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ARTICLE INFO ABSTRACT

Editor: Z. Wen The Coronavirus disease-2019 (COVID-19) outbreak is caused by a highly pathogenic novel coronavirus (SARS-
CoV-2). To date, there is no prescribed medicine for COVID-19. Frequent handwashing with soap and the use of
alcohol-based hand sanitizers is recommended by WHO for hand hygiene and to prevent the spread of COVID-19.
However, there are safety concerns associated with the use of soaps and alcohol-based hand sanitizers. Therefore,
the review aims to highlight the health and environmental concerns associated with the frequent use of soaps/
detergents and alcohol-based hand sanitizers amid COVID-19. The potential of some of the natural detergents
and sanitizing agents as eco-friendly alternatives to petrochemical-based soaps and alcohol-based hand rubs for
hand hygiene are discussed. The market of soaps and hand sanitizers is expected to grow in the coming years and
therefore, future research should be directed to develop eco-friendly soaps and hand sanitizers for human and
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environmental safety.

1. Introduction: COVID-19 and hygiene

Coronavirus Diseases 2019 (COVID-19), which was first reported in
Wuhan city (China) in December 2019 has already spread around the
world within a short time. World Health Organization (WHO) has
already declared it a pandemic before the mid-March 2020. Globally
number of COVID-19 positive cases has reached up to 20,439,814
including 744,385 deaths worldwide as on August 13, 2020 [1]. The
infective agent of COVID-19 is Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), a highly pathogenic human coronavirus.
Researchers and scientists around the world are searching for the right
medication and looking to develop the vaccine to control the disease.

As vaccine or approved drugs are not available for COVID-19, it is
advisable to prevent its spread by following simple measures as pre-
scribed by WHO [2]: (a) Hand hygiene: Regularly wash hands with soaps
and when washing facility is not available to clean hands with
alcohol-based hand rubs; (b) Social distancing: Maintain at least 3 feet
distance with others and avoid visiting crowded places, if possible; (c)
Respiratory hygiene: Use a tissue or cover your mouth and nose with the
bent elbow while sneezing or coughing, or always wear a mask when
going outside or visiting any public place; (d) Stay home and stay safe:
Stay at home and self-isolate in case of feeling unwell or having any
symptoms of cough, fever, headache. In brief, personal hygiene is key to
prevent the spread of this contagious disease. Soaps and hand sanitizers
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play a crucial role in maintaining personal hygiene to fight against
COVID-19.

The active components of soaps are detergents derived from the
petrochemicals, while the recommended hand sanitizers contain high
concentrations of alcohol. The detergents and alcohol cause skin irrita-
tion and dryness and are hazardous to the environment [3-5,56].
Therefore, there is a need for eco-friendly soaps and hand sanitizers for
human and environmental safety.

Various nature-based compounds such as microbial biosurfactants
and plant secondary metabolites have been reported to have antimi-
crobial and virucidal activities [6-8]. These natural compounds are
usually non-toxic and easily biodegradable. Therefore, this short-review
aims to highlight the health and environmental concerns of using soaps
and alcohol-based hand sanitizers amid COVID-19 and to discuss the
potential of some of the natural detergents and sanitizing agents as
eco-friendly alternatives to petrochemical-based soaps and
alcohol-based hand rubs for hand hygiene.

2. Hand hygiene with soaps and alcohol-based sanitizers

Hand hygiene using soaps or hand sanitizers is the first-line defensive
measure to fight against COVID-19. Soaps or detergents (chemical sur-
factants) are surface-active agents. They are synthesized from petro-
chemicals and act by reducing the surface and interfacial tension
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between two phases. Linear alkylbenzene sulfonates (LAS) having a
chain length of C;0-C14 are the most commonly used surfactants in
soaps, detergents, shampoos, and personal care products [9]. Hand-
washing facilities like the availability of water are required for main-
taining hand hygiene by soaps/detergents.

