
Current Research in Toxicology 2 (2021) 159–168
Contents lists available at ScienceDirect

Current Research in Toxicology

journal homepage: www.elsevier .com/locate /cr tox
Excessive use of disinfectants against COVID-19 posing a potential threat to
living beings
https://doi.org/10.1016/j.crtox.2021.02.008
Received 5 January 2021; Revised 8 February 2021; Accepted 26 February 2021

2666-027X/© 2021 The Author(s). Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding authors at: State Key Laboratory of Respiratory Disease, Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou,
China.

E-mail address: zafrankhan807@yahoo.com (Z. Khan).
1 These authors contributed to this work equally.
Dawood Ghafoor a,b,f,1, Zafran Khan b,c,f,1,⇑, Asaf Khan d, Daniya Ualiyeva b,e, Nasib Zaman f

aCAS Key Laboratory of Special Pathogens, Wuhan Institute of Virology, Center for Biosafety Mega-Science, Chinese Academy of Sciences, Wuhan, Hubei, China
bUniversity of Chinese Academy of Sciences, Beijing 100049, China
c State Key Laboratory of Respiratory Disease, Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou 510530, China
dMinistry of Education, Key Laboratory of Cell Activities and Stress Adaptations, School of Life Sciences, Lanzhou University, 730000 Gansu, China
eDepartment of Herpetology, Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
fCenter for Biotechnology and Microbiology, University of Swat, Pakistan
A R T I C L E I N F O

Keywords:
SARS‐CoV‐2
Disinfectants
Alcohol
Human
Environment
Hazardous
A B S T R A C T

The severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) emerged in Wuhan city of China in late
December 2019 and identified as a novel coronavirus disease 2019 (COVID‐19). On January 30, the World
Health Organization (WHO) declared the coronavirus outbreak a global public health emergency. The rapid
spread of the pathogen across the communities shock the entire population. As no existing therapy were avail-
able during the pandemic. Health professionals recommended frequent washing of hands with soap and
alcohol‐based sanitizers. Disinfectants were extensively sprayed to minimize the possibility of getting
COVID‐19. Despite the potential benefits of these germicidal agents against COVID‐19. Alcohol‐based hand
sanitizers lead to dry skin, infection, and alcohol poisoning. Children are considered more prone to alcohol poi-
soning and other major health concern. Precautionary measures should be ensured to protect the community
from the possible risk associated with disinfectants.
Introduction

COVID‐19 , the novel disease spreads through recent coronavirus 2
(SARS ‐CoV‐2) from Wuhan, China. COVID‐19 has been declared as a
pandemic by the WHO on March 11, 2020, and till September 2020
the global tally spiked 28 million (Khan et al., 2020). This disease is
categorized by acute respiratory disease, pneumonia, dry cough, fever
and body pain, and high mortality, especially in the elderly or people
with bad health conditions(Lai et al., 2020). Humans are the core
cause of the spreading of SARS‐CoV‐2 from human‐to‐human. In case,
any mild or asymptomatic infected person comes into contact with
healthy people (Kratzel et al., 2020). So far, the drugs or vaccines
which are available to deal with this new type of coronavirus is not
so effective, and the global infection rate is increasing sharply. Under
the current circumstances, WHO has proposed preventive measures
and a healthy lifestyle with an effective immune system to fight and
keep safe from COVID‐19(Adams et al., 2008). Adapting to effective
hand hygiene is crucial, and one of the best recommendations of
WHO is to wash or disinfect your hands frequently with soap or
N60% alcohol‐based hand sanitizer, respectively(https://www.
cdc.gov/). WHO recommends the use of two alcohol‐based formulas
for hand hygiene in health care to make hands sensitive and reduce
the spread and infectivity of coronavirus. These recommendations
are based on fast, effective, and broad‐spectrum antibacterial activity,
and are easy to obtain and consider safe. The alcohol‐based hand san-
itizer recommended by WHO is mainly composed of ethanol, iso-
propanol, and different types of hydrogen peroxide portfolio
(Kilpatrick et al., 2011). Misuse of these preparations may be toxic
to human health and the environment. When these chemicals are
released through evaporation, they will have toxic and hazardous
effects on the environment(Slaughter et al., 2014). It is recognized that
the ingestion of low concentrations of hydrogen peroxide (3% solu-
tion) can cause mild gastrointestinal irritation (Moon et al., 2006b),
and in a few cases also cause portal vein thrombosis (Sung et al.,
2018) and mild mucosal irritation and vomiting (https://www.atsdr.
cdc.gov). Accidental or deliberate ingestion of isopropanol can cause
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severe respiratory or central nervous system depression. The methanol
toxicology review issued by the public health department of the United
Kingdom shows that methanol is toxic to the mouth and skin, but it is
not observed used in hand hygiene products(Mahmood et al., 2020).
Ethanol toxicity is also related to respiratory depression, which can
cause respiratory arrest, hypothermia, arrhythmia, and possibly car-
diac arrest, hypoglycemia, ketoacidosis, and hypotension (Gormley
et al., 2012). The main purpose of this review is to emphasize frequent
use of hand hygiene products with alcohol‐based formulas can cause
toxicity and serious health risks to human health and the environment.
As a preventive measure for COVID‐19, increasing the use of hand
wipes is harmful to the environment and harmful to human health.
It is recommended to wash your hands with antibacterial soap every
once in a while to eliminate possible infections caused by this
pandemic.
Methods

The research article on the topic of interest was searched in Google
Scholar, Pubmed, Sci‐Hub, WHO, Pubchem and the American Associ-
ation of Poison Control Centers (AAPCC) for systematic analysis of sci-
entific literature. Different terminologies were used as facilitation to
search out relevant articles from the search engines and databases.
The key words COVID‐19, Sar‐Cov‐2, disinfectants, alcoholism, sanitiz-
ers, human and environmental effects of disinfectants, disinfectant
effect on wildlife, and several other terminologies were mostly used.
The authors searched the reference lists of the included studies to
ensure literature coverage. All full text reports were analyzed to know
if they met the inclusion criteria. Mostly those article were included in
the study which highlighted COVID‐19 hazardous effects on humans
and wild life. Majority of the papers included in this study have
recently been published, although some of the earlier published arti-
cles have also been cited in order to clarify the essence of disinfectants,
and their effects on living beings because no applicable recent scien-
tific work has been published on the subjects involved.
Feature of coronavirus

Sars‐CoV‐2 is an enveloped virus with a fragile outer lipid layer is
more sensitive to disinfectants compared to non‐enveloped viruses
such as poliovirus, rotavirus, and norovirus etcetera (https://clean-
roomtechnology.com/). Coronavirus has a spherical shape with an
Fig. 1. Schematic diagram represents how disinfecta
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average diameter of 120 nm. Modified proteins that are formed during
post‐translation modification such as glycoproteins and transmem-
brane proteins are the constituent of the virus's outer surface envel-
ope(Kilpatrick et al., 2011; Kratzel et al., 2020). These antigenic
proteins act as prime mediating agents by attaching to the specific
receptors on the host. The potential virus integrates the genetic RNA
code and starts replication inside the host cell. The structural integrity
of the viral membrane determines the topological and tertiary struc-
ture of membrane proteins, therefore, any agents which interfere with
the integrity of the enveloped virus discourage the entry of the vial
particle, and prevent its infectivity (Fig. 1).

