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Abstract
Aim The article reviews the current usage of biocides during this lockdown period for sanitizing our living areas due to the 
pandemic and discusses the pros and cons. Subject COVID-19 spread like wildfire to over 200 countries of the world across 
all continents. The causative agent, novel coronavirus (SARS-CoV-2) is being counter attacked by a thorough application of 
disinfectants and sterilants. However, the virus mutated over 30 times during this global pandemic, creating panic and leading 
to enhanced pathogenicity and consequently to more stringent sanitation measures for controlling it. However, excessive use 
of different types of biocides for disinfecting surfaces is highly alarming in several cases. Extensive application of biocides 
affects the microbial flora, leading to an abrupt decrease in the number and diversity of beneficial microbes that may directly 
affect the functioning of nutrient cycles. Results The increased concentration of biocides in agricultural land via surface 
water or pond water indirectly affect the soil and water ecosystem, soil aggregation and fertility. This will also lead to the 
flourishing of resistant strains due to loss of competition from the other species, which fail to persist after prolonged use of 
biocides. Conclusion It is necessary to realize the environmental impacts of biocides and sterilants. It is the right time to 
stop their entry into the agricultural ecosystem by following adequate management strategies and complete neutralization.
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Introduction

The pandemic COVID-19 is caused by “novel coronavi-
rus” the acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). First, it was identified as a respiratory illness in 
Wuhan City (China); WHO declared COVID-19 as a global 
health emergency on 30 January 2020 (Chakraborty and 
Maity 2020; Gallegos 2020; Liu et al. 2020). COVID-19 
spreads mainly by droplets or aerosols from the coughing or 
sneezing of both symptomatic and asymptomatic COVID-
19 infected person and by fomites (Chan et al. 2020; Huang 
et al. 2020). Indirect contact via surfaces and clothes touched 
by the infected people and may remain active for several 

days (Conway and Lipner 2020; Casanova et al. 2008). The 
droplets are released by sneezing and coughing and cannot 
be airborne, so they settle down on objects and surfaces sur-
rounding the containment/buffer area. People who come in 
contact with these surfaces and then touch their nose, mouth 
or eyes become infected with COVID-19.

Only methods to prevent the disease is by stopping direct 
contact through use of masks and proper machinery for the 
infected and people dealing with them. Direct contact may 
be minimized by the use of appropriate biocides in the form 
of sprays, handwashes, gels, cleaning liquids, to eliminate 
the virus from the commonly used solid surfaces, medical 
devices, our body/clothes, etc. Two types of products have 
been authorized; (i) products for human hygiene consisting 
of alcoholic gels or solutions and (ii) products for disinfec-
tion of surfaces. Although disinfectant and sanitization is 
one of the safest ways to keep away from SARS-CoV-2, 
indiscriminate uses of biocides are increasing our vulnera-
bility to other diseases during the pandemic. However, many 
of the approved sanitizers and disinfectants have negative 
impacts on the respiratory or immune system and reduc-
ing resistance to the disease (Table 1). In this article, we 
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have explained the impact of different types of sanitizers and 
disinfectants on human health and on environment (due to 
substantial changes in existing microbiota) and consequently 
socio-economical impact during post-COVID-19 era.

Need for judicious application of biocides 
to combat COVID‑19

Viruses are categorized by their structure as enveloped 
and non-enveloped viruses. Influenza virus and coronavi-
ruses are enveloped and are easiest to destroy through proper 
sanitization (Maillard 2004). The US Environmental Protec-
tion Agency (EPA) has listed various disinfectant/antimicro-
bial agents effective for killing viruses, e.g. SARS-CoV-2 
(Table 1) where each product has a label with instructions 
about the quantity to be used for a given surface area and 
the protocol to be used for disinfection. The guidelines state 
that the surface should be wet or dry while application of the 
biocides, and the time and quantity for application should be 
minimally done for maximum effect. One should understand 
that all disinfectants might not work on all surfaces, and 
application of excessive amounts does not help in increasing 
the percentage of disinfection.

