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Impacts of Sodium Hypochlorite on Humans and Environment

Abstract

Sodium hypochlorite (NaOCI) usage is increased extraordinarily after COVID-19. After
lockdown, NaOCI is used as a disinfectant at every possible public and private place.
Hospitals and Institutions were using it for the same purpose. In this study, NaOCI chemistry
is investigated. Its impact on humans and the environment is also analyzed from the available
literature. Although, some immediately recent research papers are also considered and
mentioned in this paper. This paper also encapsulates information about NaOCI usage,
advantage, comparison with other disinfectants, importance, precautions, etc. This study
concludes the standardized use of NaOCland also recommends the policy required for its use.
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1. Introduction

1.1 COVID-19 Outbreak

The World Health Organization (WHQO) on the 11th of March 2020 has announced the
COVID-19 outbreak as a global pandemic (WHO., 2020). This is on account of various cases
of local transmission across all six WHO regions (Yelin et al., 2020). The transmission of the
infection occurs in two forms namely Direct Transmission and Indirect Transmission. The
spread of infection is rapid and often grave when norms of social and physical distancing
among the infected and non-infected individuals take place. However, this transmission
occurs through various means which include direct transmission through droplets out of
coughing, sneezing, spitting, body-liquids, etc while the indirect transmission is very
prevalent through touching of various surfaces (Boone & Gerba, 2007; Brankston et al.,
2007; Jayaweera et al., 2020; Tellier, 2006; J. Wang & Du, 2020). COVID-19 outbreak
comes as a surprise to all humankind and the wide spreading of the disease and the
exponential increase in the number of infected cases makes this disease a novel one. The
scientists and researchers all around the scientific community are in their rapid phase of
research, exploration, and assessment of various vaccines, given the urgency and seriousness
of the situation. Thus, all individuals have no other option left to rely on the widely used
proverb, “prevention is better than cure” as rightly advised by the Australian Government
Department of Health, 2020 similar to many other governmental institutions. Thus, tackling
novel COVID-19, certain rules and guidelines like social distancing, sanitization,
disinfection, restricted movement, masking oneself, one hand distance in public spaces, etc
are some of the devised mechanisms to avoid the probable chances of spread of the viral

disease (Jayaweera et al., 2020).
1.2 Increased use of disinfectant in COVID-19

In the wake of the global pandemic, among all other disinfecting agents, sanitizers have
found its place in every nook and corner of the global health system the possible transmission
of the virus through direct and indirect transmission sources. Thus, the relevance becomes
much important given the fact of its usefulness and the demand of the situation. Therefore,
we can easily locate different types of sanitizers in the markets. The various types of
sanitizers are classified into alcohol-based or alcohol-free depending on the active ingredient
used. Alcohol-based sanitizers include ethanol, isopropanol, n-propanol, etc, while the
alcohol-free options are benzal alkonium chloride (BAC), triclosan, etc (Pickering et al.,



2011; Tamimi et al., 2014). Along with following social distancing norms, wearing protective
wears like gloves, masks, and maintenance of proper hygiene in addition to the use of
disinfecting agents like Sodium hypochlorite and many others that sterilize and sanitize
surfaces of various objects, houses, and institutions (Fathizadeh et al., 2020). Given the extent
of use and easy reachability of various disinfectants, the importance of their wise selection
and subsequent utilization in daily life becomes essential. This study extensively emphasizes
an overview of the use, impact, and effect of Sodium Hypochlorite on human health and the
environment in wake of COVID-19 pandemic situation. Disinfectants are the chemicals used
on nonliving or abiotic surfaces for reduction of count of microbes on the surface like
Sodium hypochlorite. A sanitizer is basically a mixture consisting of disinfectant along with
detergent or dirt removing chemical for e.g. Alcohol based hand sanitizers. It is intended to
be applied for reducing microbial and dirt entities on a particular surface. Cleaners are any
chemical with which we can clean a surface and can remove dirt or dust particles like Acidic-
Hydrochloric acid, Neutral- Non-ionic surfactants, Basic-Sodium hydroxide or potassium
hydroxide.(Chauret et al., 2005; Lages et al., 2008)

