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Abstract: Background: Hypochlorous acid (HA) is a potent disinfectant with broad-spectrum
antimicrobial activity against bacteria, fungi, and viruses. Aim: This study aimed to investigate the
factors that influence the stability of hypochlorous acid (HOCI) and their impact on its disinfectant
properties Methods: This study explored the stability of hypochlorous acid, emphasizing factors
that affect its disinfectant efficiency, such as pH level, temperature, and the presence of organic
materials. Findings: Our investigation revealed that HOCI is the most stable and effective
disinfectant under weakly acidic conditions, where the undissociated form of hypochlorous acid is
predominant. Although it is stable under various conditions, its efficacy is compromised by the
presence of heavy metals, organic matter, and UV radiation. Conclusions: This comprehensive
analysis concludes that, while hypochlorous acid is a highly effective disinfectant, understanding
and maintaining the optimal conditions for its stability is crucial for maximizing its disinfection
potential. Implications: The findings can be used to formulate new guidelines and regulations to
guide the proper formulation, storage, and use of stable HOCL as disinfectants.

Keywords: hypochlorous acid; HOCL; disinfectant stability; surface disinfectants; electrochemical
activation; electrolysis

Introduction

Hypochlorous acid (HOCI) is a powerful disinfectant commonly used in various industries and
settings. It is a weak acid produced naturally by white blood cells to defend against pathogens.
(Nguyen et al., 2021) HOCl is highly effective in killing bacteria, viruses, and other microorganisms
by disrupting their cellular structures and metabolic processes. It is non-toxic, non-irritating, eco-
friendly, and safe to use on various surfaces and even on the human body when used properly and
at recommended concentrations. (Eryilmaz & Palab1yik, 2013) (Fukuzaki, 2006) (Ishihara et al., 2017)
(Block & Rowan, 2020) Due to its broad-spectrum antimicrobial properties, HOCI has gained
popularity as an environmentally friendly alternative to traditional disinfectants. (Overholt et al.,
2018)(Boecker et al., 2023)(Wang et al., 2007)(Nguyen et al., 2021)

It is versatile and commonly used in healthcare facilities, food processing industries, water
treatment plants, and household cleaning products. It is also used to produce sterilizing water with
available chlorine concentrations conducive to disinfection (Qin et al., 2002), as well as for wound
care. (Wang et al, 2007) Also, there is a grow trend in the use of HOCL for surface
disinfection.(Ishihara et al., 2017). Park et al. (2007)

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In addition, HOCI acts rapidly to kill pathogens. They can rapidly penetrate cell walls and
disrupt microbial structures and enzymes, leading to their inactivation. HOCI is also available in
various forms such as sprays, wipes, and solutions. It can be easily applied using standard cleaning
equipment or personal protective gear. Table 1 shows the comparative advantages of this method
relative to other traditional disinfectants. (McDonnell & Sattar, 2006) (Omidbakhsh & Russell, 1999).

Table 1. Comparison of the stability, safety and efficacy of Hydrochlorous Acid with other

Disinfectants.
Disinfectant Pros Cons Remarks
Hypochlorous Acid is prong to decomposition in *  For maximum slability, il should be
{HOCL) Ollen, it is more elfeetive than some other response Lo UV light, heal, and stored under cool dark conditions and
Sporicidal high-level disinfectants, while being active al lower contact with air as well as formulated with pure water to maintain
disinfectant concentrations. when it comes inte contact cffective HOCI concentrations over

No Hamful Residues: It breaks down into
non-toxic components (salt and water), making
it safe for food comact surfaccs.
Environmental  Impact: It considered
environmentally friendly because it degrades
rapidly and docs not leave long-tern residucs.
Stability and Reactivity: HOCL s more stable
than chlorine bleach in terms of it
cffectivencss as a disinfeclant when stored
properly: it s less corrosive than bleach and
does mol have a strong  imilating  odor
associated with bleach. 1t is also less likely to
canse skin and respiratory irritation

with organic compounds and
cerlain inorganic ions (Ishihara
elal, 2017)

I'he efTectiveness of any
disinfectant, including 11OCI,
Is contingent on its proper
Tormulation, application. and
adherence to the
manufacturer's guidelines,
Faclors like organic load, pH
Tevel, contact time, and
required disinfection level
st be considered for cach
specific siluation Lo delermine
the mosl appropriate and
effective disinfectant to use

Tt iz still less stable than quats
and hydrogen peroxide.

time (Ishihara ot al., 2017) (Ngoyen o
ul., 20210,

Chlorine Dioxide
(©107)

Sporicidal high-level
disinfectant

15 al room lemperature and is Lypically
dilute aqueous solution for
disinfection purposes,

It is considered more stable than HOC1 overa
wider pH than HOCI and maintains its
effectiveness as a disinfectant across a broad
Pl range.