The disinfectants might also be irritable to human if they 
come in contact with skin, eyes/nose, etc., and therefore, 
proper protection for skin (wearing gloves/ long sleeved 
dress and long pants) and for face (mask) should be used. 
During the process of disinfection, children, pets and other 
unwanted traffic should be kept away, for the entire dura-
tion of treatment. After use, the masks, gloves, wipes, etc., 
should be appropriately discarded so that it does not come 
in contact with mankind. A list of biocides used for sur-
face disinfection to prevent COVID-19 mentioned in Table1 
has been adapted from the EPA weblink (https​://www.epa.
gov/pesti​cide-regis​trati​on/list-n-disin​fecta​nts-use-again​st-
sars-cov-2). The list also shows the required contact time, 
applicable surface types, formulation type, and dilutable or 
not. Human coronaviruses such as Severe Acute Respira-
tory Syndrome (SARS) coronavirus, Middle East Respira-
tory Syndrome (MERS) coronavirus or endemic human 
coronaviruses (HCoV) can persist on inanimate surfaces like 
metal, glass or plastic for up to 9 days, but can be efficiently 
inactivated by surface disinfection procedures with 62–71% 
ethanol, 0.5% hydrogen peroxide or 0.1% sodium hypochlo-
rite within 1 min. Other biocidal agents such as 0.05–0.2% 
benzalkonium chloride or 0.02% chlorohexidine digluconate 
are less effective (Kampf et al. 2020).

Impact on agroecosystem and subsequent 
genotoxicity

This natural ecosystem having both biotic and abiotic fac-
tors associated with it is often modified by human beings, 
to some extent, by the use of fertilizers and pesticides on 
the one hand and by growing on selective types of crops 
on a given piece of land, on the other. Use of agriculture 
related machinery is also another modification inflicted 
by man on the ecology of a given territory. The natural 
biogeochemical cycles that allow the cycling of minerals 
and elements, e.g. sulphur, nitrogen, phosphorous, in par-
ticular biosphere, is often disrupted by human affairs, e.g. 
forceful irrigation, ploughing, tilling, harvesting, etc. The 
use of chemicals in the form of pesticides/ fertilizers also 
affects the general microbiota, causing radical changes in 
the composition and functioning of the biosphere, leading 
to far-reaching changes in the ecosystem.

Agroecology is the association of agricultural prac-
tices and ecological consequences and includes the study 
of complete food production, economy, environmental 
issues, and resulting social implications (Charles and Wezel 
2015). Migration of huge quantity biocides used during the 
COVID-19 era is deposited to the agricultural land, pond 
and river through surface water which must have a negative 
impact on the agroecology of the countries, especially in 
regions with heavy impact (Kumar et al. 2020; DeMarini 
et al. 1982). This may be compared with the results of green 
revolution (1960s) in Punjab, which India had undertaken to 
lift poverty and hunger. The heavy usage of chemicals dur-
ing green revolution had far-reaching impact on the ecology 
and on economy (Nelson et al. 2019).

Current issues regarding the extensive application of bio-
cides in human localities to prevent diseases may have severe 
effects on soil ecology in future by reducing the plant soil 
rhizospheric microflora, if they enter nearby farmlands. Bio-
cides vanquish the beneficial non-target organisms essential 
for the recycling of micro- and macronutrients, consequently 
decreasing the soil fertility. The soil microbial diversity is 
an important criterion to sustain continuous production 
in agricultural land. The total mass of the microflora and 
microfauna beneath the soil is 20 times more than total 
human in earth (Torsvik et al. 1990). Thus, the varieties of 
microorganisms are integrated in successive food chains in 
the soil food web and subsequently lose the good micro-
biota (Fig. 1). Therefore, post-COVID-19 is a challenge for 
researchers to maintain the structural and functional dynam-
ics of the soil ecosystem. More research is therefore needed 
to find means of remediation, before the biocides used else-
where can enter agricultural lands or escape form the point 
of application and pollute water bodies, which in turn pollute 
agricultural fields.

https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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Their deposition in surface water can create strong geno-
toxic effects by interacting with cellular machinery and 
interrupting DNA replication processes. Several countries 
used sodium hypochlorite (NaOCl) for surface sanitization 
of public areas (https​://www.mohfw​.gov.in/pdf/). Sodium 
hypochlorite is a cytotoxic chemical and affects a living cell 
by changing the pH and/or due to its oxidizing properties. It 
can exert clastogenic effects in the chromosome and induces 
sister chromatid exchanges or chromosome breakage as 
shown by scientists using Chinese hamster lung fibroblasts 
(CHL) and Human HE2144 fibroblasts (Sasaki et al. 1980; 
Fukuda et al. 1989). Substances such as sodium hydroxide 
(NaOH) is generated when sodium hypochlorite reacts with 
water, and this strong alkali elicits mutagenic effects due to 
high, non-physiological pH values again causing genotoxic 
effects in mammalian cell (Fischer et al. 2016).