Principles of environmental cleaning and disinfection

The first step in the disinfection process is cleaning which helps to
remove pathogens and effectively reduce their loads on contaminated
surfaces. Organic matters (blood, secretions, and excretions), dirt, deb-
ris can be removed/reduced by using water, soap (or a neutral deter-
gent), and other mechanical actions like brushing and scrubbing but
can’t kill all type of microorganisms(Adams et al., 2008). Organic mat-
ter can inhibit direct surface contact of a disinfectant, inactivate sev-
eral disinfectants' germicidal characteristics or mode of action.
Chemical disinfectants, such as chlorine or alcohol, should then be
used after washing to destroy any residual microorganisms. A suffi-
cient disinfectant solution should be used to allow surfaces to remain
wet and untreated long enough for the disinfectant to inactivate patho-
gens. Spraying or fogging of certain chemicals, such as formaldehyde,
chlorine‐based agents or quaternary ammonium compounds, is not
recommended for COVID‐19, due to adverse health effects (Schyllert
et al., 2016; Zock et al., 2007). It would result in eye and skin irrita-
tion, bronchospasm due to inhalation, and gastrointestinal effects such
as nausea and vomiting (Organization, 2020; Schyllert et al., 2016).
Spraying tunnel, cabinet, or chamber with disinfectants is also not sug-
gested under any circumstances, due to physical and psychological
threats. Moreover, it would not reduce an infected person’s ability to
spread the virus through droplets or contact. Fumigation of outdoor
spaces, such as streets, sidewalks, unpaved walkways, or marketplaces,
is also not useful to eradicate the COVID‐19 virus or other pathogens
because disinfectant immediately become inactivated by dirt and
debris. Even in the absence of organic matter, chemical spraying is
unlikely to adequately cover all surfaces for the duration of the
required contact time needed to inactivate pathogens. It is still
important to reduce the potential for COVID‐19 virus contamination
nt interfere cellular integrity of corona viruses.

https://cleanroomtechnology.com/
https://cleanroomtechnology.com/


Table 1
List of recommended disinfectants during pandemic.

Active ingredient Structure Target viruses Application Contact time Formulation type

Chlorine Coronavirus Spray, CF, ULV, moping and wiping 4 min Dilutable

Sodium Hypochlorite Coronavirus Spray, CF, ULV, moping and wiping 2 min Dilutable

Ethanol Coronavirus Spray,CF, ULV, moping and wiping 2 min Ready-To-Use

Isopropanol Coronavirus Spray, Cold F, Foaming etc 30 sec Ready-To-Use

Hydrogen Peroxide (Peroxyacetic Acid) Coronavirus Wiping, spray and moping 10 min Dilutable

Quaternary ammonia Coronavirus Spray, fogging, Foaming 10 min Dilutable

Formaldehyde & glutaraldehyde Coronavirus Spray, CF, ULV, moping & wiping 2 min Ready-To-Use

Idophores Coronavirus Spray, CF, ULV, moping & wiping 2 min Dilutable
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in non–healthcare settings and to reduce the risk of fomite transmis-
sion in the hospital setting to any environment outside of the hospital.
High‐touch surfaces as, door and window handle, kitchen and food
preparation areas, countertops, bathroom surfaces, toilets and taps,
touchscreen personal devices, personal computer keyboards, and work
surfaces should be identified for priority disinfection. The disinfectant
and its concentration should be carefully selected to avoid damaging
surfaces and to minimize toxic effects on house members or users of
public spaces. The environmental cleaning techniques and cleaning
principles should be followed as surfaces should always be cleaned
with soap or detergent to remove organic matter first, followed by dis-
infection. In non‐healthcare settings, a recommended concentration of
0.1% (1000 ppm sodium hypochlorite) may be used(Bennett et al.,
2014). Alternatively, alcohol with 70%‐90% concentration may be
used for surface disinfection. Some countries have approved no‐
touch technologies e.g. vaporized hydrogen peroxide and devices
using UV irradiation in health‐care settings (Weber et al., 2016). Nota-
bly, these technologies supplement cannot replace the need for manual
cleaning procedures. Before the use of no‐touch disinfection technol-
ogy, environmental surfaces must be cleaned manually first by brush-
ing or scrubbing to remove organic matter (Rutala and Weber, 2013).
Various non‐touch disinfection methods used in hospitals against
highly resistant organism, such as aerosolized hydrogen peroxide,
H2O2 vapor, ultraviolet C radiation, pulsed xenon, and gaseous ozone,
but no data were found in the search for SARS‐CoV‐2 procedures
(Scarano et al., 2020). It is assumed that UV‐C flow germicidal lamps
and devices with HEPA filters have additional useful methods of air
disinfection when following CDC guidelines. In the clinical dental set-
ting, devices that use plasma disinfection and hydrogen peroxide fog-
ging may also be applied. While ozone is no longer the first‐choice
option for air decontamination in enclosed medical spaces due to its
toxicity. Finally, photocatalytic disinfection is a fascinating disinfec-
tion process, though its functional advantages are yet to be explored
(Tysiąc‐Miśta et al., 2021).
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Personal safety when preparing and using disinfectants