It cun react explosively with
cerlain reducing  agenls  and
should be handled with caution.
Yan ¢t al. (2019) released ClO2
was, particularly 10 il was not

They are less reactive with organic
compounds than chlorine-based disinfeetants,
which helps maintain their stability.

stabilized or if the solution was
exposed to light or heat.

Tydrogen Peroxide
(11202

Sporicidal high-level
disinlzctant

Broad-spectrum antimicrobial activity, breaks
down into water and oxyeen (with no harmful
residucs}, and is environmentally fricndly

Itis less effective in the
presence of organic marter,
causcs skin irritation, and is
less stable than HOCH is.

HIOCL are relatively better for being.
more effective than H2O2 in the
presence of organic materials and arc
less stable.

Sodium ypochlorite
{Nleach)

Sporicidal high-level
disinlectant

Strong disinfectant with broad-specoum
antimicrobial activity,

Widely available,

Cosl-effective

{an form toxic chloramines
when mixed with ammonia or
acid

Tt has a strong chlorine odor,
which can be bothersome and
potentially harmful it inhaled
in an enclesed space.

“They can also cormode metals
and damage tabrics, which
limits their use on certain
surfaces and materials.

Its cffectiveness can be
reduced in the presence of
organic malerials, which bind
to active chlorine and prevent
it from disinfeeting.

Higher concentralions of
hleach ave often required to
achicve the same level of
microbial inactivalion, which
increases the risk of irritation
and corrosion.

Far both safety and efticacy,
hypochlorous acid offers strong,
disinlection capability with a betler
safety profile for both human health and
the environment

Quaternary Anunonium
Tatermediate level
disinfectant

Effcctive apainst a wide varicty of pathogens,
non-corrosive Lo surfaces,

Leaves residual antimicrobial tilm (Jonger
residual effeet).

More prone W antimicrobial
resislanee,

Toxicity to aquatic life
Reduced eflicacy in the
presence of organic matter.

HOCL has a broader spectrum of
antimicrobial aelivily

However, one key issue affecting the efficacy and practicality of hypochlorous acid (HOCI) as a

disinfectant is its stability. Under optimal pH conditions, HOCI is a potent disinfectant, but it is
inherently unstable and can soon decompose into less effective disinfection by-products, such as
chloramines or hypochlorite ions, or convert into oxygen or chlorate (Busch et al., 2019; Lee et al,,
2023) (Committee, 2001), (Nguyen et al., 2021). The stability of HOCl is also temperature-dependent,
with higher temperatures leading to faster decomposition rates (Yamada et al., 2023). Additionally,
the presence of carbonate species in water can catalyze the decay of HOC], affecting its efficacy as a
disinfectant. (Brodfuehrer et al., 2020).

Furthermore, there are concerns that repeated use of HOCI could result in the development of
antimicrobial resistance. (Block & Rowan, 2020) This resistance can compromise the overall efficacy
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of HOCI in controlling and eliminating harmful microorganisms, posing a significant challenge in
healthcare settings in which disinfection is crucial.

The practicality of using HOCI as a disinfectant is also affected by the stability concerns. The
limited stability of HOCI necessitates its careful handling, storage, and transportation to maintain its
efficacy. (Khalid et al., 2021) If not properly handled or stored, HOCI can degrade quickly, rendering
it less effective as a disinfectant. (Ishihara et al., 2017)

Additionally, hypochlorous acid is unstable under ultraviolet light, sunlight, contact with air,
and elevated temperatures and high relative humidity..(Ishihara et al., 2017), or in the presence of
certain organic compounds and inorganic ions that can lead to the rapid consumption of
hypochlorous acid and decrease its antimicrobial activity. (Ishihara et al. (2017)

