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 The NEOW disinfection device
reduced L. pneumophila contamination in a hot water system.
 The
treatment
maintained
L. pneumophila at low levels
(<102 CFU/L).
A
signiﬁcant
correlation
was
observed between L. pneumophila
and bacterial counts.
 L. pneumophila measurements via
PMA-qPCR were also affected by the
NEOW treatment.
 PMA-qPCR allowed to reveal dead/
compromised cells as a result of the
NEOW treatment.
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Disinfection of hot water systems is critical for reducing Legionnaires’ disease in high-risk buildings. The
use of neutral electrolysed oxidising water (NEOW) is a promising method for the control of microorganisms in hot water systems. However, full-scale evaluations of the efﬁcacy of NEOW devices to control
Legionella pneumophila are currently lacking. The aim of this study was to assess the effectiveness of a
NEOW device in reducing L. pneumophila in a hotel water network.
Water samples (n ¼ 67) were collected from different sites of a hotel distribution system before and
after the installation of the NEOW device at the 1st, 4th, 8th and 12th week. Detection of L. pneumophila
was performed comparing culture, qPCR and PMA-qPCR methods. Total bacterial counts (22  C and
37  C), Pseudomonas spp. and physico-chemical parameters were also monitored.
The NEOW treatment resulted in a reduction of the amount of L. pneumophila positive samples (32%)
and of the number of heavily contaminated points (>104 CFU/L and >103 CFU/L) (100% and 96%,
respectively). Treatment maintained L. pneumophila at low levels (<102 CFU/L), which do not require
speciﬁc intervention measures. The effectiveness of the disinfection system was also conﬁrmed by PMAqPCR (p < 0.001). The use of PMA resulted in a signal decrease in almost all samples upon the disinfection
treatment.
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The NEOW disinfection device appears to be a promising approach to reduce the colonisation of hot
water systems by L. pneumophila; however, further investigations are needed to ascertain its efﬁciency
over longer time periods.
© 2018 Elsevier Ltd. All rights reserved.

1. Introduction
Legionella spp. are ubiquitous microorganisms that are widely
distributed in aquatic environments. From these natural reservoirs,
this opportunistic pathogen can spread to and colonise artiﬁcial
aquatic environments (e.g. building water systems, cooling towers).
Legionella pneumophila is most frequently associated with human
disease (Cunha and Cunha, 2017) and in Europe, 6573 conﬁrmed
cases of L. pneumophila-associated Legionnaires’ Disease were reported in 30 countries in 2015. Four countries (France, Germany,
Italy and Spain) accounted for 69% of all notiﬁed cases. As in previous years, most cases (69%) were community-acquired, while 21%
(1141 cases) were travel-associated infections (ECDC, 2017).
Many studies have demonstrated the widespread presence of
L. pneumophila in water systems of tourist reception and spa facilities (Coetzee et al., 2012; Mouchtouri and Rudge, 2015). For this
reason, it is important to adopt measures to prevent and control the
dissemination of Legionella through careful risk assessment and
management. A range of physical and chemical disinfection
methods have been proposed with the aim of controlling
L. pneumophila contamination; however, to date, the most effective
procedures have not been deﬁned (Li et al., 2017; Lin et al., 2011;
Marchesi et al., 2016). Therefore, alternative disinfection methods
that are effective in controlling the proliferation of L. pneumophila
could be useful tools to reduce the risk of the spread of Legionnaires' disease.
Electrolysed oxidising water (EOW) is a technology (Thorn et al.,
2012) based on the electrodialysis of a sodium chloride solution in
an electrolysis chamber with an anode (acid EOW) and a cathode
(alkaline EOW) separated by a membrane. The mixture of these two
solutions forms the neutral EOW (NEOW). NEOW has proved to be
effective in the reduction of many waterborne pathogenic microorganisms in laboratory settings (Issa-Zacharia et al., 2010; Park
et al., 2004; Cossali et al., 2016) and in the food industry
(Rahman et al., 2016). However, full-scale evaluations of the efﬁcacy of NEOW devices to control L. pneumophila in hot water systems are currently lacking.
To date, the most commonly employed method for
L. pneumophila detection in water samples is the standard culture
technique. Despite being essential for identifying and typing
Legionella strains, the culture method has several limitations,
including the inability to detect viable but non-culturable bacteria
(VBNC) that may represent a public health hazard, especially when
a reclamation treatment is performed (Casini et al., 2014). Quantitative polymerase chain reaction (qPCR) may overcome many of the
disadvantages of traditional culture methods; however, qPCR does
not allow for viable cells to be distinguished from dead cells. A
promising approach for detecting viable cells involves the use of
qPCR along with photoactivatable DNA intercalators such as propidium or etidium monoazide (PMA or EMA), which can penetrate
the membranes of compromised cells and block PCR ampliﬁcation
(Delgado-Viscogliosi et al., 2009; Mansi et al., 2014; Scaturro et al.,
2016), with PMA having been shown to be more speciﬁc for dead
cells compared to EMA (Scaturro et al., 2016). At this time, some
studies using the PMA-qPCR method to detect Legionella in water
samples have already been published (Ditommaso et al., 2016,