Working in places where suspected or confirmed COVID‐19
patients are present, or screening, triage, and clinical consultations
are carried out, cleaners should wear PPE includes uniforms with
long‐sleeves, closed work shoes, gowns and/or impermeable aprons,
rubber gloves, medical mask, and eye protection (preferably face
shield)(Organization, 2020). Avoid combining disinfectants, both dur-
ing preparation and usage, and perform and do it in well‐ventilated
areas. In non– healthcare settings, where disinfectants are being pre-
pared and used, the minimum recommended PPE is rubber gloves,
impermeable aprons, and closed shoes (Yates et al., 2017). Eye protec-
tion and medical masks may also be needed to protect against chemi-
cals in use or if there is a risk of splashing. Cleaning should go from the
least soiled (cleanest) to the most soiled (dirtiest) areas, and from the
higher to the lower stages. Use a new clean cloth for those areas which
are considered to be at high risk of COVID‐19 virus contamination.
Soiled clothes should be properly reprocessed after every usage and
the frequency of cloth changes should be given with an SOP. Equip-
ment used in isolation areas for COVID‐19 patients should be color‐
coded and separated from other’s equipment. Discard the detergent
or disinfectant solutions after using with suspected/confirmed
patient’s areas. It is preferable to prepare a fresh solution for each
change in the cleaning. Buckets should be cleaned with detergent,
rinsed, dried, and kept completely inverted to drain (Organization,
2019). Physicians must use a mask for safety in the event of a pan-
demic involving an airborne‐transmissible agent. To understand if
there are any points of concern for the health of the doctors, it is
important to determine the flow of air through the respirator.
However, if masks are not suitably used, the use of protective face
masks (PFMs) will not be successful. Because of airflow resistance
and discomfort associated with facial heat build‐up, particularly in
hot and humid weather, many individuals use a PFM without comply-
ing with safety regulations (Scarano et al., 2020).It is also very vital to
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recognize that the entry routes for SARS‐CoV‐2 are the airways‐ oral
cavity, nostrils, and eye conjunctiva. In addition, ACE2 receptor cells
are strongly expressed by both the salivary gland duct epithelium
and respiratory tract cells. Therefore, when operating close to the oral
cavity of the patient, the risk of contracting the virus is high. Extra care
and personal protection equipment’s should be enforced in order to
prevent this. In order not to infect themselves and also their patients,
all practitioners during this time have to take preventive steps. To do
this, the proposed equipment would cover the whole body as well as
the nose, eyes and mouth. Mouth protection is considered to be a
highly efficient mask by N95, while filtering masks are common with
FFP2 (filtering face piece 2) or FFP3 (filtering face piece 3). Glasses
and face masks should be used for the safety of the eyes. It is necessary
to insure body protection by waterproof, long‐sleeved medical gowns
and disposable head caps as well as hand protection by sterile surgical
gloves that should cover the gown cuffs (Bordea et al., 2020).

Disinfectants and their effect on virus Chlorine-based products

Hypochlorite products contain liquid (sodium hypochlorite), solid
or powder (calcium hypochlorite) formula (Table.1). These formulas
are dissolved in water to produce an unseparated dilute chlorine solu-
tion hypochlorous acid (HOCl) has an antimicrobial activity complex.
Hypochlorite shows extensive antibacterial activity, effective for sev-
eral common pathogens in various concentrations. Hypochlorite is
effective against rotavirus at a certain concentration of 0.05%
(500 ppm), but the higher concentration of 0.5% is needed for highly
resistant pathogens of (5000 ppm) in some medical settings, such as C.
auris and C. difficile (Köhler et al., 2018; Pereira et al., 2015). It is rec-
ommended to use 0.1% (1000 ppm) in the following situations: if
COVID‐19 is in a conservative concentration that will inactivate the
majority of other pathogens present in the health care setting. But
for blood and body fluids with large amounts of leakage (that is, about
10 ml or more) a recommended concentration of 0.5% (5000 ppm)
should be used (Morawska et al., 2020). In the presence of organic
matter, hypochlorite is quickly inactivated; therefore, no matter what
concentration is used, it’s important to clean the surface first thor-
oughly with soap and water or detergent with mechanical action (such
as scrubbing) Or friction. High concentrations of chlorine can cause
metal corrosion and skin or mucous membrane irritation, In addition
to the potential side effects related to the smell of chlorine is not suit-
able for vulnerable people, such as asthma patients (Pereira et al.,
2015). The different concentration level commercial sodium hypochlo-
rite products are readily available for use in various settings. In Europe
and North America, chlorine concentration changes in commercially
available products between 4% and 6% (Kampf et al., 2020). The con-
centration may also be based on compliance with national regulations
and manufacturer's regulations. To reach the required concentration, it
is necessary to prepare sodium hypochlorite by diluting the alkaline
aqueous solution with a certain percentage of clean, non‐turbid water
to achieve the final required concentration (Yates et al., 2017). Chlo-
rine can decompose promptly in solution, depending on the source
of chlorine and environmental conditions for example ambient tem-
perature or ultraviolet radiation. Chlorine solution should be stored
in an opaque container and kept well ventilated, covered area without
direct sunlight (Rutala et al., 1998). Chlorine solution is much stable at
high pH (greater than9), but a disinfectant performance at lower pH
values (<8), of chlorine, is stronger. Chlorine solution of 0.5% and
0.05% have proven to be stable more than 30 days at temperature
25–35 °C when pH is higher than 9. However, the lower pH chlorine
solution has a much shorter shelf life (Iqbal et al., 2016).Therefore,
the ideal chlorine solution should be prepared fresh every day. If this
is not possible then chlorine solution must be used for a few days, and
it should be tested daily to make sure the chlorine maintains concen-
tration. Several tests can be used to measure chlorine strength, includ-
ing chemical titration, chemical spectroscopy or colorimetry, color
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wheel, and test strips, in order of decreasing precision (Lantagne
et al., 2018).

Alcohols

Ethyl alcohol (ethanol) and isopropyl alcohol (isopropanol are uti-
lizing as a disinfectant against viruses, bacteria, and fungi. The bioci-
dal activity of these disinfectants depends on concentration and
affinity. The optimal concentration of antibacterial activity is
60–80% of alcohol(Al‐Sayah, 2020). Ethanol has more promising
results against hydrophilic viruses than isopropanol. Coronaviruses,
human immunodeficiency virus (HIV), and rotavirus are largely prone
to ethanol than isopropanol. Isopropanol is more active against fat‐
soluble viruses such as poliovirus and hepatitis A virus (HAV) (Iqbal
et al., 2016; Lantagne et al., 2018; McDonnell and Russell, 1999;
Warnes et al., 2015) . Ethanol and isopropanol have70‐90% of biocidal
activity against coronavirus in 30 s(Kampf et al., 2020; Warnes et al.,
2015). It is believed that alcohol disintegrates RNA, interfere mem-
brane integrity and cause denaturation of viral proteins. The ampho-
teric nature of these disinfectants disintegrates the tertiary structure
of proteins, causing the breakdown of the intramolecular hydrogen
bonds within the structure.

