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Abstract: When infection with SARS-CoV-2 was confirmed in Japan during 
January 2020, face masks and rubbing alcohol (ethanol) rapidly disappeared 
from drugstores to prevent droplet, aerosol, and contact infection. The 
present study aimed to determine the ability of ethanol, hypochlorite, and 
ozone water to inactivate SARS-CoV-2 on the hands. We searched the 
literature and analyzed these agents using international standard 
procedures, as well as the opinions of the WHO and CDC and the Ministry 
of Economy, Trade, and Industry, the Consumer Affairs Agency, and the 
Ministry of Health, Labour, and Welfare of Japan. Ethanol was clearly 
effective against SARS-CoV-2. The results suggested that rinsing hands 
with hypochlorite and ozone water is effective against SARS-CoV-2 like 
ethanol. 
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1. Introduction 
Infectious disease outbreaks are classified as endemic, epidemic, or 

pandemic based on their prevalence. Pre-modern pandemics include the 
black plague and smallpox, whereas pandemics since the 20th century have 
been caused by influenza viruses such as the Spanish flu, Asian flu, Hong 
Kong flu, 2009 influenza, and the novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) that caused coronavirus disease 2019 (COVID-
19). Despite the increasing prevalence of vaccines and therapeutic agents, 
SARS-CoV-2 is not yet under complete control. Routine individual infection 
prevention measures are needed that can be practiced by societies to 
prevent the spread of infections. In addition to aerosol inhalation, SARS-
CoV-2 is thought to infect when it adheres to the hands, then enters the 
mucous membranes of the mouth, nose, and eyes. Therefore, hand hygiene 
is important as a more stringent infection-control measure in addition to 
global infection prevention measures (Fig. 1) [1]. 
 
 

 
 

Hand hygiene (hand washing) can be classified depending on whether 
the required level of cleanliness is routine, hygienic, and surgical. Hands are 
routinely washed using soap and tap water before meals, after defecation 
and urination at home, and in various social situations. Hygienic hand 
hygiene is practiced in hospitals before and after treating patients using 
either ethanol hand sanitizer or soap and tap water. Surgical hand hygiene 
refers to washing hands before surgery, using a combination of alcohol hand 
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sanitizer [2]. Currently, dentists need to implement "hygienic” hand hygiene 
against the background of COVID-19.  

However, although the Ministry of Economy, Trade and Industry, the 
Consumer Affairs Agency, and the Ministry of Health, Labour and Welfare 
provided instructions on how to use and sell "hypochlorite water" on June 
26, 2020, clear evidence of its disinfectant and sterilization capabilities is 
scant. Furthermore, evaluation methods specified  on how to use and sell 
"hypochlorite water" on June 26, 2020, clear evidence of its disinfectant and 
sterilization capabilities is scant. Furthermore, evaluation methods 
specified by the International Organization for Standardization (ISO), 
Japanese Industrial Standards (JIS), or group standards have not always 
been applied to evaluate efficacy, and the timing and duration of tests, 
methodology, and results are not clear. This also applies to other types of 
disinfectants [3].  

Since the World Health Organization declared SARS-CoV-2 infection a 
pandemic during March 2020, the supply of rubbing alcohol in Japan has 
been unable keep pace with the demand [4]. Hence, we aimed to gather 
evidence for other disinfectants that could inactivate SARS-CoV-2 [5]. 
 
2. Alcohols, hypochlorite water and ozone water inactivates SARS-CoV-2 
2.1 Alcohols 

Among ethanol, 2-propanol, and 1-propanol, ethanol has proven ability 
to inactivate this virus, and disinfection of viruses with ethanol is now 
mainstream worldwide [6, 7]. Rubbing alcohol containing 70%–80% ethanol 
(EtOH) can inactivate the virus, and EtOH at concentrations ≥30% 
inactivate SARS-CoV-2 at a virus solution: EtOH ratio of 2:8 within 30 
seconds [8].  
  