2. Sodium hypochlorite

Sodium hypochlorite or Sodium chloride oxide is chemically sodium oxychloride. It is also
called liquid bleach or bleach when dissolved in water. It is often utilized as a disinfectant
and also a bleaching agent. Household bleach is, typically a solution containing 3-8% sodium
hypochlorite and 0.01-0.05% sodium hydroxide (Slaughter et al., 2019). It is corrosive for
some metals and is a skin and eye irritant too. The compound is stable but when it comes in
contact with strong acids it releases poisonous chlorine gas. It is also photosensitive too along
with having reactivity (Slaughter et al., 2019). It is used in surface cleaning, water
disinfection, and purification, washing the root canal system. Specifically, due to
antimicrobial activity and pulpal dissolution activity, it is widely used as a popular agent for
the irrigation of the root canal system in solution form (Estrela et al., 2002) . Sodium
hypochlorite has destaining properties and it is used to eliminate mold stains, dental stains
caused by fluorosis (Cardenas-Bahena et al., 2012). As per the recommendation of the World
Health Organisation (WHO,2020) we need to correctly and consistently disinfect the
environment as the droplets of any affected person if present on any surface can be a new
source of infection for an unaffected person. The intensive cleaning with water, detergent,
and sodium hypochlorite (a common household and hospital disinfectant) are quite sufficient

and effective measures. Sodium Hypochlorite gets inactivated when comes in contact with



organic matter. The surface should be cleaned with soap and water along with scrubbing
action and then if it is applied then the chances of complete disinfection become more
successful. Corrosion of metals, asthma, and skin irritation, and mucous membrane damage is
also associated with a high concentration of chlorine (Slaughter et al., 2019). Commercial
production of sodium hypochlorite in different concentrations is dependent on various factors
such as place of manufacturing, consumer demand, usage requirements, and government

policies.

Sodium hypochlorite shows different behaviour in terms of its effectiveness and reactivity
under different concentrations. Sodium hypochlorite at 0.5% concentration with and without
color additives are effective against Staphylococcus aureus and stands good on criteria of
Environmental Protection Agency (EPA) for disinfectant success (Dellanno et al., 2009; Tyan
et al., 2018). Whereas in the case of human coronavirus 229E the combination of 0.5%
sodium hypochlorite solution with the colour additive resulted in successful viral inactivation
(Dellanno et al., 2009). The typical concentration of a 1% sodium hypochlorite solution is
often used for disinfection purposes. Sodium hypochlorite is a common biocidal agent and at
0.21% concentration is effective against Mouse Hepatitis Virus (MHV) Strain MHV-1 with
having an exposure time of 30 seconds and having > 4.0 reduction in viral infectivity
(log10)(Dellanno et al., 2009) .The Canine Coronavirus (CCoV) has an extremely low
stability in the environment because of alternation in pH levels of colloids and ions present in
feces that results in inactivation of the virus (Pratelli, 2008; Tennant et al., 1994). On the
surface of stainless steel, the disinfectant sodium hypochlorite having 0.5% concentration is
effective in disinfecting from HCoV Strain 229E (Sattar et al., 1989) whereas 0.06%

concentration is effective against TGEV on stainless steel surface (Hulkower et al., 2011).
2.1 Chemistry of Sodium Hypochlorite (NaOCI)

The chemical Sodium hypochlorite is well-established bleaching, disinfecting, and oxidizing
agent due to which it is suitable for a wide range of applications. Sodium hypochlorite
consists of Na+ cation and an (OCI" or CIO-) hypochlorite anion and can be said as the
sodium salt of hypochlorous acid as it is produced along with sodium chloride and water by
the reaction between chlorine gas and Sodium hydroxide (Kirihara et al., 2017; Sandin et al.,
2015). It has an average mass of 74.442 Da, boiling point 111 °C, density is 1.2 g/mL, It has
a specific gravity of 1.2, surface tension equal to 75 dynes/cm, it is colorless as liquid with a
strong odor but When crystalized it stays as NaOCI.5H,0 (Hamano, 1997), actually it is a



pentahydrate form which is nonexplosive, yellow or pale green-colored under refrigerated
conditions (Kirihara et al., 2017). It is not combustible but gives out toxic or irritating (fumes
/gases) when on fire. According to UN Classification, it is a UN Hazard Class: 8; UN Pack
Group: 11, 1. This chemical is generally stored in Fiberglass Reinforced Plastic (FRP) and
also in Rubber Lined Steel tanks with chlorobutyl linings due to the high corrosiveness. Table
1 highlights the important Physical, chemical and hazardous characteristics of Sodium
Hypochlorite.