Despite efforts to stabilize HOCI through various chemical control measures and technologies
(pH adjustments, use of stabilizing agents, and advanced formulations), there are limitations to its
stability over extended periods (Ishihara et al, 2017), especially when exposed to unfavorable
environmental conditions, such as elevated temperatures and UV radiation. (Li et al., 2019)

Interestingly, despite the growing interest in HOCI as a disinfectant, there is limited end-user
understanding of the factors that influence its stability and how they impact its effectiveness.
(Nguyen et al., 2021) Additionally, the stability of HOCI in water treatment and its interaction with
organic matter and other chemical species are complex and not fully understood. (Terhalle et al.,
2018) This knowledge gap suggests that further research is needed to fully understand and optimize
the conditions for HOCI stability (Aniyyah et al., 2022; LI, 2021).

Therefore, this study aimed to investigate the factors influencing the stability of hypochlorous
acid (HOCI) and their impact on its disinfectant properties. Currently, there is a growing interest in
the use of HOCL as a disinfectant owing to its effectiveness against a broad range of microorganisms
(Ono et al., 2012). (2021). However, the stability of hypochlorous acid remains a concern, as it reduces
its efficacy as a disinfectant. Nguyen et al. (2021)

Factors Affecting the Stability of Hypochlorous Acid

Several factors that can lead to breakdown or reduced efficacy of HOCI have been identified.

1. pH Sensitivity: HOCI is the most effective disinfectant when it is in its undissociated form
(HOCI). At lower pH levels (more acidic), HOCI can rapidly dissociate into hypochlorite ions
(OCl-), which have reduced antimicrobial activity, whereas at lower pH, it can release chlorine
gas, which is hazardous. (Ishihara et al., 2017)

2. Temperature: Higher temperatures (> 25 °C) can accelerate the degradation of HOCI. The rate of
degradation increases as the temperature increases further, causing HOCI to break down into
hypochlorite ions and lose its antimicrobial effectiveness.

3. Light: Exposure to sunlight or UV radiation can break down HOCI molecules, thereby reducing
their disinfecting power. When HOCI absorbs light energy, it can undergo photolysis, leading
to the formation of chloride and hypochlorite ions.

4. Time: HOCI has a limited shelf life, and its stability decreases over time. Gradually, HOCI
molecules degrade into chloride and hypochlorite ions, reducing their ability to effectively
disinfect.

5. Organic matter: When HOC]l reacts with organic substances such as proteins and other biological
materials, it can form chloramines. Chloramines have reduced antimicrobial activity compared
to HOCI. (Committee, 2001)

6. Metal ions: Some metal ions, such as copper, can catalyze the decomposition of HOCI into
chloride and hypochlorite ions, reducing its effectiveness as a disinfectant. (Block & Rowan,
2020).(Committee, 2001)
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7. Generation and Delivery: The generation of hypochlorous acid as a disinfectant can be
complicated and requires electrolysis of saltwater or specialized devices. Appropriate
equipment and procedures must be performed to ensure the stability and effectiveness of the

hypochlorous acid product.

To ensure the effectiveness of HOCI as a disinfectant, it is important to control these factors and
safely store and use HOCl solutions. Therefore, special formulation, handling, and storage conditions
are required to maintain the concentration and microbicidal activity of hypochlorous acid molecules.
(Nguyen et al. (2021)

Current Research Findings on HOCL Stability Issues

Table 2 shows some of the few relevant empirical studies that have investigated the stability of
hypochlorous acid (HOCI). A study by (Ishihara et al. (2017), (Zhao et al 2017). (2011) (Yoshida et al.
2012), (Nagata et al. 2000), and Kurosaka et al. (1992) highlighted the importance of controlling
factors, such as pH, temperature, light exposure, and time, to maintain the stability and effectiveness
of HOCl as a disinfectant.

Table 2. Studies on HOCL Stability.

Study Author (Year) Method Findings
Stability of Weakly Acidic (Lshihara et al, | A hypochlorous acid (HOC) solution (200 They demonstrated that HOCL is unstable against
Hypochlorous Acid Solution | 2017) ppm, pH 6) was prepared and evalualed for ultraviolet (UV) light, sunshine, conlact with air, and
with Microbicidal Activity stability and microbicidal activity. clevated temperatures = 25 °C). Turthermore, in the

HOCI solution, the presence of oxcess organic
compounds or inorganic ions results in the rapid
consumption of HOCI by oxidation rcactions and
significantly decreases the microbicidal activity of
the HOGCT solution.