2014; Yanez et al., 2011), all of which dealing with water reclaimed
with traditional disinfection strategies.
The aim of this study was to assess the effectiveness of a NEOW
device in reducing both culturable and nonculturable
L. pneumophila in a hotel water network. The standard culture
method was used with qPCR alone and in combination with PMA
(PMA-qPCR).
2. Materials and methods
2.1. Site description
The study was conducted in the hot water distribution system of
a hotel located in a mountainous area in the province of Turin. The
building was constructed in the 1930's and was renovated and
opened as a hotel in the 1980's. It consists of four ﬂoors with 73
rooms and a spa. The water used in the hotel is collected from a
private well located near the building and treated with a UV lamp
prior to distribution.
Since 2014, sampling plans have been implemented to assess
Legionella spp. contamination in the water distribution system.
Some samples collected in the hotel before the NEOW device
installation were primarily contaminated by L. pneumophila
serogroups 2e14 at concentrations >104 CFU/L.
2.2. Installation of the neutral electrolysed oxidising water (NEOW)
device
The NEOW device was installed in the hot water distribution
system in addition to the UV treatment. Speciﬁcally, it was installed
after the boiler that heats the water coming into the building
(operating temperature of 50  C).
NEOW was generated from the electrolysis of a saturated solution of NaCl in a Danolyte Just in Time 200 (DJIT) commercial NEOW
generator (DueDi s.r.l., Carmagnola, Torino, Italy). NEOW is a
product that contains hypochlorous acid, with a neutral pH (~7.0),
an active chlorine concentration of 500 mg/L and characterized by
an oxidation reduction potential (ORP) of ~850 mV. The dosage unit
includes a multifunction volumetric pump with a Cl2 analyser at the
boiler inlet. The chlorine concentration at the injection point was
set at 0.8 mg/L. The device was also connected to an operations
centre to allow for remote control.
2.3. Sample collection
From September to December of 2015, water samples (n ¼ 67)
were collected from the distribution system of the hotel. Detailed
information about the sampling sites are reported in Table 1.
Samples were collected before (sampling 1) and after the installation of the NEOW device at the 1st, 4th, 8th and 12th week (samplings 2e5).
At each sampling point, water samples were collected in three
sterile glass bottles (1 L) (sodium thiosulfate 0.1 g/L) and used for
culture, qPCR and PMA-qPCR determinations within 24 h. Water
was ﬂushed and samples were taken mid-stream.