Table No 1: Characteristics of Sodium Hypochlorite

S.No. Physical Characteristics References
1. Colour Light green to pale (PubChem, n.d.)
yellow
1. Odour Chlorine (bleach) (The Merck Index Online - Chemicals,
Drugs and Biologicals, n.d.)
2. pH Approx 11 (Pradhan et al., 2018)
3. | Melting point: -5°C (ILQO International Chemical Safety
Cards (ICSC) - PubChem Data
Source, n.d.)
4. | Boiling point 111 °C (Aldrich, 1997)
5. Refractive 1.3870 www.chemicalbook.com
index
6. | Storage temp 2-8°C www.chemicalbook.com
7. Water 29.39/100 g (0 °C) (The Merck Index Online - Chemicals,
Solubility Drugs and Biologicals, n.d.)
8. Stability Highly unstable; (The Merck Index, 1984)
hypochlorite ion in ag.
sol. is remarkably
stable.
9. Chemical Characteristics References
10.|  Trade name Soda Bleach, Liquid ( www.chemicalbook.com)
Bleach
11  Molecular 74.44 g/mol ( https://pubchem.ncbi.nlm.nih.gov)
weight
12.| Incompatible Ammonia, amines, (Young, 2002)
with organic compounds,
and other reducing
agents.
13. Hazardous Characteristics References




14.

Symbol (GHS)

GHS05, GHS09

(https://pubchem.ncbi.nlm.nih.gov)

151 overall toxicity 2 (Young, 2002)
18 Flammability 0 (Young, 2002)
17.] Destructive to 5 (Young, 2002)
skin/eye
18 Self-reactive No (oung, 2002)
19. Hazard Codes C Xi N (‘www.chemicalbook.com)
20, Hyazard Class 8 (‘www.chemicalbook.com)
21. Packing Group m (‘www.chemicalbook.com)
22.|  Hazardous Chlorine, oxygen, ( www.chemicalbook.com)
Decomposition sodium
Products chlorate.



https://www.chemicalbook.com/GHSCode.htm
https://www.chemicalbook.com/RiskAndSafety.htm#hazards

Since the outbreak of COVID-19 pandemic, the world has been concerned about generating increasingly efficient technologies, methods and

products at a low cost for sanitizing and disinfecting the environment (surfaces). The distinguishing quality of an efficient disinfectant is

remarkable antivirus activity in lowest contact time (Pradhan et al., 2020). It is reported that more than 5000 tons of disinfectants have been

disbursed alone in Wuhan city of China ( Zhang et al., 2020). Sanitizing gates have been installed to spray chlorine disinfectants on people at

several entry points in Pakistan (thenews.com). Reports from National Poison Data System showed significant increase in disinfectant poisoning

cases after COVID-19 outbreak. and largest percentage of poisoning was due to bleach products (62.1 %) followed by non-alcohol

disinfectants(36.7%) and hand sanitizers(36.7%) (Chang et al., 2020; Samara et al., 2020). A summary of the various types of disinfectant, their

chemical structures, their concentration, and contact time along with their health effects are shown in Table 2.

Table No 2: Comparison of different disinfectants used during COVID-19

S.No.

Categories

Types

Structure

Concentration
(%)

Contact time
('min)

Hazard
class

Health Effects

References

Alcohols

Ethanol

PN

HsC OH

78% - 95%

Iso-propanol

OH

Hs;C CH;

70% -100%

0.5

Ethanol as a disinfectant is
a highly flammable liquid
that causes serious
irritation to the eyes and is
harmful  if  swallowed.
Prolonged exposure to
ethanol can cause damage
to vital organs.

Isopropropanol is a
flammable liquid which
harms eyes. Exposure for
longer duration can cause
Drowsiness and respiratory
irritation.

Chlorine based

Sodium hypochlorite
(lia)

3% - 6%

1-10

Sodium  hypochlorite is
responsible  for causing
severe skin burns, eye
damage and breathing

(Abdollahi &
Hosseini, 2014;
Durani & Leaper,
2008; Falagas et al.,
2011; Fu et al.,
2007; Fukuzaki,
2006; Ge et al.,
2008; Kampf, 2018;
Kitis, 2004;
Zimmerman &
Rudis, 2008)

www.osha.gov
(2006)



http://www.osha.gov/

Na”
Cl—O
Calcium hypochlorite Ca?
(solid/powder) _
CI-O

issues.

Calcium hypochlorite is
harmful when mistakenly
swallowed with severe skin
burns and eye damage.