Hand sanitizers are popular as they can be carried easily and useful
when handwashing facilities are not readily available. Not all sanitizers
are effective and therefore, WHO has recommended the use of alcohol-
based hand sanitizers which can be easily prepared for local production.
The composition of WHO-recommended hand sanitizer formulations
contains, either ethanol (96 %; final concentration 80 % v/v) or iso-
propyl alcohol (99.8 %; final concentration 75 %) along with hydrogen
peroxide (0.125 % v/v as a preservative to inactivate bacterial spores)
and glycerol (1.45 % v/v as a humectant — moisturizing agent) diluted
with sterilized distilled water or boiled water [10]. In commercial
products, propylene glycol is being used as a humectant. A viscosity
enhancer such as alkyl acrylate cross-polymer, tetrahydrox-
ypropyl-ethylenediamine, etc. is usually added in alcohol-based han-
d-rub gels. The cost of alcohol-based liquid and gel sanitizers is ranged
around US$ 2.5-5.4 and US$ 8, respectively [10].

The mechanism of killing the microorganisms by soaps or detergents
relies on the fact that they disrupt the lipophilic membrane of the cell
wall of bacteria and other microorganisms including enveloped viruses
[11]. Similarly, alcohol also dissolves the lipid membrane of microor-
ganisms. Literature suggests that ethanol is highly effective (within 30 s)
against almost all clinically relevant enveloped viruses including coro-
naviruses (SARS-CoV i.e. Severe Acute Respiratory Syndrome Corona-
virus and MERS-CoV i.e. the Middle East Respiratory Syndrome
Coronavirus, which belong to the same class of viruses as SARS-CoV-2),
and influenza viruses [12,13]. Therefore, alcohol-based hand sanitizers
with alcohol content >60 % v/v are popular and recommended by WHO
and other national organizations such as CDC (Centers for Disease
Control and Prevention), USA [14]. The recent study by Kratzel et al.
[15] reports that SARS-CoV-2 was efficiently inactivated by ethanol and
2-propanol at a concentration of >30 % v/v and by the two preparations
recommended by WHO in 30 s. That’s why frequent hand washing with
soaps and hand hygiene with alcohol-based hand sanitizers has been
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recommended. The simplified mechanism of soaps/detergents and
alcohol-based hand sanitizers are presented in Fig. 1.

2.1. Soaps and chemical detergents—environmental impact

Chemical detergents or surfactants, one of the emerging contami-
nants are not easily degradable and persist in the environmental
matrices for a long duration and therefore, contribute to environmental
pollution. Their toxicity to the living organisms including microorgan-
isms to mammals of the different ecosystems (water, soil, and sediments)
are well reported [4,5]. They also increase the concentrations of hy-
drocarbons and pesticides in the aqueous environment and antibiotic
resistance in microorganisms [16,17]. Their concentrations in greywater
effluents and natural waters ranged from 0.7 to 70 mg/L and 0.001 to 10
mg/L, respectively [4,18]. Their treatment in wastewater treatment
plants is challenging and they also create secondary issues like foaming,
interruption in oxygen diffusion, inhibition of the biodegradation of
organic compounds, and denitrification process [17]. LAS, anionic sur-
factants are non-biodegradable anaerobically, though it could be
degraded aerobically (80-96 %). Nonylphenol ethoxylates, non-ionic
surfactant, is poorly degraded (<20 %) in aerobic wastewater treat-
ment plants [9].

Due to frequent hand washing during the COVID-19 pandemic, the
concentrations of surfactants in the wastewater generated from the
household and other institutions are expected to increase by several
times. Their impact on the performance of the wastewater treatment
plants and environment during and the post-COVID-19 pandemic is yet
to be quantified.

2.2. Health and environmental concerns of alcohol-based hand sanitizers

The general safety issues associated with alcohol-based hand sani-
tizers are flammability of alcohol and toxicity due to the accidental
ingestion of the sanitizer. In a recent review by Mahmood et al. (2020),
the human health risks and environmental concerns of alcohol-based
hand sanitizers are highlighted. Alcohol and isopropyl alcohol spills in
the water bodies are toxic to aquatic animals, while a large amount of
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Fig. 1. Hand hygiene by washing hands with soap and alcohol based hand sanitizers (modified from [25] under CC BY 4.0 License).
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isopropyl alcohol spill at soil may contaminate the groundwater [56].

Though the key components of hand sanitizers, alcohol and HyO, are
in general not toxic externally, there is a concern of skin damage due to
excessive use of hand sanitizers, which can lead to an inability of the
skin to protect against other microorganisms or viruses [56]. Younger
kids (12-year-old children or younger) are at high risk due to accidental
ingestion. In children, even a small dose of alcohol can cause alcohol
poisoning. Therefore, the American Association of Poison Control Center
(AAPCC) regarded hand sanitizers as emerging hazards. In the first six
months (January to June 2020), 11,363 cases of exposure due to hand
sanitizer have been reported according to AAPCC (https://aapcc.org/tra
ck/hand-sanitizer).