Consequences of using indiscriminate 
biocides: future concerns 
and recommendations

Health workers and governments around the world are 
working to slow down the spread of COVID-19 where the 
large-scale disinfection efforts are becoming common. Using 
methods ranging from simple hand-wiping to mobile spray 
cannons, workers and volunteers are attempting to halt the 
transfer of the virus by touch. While there are questions 
about the efficacy of some of the broader spraying tactics, 
disinfecting frequently touched surfaces can help stop the 
spread of the virus.

It should be well understood that all chemical disinfect-
ants are biocides, meaning that they have been made to kill 
and destroy organisms from smaller to higher groups. There-
fore, even commonly used cleaning agents such as disinfect-
ants and sterilants may directly or indirectly harm workers 

in health care facilities and elsewhere. For example, formal-
dehyde (a broad spectrum sterilant) is highly an effective 
antimicrobial, but has been marked as a carcinogen and is a 
known skin sensitizer. Also, another common disinfectant, 
glutaraldehyde, is a strong irritant for skin, eyes and our 
respiratory system.

The United nations organization (UNO) has clearly 
stated that for headquarter buildings simple disinfectant 
is sufficient to clean an area and has stated that walls and 
soft furnishings do not need to be cleaned unless clearly 
soiled, and also that widespread spraying or ‘fogging’ has 
not been recommended. Mostly suggestions on disinfection 
of common areas, e.g. schools, mosques, streets and build-
ings/club houses is that the highly touched areas should be 
wiped down effectively, rather than spraying of biocides into 
the air. However, Internet is filled with news of sanitation 
workers spraying antiseptic solution on streets (Manila, Phil-
ippines) or buildings (worldwide) to help prevent the spread 
of COVID-19, and Indian health workers went to the extent 
of spraying chlorinated disinfectant on a group of migrants, 
(who suffered eye and skin irritations) fearing the spread of 
coronavirus from cities to smaller towns and villages.

Consistent use of biocides in the form of antiviral agents 
over a long period of time would disturb the entire terrestrial 
and aquatic microbiome which not only contains viruses, but 
also bacteria, fungal species, protozoans, etc., and that may 
not be necessarily pathogenic. Imbalance caused by use of 
indiscriminate amounts of biocides to ward off COVID-19 
may promote the selection, survival and prevalence of the 
very resistant microbes, by eventually destroying the sus-
ceptible ones (Fig. 2).

The emergence of bacterial resistance to biocides and the 
possible linkage between biocide and antibiotic resistance 
has been a major topic of discussion and concern (Maillard 
2005; Kaweeteerawat 2017). The emergence of bacterial 
resistance to biocides to low (inhibitory) concentrations has 
been widely reported, mainly from laboratory studies, but 
also from environmental investigations. Low to intermedi-
ate levels of resistance have been observed in most cases, 
although from time to time high-level resistance has been 
reported, with bisphenoltriclosan (Sasatsu et al. 1993; Heath 
et al. 1998, 2000) or with the chemo-sterilant glutaraldehyde 
(Griffiths et al. 1997; Fraud et al. 2001) and other oxidizing 
agents (Walsh et al. 2001).

There is now a better understanding of the overall mech-
anisms that enable bacteria to withstand exposure to low 
concentrations of a biocide (Dukan et al. 1996). Cross-resist-
ance and co-resistance have been postulated as the major 
instigation for development of antibiotic resistant strains. 
Cross-resistance against any particular agent/biocide/drug is 
caused when the microbe becomes tolerant to similarly act-
ing agents by employing the same strategy. Reports suggest 
that mutations in genes and ‘hot spots’ result in resistance to 