Formaldehyde,
Glutaraldehyde

Formaldehyde

0.7% - 1%

Glutaraldehyde

0.5% - 2.5%

Formaldehyde is an
extremely flammable gas
which can be fatal on
inhalation.  Serious eye
irritation,  allergic  skin
reactions, breathing
problems and future
instances of causing cancer.

Glutaraldehyde  exposure
leads to symptoms like
difficulty in  breathing,
allergic reactions to skin
reaction.

lodine releasing

Povidone-iodine

0.2% - 7.5%

<1

Oxidizing agents

Hydrogen peroxide

HO—OH

1% - 3%

Peroxyacetic acid

0
chJ Lo/OH

~0.3%

Hydrogen peroxide is a
strong oxidizer and an
explosive. It can prove h
armful if swallowed, toxic
if inhaled and may cause
damage to upper
respiratory  tract  under
repeated exposure.

Peroxyacetic acid is a
Flammable liquid. It can
prove fatal if inhaled. It is
equally harmful to skin,
eyes in forms of burns and
blisters




Phenol based

Phenol

OH

Bisphenols

0.5% - 5%

Phenol can prove harmful
to skin and is toxic after
ingestion. It is found to
cause genetic defects in
individuals and is
Prolonged exposure can
causes damage to central
nervous system, heart, and
kidneys




3. Impact on Human and Environment

Quality environment is central to healthy human and animal life. Even the WHO also defines
health as ““a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity.” Thus, now environment health is not only restricted to
studying a particular environmental issue or pollutant but is more open to critically analyse
the systemic health challenges they pose to human and other organisms as a whole.lt is
crucial to understand the relationship between the resource-use patterns and consequential
impacts this has on environment.It enable the creation of policy interventions and safety
protocols that a government should introduce and enforce to bring sustainable utilisation of

the resources.

COVID-19 pandemic was a surprise to human survival and a check to the health status in the
world community.The widespread information of viral infection and its restriction through
use of sanitizors was advocated as a daily ritual to be practised by all.This, not only forced
individuals but also the policy makers to look over disinfectants and cleansers as the viable
option to prevent and stop the virus at the the trials for vaccine of COVID-19 continues to be
tested upon( Al-Sayah, 2020).

In light to this the chemical sodium hypochlorite has been used unsustainably and extensively
in forms of disinfectants and cleansers. The widespread use as a disinfectant and as a
cleansing agent in various spaces ranges from households to hospitals. The present day
situation has enabled disproportionate use of sodium hypochlorite as a solution. The
application of sodium hypochlorite under proper quantified concentrations yields effective
cleaning results while improper absorptions leads to show effects not only on human beings
but also on other biotic and abiotic components of environment (Abou-Rass & Oglesby,
1981). Thus it becomes important to look for the possible interventions, this overutilization of
chemical can cause to human health and environment. This will act as a precautionary
science to look beyond the ususal relevance of a cleanser in our day to day life.Sodium
hypochlorite is no such exemption and thus find its place in the study to evaluate the kinds of
health effects it has on the human and environment all together and this will aid the way for
proper policy planning and establishing a proper balance between sustainable use and health
conditons (Part et al., 2013).



3.1 Effect on humans

Sodium hypochlorite is undoubtedly a useful disinfectant. Given the fact of its common use
nowadays the other side of the chemical still needs an investigation.Sodium hypochlorite
though is useful for sanitization but its repeated exposure to human skin is harmful
(McDonnell & Russell, 1999; Racioppi et al., 1994). It is important to wash the affected area
immediately with normal water as the alkaline nature of substance can react with fats and
protein present in the tissue resulting in formation of soluble protein complex. This reaction
is similar to some extent with saponification, which is simply formation of soaps (Estrela et
al., 2002). The soluble protein complexes can permit the hydroxyl ions passage in the
direction of going deeper into the skin tissue (Spencer et al., 2007). The possible reason for
water application after some time interval will make it difficult to get in contact with the
washing liquid. Care must be taken while washing with water, so as to maintain a low
pressure. This is because eyes can be the sink of the compound formed after sprinkling water
on the affected area (Slaughter et al., 2019). Sodium hypochlorite as a disinfectant finds its
way to the human system through inhalation, and ingestion. Exposure to skin and eyes are
other two means through which sodium hypochlorite causes damage to humans. The probable
symptoms of inhalation of sodium hypochlorite causes labored breathing, burning sensation
and sore throat. On skin, sodium hypochlorite causes skin burning and redness in the form of
blisters. Sodium hypochlorite on ingestion causes abdominal pain and without vomiting
(Peck et al., 2011).This causes shock, collapse and can cause unconsciousness (Slaughter et

