains there in the room.
After number of air exchanges only 0.37n of virus load remains
there. The evidences reveal that improved ventilation is associated
with the removal of respiratory droplets from the air in a period of
short time and helps to reduce the susceptibility of being ill with
COVID-19 (CDC, 2020).

3.3. Prevention of cross infection

To control cross contamination of COVID, there is considerable
focus on the use and proper disposal of personal protective equip-
ment such as mask and gloves, excessive hand washing with WHO
recommended alcohol based hand sanitizer or wash with soap and
water for better personal hygiene, isolation if symptoms of COVID-
19 appear, social distancing, retain distance of at least 1 m between
yourself and other, frequent cleaning of contaminated surface by
using disinfectants, in hospitals restrict the movement of people
near or within the specific COVID-19 wards (Murphy, 2020;
WHO, 2020a, 2020b). Effectiveness to reduce the risk of cross infec-
tion depends on the way we follow guidelines provided by differ-
ent organizations including W.H.O., E.C.D.C. (European Centre for
Disease Control) P.H. (Public Health) England, and E.S.I.C.M.S.C.C.
M. (European Society of Intensive Care Medicine and Society of
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Critical Care Medicine). As it is considered that air is the main vehi-
cle for the transmission of COVID-19 each organization states the
preventive measures against transmission of virus through air.
These airborne prevention includes, FFP2 or FFP3 mask, gogglesss,
full sleeved fluid repellent gowns and gloves (Murphy, 2020).
Social distancing and isolation can be effective to control and to
reduce the risk of cross infection otherwise it became a cause of
second peak in coronavirus pandemic (Laguipo, 2020).

4. Conclusions

A manuscript on available reports of COVID-19 and its impact
on environment along with forecasting and to highlight the impact
on society and environment was aimed and compiled to ease the
access of available information in one draft. Air Quality (NO2,
SO2, PM2.5) and water bodies have been improved in term of pollu-
tion reduction (Figs. 1–2). Global interventions to prevent the pan-
demic resulted in survival and freedom of wildlife. Personal
protective equipment and disinfection strategy have resulted in
increased plastic pollution and compromised human health. Clean-
ing staff, metropolitan sanitary workers and people who work at
public places are at more risk for contamination by COVID-19
and other infectious diseases like hepatitis, influenza, AIDS etc.,
as masks can carry mucus and other body droplets from infected
patient/person. Usage of anti-viral drugs with multiple herbal ther-
apies has been reported to gain attention among different societies
across the globe. It is important to note that all the herbal therapies
are non-scientific therapies and W.H.O. is not in support of such
practices.
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