Fig. 1   Graphical representation of impact of biocides on agroecosys-
tem

https://www.mohfw.gov.in/pdf/
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quinolones amongst clinical isolates (Paul et al 2019). Sus-
ceptible bacterium change to resistant strains after prolonged 
exposure to an agent or a group of antimicrobials due to 
acquired mutations leading to the alteration of permeability 
in the LPS layer of cellular envelope or by reduction in the 
pore size of porin channel (Nikaido 2003; Tkachenko et al. 
2007). Sometimes antibiotic resistance is caused due to over 
expression of efflux pumps leading to lower cellular levels 
of antimicrobial agents (Levy 2002; Piddock 2006; Thorrold 
et al. 2007). Apart from bacteria, viral strains too undergo 
mutations rapidly, thus becoming increasingly resistant to 
biocides and medication. The same virus that caused the 
epidemic in China in 2019–2020 mutated over 30 times and 
has now spread to over 200 countries in the world, where 
their altered genotype has made them more suited to prevail 
in varied climatic conditions, worsening the consequences of 
the pandemic (Helmy et al. 2020; Dawood 2020; Roy et al. 
2020; Paul and Mandal 2019; Chen et al. 2020).

‘Co-resistance’ indicates resistance to more than one class 
of biocides by the same bacterial strain due to their presence 
on the same extra-chromosomal DNA element (plasmid) and 
may be transferred and expressed together in a new host. 
Currently, antibiotic resistance resulting due to frequent use 
of biocides (organic disinfectant/ heavy metals) in livestock 
is gaining attention, and there is also an apprehension of 
spreading drug resistance to other organisms belonging to 
other habitats, showing different phenotype/ genotype. A 
recent report showed that commonly used herbicides can 
increase or decrease the minimum inhibitory concentration 
(MIC) of different antibiotics (Kurenback et al. 2018).

The above studies on co-resistance strongly indicate 
the chances of increased drug resistant strains resulting 
due to the persistent and prolonged introduction of anti-
viral agents (biocides) to the environment. Such strains 
may then dominate the total microbiota of the Earth and 
become increasingly resistant via genetic exchange and 

other strategies of cross-resistance (Fig. 3). On the other 
hand, the biocide-susceptible but ecologically beneficial 
microorganisms that not only are involved in the global 
biogeochemical cycles, but also compete against patho-
genic microbes inhabiting various microbiomes, would 
either perish or change their phenotype. This is again an 
alarming situation because the microbiome maintains the 
fine balance of life and dead, by playing vital roles in the 
biosphere. Nitrogen, Sulphur, carbonates and phosphates 
are recycled due to the beneficial microorganisms which 
now would face severe challenges after exposure to high 
volumes of sterilants and antimicrobial agents.

Fig. 2   Anticipated role of pro-
longed and overuse of antiviral 
agents to combat COVID-19. 
All forms of microorganisms 
are predicted to change geno-
typically and phenotypically, 
allowing dominance of resistant 
strains. Recommendation is to 
use biocides only as per instruc-
tion and after careful study of 
the area of application

Fig. 3   Anticipated role of prolonged and overuse of antiviral agents 
to combat COVID-19. All forms of microorganisms are predicted 
to change genotypically and phenotypically, allowing dominance 
of resistant strains. Recommendation is to use biocides only as per 
instruction and after careful study of the area of application
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Table 1   Categorization of sanitizers based on the EPA’s design for the Environment Program to protect global people from the dangerous pan-
demic caused by coronavirus originated from Wuhan in China in December 2019.

Sanitizers

Nature of sanitizer Main ingredients and structure Method of application Virus eliminating mechanism

Good (having no negative impact 
on human)

Ethyl alcohol C2H5OH (60%) Rubbed it in hand for 10–20 s Antimicrobial activity of alcohols 
can be attributed to their abil-
ity to denature and coagulate 
proteins

Isopropyl alcohol (CH3)2 CHOH 
(70%)

Rubbed it in hand for 10–20 s Virus cell are lysed, and their cel-
lular metabolism are disrupted

Soft soap potassium stearate 
(C17H35COOK)

Washing with water for 10 s Soap breaks down virus’s fat 
membrane

Glycerol (CH2OH)3 It is also rubbed well with hand The infectious material falls apart 
during rubbing

Nature Composition or formula Effect on body Using procedure

Toxic Benzalkonium chloride (BAC), Irritant and can cause asthmatic 
reactions

Composition of handwash and hand 
sanitizer

Quaternary ammonium salt 
ammonium carbonate and bicar-
bonate (NH4HCO3)

Adversely affect the respiratory 
system and changes the neuro-
development

It is also used in hand sanitizer that 
rubbed on skin for removing virus

Disinfectants

Nature of disinfectant Name and structural formula Composition Method and surface of application

Good (no negative impact on 
human)

Hydrogen peroxide H2O2 Hydrogen peroxide + peroxy acetic 
acid

Hard non-porous (HN); food con-
tact post-rinse required (FCR)