2.2   Hypochlorite water 

Hypochlorite water is an aqueous solution of hypochlorous acid. It can 
be produced by electrolyzing aqueous hydrochloric acid or sodium chloride 
(electrolytic type) or commercialized as sodium hypochlorite (non-electrolytic 
type) at a specific pH. The disinfecting action of hypochlorite water, like that 
of sodium hypochlorite, is the oxidizing action of free chlorine, and it can 
inactivate various coronaviruses [9, 10]. The present study also found that 
hypochlorite water can inactivate SARS-CoV-2 [11, 12]. These findings 
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showed that AEWs (pH ~ 2.5) strongly [5] and slightly SAEWs (pH 5.0–5.6) 
[12] inactivated SARS-CoV-2. Virus inactivation activity by SAEW with a 
residual chlorine concentration (RCC) of 30–50 ppm was confirmed at a 
mixing ratio of virus: SAEW of 1:9–1:19 within 20 seconds [12]. 
 
2.3   Ozone water 

Ozone is second only to fluorine in terms of acidity in nature, and it is 
~7-fold more acidic than chlorine. This powerful oxidizing effect has long 
been used for sterilization, deodorization, and bleaching, and it now applied 
in European medicine, agriculture, and fisheries [13]. Ozone water (OW) is 
prepared by simply dissolving ozone (O₃) in water. Low concentrations (0.6 
ppm) of ozone inactivate SARS-CoV-2 at a 1:100 ratio of virus within 30 
seconds [14]. Ozone water at 10 ppm also inactivates SARS-CoV-2 at a 1:99 
ratio of virus: OW within 5–20 seconds [15].   
 
3. Research Project: SARS-CoV-2 Virus Inactivation and Inactivation 
Mechanism Analysis 

The SARS-CoV-2 inactivation activities of ethanol, hypochlorite water, 
and ozone water have never been compared under the same experimental 
conditions. In this study, virus inactivation activity was evaluated by mixing 
OW and SARS-CoV-2 solutions of various ozone concentrations (1-10ppm) in 
volume ratio and compared with the activity of (10ppm), SAEW (34ppm 
SAEW (pH 5.8) residual chlorine), and EtOH (70%) all in-activated SARS-
CoV-2, but EtOH and 70% EtOH. Furthermore, we evaluated the effect of 
the content of organic matter in the virus solution on the virus inactivation 
activity. We analyzed the effects of these inactivators on the genome and 
spike (S) protein of SARS-CoV-2 in an attempt to elucidate the mechanism 
of viral inactivation [5]. Standard test and official methods for assessing 
virus inactivating capacity include the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) and the Biocidal Product (BPR). There are methods 
for measuring TCID50 (Median tissue culture infectious dose, 50% infection 
amount) and plaque method based on the regulatory framework of 
Regulation). In this study, the TCID50 method was used [16]. 

 
4. Evidence for determining the concentration and time used in this 
experiment 
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Existing knowledge establishes that high-concentration alcohols, such 
as 70% EtOh and 70% isopropanol, have an inactivating effect on enveloped 
viruses. Accordingly, international organizations such as WHO and CDC 
have recommended the use of these inactivating agents against the novel 
coronavirus SARS-CoV-2 [17, 18]. In addition, the Ministry of Health, Labor 
and Welfare recommends ethanol with a concentration between 70% and 
95% for use as rubbing alcohol or hand sanitizer [3]. In a clinical study, 
methicillin-resistant Staphylococcus aureus was deposited on the finger and 
70% disinfectant ethanol was rubbed on the surface of the finger for 20 
seconds to examine the removal/kill rate, which was found to be 99.1 ± 0.8% 
[19]. 