552

S. Bonetta et al. / Chemosphere 210 (2018) 550e556

Table 1
Description of sampling sites.
Sampling sites

Water

Samples

Sampling point

Inlet of water systema
Boiler
Return loop
Distal outlets - Rooms

cold
hot
hot
hot

Wellness area

hot

Inlet before the water treatment (I)
Boiler (B)
Return loop (RL)
Room (ﬂoor 0) (R1)
Room (ﬂoor 1) (R2)
Room (ﬂoor 2) (R3)
Room (ﬂoor 3) (R4)
Room (ﬂoor 3) (R5)
Room (ﬂoor 4) (R6)
Room (ﬂoor 1) (R7)
Whirlpool (W)
Dressing room (D1)
Turkish bath (T)
Dressing room (D2)

tap
tap
tap
tap
shower
tap
shower
shower
tap
tap
tap
shower
shower
tap

a
This sampling site was located outside the building but belonging to mains. In this point water was not treated with chlorine and it was not affected by the NEOW
treatment.

2.4. Plate culture method
Isolation of Legionella from water samples was performed by
culture method according to the modiﬁed ISO 11731-2 (2004).
Conﬁrmed colonies were identiﬁed (L. pneumophila serogroup 1,
2e14 or Legionella spp.) using the agglutination test (Legionella
latex test; Oxoid, Milan, Italy). Results were expressed as CFU/L, and
the theoretical detection limit of the procedure for 1 L of sample
was 1 CFU/L.

with the statistical package IBM SPSS Statistics 24.0 (IBM Corporation, Armork, NY, USA). Signiﬁcant differences between the
concentrations of L. pneumophila (using culture, qPCR and PMAqPCR) in the ﬁve sampling campaigns were assessed by ANOVA
and Tukey's multiple comparison test. Signiﬁcance was evaluated
within 95% conﬁdence intervals (p  0.05). Pearson's test was used
to evaluate the correlation between L. pneumophila and the total
bacterial counts.
3. Results and discussion

2.5. qPCR and PMA-qPCR
The remaining 2 L of samples were concentrated by ﬁltration on
two 0.22 mm pore size polycarbonate membranes (Isopore, Millipore). The ﬁrst ﬁlter was directly added to the lysis solution for DNA
extraction using a commercially available kit (Aquadien™ Kit,
BioRad, Milan, Italy) according to the manufacturer's instructions.
The second ﬁlter was ﬁrst overlaid with 1 mL of PMA (25 mM) in
60 mm Petri dishes and incubated in the dark for 5 min, followed by
a 5 min exposure to a 500 W halogen light source on ice. After
irradiation, the ﬁlter was added to the lysis solution for DNA
extraction using experimental conditions that were optimised in a
previous study (Bonetta et al., 2017).
Quantitative PCR was performed with a Chromo4™ (BioRad)
and a iQ-Check Quanti L. pneumophila kit (BioRad) according to the
manufacturer's instructions. Each sample was assayed in duplicate.
Results are expressed as the number of genome units (GUs) per
litre. The detection limit of this qPCR method was 5 genome units
(GU) per well; the theoretical detection limit of the total method
(DNA extraction þ qPCR) was 80 GU/L. The quantiﬁcation limit was
15 GU/5 mL, corresponding to 500 GU/L.
2.6. Physical, chemical, and microbiological analyses
Water temperature (Radiometer TIM870, Hach Lange S.r.l., Lainate, Milan, Italy) was determined at the time of sample collection.
Conductivity, pH, turbidity, ammonia, and the residual chlorine
concentrations in the samples were also analysed (Rice et al., 2012).
Pseudomonas spp. and total bacterial counts (TBC) at 22  C and
37  C were determined in all samples (ISO 16266:2006; ISO
6222:1999).
2.7. Statistical analysis
All qPCR data were analysed by the Opticon Monitor Analysis
Software version 3.4 (Biorad). Statistical analysis was conducted