Sodium bisulphate NaHSO4 Dilute with water Spray on hard surface
Ethanol CH3CH2OH 1.60% ethanol 2.ethanol + ammo-

nium salt(quaternary)
Disinfecting wipes, spray on hard 

surface
Isopropanol (CH3)2CHOH 1.70% isopropanol 2.isopro-

panol + quaternary ammonium 
salt

Disinfecting wipes, spray on hard 
surface

Thymol (C10H14O) Thymol, a component of the 
botanical thyme oil

sprays to convenient disinfect-
ing wipes

Citric acid (C6H8O7) (Citric acid +water) (citric 
acid + vinegar)

Hard non-porous surface. Spray 
wipes

L-lactic acid (C3H6O3) L-lactic acid +  dodecylbenzene-
sulfonic acid mixture

Hard non-porous surface

Dodecylbenzenesulfonic acid 
(C12H25C6H4.SO3H)

Dodecylbenzenesulfonic acid + L- 
lactic acid

Solid non-porous surface

Octanoic acid (C8H16O2) Dilutable Hard non-porous Surface
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Conclusion for future biology

Selective pressure inflicted upon microbes results in their 
evolution to alter their phenotype and form biocide-resist-
ant strains. The stress induced at concentrations lesser 
than the lethal dose might trigger SOS response allowing 
mutations in some cells to become biocide-resistant. The 
take home lesson for us from these experiences is that 
one should evaluate whether certain localities have under-
gone repeated exposure of biocides, due to which radical 
changes in the genomes of pathogens and the microbiome 
(terrestrial and aquatic) have been encountered. An impor-
tant pre-requisite to understanding the effect of industrially 
manufactured biocides in the environment is to construct 
a database of production quanta, consumption pattern and 
their diverse uses (Roman et al. 2012; Choi et al. 2020). 
Since attempts made in this direction are only a few, a 

consolidated strategy for use of biocides and assessments 
of exposure to them has become necessary.

Before using biocides for preventing widespread viral/ 
bacterial attacks, speculation should be done about the 
immediate and future impact of such an application. A well-
designed strategic action should be followed or treatment 
pattern should be laid down for a given area depending on 
the existing biocide load of the area. Additionally, for the 
application of biocides, one should follow strict guidelines. 
This will not only impede microbial growth and prolifera-
tion, but will also discourage the evolution and dissemina-
tion of drug resistant groups of microorganisms.
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Table 1   (continued)

Nature of disinfectant Category of compound Name and formula Effect on body

Toxic (having negative impact) Chlorinated compounds 1.Sodium hypochlorite (NaOCl) irregular heartbeat, severe injury to 
heart, liver, kidneys, and lungs, 
cancer, muscle tremors

2.Hypochlorous acid (HClO2)
3.Sodium chloride (NaCl)
4.Chlorine monooxide (Cl2O)
5.Sodium dichloro-s-triazine-

trione Hexachloro benzene 
(C3H4Cl2N3NaO)

Phenolic compound 1.Cresols (C7H8O) Inhibitory effects on genotoxicity 
of several mutagens

2.Hexachlorobenzene (C6Cl6)
3.Chlorophenols(C6H5OCl)

Ammonium compound 1.Quaternary ammonium com-
pounds (quats)

Mild skin and respiratory irritation 
up to severe caustic burns on skin

2.Ammonium 
carbonate(NH4)2CO3

3.Ammoniumbicarbonate 
(NH4HCO3)

Peracid Peroxyacetic acid peracetic acid Considered to pose an asthma risk
Iodized compound ZZZ Disinfectant Causes severe skin burns and eye 

damage
Silver compound 1.Silver concentrations between 

10–100 µg/L
2. Silver ion + citric acid solution Liver and kidney damage, irrita-

tion of the eyes, skin. respira-
tory, changes in blood cells

Organic acids Glycolic acid (HOCH2CO2H) 
Octanoic acid (C8H16O2)

Glycholic acid: redness, irrita-
tion, scarring, and discolora-
tionOctanoic acid: nausea, bloat-
ing and diarrhoea

Aldehydic compound Glutaraldehyde (C5H8O2) Cause of cancer
Peroxy compound Potassium peroxymonosulfate

(KHSO5·KHSO4·K2SO4)
Cause urticaria, contact dermatitis 

and asthma
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