al., 2019). It is also responsible for causing burns and redness along with pain on prolonged

exposun "
L
[ ) i
Eyes
Ingestion

Severe burn, redness
Abdominal pain, vomiting,

and pain
collapse, uncounsiousness
200))
L% “‘
Skin Inhalation

Labored breathing, burning

Skin burning, skin blisters .
sensation, sore throat

Fig no. 1: Symptoms on various body parts after exposure to sodium hypochlorite



Among many enzymatic activities, pH is a crucial factor. Sodium hypochlorite increases pH.
It’s basicity is almost above 11. (Estrela et al., 1995) studied the effect of pH change on the
enzymatic activities in aerobic bacterial cell and various sites for essential enzymatic
processes like cellular division, metabolism, growth, last phase of cell wall formation,
oxidative phosphorylation, lipid biosynthesis and transport of electrons is cytoplasm and they
believe that the crucial role of hydroxyl ions is present which are produced from calcium
hydroxide are there for showing activity on the cytoplasmic membrane. The alteration in pH
gradient is contributed by a high concentration of hydroxyl ions and these act on membrane
protein and causes the denaturation of the proteins. The high pH decreases the cytoplasmic
integrity thereby injuring it chemically by attacking organic parts or components of the cell
(McDonnell & Russell, 1999). Unsaturated fatty acids and phospholipids degradation by
peroxidation reaction and which is a saponification type of reaction (Estrela et al., 1995). The
cellular metabolism is interfered by chloramines produced by chlorination of amino acid.
The oxidation directly promotes the irreversible inhibition of enzymes of bacteria in the
replacement of hydrogen with chlorine. This inactivation of enzymes has been observed in
the irreversible oxidation of sulphydryl groups of cysteine and is a result of the reaction
between amino groups and chlorine. Hence sodium hypochlorite possesses antimicrobial
property because of hydroxyl ions and chloramination reaction on the essential sites of
bacterial enzymes. Soap and glycerol formation takes place by the degradation of fatty acid
and lipids which is the evidence for the dissolution of tissue.

Alternatives like Formaldehyde is often used for surface disinfection and as a fumigant. It is
used in decontamination of wood-based surfaces, and in the fissures and bricks of mechanical
and electronic equipment (de Groot et al., 2009). Formalin can also be used as it is basically
the 37% formaldehyde solution in water. However, glutaraldehyde can also be used to
disinfect surfaces. Hydrogen peroxide is another efficient disinfectant. Along with having an
oxidizing nature potassium permanganate is utilized as a good disinfectant (Ascenzi, 1996).
Hydrogen peroxide, used as foil disinfectant in food industry preferred over other
disinfectants because it has lesser chances of allergic reactions on skin surface and thus used
as an antiseptic in 3% concentration in solution. Acetic acid, citric acid are mild disinfecting
agents. There are a range of chlorine releasing compounds which are also efficient
disinfectants like Sodium and calcium hypochlorite, Hypochlorous acid, Chloramine-T,
Monochloramine, Chlorine dioxide, and Trichloroisocyanuric acid. Particularly for these
chlorine related compounds concentration of < 1 ppm of available chlorine is enough to



remove viruses, and to kill spores and mycobacteria requiring higher concentrations. Chlorine
finds its utility in various spaces, like pathogen deactivation in drinkable water, in swimming
pool, wastewater treatment, textile bleaching and for various household purposes

(www.lenntech.com).

1%0-5% 0.1%0-2%

Candida albicans Staphylococcus aureus,

Enterococcus faecalis,

Pseudomonas aeruginosa

and Candida. albicans

5% 0.1%-1%
S. aureus, E. faecalis, P. Bacillus subtilis
aeruginosa and C. albicans.
and Bacillus subfilis

Fig No 2: Representation of effective concentration of Sodium hypochlorite as

antibacterial and antifungal agent (Estrela et al., 2002; Sen et al., 1999)



3.1 Effect of Sodium hypochlorite (NaOCI) in Atmosphere

NaOCI as a disinfectant is being used for several decades. But since the outbreak of the
pandemic, its use has amplified unmeasurably. When released into the air, sodium
hypochlorite slowly decomposes to form HOCI or hypochlorous acid. Rate of decomposition

increases with temperature, concentration, sunlight exposure, and toxicity decreases with age.