3.1. Quantiﬁcation of Legionella pneumophila using culture and
molecular methods
Fig. 1 shows the observed L. pneumophila contamination at the
inlet of the hotel water system and in the water distribution system
before (Fig. 1a) and after (Fig. 1bee) the NEOW treatment using
three different methods. In the examined building, only
L. pneumophila serogroups 2e14 were isolated.
Before treatment, all water distribution system samples (13/13)
were positive according to culture method (Table 2). Five out of the
13 samples exceeded 104 CFU/L and four out of the remaining
samples exceeded 103 CFU/L. The highest L. pneumophila concentrations were observed in certain rooms (R1 and R7), in the return
loop (RL) and in dressing room (D1 and D2) samples (Fig. 1a). Some
studies showed that the return loop is one of the most frequently
contaminated sites in the water systems of different hotels (Bonetta
et al., 2010; Cunha et al., 2016). The high level observed in some of
the rooms and dressing rooms is probably related to the intermittent use of hot water, which can promote water stagnation and
Legionella proliferation (Bargellini et al., 2011; Cunha et al., 2016).
Also the qPCR method (with or without PMA treatment) showed
L. pneumophila contamination in almost all the sampling sites of the
water distribution system (12/13 and 13/13 respectively). The
concentration of L. pneumophila (over a range of 3e5 Log GU/L) was
generally higher than that estimated as CFU/L reported in other
studies (Ditommaso et al., 2014; Yanez et al., 2011). The low differences between qPCR and PMA-qPCR observed in our samples
conﬁrmed that only a minimal fraction of non viable cells was
present, probably because of a lack of a chemical disinfection system (Scaturro et al., 2016). In contrast, the water sample collected at
the inlet of the water system (I) was found contaminated using the
culture method, although no contamination was observed by qPCR
or PMA-qPCR (Fig. 1a). Considering the low contamination of the
inlet water entering the structure, these results indicated a phenomenon of bacterial growth within the hotel water distribution
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Fig. 1. Results of L. pneumophila contamination (culture, qPCR and PMA-qPCR) and TBC at 22  C and 37  C in all sites during the ﬁve sampling campaigns.
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Table 2
Percentage of sampling sites contaminated by L. pneumophila and the level of contamination in the water distribution system before and after the NEOW device installation.
Before

L. pneumophila
positive, n (%)
Mean CFU/L
>104 CFU/L, n (%)
>103 CFU/L, nb (%)
a
b

After NEOW
1 week

1 month

2 month

3 month

13/13 (100%)

7/10 (70%)

9/13 (69%)

8/13 (62%)

8/11 (73%)

9.050
5/13 (38%)
9/13 (69%)

299
0/10 (0%)
1/10 (10%)

219
0/13 (0%)
1/13 (7.7%)

5
0/13 (0%)
0/13 (0%)

11
0/11 (0%)
0/11 (0%)

a

The water sample collected at the inlet of the water system (I) was not considered because it was not affected by the NEOW treatment.
The number includes also samples with CFU/L > 104.