Oxidizing agents

Hydrogen peroxide and peroxy‐acetic acid are peroxide based dis-
infectants. These disinfectants denature proteins by oxidizing disulfide
bonds of proteins and thiol groups(McDonnell and Russell, 1999).
Hydrogen peroxide has a virucidal activity at a concentration of
1–3% and inactivates SARS‐CoV within one minute. The effectiveness
of hydrogen peroxide is even ‘more in the gas phase (Goyal et al.,
2014; Herzog et al., 2012). Peracetic acid is more potent and active
against a broad spectrum of pathogens at lower concentrations
(~0.3%); therefore, it is often used to sterilize medical devices
(McDonnell and Russell, 1999). Both peroxy compounds produce
hydroxyl free radicals and interfere with different components of the
virus, including lipid membranes, proteins, and nucleic acids
(Knotzer et al., 2015; Yamaguchi et al., 2016).

Phenol-based-disinfectants

These chemicals are usually based on substitution phenols and
bisphenols, where the hydrogen atom in the aromatic ring is substi-
tuted by alkyl or halogen (McDonnell and Russell, 1999). Due to the
high potency, these compounds have an important role in hospital dis-
infectants(Addie et al., 2015). Phenol derivatives inactivate hydrophi-
lic viruses at a concentration of 0.5 to 5% in a few minutes i.e. HIV
virus. These compounds act by denaturing proteins and membrane dis-
ruption, which leads to leakage of components.

Quaternary ammonium compounds

Quaternary ammonium compounds (QACs) are considered effec-
tive disinfectants(Rabenau et al., 2005b) . These compounds are based
on organic salts, where a cation is an amino group with four organic
substituents on the nitrogen atom, and the anion is a halide or sulfate.
The variations of substituents on amino groups between combinations
of alkyl, aryl, and/or heterocycles provide these compounds a wide
range of activities. Generally, one of the substituents is a long alkyl
chain, while the other three are smaller in size. This structure pro-
motes the formation of micelles which cause the lysis of the pathogen
membrane. A group of QAC family widely used as biocides is alkyl
dimethyl ammonium chloride, in which the structural change is
related to the length of the alkyl group. It is widely used against coro-
naviruses at the exposure of less than one minute and a concentration
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of 1% or even lower (Kampf et al., 2020; Pratelli, 2008; Saknimit et al.,
1988).

Formaldehyde and glutaraldehyde

Formaldehyde and glutaraldehyde compounds are being consid-
ered as advanced disinfectants for medical and surgical equipment
(Rutala and Weber, 2008). However, compared with glutaraldehyde,
the use of formaldehyde is restricted because of its strong odor and
smoke. It is listed as a possible carcinogen by OSHA (McDonnell and
Russell, 1999; Rutala and Weber, 2008; Tarka et al., 2016). These alde-
hydes can disinfect bacteria and by alkylating their proteins and
nucleic acids, they are active against coronaviruses within 2 min of
exposure, with a concentration range of 0.5–3%(Kariwa et al., 2006;
Rabenau et al., 2005a, 2005b)

Iodine-releasing agents

Iodophores is an iodine releasing agent formed by complex iodine
and a solubilizer in an aqueous solution because only iodine is unsta-
ble in water. For example, povidone‐iodine has long been used as an
antiseptic for various bacteria on the skin and tissues (Eggers et al.,
2018; Kariwa et al., 2006; Wood and Payne, 1998) In addition to dam-
aging nucleic acids, the released elemental iodine can also penetrate
membranes and attack the sulfuryl and disulfide bonds of proteins.
Research has shown that povidone‐iodine can inactivate SARS‐CoV
in suspension at a concentration of 1% or less in a few (Eggers et al.,
2018; Kariwa et al., 2006).

Disinfectants impact on humans and the environment

Currently, there are no effective drugs or vaccines available to con-
tain COVID‐19 infection, and the global infection rate has increased
dramatically. The WHO proposed preventive measures and a healthy
lifestyle to reduce the possibility of contracting COVID‐19. The WHO
also recommends the use of alcohol‐based hand sanitizers for frequent
hand washing (Allegranzi and Pittet, 2009)These hand sanitizers are
mainly composed of ethanol, isopropanol, and hydrogen peroxide in
different combinations. Misuse of these preparations may be toxic to
human health and the environment. When these chemicals are
released by evaporation, they have known toxicity and harmful effects
on the environment. In addition, the chance of frequent use of the
hand sanitizer has increased the trend of antimicrobial resistance
(Kilpatrick et al., 2011) (Table.2).

Impact on human health

Ethanol
Ethanol has been widely used as a disinfectant and consumed orally

as an alcoholic beverage. Due to the lack of sufficient research, its
potential to cause skin cancer through skin absorption is unclear
(Lachenmeier and Toxicology, 2008). However, ingestion or skin con-
tact with ethanol‐ based hand sanitizers is associated with minimal
systemic toxicity (https://proceedings.med.ucla.edu/) (Fig. 2). Differ-
ent people show different responses and tolerance levels to ethanol,
which makes it difficult to determine the degree of toxicity of
Table 2
Gender wise distribution of disinfectant cases in 2020.

Male 10,043 45.6%

Female 11.762 53.4%
Unknown 202 0.9%

Note: Adapted from Disinfectants by American Association of Poison Control
Centers (AAPCC), 2020. Retrieved from https://aapcc.org/disinfectants
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ethanol‐ based hand wipes. Skin contact with ethanol can cause skin
and eye irritation and allergies, while prolonged contact can cause skin
dryness or crack, and redness or itching (Table.5) (https://www.
nj.gov/). A German study reported that regular use of ethanol can
cause skin irritation or contact dermatitis (Lachenmeier and
Toxicology, 2008). A research report published in 2018 stated that
continuous use of ethanol‐based hand sanitizer affects the concentra-
tion of uric acid glyoxyuronic acid, and the production level was
observed to be higher than under normal conditions (without using
ethanol hand sanitizer (Salomone et al., 2018). The use of hydrogen
peroxide as disinfectant agent is supported by some studies due to
its virucidal potential(Ionescu et al., 2020). While other highlighted
the toxic affect associated with it (Colares et al., 2019). The hydroegen
peroxide applicability of 0.5% during mouth wash might be helpful to
decrease the viral load and reduced the possibility of getting COVID‐
19 from asymptomatic carrier during dental care. The use of disinfec-
tant is also dose dependent as 3% hydrogen peroide have been noticed
for its side affects (da Mota Santana et al., 2021).Ethanol toxicity is
also related to respiratory depression, leading to respiratory arrest
hypothermia, arrhythmia and possibly cardiac arrest, hypoglycemia,
ketoacidosis, and hypotension (Gormley et al., 2012). An ethanol level
of 300 mg/dl in the serum may cause an increased risk of respiratory
depression and arrest, while an ethanol level of ≥ 500 mg/dl may
cause cardiac arrest and death. (Tõnisson et al., 2013)). Ethanol expo-
sure may be related to acute liver damage, myoglobinuria, hypokale-
mia, hypomagnesemia, hypocalcemia, hypophosphatemia(Wilson
et al., 2015) and hydrodiuresis (Bouthoorn et al., 2011). At the end
of the debate, frequent and prolonged use of ethanol‐based hand san-
itizer may be harmful to health. If someone uses ethanol‐based hand
rubs countless times a day for several months, skin absorption can
cause poisoning as a result of COVID‐19 preventive measures. As var-
ious reports reflect, negligence or improper handling due to the inges-
tion of such products can lead to serious health problems (Bouthoorn
et al., 2011; Gormley et al., 2012; Salomone et al., 2018).