According to the joint announcement [3] made by the Ministry of 
Economy, Trade and Industry, the Consumer Affairs Agency, and the 
Ministry of Health, Labor and Welfare in the final report of NITE [20], when 
SARS-CoV-2 was reacted with hypochlorite water for 20 seconds, it was 35 
ppm or more. The effectiveness was confirmed in. In this study, 34 ppm 
SAEW (pH 5.8), which is slightly acidic electrolyzed water, was used for 
reagent adjustment. Furthermore, in ozone water low concentration (0.6 
ppm) [14] and high concentration (10 ppm) [15] have been confirmed to show 
inactivating effects; as a result, a concentration of 1-10 ppm was used for 
the experiments in this study. 
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Figure 2. Comparison of virucidal activities of SAEW, OW and 70%EtOH. 
SARS-CoV-2 inactivation activity was observed in OW, SAEW, and EtOH. 
However, 70% EtOH had the strongest inactivating activity when compared 
with OW with an ozone concentration of 10 ppm and SAEW with a residual 
chlorine concentration of 34ppm [5]. 
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Figure 3.Evaluation of the impact of FBS concentration in the virus solution 
on virucidal activities of test solutions. EtOH had a strong inactivating 
activity regardless of the FBS concentration in the viral solution, whereas 
the degree of virus inactivation by OW and SAEW decreased in proportion 
to the increase in FBS concentration. OW and SAEW showed a strong virus 
inactivating activity when the mixing ratio of the virus solution containing 
40% FBS and the test solution was 1:99 [5]. 
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Figure 4. Evaluation of the impact of test solutions on the SARS-CoV-2 
genomes. (A)The Ct value of each reaction mixture was measured. (B) The 
viral titer of each reaction mixture was measured. Real-time polymerase 
chain reaction analysis of the viral genome showed that the cycle threshold 
values in the OW and SAEW groups were significantly higher than those in 
the control group indicating that OW and SAEW may disrupt the viral 
genome [5].  
 
 

 

Figure 5. Impact of test solutions on the SARS-CoV-2 proteins. 
Western blot analysis targeting the recombinant SARS-CoV-2 peplomer S1 
subunit revealed that OW and SAEW treatment changed the protein band 
into a ladder. These results indicate that OW and SAEW may cause 
structural changes in the S1 subunit of the SARS-CoV-2 spike protein [5]. 
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5. Clinical investigation of official standard tests 
The NITE report concluded that evidence of the effectiveness of 

disinfection, sterilization, etc. is not clear. That is, not all tests of 
effectiveness use methods specified in international standards (ISO), 
Japanese Industrial Standards (JIS), or group standards. In addition, the 
methods applied and the timing, institutions, and results of effectiveness 
tests, are not always clear [3]. Official standard test methods to evaluate the 
efficacy and safety of biological disinfectants have been established in 
Europe and the USA, and these are used as criteria for clinical approval. 
The main evaluation methods are the European Norm (EN) European 
Standard, the American Society for Testing and Materials (ASTM), and the 
Association of Official Analytical Chemists (AOAC) test methods. In other 
words, evidence will be more robust and reliable when these evaluation 
methods are applied [24]. Some clinical studies have recently applied the 
ASTM E1174-13 standard test method to evaluate the removal of bacteria 
from the hands by washing with ozone water (4 ppm, 200 mL, 30 s. Bacteria 
were applied to hands, then bacterial counts were compared among ozone 
water, antibacterial soap and water, and non-antibacterial soap and water. 
The results showed that ozone water can remove bacteria from hands to at 
least the same ex-tent as non-antibacterial soap and water in the absence of 
visible dirt or body fluid contamination [25]. Furthermore, ozone water (4 
ppm, 1 L, 30 s) can remove bacteria from hands contaminated with organic 
matter to the same degree as antibacterial soap and water [26]. 
 