Methanol contamination has also been found in hand sanitizers
probably due to the high demand for ethyl alcohol and isopropyl alcohol
during this pandemic. FDA (U.S. Food & Drug Administration) found
methanol contamination in several tested hand sanitizers (77 products
as on July 23, 2020) and advises consumers not to use hand sanitizers
from certain manufactures [19]. Therefore, there is a dire need to
replace alcohol-based hand sanitizers with non-toxic or low-toxic hand
sanitizers for human and environmental safety.

2.3. Hand sanitizers and soaps and the risk of antimicrobial resistance in
the environment

Antimicrobial resistance due to the rampant use of antibiotics and
other antimicrobial agents has become one of the major concerns
worldwide. Apart from antimicrobials (antibiotics, antivirals, and anti-
parasitics), excessive use of surfactants, alcohol, and hydrogen perox-
ides are also known to cause resistance to microorganisms [20-23].
Recent findings revealed that the pathogen Enterococcus faecium, which
is a leading cause of nosocomial infections has become 10-fold more
resistant to hand-wash alcohol (70 % isopropanol) [22]. Other reports
also suggest the excessive use of alcohol-based hand sanitizers in hos-
pital settings creates a selection pressure to develop more resistant
strains of pathogens [24]. Though these reports confined to medical/-
hospital settings as alcohol-based disinfectants and hand-rubs are
commonly used in hospitals, the role of alcohol in causing antimicrobial
resistance in natural environments could not be ignored due to their
excessive use amid COVID-19.

Antimicrobial agents such as triclosan, triclocarban, chlorhexidine,
and quaternary ammonium compounds (benzalkonium chloride) are
usually added in medicated hand soaps and non-alcohol based hand rubs
[23,25]. Triclosan (2, 4, 4’ — trichloro- 2'-hydroxydiphenyl ether) is the
most commonly used antibacterial agent in medicated hand soaps and
other personal care products. Triclosan and its related compounds are
endocrine disrupters and persistent in the environment, which have the
potential to induce multi-antibiotic resistance through genetic muta-
tions in pathogens [23,26]. The environmental toxicity of quaternary
ammonium compounds is well-reviewed and documented [27,28].
Several pathogens including Pseudomonas aeruginosa, Bacillus cereus,
Escherichia coli, Mycobacterium species, have shown resistance and
tolerance to benzalkonium chloride. Not only this, cross-resistance be-
tween benzalkonium chloride and antibiotics have also been well
documented in the literature [27]. Therefore, excessive use of hand rubs
and medicated hand soaps having such antimicrobial agents during and
post-COVID-19 pandemic could lead to a much more devastating impact
on the environment and humans.

3. Ecofriendly hand hygiene

Several natural compounds derived from microbial sources or plants
possess detergents, humectants, antibacterial, antifungal, and antiviral
properties, and could be potential agents in nature-based soaps and hand
sanitizers. The natural compounds are biodegradable, non-toxic to the
environment, and usually biocompatible to humans. The main features
of ecofriendly hand hygiene by using nature-based soaps and sanitizers
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are presented in Fig. 2.
3.1. Biosurfactants (microbial and plant-derived surface-active agents)

Many microorganisms (bacteria, yeasts, and fungi) and plants pro-
duce surface-active agents called biosurfactants. Chemically they are
amphiphilic compounds i.e. have both lipophilic and hydrophilic moi-
eties in their structure. The biosurfactants possess similar properties as
their chemical counterpart. For example, they efficiently reduce the
surface and interfacial tensions between two phases, act as emulsifiers,
and have foaming properties. Therefore, biosurfactants are potential
agents to replace synthetic surfactants in soaps and detergents.