Isopropanol
Isopropyl‐based disinfectant poisoning is related to the toxicity of

ethanol to some extent, but due to its higher molecular weight, it is
more intense than ethanol(Wilson et al., 2015). The toxicity of iso-
propanol occurs mainly due to the accidental ingestion of the com-
pound, sometimes due to rectal or topical application. 160–240 ml
(Ashkar and Miller, 1971), and 250 ml (McBay, 1973), are considered
lethal doses of isopropanol. Several studies have reported that iso-
propanol can cause unconsciousness topical application(McFadden
and Haddow, 1969; Vermeulen, 1966; Wise, 1969) . According to
the “Material Safety Data Sheet” of Halloa Enterprises, the acute toxi-
city to the human body will occur at LD50 N 2000 mg/kg (oral),
through skin exposure, the acute toxicity will occur at LD50 N
2000 mg/kg, after inhalation LC50 N 5 mg/L. A blood concentration
of 1 g/l or higher was found in fatal poisoning (Adelson, 1962). The
lethal dose is approximately 250 ml(McBay, 1973). Also the iso-
propanol is a central nervous system depressant, metabolized into ace-
tone, may cause long‐term depression of the central nervous system,
reduce respiratory drive and hypotension(Olson et al., 2007;
Trummel et al., 1996). Isopropanol can also irritate the mucosal lining
of the gastrointestinal tract(Slaughter et al. 2014), gastritis(Olson et al.
2007), cause ketosis (Trummel et al., 1996), hypoglycemia, respiratory
depression, and increased serum creatinine. High doses may cause
myocardial depression, while long‐term use can cause rhabdomyoly-
sis, myoglobinuria, and acute renal failure. Death is related to the
ingestion of 100‐

200 ml 70% isopropyl solution and plasma
concentration ≥ 400 mg/dl(Zaman et al., 2002). According to reports,
there was a case of a 43‐year‐old man suffering from low blood pres-
sure and mental confusion due to the consumption of isopropanol in
2007 (Emadi and Coberly, 2007). Skin absorption Isopropyl alcohol

https://proceedings.med.ucla.edu/
https://www.nj.gov/
https://www.nj.gov/
https://aapcc.org/disinfectants


Fig. 2. Medical outcome of disinfectant cases from 1Jan 2020 to 13 Sep 2020. Confirmed non-exposure and unrelated effect cases are not included in this pie
chart. Single and multiple exposure cases included; additional NPDS data is required to correlate cases with outcomes. Note: Adapted from Disinfectants by
American Association of Poison Control Centers (AAPCC), 2020. Retrieved from https://aapcc.org/disinfectants.
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can irritate the skin and ice layer for a long time and frequently expo-
sure causes rash, itching, redness, and dryness(https://www.nj.gov/).
Hydrogen peroxide
The toxicity of hydrogen peroxide depends on its concentration and

intake as a general route of exposure (Food and Register, 1988). It has
been recognized that the intake of low‐concentration hydrogen perox-
ide (3% solution) has no acute hazard to human health and can cause
minor health problems(Moon et al., 2006a). In rare cases, it can cause
portal vein thrombosis, gastrointestinal problems, mild mucosal irrita-
tion, and vomiting(Adams et al., 2008). According to reports, intesti-
nal dilatation, and exposure to 3% of hydrogen peroxide is related
(Moon et al., 2006a; Watt et al., 2004). Hydrogen peroxide causes tox-
icity through the gas formation and local tissue damage, where it inter-
acts with tissue catalase and decomposes into oxygen and water. The
amount of oxygen released is related to the concentration of hydrogen
peroxide. 1 ml of 3% hydrogen peroxide is responsible for generating
10 ml of oxygen at standard temperature and pressure, causing bloat-
ing and gas embolism. When a large amount of oxygen is produced in a
small cavity (such as the stomach), air bubbles may pass through the
epithelial space. Due to a large amount of tissue catalase and H2O2

entering the vascular system, gas embolism easily occurs in multiple
organ. However, few people who consume 3% H2O2 as a disinfectant
will cause death when exposed to high doses(Moon et al., 2006a).
According to reports, an 18‐month‐old child died due to the intake
of 8 ounces. Inhalation of 3% H2O2 solution caused by fatal air embo-
lism. Skin contact with 3% hydrogen peroxide can cause mild skin and
mucous membrane irritation (https://www.nj.gov/).
Formaldehyde
Formaldehyde is used as a disinfectant and sterilant in both liquid