Zhaoetal. (2011

Stability of Acidic T'his study examined the stability of HOC! in They found that the stability of HOCI significantly
Llectrolvzed Water asa acidie clectrolyzed water (AT.W) as a potential | decreased at higher pH levels and temperatures,
Novel Sanitizer for Use in the sanitizer for the food industry. The influences of | leading to the tormation of hypochlorite ions and
Food Industry pll, temperature, and time on the stability of reducing its sanitizing efficacy.

TOCT were evaluated.

Stability of hypachlorous Yoshida ct al. This study focuses on the stability and They found that acidic conditions {pH < 6.0)

acid solutions with different | (2012) baclericidal elTects of HOC! au dilferent pl1 provided the highest stability and baciericidal

plls and their baclericidal levels. The researchers mvestigated the elfectiveness. As ihe pH increased, the stability of
elfects degradation o HOCl over lime HOCI decreased, leading to a decrease in ils

antimicrobial activity

Although some variations in the experimental conditions and methodologies exist, collectively,
they provide insights into the stability issues surrounding HOCI and contribute to understanding its
limitations and optimal use as a disinfectant. They are almost unanimous in corroborating the reality
of the HOCI instability and its impact on efficacy. Therefore, it is imperative to overcome this issue
to maintain disinfectant efficacy, extend shelf life, and minimize potential health risks associated with
degraded or low-concentration HOCI solutions.

The Consequences of Instability of HOCI as a Disinfectant

Unstable hypochlorous acid (HOCI) can have several consequences, some of which include the
following.

1. Reduced disinfectant efficacy HOCI is known for its powerful broad-spectrum antimicrobial
properties. However, an unstable and less effective HOCI may require higher concentrations or
longer contact times to achieve the same level of germicidal activity.(Ishihara et al., 2017).

2. Shorter shelf life: Stability issues can lead to a shorter shelf life for HOCl-based products. The
degradation of HOCI in solution reduces the concentration of active HOCI available for
disinfection, thus shortening the shelf life of the product. This can be problematic in industries

or applications in which long-term storage or infrequent use is required.
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3. Potential health risks: The use of degraded products containing reduced HOCI concentration or
hypochlorite ions may have potential health risks.(Block & Rowan, 2020) Hypochlorite ions are
less selective in their antimicrobial action compared to HOCI, and they can also interact with
organic matter present on surfaces or in the environment to form potentially harmful
byproducts.(Nguyen et al., 2021) These byproducts include chloramines and chlorinated organic
compounds, which can be irritating to the skin, eyes, and respiratory system. (Office et al., 2004)

In some cases, they can also be toxic or carcinogenic.

Overall, ensuring the stability of HOCI is crucial for maintaining its disinfectant efficacy,
extending the shelf life of products, and minimizing the potential health risks associated with
degraded or low-concentration HOCI solutions.

Challenges Faced and Current Efforts to Enhance the Stability of Hypochlorous Acid as
Disinfectant

The Current Challenges

The stability issues associated with HOCI present numerous challenges for industries and
organizations that rely on HOCI as a disinfectant. These challenges can impact various aspects of
operation and effectiveness. Some of the challenges faced are as follows:

1. Inconsistent disinfection efficacy: Instability of HOCI can lead to inconsistent disinfection
efficacy. As HOCI degrades into less-effective hypochlorite ions (OCl-), the concentration of
active disinfectants decreases. This can result in variable germicidal activity, which requires
higher concentrations or longer contact times to achieve the desired level of disinfection. This
inconsistent efficacy poses a significant challenge for ensuring proper sanitization and
preventing the spread of infections.

2. Increased costs: Reduced disinfectant efficacy due to stability issues can increase costs for
organizations. Higher concentrations of HOCI may be required to compensate for degradation
and achieve the desired level of disinfection. This can lead to increased consumption of HOCI
and additional expenses associated with the procurement, storage, and application of
disinfectants. The need for larger quantities and increased frequency of applications can affect
budgets and potentially strain resources.

3. Shortened shelf life: Stability issues can shorten the shelf life of HOCl-based disinfectants,
resulting in a higher risk of expired or ineffective disinfectants within the organization. This
challenge can disrupt supply chains, require more frequent reordering, and increase inventory
management complexity.