system.
During the second sampling campaign, after the application of
the NEOW treatment (Table 2), a reduction in the proportion of
L. pneumophila-positive samples was observed (70%) using the
culture method. In particular, the percentage of heavily contaminated points (L. pneumophila loads > 104 CFU/L and > 103 CFU/L)
was reduced to 0% and 10% respectively. In different sampling sites
(sampling 2, Fig. 1b) L. pneumophila contamination was revealed
using both culture and molecular methods. In particular, a PMAinduced signal reduction of genomic units compared to qPCR was
observed, suggesting the presence of a certain proportion of
membrane-compromised cells (Ditommaso et al., 2014; Yanez
et al., 2011) likely related to the NEOW treatment, as reported
with other disinfection systems (Mansi et al., 2014; Marchesi et al.,
2016). The effectiveness of the NEOW treatment was also
conﬁrmed in samples B, R1, R3 and R6, where a complete reduction
of genomic units was observed using PMA-qPCR.
During the following sampling campaigns, the number of positive samples did not change substantially over time (Table 2).
However, the percentage of heavily contaminated points
(L. pneumophila loads > 104 CFU/L and > 103 CFU/L) dropped to 0%
already after 1 week and 2 months of treatment, respectively. A
general reduction of L. pneumophila contamination (<2 Log CFU/L
or GU/L) was observed during samplings 3, 4 and 5 (Fig. 1 c,d,e), but
the highest L. pneumophila concentrations were observed in the
wellness area (samples W and T) in sampling 3 (Fig. 1c). This could
represent a possible risk due to the formation of aerosol, which can
promote the spread of Legionella (Ahmed et al., 2013; Cunha et al.,
2016; Euser et al., 2010). Some samples (B, R1, R2, R6, sampling 3,
Fig. 1c), (R2, R5, R7, W, T, sampling 4, Fig. 1d), (RL, D1, sampling 5,
Fig. 1e) did not show any L. pneumophila contamination using
culture method and PMA-q-PCR, conﬁrming the effectiveness of
the disinfection system over time. However, some samples were
positive using the culture method (Fig. 1 c, d, e) but PMA caused a
complete loss of signal. The same trend was also observed in other
studies (Lizana et al., 2017) and was probably due to the lower
detection limit of the culture method (1 CFU/L) with respect to the
molecular one (80 GU/L). This discrepancy could indicate a limit for
the usefulness of PMA-qPCR for the evaluation of L. pneumophila
contamination in a disinfected water distribution system; however,
the difference was observed only in some cases and only when the
contamination levels were very low, below the intervention
threshold values.
Overall, the NEOW device, which continuously produces and
dispenses hypochlorous acid, allowed a reduction of L. pneumophila
contamination. ANOVA test conﬁrmed a signiﬁcant difference in
L. pneumophila measured by culture method and PMA-qPCR (log
CFU/L or log GU/L) among the ﬁve sampling campaigns (F ¼ 20.936;
p  0.001 and F ¼ 29.318; p  0.001). In particular, the post hoc
Tukey's test highlighted a statistically signiﬁcant difference between L. pneumophila before (sampling 1) and after (sampling 2e5)
the NEOW application (p  0.001 for both methods). Treatment

maintained contamination at low levels during the three-month
observation period, leading to contamination levels  102 CFU/L
that do not require speciﬁc intervention measures, according to the
Italian guidelines (Ministero della Salute, 2015), even if the concentration of L. pneumophila was not reduced below the limit of
detection in all the sampled points.
In the study of Marchesi et al. (2011), which compared the
effectiveness of different disinfection methods, chlorine dioxide
(ClO2) turned out to be more efﬁcient than shock superheating and
shock hyperchlorination in reducing L. pneumophila. ClO2 treatment maintained L. pneumophila contamination at low levels during the observation period, but did not eradicate it from the system.
This trend was similar to what was observed in our study, although
ClO2, with respect to NEOW, generally requires a prolonged time to
reach signiﬁcant reductions of L. pneumophila and a strict control of
chlorine injection to prevent malfunctioning. Other studies have
shown that the use of monochloramine seemed to be an alternative
effective approach; however very high levels of monochloramine
(>3 mg/L) were necessary to obtain Legionella spp. reduction
<102 CFU/L (Mancini et al., 2015; Marchesi et al., 2016); another
disadvantage includes its complicated on-site generation (Lin et al.,
2011). In contrast, NEOW can be easily produced in situ and corrosive phenomena are not known to occur at the concentrations
used in water distribution systems (Thorn et al., 2012). Furthermore, other disinfection systems were less efﬁcient in inducing a
stable reduction of L. pneumophila compared to the NEOW treatment. In most cases, superheating and hyperchlorination were
associated with an initial reduction of contamination, after which
values returned to pretreatment levels (Marchesi et al., 2011; Lin
et al., 2011). This trend was probably related to the VBNC legionellae generated upon treatment (Marchesi et al., 2016). It would be
interesting to investigate the effect of the NEOW treatment on the
regrowth of VBNC L. pneumophila after long periods of time (>3
months).
3.2. Microbiological indicators, physical and chemical analyses
The results of the TBC at 22 and 37  C are shown in Fig. 1.
Pseudomonas spp. were not found in any of the samples analysed. A
positive and statistically signiﬁcant correlation (Pearson test) was
observed between the L. pneumophila concentration and TBC at
22  C (r ¼ 0.501; p  0.01) or TBC at 37  C (r ¼ 0.586; p  0.01) as
reported in other studies (Bargellini et al., 2011). In accordance to
what we observed for L. pneumophila, TBCs were affected by the
NEOW treatment. ANOVA test conﬁrmed a signiﬁcant difference
among the concentrations of TBCs in the ﬁve samplings (F ¼ 4017;
p  0.01 for TBC 22  C and F ¼ 7647; p  0,001 for TBC 37  C). The
post hoc Tukey's test highlighted a statistically signiﬁcant difference between the TBC at 22  C before the NEOW treatment and the
ﬁfth sampling campaign (p  0.01), and between the TBC at 37  C
before the NEOW application and the third (after 1 month) and ﬁfth
(after 3 months) sampling campaigns (p  0.05 and p  0.001
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Table 3
Physicochemical parameters (mean ± SD) measured at the inlet of the hotel water system and in the water distribution system before and after the NEOW device installation.