and gaseous states (Rutala and Weber, 2008). Formaldehyde is primar-
ily marketed and used as a water‐ based solution, known as formalin,
which weighs 37% formaldehyde. The aqueous solution is fungicidal,
sporicidal, bactericide, tuberculocidal, and virucidal (Emmons and
Syphilology, 1933; Protano et al., 2008; Rubbo et al., 1967) OSHA
has suggested the handling of formaldehyde as a possible carcinogen
and developed a worker’s exposure level for formaldehyde that
restricts an average reveals the concentration of 0.75 ppm in an 8‐
hour time‐weighted setting(Blackwell et al., 1981). A second allowable
exposure limit in the form of a short‐term exposure limit (STEL) of
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2 ppm is included in the norm, which is the maximum exposure per-
mitted over a 15‐minute duration (De Oliveira Matias and Coelho,
2002). Ingestion of formaldehyde can be lethal, and exposure to low
air and skin levels can cause breathing difficulties and skin irritation
in the longer term. Such as itching and dermatitis. For these reasons’
workers should have minimal contact with formaldehyde, which
restricts their role in the process of sterilization and disinfection
(https://www.osha.gov/) While formaldehyde‐alcohol is a high‐level
chemical sterilant, formaldehyde is a disinfectant, its unpleasant
fumes, and its stenchy odour even at very low dosages (<1 ppm)
restrict the health care usage of formaldehyde. This is why it is a so‐
called human carcinogen similar to nasal cancer and pulmonary cancer
(De Oliveira Matias and Coelho, 2002). Direct exposure to workers is
normally restricted when used; however, excessive formaldehyde
exposures have been reported in workers of renal transplant units
(Blackwell et al., 1981; Milestone and Management, 2017), and stu-
dents in a gross anatomy laboratory (Control, 1983). Different concen-
trations of the formaldehyde solution destroy a number of
microorganisms. The viruses tested were inactivated with 2% of for-
malin except for poliovirus that has been inactivated on 8% concentra-
tion of formalin in 10 min 724% formaldehyde is a tuberculocidal
agent, inactivating 104 M. tuberculosis in 2 min, and in the presence
of organic matter 2.5% formaldehyde inactivated about 107 Sal-
monella Typhi in 10 min (Christensen et al., 1989). Comparatively
the sporicidal action of formaldehyde 4% aqueous and 2% glutaralde-
hyde was slower than that of glutaraldehyde against the spores of B.
anthracis (Gorman et al., 1980).
Iodophors
Iodophors are iodine‐containing solutions and a solubilizing agent.

In this way, the solution slowly releases a small amount of iodine.
Iodophors interfere with the various biological entity in the microbial
cell. Iodophors penetrate the cell wall and cell membrane of microbes
and cause potential disintegration of DNA molecules. Iodophors also
bind and denature proteins(Robinson, 2014).The health professional
used solutions or tinctures as primary antiseptics on skin or tissue.
On the other hand, iodophors have been used both as antiseptics
and disinfectants. Iodophor is an iodine‐containing agent or carrier
which provides a reservoir of iodine to be released on a continuous
basis and release small quantities of free iodine to an aqueous solution.
Povidone‐ iodine, a compound of polyvinylpyrrolidone with iodine, is

https://www.nj.gov/
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Table 3
No of exposure in children (12 years or younger)
with hand sanitizer in 2020

Month No. of exposure cases

January 1610
February 1674
March 2466
April 1882
May 1924
June 1833
July 2312
August 2248

Note: Adapted from Hand Sanitizer by American
Association of Poison Control Centers (AAPCC),
2020. Retrieved from https://aapcc.org/track/
hand-sanitizer
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the best known and most commonly used iodophor. The germicidal
effectiveness of iodine is maintained by this product and other iodo-
phors but is usually non‐containing and relative free of toxicity and
irritation (Block, 2001). Many studies have shown that iodophors'
antimicrobial efficacy is bactericidal, mycobactericidal, and virucide,
but can take longer contact time to destroy certain fungi or bacterial
spores in vitro (Berkelman et al., 1982; Favero and preservation,
1991; Lloyd‐Evans et al., 1986; Rutala et al., 1991; Terleckyj et al.,
1987)The virucidal activity of 75–150 ppm available iodine was
demonstrated against seven viruses (Protano et al., 2008). Other inves-
tigators have questioned the efficacy of iodophors against poliovirus in
the presence of organic matter (Christensen et al., 1989)and rotavirus
SA‐11 in distilled or tap water (Lloyd‐Evans et al., 1986).

Glutaraldehyde
Glutaraldehyde is a high‐level disinfectant and chemical sterilant,

which has been commonly accepted(Lloyd‐Evans et al., 1986) . Glu-
taraldehyde aqueous solutions are acidic and typically are not sporici-
dal in this state. The solution becomes sporicidal only when the
solution is “activated” (made alkaline) by the use of alkalinizing agents
at pH 7.5–8.5. Until enabled, due to the polymerization of glutaralde-
hyde molecules at alkaline pH levels, these solutions have a shelf‐life
of at least 14 days. The active sites (aldehyde groups) of the molecules
of glutaraldehyde that are responsible for its biocidal activity are
blocked by this polymerization. The problem of rapid loss of activities
(e.g. 28 – 30 days in the use‐life) is resolved in new glutaraldehyde for-
mulation (i.e. glutaraldehyde‐phenol sodium phenate, acid potentiated
glutaraldehyde, alkaline stabilized glutaraldehyde) in the past
30 years, although retaining generally outstanding operation (Miner
and Ross, 1991; Raval et al., 2017). However, not only age but also
conditions of use such as dilution and organic stress depend upon
antimicrobial activity. Literature from manufacturer sources says that
the microbicide and anticorrosion properties of neutral and alkaline
glutaraldehydes are superior to glutaraldehyde acids and many papers
published to support these arguments. (Babb et al., 1980; Collins and
Montalbine, 1976; Masferrer, 1977)However, two studies did not indi-
cate a difference in alkaline and glutaraldehyde acid microbicidal
activity (Collins and Montalbine, 1976; Rutala et al., 1991). Glu-
taraldehyde solutions are widely used in health facilities, due to their
benefits, including their excellent biocidal properties; organic matter
(20% bovine serum) operation, and non‐corrosive steps for endoscopic
equipment, thermometers, rubbers, or plastics (Food and Administra-
tion 2001). Several researchers found that < 2% aquatic glutaralde-
hyde solutions, pH‐buffered to 7.5–8.5, have been effectively
destroying sodium bicarbonate vegetative bacteria in < 2 min; M.
Bacillus and Clostridium spores in 3 h and tuberculose, fungi and viral
disease in < 10 min (Babb et al., 1980; Block, 2001; Tuynman et al.,
1997). A glutaraldehyde‐phenol / phenate concentrate has been
cleared by the FDA as a high‐level disinfectant containing 1.12% glu-
taraldehyde with a concentration of 1.93% phenol/phenate. Other glu-
taraldehyde sterilants cleared by the FDA that produce 2.4%‐3.4%
glutaraldehyde are used undiluted. Health workers may be exposed
to high glutaraldehyde vapor levels if the equipment is processed in
poorly ventilated spaces, where spills occur, glutaraldehyde solutions
activated or changed (Leinster et al., 1993). When the baths are open
for immersion. Skin irritation or dermatitis and mucous membrane.
irritation of the eye, the nose, the mouth, or pulmonary signs may
result in acute or chronic exposure(Weber et al., 1998).
Glutaraldehyde‐exposed health care staff have reported epistaxis,
allergic contact dermatitis, asthma, and rhinitis (Beauchamp et al.,
1992; Corrado et al., 1986) In order to solve these problems, engineer-
ing controls and work practices may include exhaust duct hoods, air‐
systems exchanging 7 to 15 airs per hour, ductable fumigation hoods
with glutaraldehyde vapor absorbers, straightener lids in dip baths,
personal protection (i.e. nitrile or butyl rubber gloves, not natural
gloves) to minimize skin or mucus membranes(Foliente et al., 2001).
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Risk factor for children