NQOCL + HyO = HOCL + NGOH ..o oo (1)

At pH 6.5-8.5, half of the active chlorine get dissociated to hypochlorite anion and other half
remains as undissociated hypochlorous acid which is volatile but this volatilisation from
water to air is very low.The calculated half life of hypochlorous acid is 114.6 days in the
atmosphere but there are indication of half life being limited to only few hours (Union, 2012).
Moreover hypochlorite adsorption to aerosol particles and onto soil is very low. Therefore air
and atmosphere is not an environmental compartment of concern but inappropriate
simultaneous spraying of bleach on a large scale over streets, commercial buildings, markets,
shops, roads and railways, residential areas is worrisome. The prime issue is the

concentration and amount of hypochlorite solution being used (Zhang et al., 2010).

3.1.1: Effects on indoor atmosphere

Indoor applications of bleach cleaners leads to formation of high levels of HOCI and Cl,
(Wong et al., 2017) where they might react with several unsaturated organic compounds
present indoor, due to their high reactivities(Schwartz-Narbonne et al., 2019). Studies
conducted by Wong et al., 2017 on impact of commercial NaOCI solution usage, on indoor
air showed significant emissions of particulate chlorine along with HOCI, CI20, gaseous CI2,
Chloramines (NHCI,, NCl3) and the formation and concentration of radicals from HOCI,
OH, Cl and CIO is regulated by the indoor lighting. They also reported HOCI and Cl; react
with a-pinene and limonene in the dark and forms gas- phase products which on exposure to
indoor lights leads to particle formation. Diffused sunlight and fluorescent light present
indoor produce enough energy to initiate HOCI and ClI, photolysis forming Cl and OH radical
and particle.

Odabasi, 2008 reported that halogenated volatile organic compounds (VOCs) such as
chloroform and carbon tetrachloride present indoor possibly arise from reaction of HOCI with



organic surfactant compounds. Similarly, chloroform was found to be released by the use of
bleach in washing machines(Shepherd et al., 1996). Besides, emissions of chloroform from
other indoor water activities, such as showering have also been documented (Giardino &
Andelman, 1996).

3.1.2: Effects on outdoor atmosphere

While there have been no reports stating any adverse impact of NaOCI in atmosphere but
concerns arises due to its ability to form chlorinated organic by-product(Falbe, 1987). The
type of chlorinated organic formed depends on pH, types of substrates, concentration,
temperature and reaction time(Jolley & Carpenter, 1983). As much as 3.8% of the available
chlorine in commercial laundering and 2.6% in household laundering had been reported to
form chlorinated organic(KRUSSMANN et al., 1991). Conversion from cleaning kitchen
floors, bathroom floors, kitchen counters and toilets was estimated to be 0.5%(Leach, 1980;
Smith, 1994). The use of NaOCI in household conditions and those used for paper and pulp
bleaching produces different types and the quantity of chlorinated organic by-product. Wood
pulp is treated with molecular chlorine at low pH which causes conversion of 10% of

chlorine to chlorinated byproducts (Leach, 1980).

KRUSSMANN et al., 1991reported that bleach solution contain 0.5-21 mg/L of AOX(
Adsorbable Organic  Halide) composed of chloroform and carbon tetrarchloride .
Hypochlorite products that contain surfactants showed 0.5-30mg/kg of chloroform and 1-15
mg/kg of carbon tetrachloride. Concentration of these contaminants was found below
occupational exposure limits. Report also estimated that the household hypochlorite products
worldwide released a maximum of 12 tons of chloroform and 28 tons of carbon tetrachloride
during storage in 1992(Cahn, 1994). Carbon tetrachloride causes ozone depletion but the
amount that enters the stratosphere (estimated to be 96,000 tons of carbon tetrachloride or
1,508,000 tons of organically bound chlorine) when compared to that from household
products makes the contribution from household products negligible (Ballschmiter, 1992).

Cahn (1994) concluded that carbon tetrachloride and chloroform in household hypochlorite
products get washed away hence they have no effect on greenhouse gases, acid rain or
photochemical smog and are eventually treated at treatment plant. Besides, slow
decomposition of NaOCI forms HOCI after being released into air, where photolysis of

HOCI takes palce which is a major contributor to production of tropospheric Cl- radicals



(Chatterjee, 2020; Faxon & Allen, 2013). Chang & Allen, 2006 reported that addition of
hypochlorite solutions in cooling towers and swimming pools and other industrial sources
leads to HOCI emission of 10* kg day™. ClI- radicals further reacts with O and form CIO-
(reaction 3) or oxidizes hydrocarbons (majorly volatile organic compound) forming alkyl
radical (reaction 4,5) (Finlayson-Pitts, 1993).