4. Regulatory compliance: Industries and organizations that utilize HOCI as a disinfectant must
comply with the regulatory guidelines and standards for efficacy and safety. Stability issues that
compromise the efficiency of disinfectants or generate potentially harmful degradation
byproducts can pose challenges in meeting regulatory and accreditation requirements.

5. Reputation and customer trust: Stability issues with HOCI-based disinfectants can affect an
organization's reputation and customer trust. Businesses in industries such as healthcare,
hospitality, and food services rely heavily on effective disinfection to maintain a safe
environment for both staff and visitors. Any resultant instability can result in inconsistent
disinfection or inferior quality of products, which can erode customer confidence and lead to
reputational damage.

To address these challenges, industries and organizations may need to invest in research and
development to enhance the stability of HOCI-based disinfectants. Additionally, collaboration with
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regulatory bodies and adherence to industry standards can help maintain compliance and address
the potential risks associated with stability issues.

Enhanced stability can result in improved disinfection efficacy, cost-effectiveness, longer shelf-

life, regulatory compliance, and increased trust and confidence. Investing in research and
development in this area can have far-reaching benefits for various industries that rely heavily on
HOCI for sanitization.

Ongoing Research and Developments on Stability of HOCI

Ongoing research efforts to improve the stability of hypochlorous acid (HOCI) as a disinfectant

have focused on various aspects, including formulation optimization and delivery systems. This

section provides an overview of some of the ongoing research efforts in this field.

1.

Formulation optimization, including pH adjustment and the addition of buffering agents, can
improve stability and shelf life. Researchers are currently investigating different formulations
and techniques that can enhance the stability of HOCI. This includes the study of the effects of
pH, temperature, and other factors on HOCI stability. By perfecting the formulation, researchers
have aimed to minimize the degradation of HOCI into less effective hypochlorite ions and
extend its shelf life. (Khalid et al., 2021) (McBain A]J, et al. 2003)

Stabilizing agents: Adding stabilizers such as inorganic salts or phosphates can help minimize
the decomposition of HOCI(Nguyen et al., 2021). Research is ongoing to identify suitable
stabilizing agents to enhance the stability of HOCI. Some studies have explored the use of
additives such as buffering agents, chelating agents, and surfactants to stabilize HOCI
solutions.(Nguyen et al., 2021), (Fox L], et al, 1992)

Alternative delivery systems: Researchers are exploring alternative delivery systems, including
the use of encapsulation techniques that involve enclosing HOCl in micro- or nanosized particles
to protect them from degradation and interactions with the environment. These encapsulated
systems can provide controlled release of HOCI, maximizing its stability and efficacy. See, for
example, Doganay and Doganay H. (2019)

Storage and handling conditions: Researchers are currently studying the impact of storage and
handling conditions on the stability of HOCI. Factors such as light exposure, humidity, and
packaging materials can affect the stability of the HOCI solutions. By this, researchers aim to
develop recommended storage and handling guidelines to maintain the stability of
HOCI.(Ishihara et al., 2017) (Wang et al., 2007).

Synergistic combinations: Several studies have explored the use of synergistic combinations of
different stabilizing agents or techniques to enhance the stability of HOCI. For example,
combining pH stabilization with encapsulation, or using a combination of ROS scavengers and
cross-linking agents. For example, Kim, J. H., Moon, J. H., Cheong, K. C. (2016), Shi, B., Zhang,
D., Tsui, T.H., & Chen, R. (2018), Yang, C., Li, H., Wei, H., & Zhang, Y. (2014), Oh, J.C., Kim, Y.,
& Oh, S.G. (2018), Lee, ].H., Kim, H.K,, Park, S.H., & Kang, M.H. (2014)

Analytical methods: Regular monitoring of the pH, concentration, and other relevant parameters
of the HOCI solution can help identify any changes in stability and take necessary actions to
maintain its effectiveness.(Ishihara et al., 2017). The development of robust analytical methods
for assessing the stability of HOCI is an ongoing research effort. Researchers are developing
rapid and accurate analytical techniques to monitor the degradation of HOCI over time. These
methods can help understand the kinetics of HOCI degradation and evaluate the efficacy of

stabilizing agents and formulation optimization strategies. See, for example, Lee, ., Lee, Y., and

d0i:10.20944/preprints202404.0954.v1
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Kim, H. (2017), Abu-Omar, M.M., Abu-Rumeileh, R.G., & Kodeh, F.S. (2019), Martins, R.C.,
Miquelini, M., Neves, A.A.R., Moreira, N.C., 2019. (2017), Buettner, K., & Lackmann, ].-W. (2012),
and