Most hand sanitizers are packed in brightly colored bottles and
have an attractive smell, such as candy or any food flavor that is very
attractive to young children. If a child licks a small amount of disinfec-
tant to taste, he may not get sick, but the taste ingested is more than
the risk of alcohol poisoning (Table.3) (https://aapcc.org/track/
hand-sanitizer). Compare with adolescence, young children, including
babies, are more likely to get sick from alcoholism. The storage of liver
glycogen in young children decreases, which increases their sensitivity
to hypoglycemia and increases many pharmacokinetic factors, making
them more prone to alcoholism. Recent reports have recognized seri-
ous problems, including apnea, acidosis, and coma in young children
who consume alcohol‐based (alcohol) hand sanitizer. The CDC
researcher’s publication investigated the data on the exposure of chil-
dren under the age of 12 to hand sanitizer reported to the National Poi-
son Data System (NPDS) from 2011 to 14. The analysis was carried out
by age group (0–5 years old and 6–12 years old). In this age group,
approximately 70,669 people have been exposed to hand sanitizers,
92% of whom have been exposed to alcohol‐based disinfectants, and
the remaining 8% have been exposed to non‐alcoholic disinfectants
(Santos et al., 2017). Following the COVID‐19 outbreak in December
2019, WHO recommended the use of hand sanitizer as a preventive
measure against this epidemic, which has led to an exponential
increase in the use of alcohol‐based hand sanitizer as a hand hygiene.
In the first five months of 2020, the AAPCC reported 9504 alcoholism
Cases of contact with hand sanitizer in children under 12 years of age
and recognized that even a small amount of alcohol can cause alco-
holism in children, leading to poisoning, vomiting, and drowsiness.
In severe cases, it can also cause respiratory arrest and death
(https://aapcc.org/track/hand-sanitizer) .
Increased risk of other viral diseases

Medical experts have begun to warn that excessive use of alcohol‐
based hand sanitizers as a preventive measure against the coronavirus
will indirectly increase the risk of infection caused by skin diseases.
There is a reason for using too much disinfectant for new pneumonia
that caused the virus to damage the skin and reduce its ability as a bar-
rier against other harmful viruses. Disinfectants have been widely used
all over the world to improve hand hygiene. Excessive use of alcohol‐
based cleaners will increase skin permeability, deprive the skin of oil
and water, and cause skin roughness and irritation. Dry and damaged
skin has become a hotbed for many diseases, which can increase the
risk of bacterial infection with viruses into the skin (https://english.
kyodonews.net/) Research reports indicate that excessive use of disin-
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Table 4
Disinfectants effects on wildlife (USEPA ECOTOX Report, 2011)

Douglas Fir Applied ethanol concentrations of Seedlings 10% and greater lethal
within a week, effects also observed with 5% and 1% solutions

Japanese
Quail

Ethanol at 2% in drinking water had signi ficant effects on blood,
brain weight and growth after 7-day exposure

Honeybees Bees fed solutions of ethanol (5% and greater) showed behavioural
effects, and mortality with solutions of 50% ethanol.

Little Brown
Bat

LD50 of 3.9–4.4 g/kg

Table 5
Disinfection agent effects on people's health.

Disinfectant
Agent

Effects on human health

Ethanol Skin: Dermatitis, allergies, dryness cracks, and redness or itching
Eyes: Irritation and allergies
Respiratory depression: hypothermia, arrhythmia and possibly
cardiac arrest, hypoglycemia, ketoacidosis, hypotension
Liver damage: Myoglobinuria, hypokalemia, hypomagnesemia,
hypocalcemia, hypophosphatemia, hydrodiuresis

Isopropanol Skin: Irritation, rashes, itching, redness, and dryness
Central nervous system (CNS): CNS depression
Gastrointestinal track (GIT): Irritate the mucosal lining, gastritis,
ketosis
Respiratory track (RT): Respiratory depression
Cardiac: Increase serum creatinine, myocardial depression,
hypotension, hypoglycemia
Renal: Rhabdomyolysis, myoglobinuria, and acute renal failure

Hydrogen
peroxide

Portal vein thrombosis
Gastrointestinal problems: vomiting, bloating, gas embolism
Skin and mucous membrane irritation

Formaldehyde Breathing difficulties
Skin: irritation, itching and dermatitis
Renal problems

Iodophors Irritation, itching
Glutaraldehyde Skin: dermatitis, mucous membrane

Irritation of the eye, the nose, and the mouth
Epistaxis, allergic contact dermatitis, asthma, and rhinitis
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fectants in some cases may increase the risk of viral outbreaks (Vogel,
2011). Previously published reports show that heavy use of alcohol‐
based hand sanitizers increases the risks of the norovirus outbreak.

A survey of 160 nursing facilities was conducted to discover the
association between the preferential use of alcohol disinfectants and
norovirus outbreaks. Of the total number of facilities under investiga-
tion, 91 received positive responses during the investigation, of which
73 outbreaks of these, 29 cases were diagnosed with norovirus.
Employees in facilities that have experienced norovirus infection are
six times more likely to use hand sanitizer than soap and water
(Blaney et al., 2011).