HOCT + 1h0 = Cl' F OH- ittt (2)
(O T O e 0 (O @ TSRS PPTSPRPO (3)
ClO 4+ ClO - (Cly 4+ 02) 07 Cl 4 ClL + Opueeeeeeeeieeeeceeee et 4)
Cl” + RH(Hydrocarbon) — R 4 HCl.......cccocioiiiiiiiiiiiiie e (5)

In regions with low NOx conditions, Oz is destroyed by CI radicals or the CIO radicals
combine to form Cl, or regenerate Cl radicals ( Simpson et al 2015). The behaviour of ClI
radicals towards VOC oxidation is in contrast from that of OH radicals. It was experimentally
established that when the concentration of Cl radicals is greater than one order of magnitude
than OH radicals, carry equivalent potential to oxidize VOCs (Wingenter et al., 1999).

2.2: Effect of NaOCI in aquatic ecosystem

Sodium hypochlorite (NaOCI) is a chemical compound that is effectively being used for large
scale surface purification of water. Other uses of the chemical include bleaching, removal of
odor and disinfection of water. These chemicals enter the aquatic ecosystem through point
and non-point sources. Sodium Hypochlorite when reaches the aquatic ecosystem, it reacts
with water & this reacts readily with organic, inorganic & biological materials (including
proteins and nucleotide bases) to produce a variety of organic chlorinated compounds & most
of them are lipophilic, persistent, and toxic in aquatic environments ( Estrela et al., 2002;
Fajana et al., 2017; Salkinoja-Salonen & Jokela, 1991). The schematic representation of the

reaction of Sodium Hypochlorite (NaOCI) in aquatic ecosystem is depicted in fig:1.

Unaltered NaOCI solutions have a pH in the range of 11.5 to 12.5. The caustic compound
increases the pH of water when added to it (Jungbluth et al., 2011). Thus, when sodium
hypochlorite is added to water, hydrochloric acid is also added simultaneously so that the
increase in pH due to hypochlorite could be balanced and the disinfectant ability is enhanced
(Souza et al., 2014)



Sodium hypochlorite has been reported to be highly toxic to freshwater organisms, e.g.,
fishes and invertebrates but with low toxicity to avian and wildlife animals (US EPA 1991).
A study revealed that the addition of NaOCI to wastewater can reduce water bacteria
pollution and give rise to toxicity effects on aquatic organisms (Emmanuel et al., 2004).
According to Raikow et al., 2007 sodium hypochlorite is also toxic to resting eggs of Artemia
sp. and Daphnia mendotae. Similarly in case of Whirligig beetles which are one of the
aquatic insects that constitute a major part of the macroinvertebrate diversity of temporary
ponds or slow-running water bodies which play an important role in freshwater ecosystems as
the adults are ecologically adapted to cleaning off dead invertebrates from the water surface,
show significant mortality in the presence of sodium hypochlorite (Fajana et al., 2017).
Lopez-Galindo et al., 2010a established that NaCIO had lethal effects on Solea senegalensis
at concentrations of 0.2 mg/L, inducing 100% mortality after 24 h.

The chemical has an impact on the community structure of aquatic ecosystems. At low
concentrations it may cause negligible or no damage to aquatic ecosystems but at higher
concentrations, it can severely damage the microcosms. In one of the studies, it was found
that the influence of the chemical was reversible under the doses of 1.0, 2.5 and 5.0 mg/L, but
microcosms could not be restored under the doses of 10.0 mg/L and 20.0 mg/L (Wang et al.,
2007).

It can react with the tissues of aquatic organisms and can increase their sensitivity and at
higher levels may even be fatal. Thus, at toxic concentrations sodium hypochlorite has severe
and drastic effects on aquatic biodiversity. In a study it has also been seen that the doze of
hypochlorite is negatively correlated with productivity (Wang et al., 2007). A study reported
that NaOCI inhibits the growth of phytoplankton & also affects the survival of rotifers which
are considered to be the first link in the sea food chain thereby causing a detrimental effect on
the aquatic ecosystems (Lopez-Galindo et al., 2010b). Chuang et al., 2009 demonstrated that
a chlorine concentration of 0.2 mg/L greatly suppressed phytoplankton productivity
(photosynthetic capacity). Sodium hypochlorite has adverse effects on coral reefs as well. It

causes bleaching of corals and degrades coral reefs (Goffin et al., 1997).