7. Anode materials and electrode modifications: Researchers are currently investigating various
anode materials and modifications to improve the stability of HOCI during electrolysis. For
example, some studies have explored the use of electrodes coated with metal oxides or alloys to
enhance stability and minimize the degradation of HOCI. For instance, (Chen et al. (2013) (Zhang

et al. 2015)

Overall, ongoing research efforts to improve the stability of HOCI as a disinfectant are
multidisciplinary and involve formulation chemistry, materials science, and analytical techniques.
By addressing stability issues, these research efforts aimed to enhance the effectiveness and reliability
of HOCl-based disinfectants, contributing to better disinfection practices in various industries.

Current Manufacturing Techniques and Formulations to Enhance its Stability

In addition to the various research and development initiatives discussed above, manufacturers
are exploring several promising methods and technologies to enhance the stability and shelf life of
hypochlorous acid (HOCI) solutions. These include:

1. Acidic electrolyzed water (AEW) generators: AEW generators produce HOCI via a process

called electrolysis. The generators created a stable HOCI solution using salt, water, and
electricity. By generating HOCI on demand, these generators can provide a fresh and stable
solution with an extended shelf life.

2. Optimizing electrolysis conditions, such as current density and pH control, can affect the
stability of HOCI and extend its shelf life.

3. Controlled-release systems: Researchers have developed controlled-release systems that can
release HOCI slowly over a specified period. These systems typically involve encapsulation of
HOCI in polymers or nanostructures. Controlled release of HOCI can prevent its degradation
and maintain its stability for an extended period.

4. Reactive oxygen species (ROS) scavengers: Reactive oxygen species, such as superoxide anions,
can degrade HOCI. The addition of scavengers that neutralize ROS can help stabilize HOCl and
prevent its degradation. Examples of ROS scavengers include antioxidants such as ascorbic acid,
tocopherols, and thioctic acid. See for example, (Eryilmaz & Palabiyik, 2013; Geir Hermod Almas,
2018; Issa-Zacharia et al., 2011; Li et al., 2023; Zhang et al., 2021)

5. Cross-linking agents: Cross-linking agents enhance the stability of HOCI by forming chemical
bonds that protect it from degradation. One example is the use of polyvinylpyrrolidone (PVP)

as a crosslinking agent to stabilize HOCI solutions.

These methods, formulations, and technologies hold promise for improving the stability and
shelf life of HOCI solutions, enabling enhanced disinfection practices in various industries, such as
healthcare, food processing, and water treatment. This suggests that stability issues can be mitigated
through innovative production methods, opening the possibility of making it a viable option for
various disinfection applications (Eryilmaz & Palabiyik, 2013; LI, 2021).

Summary, Conclusion and Recommendations

Summary

This study aimed to explore and investigate the factors that influence the stability of HOCl and
their impact on its efficacy. A review of the existing literature has shown that the stability of HOCI
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as a disinfectant remains a complex and multifaceted issue that requires further investigation and the
development of new strategies to enhance its stability and effectiveness.

The key issues surrounding the stability of hypochlorous acid (HOCI) as a disinfectant include
its susceptibility to degradation and conversion into less effective (and often harmful) disinfection
byproducts when exposed to light, heat, pH extremes, and certain organic materials. This
degradation reduces the disinfection efficacy and shortens its shelf life. Maintaining the stability of
HOCl is crucial to its effectiveness as a disinfectant.

Accordingly, researchers have explored various techniques and formulations to increase the
stability of HOCI and extend its shelf life. Manufacturers and end-users can help mitigate stability
issues by adopting techniques, technologies, and best practices alluded to. Continued research and
development in this area are important for improving the reliability and effectiveness of HOCI
disinfectants.

Conclusion

In conclusion, addressing the stability issues of hypochlorous acid is of utmost significance for
its wider use and effectiveness in disinfection. By prolonging the shelf life and maintaining its
efficacy, we can ensure the reliability, consistency, and cost-effectiveness of HOCI as a powerful
disinfectant, leading to improved infection control and public health outcomes.