 
6. Advantages and disadvantages of Ethanol (EtOH), Hypochlorite water 
(SAEW), and Ozone water (OW) in clinical practice 
 
Although EtOH can be lost by evaporation, it can be maintained for a long 
time under sealed conditions. Although EtOH is more stable than OW and 
SAEW, it is also an in-flammable skin irritant and cannot be used by people 
with alcohol intolerance. In contrast, OW irritates the skin less than EtOH 
[27,28]. Because SAEW is considered safe and less irritating to the skin and 
mucous membranes, it has been proposed for use as a disinfectant for 
normal and injured skin [29]. In addition to being hypoallergenic, OW and 
SAEW  are suitable for use as disinfectants because they pose little risk of 
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environmental contamination. In contrast, when SAEW was stored in a 
closed container at 22°C in darkness, the RCC did not significantly decrease 
even after 21 days [12]. However, UV light decomposes free chlorine in AEW 
and the rate is accelerated under high-temperatures. Furthermore, SAEWs 
should be used within a few days or stored in a cool, dark place [30]. The 
half-life of ozone is short after OW is generated [31], being 20–30 minutes at 
20°C in distilled water, and 2–4 minutes at 25°C in aqueous solution pH 7.0 
[31]. Because of this, OW is considered suitable for washing hands and 
objects with running water. Therefore, OW and SAEW can be used as 
alternative disinfectants to EtOH, especially for those with adverse 
reactions to alcohol. Based on previous reports, we compared the effects of 
EtOH, SAEW, and OW (Table1).   
 
 
 
 
 
 
 
Table 1 Comparison of the effects of Ethanol (EtOH), Hypochlorite water 
(SAEW), and Ozone water (OW) 

 
 
7. Conclusions  

Hand hygiene is one of the basic components of standard precautions. 
The present study found that 70% EtOH, 34 ppm SAEW, and 3–10 ppm OW 
were active against SARS-CoV-2. Based on previous reports from basic [5], 
clinical [25–26], NITE [20], MHLW, and other studies3-4), SAEW and OW 
were appropriate alternatives to EtOH for inactivating SARS-CoV-2. 
However, SAEW and OW were considered to be effective in flowing water 
because their ability to inactivate the virus was attenuated by organic 
matter [5, 20].  

In conclusion, the hand hygiene guidelines of the CDC [2] and WHO [7] 

ＥｔＯＨ ＳＡＥＷ ＯＷ
Yes Yes Yes

Strong W eak W eak
Yes N o N o

Extended Several days ~30 m inutes
Yes N o N oInflam m ability

SARS-C oV-2 inactivation
Inhibition of organic activity

Rough skin
Protection against SARS-C oV-2 
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recommend using EtOH rub-on formulations. The WHO guidelines [7] 
recommend thoroughly washing the hands with soap and running water if 
visually contaminated and disinfecting them with rubbing EtOH if not. This 
means that EtOH cannot be used if contamination is proven. A recent 
clinical study has shown that OW can remove bacteria  from hands 
contaminated with organic material as effectively as antibacterial soap and 
water [26]. Therefore, we considered that 34–35 ppm of SAEW20 or 4 ppm 
OW [26] for > 30 s in running water is useful for routine hand hygiene 
without antibacterial soap, water, or EtOH.  
 
 6. Suggestions toward future 

Many pregnant women died of puerperal fever after childbirth in 
Europe during the 1840s. Doctors at the time were not in the habit of 
washing their hands, and Ignatz Semmelweis, a Hungarian obstetrician and 
gynecologist, determined that the cause of puerperal fever was "putrid 
animal organic matter" on the hands of doctors. In fact, even though 
Semmelweis saved many lives through hand washing, his theory was 
severely criticized by the medical community at the time because the "germ 
theory" had not yet been established. It was not until after his death that 
handwashing became a common practice among doctors [17]. Since then, the 
theory of hand hygiene has been developed by the WHO [7] and CDC [17], 
and various disinfectants have been developed. However, Earle Spaulding in 
the USA classified disinfectants as high, medium, and low according to their 
bactericidal properties in 1957 [32].  

The Spaulding classification is easy to under-stand and it is still 
clinically applied worldwide; hypochlorite and alcohol as disinfect-ants are 
considered as medium in the Spaulding classification [32]. However, the 
hypochlorite classification includes sodium hypochlorite, but not 
hypochlorite, and ozone water is not mentioned. Therefore, the Act on 
Securing Quality, Efficacy, and Safety of Products Including 
Pharmaceuticals and Medical Devices in Japan does not classify 
hypochlorite water and ozone water as disinfectants but as inactivators or 
sanitizers. The Spaulding classification should be updated as new pathogens 
such as SARS-CoV-2 and prions emerge [33].  
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