Antimicrobial resistance caused by overuse of hand sanitizer

Due to the coronavirus pandemic, scientists, doctors, and the gov-
ernment advise community members on the best hygiene practices
and protect them from COVID‐19 by using hand sanitizer(https://
www.cdc.gov/). Alcohol disinfectants have been used to control many
microbial‐ derived diseases worldwide (Pidot et al., 2018). It has been
observed that excessive use of alcohol‐ based hand sanitizers can lead
to drug resistance, which may place more burdens on already strug-
gling healthcare professionals. Repeated exposure of disinfectants,
antibiotics, or other genotoxic chemicals to microorganisms can cause
them to mutate through natural processes, making them resistant to
repeated use of hand sanitizer (https://www.cdc.gov/; Pidot et al.,
2018) Between 1997 and 2015, 139 strains of Enterococcus faecalis iso-
lated from hospitals were tested for alcohol tolerance. The results
showed that after 2010, Enterococcus faecalis was 10 times more resis-
tant to alcohol than older strains. In the early 2000 s, Australian hos-
pitals began to install more hand sanitizers. These hand sanitizers
caused a faster rise in enterococcal infections. Similar results have
been observed in other parts of the world due to excessive use of
alcohol‐based hand sanitizers (Mahmood et al., 2020). According to
reports, E. coli and Pseudomonas aeruginosa are respectively resistant
to all disinfectants available on the market. Pseudomonas aeruginosa
and Cryptococcus have been found to be resistant to daylight hand san-
itizers. Almost all gram‐negative bacteria are resistant to Cool & Cool,
Safeguard, Purell, Fresh up, Insta foam disinfectants(Hayat and
Munnawar, 2016).

Toxic impacts on the environment

Ethanol has been widely used in industry and households, and its
impact on humans and the environment is still controversial
(Pendlington et al., 2001). Aquatic organisms may be directly affected
by the leakage of ethanol in water bodies. Many studies have been con-
ducted to evaluate the effects of ethanol on different species reflecting
different effects. The New England Interstate Water Pollution Control
Commission (NEIWPCC) (Water, 2001) evaluated the data available
at the time and established a water quality benchmark for ethanol
use. They evaluated Aquatic invertebrates, such as daphnia species,
rainbow trout, and blackhead flatfish, have baseline levels of acute
and chronic exposures of 564 mg/l, and 63 mg/l, respectively. Later,
the ECOTOX database was established on the EPA to determine. In
2001, the NEIWPCC was related to these species.(https://www.nlm.
nih.gov/) HSDB found that the octanol/water partition coefficient
(Kow) of ethanol is 0.49, which indicates that due to the high expected
value, ethanol is unlikely to be bio‐concentrated in adipose tissue
metabolic rate. The NEIWPCC (Water, 2001), evaluated the effect of
ethanol on oxygen depletion after the leakage of ethanol at 55 mg/l,
32 mg/l, and 13 mg/l in small streams, ordinary rivers, and large riv-
ers, respectively. On the other hand, because ethanol evaporates, pen-
etrates, or penetrates into the depths of soil or groundwater and
rapidly biodegrades, it is less likely that terrestrial animals are exposed
to ethanol leakage. However, it is expected that local microorganisms
and other invertebrates may be affected by the leakage (https://
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www.mass.gov/). According to the U.S. Environmental Protection
Agency (USEPA), the 2011 ECOTOX report, wildlife is affected by dif-
ferent percentages of ethanol solutions (Table.4). The impact of base-
line ethanol concentration on aquatic organisms and wildlife shows
that compared with terrestrial organisms, aquatic organisms face
greater risks. The hazards of ingesting ethanol‐containing foods are
unlikely to occur because ethanol can cause adverse effects due to
its high volatility and no accumulation in fatty tissue(Miranda et al.,
2011).

If a large amount of isopropyl alcohol is spilled on the soil, it may
be filtered and contaminate the groundwater. Isopropanol has the abil-
ity to be oxidized by photochemical substances in the air, which makes
it the least persistent in the atmosphere. Due to its rapid biodegrad-
ability, it cannot bioaccumulate. Since a large amount of water has a
strong ability to consume oxygen in the water body, a large amount
of leakage into the water body may cause environmental damage
(Gormley et al., 2012). Eventually, it will have an adverse effect on
the aquatic biological system. In reported data, trace amounts of pro-
panol were also detected in drinking water samples collected from
industrial areas and found to be non‐toxic (https://www.atsdr.
cdc.gov/). Normal use of isopropyl alcohol will not cause accidental
leakage and will not cause any impact on the environment. Iso-
propanol does not participate in the production of ground‐level ozone
and photochemical smog‐like other volatile organic compounds.
According to the American Toxicology and Disease Registry, hydrogen
peroxide does not harm the environment due to its rapid reaction with
other compounds. It degrades rapidly in water and soil and has no
potential to accumulate in the food chain (https://www.atsdr.
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cdc.gov/)The European (EU) risk assessment of hydrogen peroxide did
not find a non‐biological half‐life in water or soil because it is a short‐
lived substance in the environment. The estimated half‐life in the
atmosphere is 24 h. The EU's risk assessment of hydrogen peroxide
found short‐term toxicity data for fish, invertebrates, and algae from
the aquatic environment. The lowest long‐term aquatic toxicity test
result is a NOEC of 0.1 mg/l for algae. In addition to algae studies,
long‐term data on zebra mussels are also available. A quantitative risk
assessment of aquatic organisms and microorganisms has been carried
out. Evaluation proves that no further information or hydrogen perox-
ide testing is required (https://www.heraproject.com/).

Conclusion

Chemical disinfectants are readily accessible and are useful mea-
sures to fight the SARS‐CoV virus on the surface or in the water. Some
of these disinfectants are common chemicals, like alcohol and
hypochlorite solutions, that are affordable, low in toxicity, easy to
use and demonstrate excellent bactericidal activity in a short time.
In healthcare centers, other more advanced chemicals are used to
clean medical equipment and surfaces that are hard to access. Con-
versely, frequent use of these disinfectants may be fatal. The tendency
of ethanol to cause skin cancer by absorption and carcinogenicity of
the skin is still under scientific debate and research, despite the lack
of recent research. Common hand sanitizers are also linked with min-
imal system toxicity. Comparable to ethanol, isopropanol has some
adverse effects on human health and the environment. Although a
small amount of hydrogen peroxide has been documented to be harm-
less to humans, they have little effect on the environment. Children are
at a higher risk of becoming poisoned. In the previously published
studies, it's been reported that extensive use of alcohol‐based hand san-
itizers can develop resistance to antibacterial effects, adding more bur-
den to those who are already dealing with medical staff. Via natural
processes, prolonged exposure to disinfectants and antibiotics or other
chemical compounds that are genetically toxic to micro‐organisms will
render them vulnerable to mutations and may withstand the effects of
repeated use of hand sanitizer.

Limitation of the review

There is no accuracy at real science, when we explore more with
the passage of time, and develop sense to better understand biological
phoneomena, precise observation and create more authentic data, we
believe that most of the paper cited in the article are recently pub-
lished, while some of the relevant data are taken from the old articles.
Though there must be some articals which were important, might me
be missed.
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