Recommendations to End-Users on Maintaining the Stability of HOCI

In addition to the chemical and technological steps taken to ensure and maintain the stability of
HOCI during manufacturing, it is also essential that end-users comply with the following best
practices to help prolong its stability as a disinfectant (Su et al., 2009).:

1. pH Control: Maintain the pH of the HOCI solution around neutral (pH 7), where HOCI is most
stable, to ensure maximum efficacy. (Ishihara et al., 2017)

2. Proper Storage: Store HOCl in dark, cool environments, away from sunlight, and heat to prevent
decomposition. Use containers that do not promote breakdown and ensure that they are labeled
and sealed correctly.(Block & Rowan, 2020)

3.  Minimizing Exposure to Contaminants: Prevent the solution from meeting metals or organic
materials that could accelerate degradation or reduce disinfecting power. (Mayer & Ryan, 2017)

4. Monitor concentration: The concentration of HOCL is regularly checked and adjusted to ensure
that it maintains the appropriate available chlorine levels and disinfecting properties, avoiding
concentrations that are too low to be effective or so high that they can damage surfaces or
equipment. (Nguyen et al., 2021)

5. Water Quality: Use water that is as free from organic contaminants and impurities as possible to
reduce the formation of harmful disinfection by-products and maintain available chlorine levels
for disinfection.(Nguyen et al., 2021)

6. Safe Handling Procedures: Follow safe handling procedures, including wearing appropriate
personal protective equipment, to protect against potential hazards.

7. Adhere to industry-specific guidelines and manufacturer recommendations for the use of HOCL,
considering the type of application and required disinfection strength.

8. Use As Intended: Apply HOCL only as directed for the specific disinfection tasks intended to
maximize its benefits and reduce wastage or potential hazards. (Nguyen et al., 2021)

9. End users should carefully assess their usage and consider alternative disinfection methods that
may offer similar or better efficacy without the associated risks.

10. Monitoring disinfection by-products and vigilance in managing microbial resistance are

essential to ensure the safe and effective use of HOCL as a disinfectant.
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In summary, following the above listed end-users' best practices can help mitigate these issues
by improving the stability and on-site generation of HOCI, making it a more practical option for
disinfection purposes (Brodfuehrer et al., 2020; LI, 2021; Yamada et al., 2023)

Recommendations for Further Research and Development

The associated challenges discovered in this study necessitate ongoing research and
development to improve the stability and safety of HOCI in its various applications (* (LI, 2021;
Mehendale et al., 2023) *). Such research is essential to ensure efficacy and safety in various settings
and applications. Gould (1996) Future research in this field should focus on exploring new methods
to improve the stability of HOCL:

1. Understanding the degradation pathways of HOC],

2. Optimizing its formulation and pH levels,

3. Studying its compatibility with materials,

4. Assessment of the potential for microbial resistance to HOCI and development of strategies to
mitigate this risk.

5. Customizing application research focused on developing specialized formulations tailored to
specific applications, such as wound care, food sanitation, or water treatment, that can maintain
stability under conditions unique to those environments, and

6. Update and refine regulatory guidelines and standards for the production, storage, and
application of HOCI to ensure stable and effective use across industries.

Overall, ongoing research on the stability of HOCl is critical for maximizing its advantages as a

potent sporicidal disinfectant while minimizing risks. Continual research efforts in these areas can
provide a scientific basis for improving HOCI products and their applications.

The Significance of This Study, Its Novelty and Limitations

This research can help end-users and other researchers to gain a deeper understanding of the
stability and effectiveness of HOCL as a disinfectant, leading to the development of improved
formulations. Additionally, it can contribute to the development of regulations and guidelines that
standardize the production, storage, and application of HOCL. In addition, the findings of this study
have significant implications for the development of new disinfectants and improvement of existing
ones.

This study is both novel and significant because it provides new insights into the stability of
HOCI, which has not been extensively studied before. However, this study is a limited review of the
existing literature rather than an empirical study on the stability of HOCI. Further empirical research
isneeded to fully understand the stability of HOCl under different conditions and determine its long-
term effects on the environment. Overall, the stability of hypochlorous acid as a disinfectant is a
critical area of research that can lead to optimization of its effectiveness.
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