3.1.1. Microbial biosurfactants

Based on their chemical structure microbial biosurfactants are clas-
sified as glycolipids, lipopeptides, phospholipids, polymeric surfactants,
and particulate surfactants [29]. Rhamnolipids, sophorolipids, and
surfactin are the most widely studied microbial biosurfactants. Their
antimicrobial (antibacterial and antifungal), pharmaceutical and medi-
cal applications such as anticancer, anti-inflammatory and immuno-
modulators, antihypertensive activities are well reported in the
literature [30,6,29,31]. More importantly, they have also been active
against various viruses. For example, surfactin — a cyclic lipopeptide
type of biosurfactant has shown antiviral activities against various
enveloped and non-enveloped viruses such as Porcine epidemic diarrhea
virus, transmissible gastroenteritis virus, herpes simplex virus, Semliki
Forest virus, and vesicular stomatitis virus [32,8]. Similarly, sopho-
rolipid - a glycolipid type of biosurfactant has also shown in-vitro
antiviral activity against enveloped viruses (influenza virus, herpes
virus, and human immunodeficiency virus) [6].

Many of the microbial biosurfactants are already in the market as
household detergents, and active ingredients in cosmetics and personal
care products [33,29,31]. For example, sophorolipids are the active
ingredients of various cosmetics and personal care products available
commercially, which shows they are biocompatible and non-toxic.
Rhamnolipids and surfactin also find application in bio-detergent and
lip gloss formulations as biocompatible and nonirritant biosurfactants
[34-36].

Overall, properties such as antiviral, antimicrobial, low-toxicity, skin
biocompatibility, wettability, and detergent properties make microbial
biosurfactants as suitable candidates for the key component of hand
hygiene formulations (soaps as well as non-alcohol based hand sani-
tizers). Moreover, they can also be produced by the microbes using
renewable waste materials to make them competitive to chemical sur-
factants [37,38].

3.1.2. Plant-based surfactants

Plants secrete various secondary metabolites and many of them
possess surfactant properties. Saponins are the most widely studied
plant-derived biosurfactants and >500 plant species secrete them as
secondary metabolites. It is found in different parts of the plants (root,
stems, bark, leaves, fruits, and seeds) and their concentrations in plant
extracts vary from 0.1 to 10 % [7]. Saponins from the tree Quillaja
saponaria Molina (Chilean soapbark tress) are commercially available
and found applicability in food, cosmetics, and pharmaceutical in-
dustries. Apart from antibacterial and pharmaceutical agents, Quillaja
saponins also possess antiviral activity against various viruses such as
vaccinia virus, herpes simplex virus, HIV, and reovirus [7,39].

Saponins from the root of plants Bupleurum marginatum (saikosapo-
nins) and Parispolyphylla (Polyphylla saponins) are effective against the
influenza A virus (HIN1) [40,41]. Saikosaponins also reported having
antiviral activity against coronavirus H-CoV-22E9 by preventing the
early stage of infection, viral attachment, and penetration [42]. The
Camellia sinensis var. assamica seed cake (an unutilized saponin source)
based detergent was reported to have LD50 values >14 g/kg in mice
with stronger activity than commercial detergent [43]. Plant extracts of
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Fig. 2. Simplified overview of the key points of using alcohol based, and ecofriendly nature based hand sanitizers and soaps for hand hygiene.

horse chestnuts and soap nuts have also been suggested as good candi-
dates for surface hygiene management [44].

In the Kumaun region of Uttarakhand (India) 22 plant species have
been used as traditional soaps and detergents. Different plant parts such
as seeds, seed coats, barks, leaves, and young shoots, roots, ash have
been used for washing and bathing purposes by the local people [45].
Overall, all these properties of plant-derived natural soaps and de-
tergents have the potential to replace the synthetic detergents and
alcohol-based sanitizers. However, in-vitro activities of these natural
biosurfactants against coronaviruses and SARS-CoV-2 has to be tested
before using for hand hygiene.

3.2. Aloe vera gel - antiviral agent, a natural humectant and viscosity
enhancer

Propylene glycol is the most commonly used humectant in hand
sanitizers due to its low cost. A viscosity enhancer such as carbomer
hydroxyethyl cellulose, sodium carboxymethyl cellulose, etc. is also
added in the hand rubs. Aloe vera gel, a transparent mucilaginous jelly-
like material obtained from the Aloe vera plant is a natural humectant,
which can be used as an alternative to conventional humectant and
viscosity enhancer [55]. Aloe vera gel contains water (99 %), gluco-
mannans, amino acids, lipids sterols, and vitamins [46]. It has various
medicinal properties and therefore, it is used in various pharmaceutical
applications. Antiviral and antibacterial effects of Aloe vera has also been
reported in the literature [46,47]. Aloin and aloe-emodin are the key
molecules for the antiviral activity of Aloe vera. These molecules kill the
enveloped viruses including SARS-CoV-1, influenza, and HIV viruses
either by destructing the lipid envelope of the virus or inhibiting the
viral replication [47]. All these properties make it an attractive choice to
be a key component in a non-alcoholic hand rub sanitizer.