Sodium hypochlorite is highly reactive and can readily degrade and hence does not
accumulate. However, it can react with organic compounds in aquatic ecosystems and give
rise to organic chlorine compounds which are not only toxic but also persistent in the
environment. The effect of sodium hypochlorite is not severe in human compared to aquatic
organisms (Fajana et al., 2017).

/_. Clo + Clo— Cl; (or Cl + CI) + O,
HOCI +Na*+OH- /" Clo"+0;

— CI +HO"

CI +RH — R+HCI

NaOCI

Fig no 3 : Schematic representation of reaction involving Sodium Hypochlorite (NaOCI) in
atmosphere & aquatic ecosystem (Emmanuel et al., 2004; Finlayson-Pitts, 1993; Wingenter et
al., 1999).

Conclusion

In COVID-19 Pandemic, NaOCI concentration due to the frequency of usages is escalated to
a notable extent. This study covers all aspects of the investigation by reviewing the published
research papers, review articles, and also commentary, short communications. Although very
few publications are available in the public domain. But some industries’ websites published
important general information about NaOCI’s physical and chemical properties. It is
discussed that NaOCI is extensively used during the pandemic and continuing. Some
guidelines are issued for public favor. Mainly NaOCI is used in Hospitals, Institutions,
households, and public places as a disinfectant. Apart from disinfectant, it is used like
bleaching, detergent and it is considered as an efficient bleaching agent. It is also used for



dental treatments. Typically, 1% of NaOCI concentration is used for disinfection purposes.
But, According to UN Classification, it is categorized as a UN Hazard Class: 8; UN Pack
Group: 11, 111) mentioned in table no. 1. NaOCI, as a compound, found stable while reacting
with an acid, but it releases toxic byproduct i:e Chlorine Gas. Several impacts were noted
from various publications like it has a prominent effect on human health. It can easily cause
Asthma, Skin irritation due to the high concentration of Chlorine. It is also able to destruct
the Mucous membrane, as well as it can cause corrosion of metals. Due to its high
corrosiveness, NaOCI is stored in Fiberglass Reinforced Plastic (FRP) and also in Rubber
Lined Steel tanks with chlorobutyl linings. Sodium hypochlorite is a common biocidal agent
and at 0.21% concentration is effective against Mouse Hepatitis Virus (MHV) Strain MHV-1
with having an exposure time of 30 seconds and having > 4.0 reduction in viral infectivity
(logzo). It is not entitled to persistent organic pollutant PoPs. Although, when it is exposed to
air it gets dissociated into hypochlorous acid and hypochlorite. Generally, its dissociation
depends on the temperature. High temperature supports its degradation in the air. So it can be
said that those hospitals and institutions, public places are equipped with air conditioners,
they may have less decomposition rate of NaOCI. Due to its concentration, visitors to these
areas may get affected. It may affect people's skin especially those who have sensitive skin
and for all those who have eye issues. NaOCI concentration which is being used arises as the
main concern. Recommended concentrations are absent in any policy or any guidelines by
local regulatory authorities. Chloroform can be resulted after using bleaching in washing
machines. In water, Every chemical compound has effects on aquatic animals for obvious.
But it highly depends on the concentration, lifetime of the pollutant. NaOCI interacts with all
components like organic, inorganic, biological components of the aquatic ecosystem. the
interaction with different components results in organic chlorinated compounds where most

of which are lipophilic, toxicants, and persistent in the aquatic environment.

Some major finding from the available literature

¢ NaOCl is highly toxic to freshwater organisms like fishes and invertebrates.(US
EPA 1991)

e NaOCl is low toxic to birds and Wildlife animals.

e NaOCI has a negative correlation with productivity. (Wang et. al. 2007)

e NaOClI inhibits phytoplankton growth. (Lopez-Galindo et. al. (2010b) & Chuang
et al. (2009))

e NaOCI shows notable adverse effect on Coral reef. It is a bleaching agent too.
(Goffin et. al. 1997)



NaoCl has shown its hostile behaviour in the environment and shows a prominent effect in
Air, Water, and on the human being as well. But it also easily degradable, has less life in
environmental components. It also does not show Bioaccumulation and biomagnification

properties as that is not mentioned in any research paper.
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