3.3. Essential oils and phenolic compounds

Essential oils and phenolic compounds from a variety of plants have
been reported to have antiviral activities due to their power to solubilize
the lipid membrane of enveloped viruses including human

coronaviruses [48,49]. Resveratrol — a triterpenoid found in grape seeds
and skin has been reported to prevent the entry and inhibit replication of
SARS-CoV (MERS-CoV) [50]. Lemon balm oil — an essential oil, which
inhibits the enveloped herpes simplex virus and phenolic compounds
from the Isatis indigotica, which inhibits coronavirus, could also inacti-
vate SARS-CoV-2 [49]. However, the low-yield of essential oils and
phenolic compounds could be a major factor for their commercial
application in hand-sanitizers.

4. Economic aspects of eco-friendly soaps and hand-sanitizers

The main raw material used in soaps and hand sanitizers is petro-
chemicals based surfactant and ethanol (or isopropanol), respectively.
Petrochemical based surfactants and ethanol are priced around US$
1-3/kg and US$ 1.38/gallon, respectively ([51]; https://tradingecono
mics.com/commodity/ethanol). The major limitation of the commer-
cialization of any bio-based product is the cost associated with its pro-
duction and biosurfactants are not different. However, considering the
huge market demand for biosurfactants, several companies have
emerged in recent years. These companies are based in Europe, the USA,
and Asia [37]. The costs of commercial biosurfactants are reported to be
around US$ 2.5-6.3/kg and US$ 5/kg for sophorolipids and rhamnoli-
pids, respectively which is 2-3 times higher than petrochemicals based
surfactants [51]. The raw material and downstream processing of
bio-product usually account for 10-30 % and 60-70 % of total pro-
duction cost, respectively [37,51]. Therefore, the production cost of
biosurfactants could be reduced further by utilizing low-cost renewable
waste materials as substrates, developing innovative and cost-effective
separation processes, and bioprocess optimization. The use of
solid-state fermentation over submerged fermentation and production of
biosurfactant as a coproduct with other industrially important
biochemical are the other strategies [52] which could be adopted to
make them economically viable for various applications including
eco-friendly soaps and sanitizers.

In the case of plant-derived biosurfactants and other antimicrobial
agents, the plant processing and extraction of the active compounds
using conventional methods such as maceration, soxhlet extraction,


https://tradingeconomics.com/commodity/ethanol
https://tradingeconomics.com/commodity/ethanol

A. Daverey and K. Dutta

hydro-distillation are not cost-effective for industrial-scale application.
Such conventional techniques have various limitations including low
extraction rate, use of hazardous and costly solvents, and high energy
consumption [53]. Therefore, emerging extraction techniques such as
microwave-assisted extraction, ultrasound-assisted extraction, super-
critical fluid extraction, and pulsed electric field extraction are gaining
interest. These emerging techniques are regarded as green and sustain-
able extraction techniques [53,54] and could make these plant-derived
antimicrobial agents as viable ingredients in natural hand-sanitizers.
However, it is important to look indigenous plants for the economic
viability of plant-derived biosurfactants and other natural antimicro-
bials for their utilization as key ingredients in nature-based soaps and
hand sanitizers.

5. Conclusion

Good hand hygiene prevents the spread of various diseases including
COVID-19. Handwashing with soaps and the use of hand sanitizers to
clean hands have increased immensely during the COVID-19 pandemic.
The global market of detergents and hand sanitizers is expected to grow
in the coming days. However, considering the harmful effects of
chemical detergents and hand sanitizers, it is high time to replace them
with eco-friendly natural agents. Several microbial biosurfactants and
plant secondary metabolites possess detergent, antimicrobial and anti-
viral activities. Being non-toxic and biodegradable, these eco-friendly
agents have tremendous potential to replace conventional soaps and
hand sanitizers. Economical production of biosurfactants and extraction
of bioactive antimicrobial agents from the plants will play a crucial role
in their commercial application and sustainability as eco-friendly soaps
and hand sanitizers and therefore further research is needed in this
direction.
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