Inlet (I)
Sampling
Sampling
Sampling
Sampling
Sampling
a

1
2
3
4
5

Temp ( C)

pH

Conductivity (mS/cm)

Turbidity (NTU)

Ammonium (mg/L)

Free residual chlorine (mg/L)

15.24 ± 2.05
22.16 ± 2.41
38.47 ± 5.73
37.71 ± 4.78
37.44 ± 0.90
38.71 ± 1.44

8.10 ± 0.00
8.10 ± 0.04
8.06 ± 0.05
8.01 ± 0.04
8.11 ± 0.09
ND

157.75 ± 1.5
157.84 ± 1.28
286.23 ± 41.63
181.85 ± 13.25
220.77 ± 10.88
ND

0.44 ± 0.22
0.83 ± 0.59
0.90 ± 0.61
0.86 ± 0.42
0.60 ± 0.37
0.67 ± 0.33

0.01 ± 0.01
0.02 ± 0.01
0.02 ± 0.01
0.01 ± 0.01
0.01 ± 0.01
0.01 ± 0.01

<0.03a
<0.03a
0.15 ± 0.04
0.13 ± 0.06
0.17 ± 0.05
0.10 ± 0.02

Before the NEOW device installation, water at the inlet and in the distribution system was not treated with chlorine. ND: not detected.

respectively).
Table 3 shows the physicochemical characteristics of the water
samples before and after the NEOW treatment. No relationship was
observed between physicochemical parameters and L. pneumophila
concentration.
4. Conclusions
This is the ﬁrst study to identify the effect of an in situ NEOW
treatment on the reduction of L. pneumophila contamination in a
hotel water network.
Our study demonstrated the effectiveness of continuous
chemical disinfection in the reduction of L. pneumophila concentration. The use of the NEOW device appears to be a promising
approach to reduce colonisation by L. pneumophila and has the
advantage of a low annual cost of production (0.02 V for 1 L of
NEOW with an active chlorine concentration of 500 mg/L) and the
maintenance of a device (approximately 2000 V), which can be
remotely controlled for pH and residual chlorine. However, further
investigations are needed to ascertain its efﬁciency over extended
time periods since a complete eradication from the water distribution system has not been achieved. Moreover, the results obtained conﬁrmed that PMA-qPCR offers some advantages
compared to conventional qPCR also in water samples disinfected
with the NEOW device, as it allows to gather information regarding
the viability of Legionella cells and the presence of VBNC cells,
improving the knowledge about the exposure risk to
L. pneumophila.
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Environmental Assessment
1. Date

August 22, 2017

2. Name of Applicant

IET, Inc. DBA EcoloxTech

3. Address

Agent for Notifier:
Mitchell Cheeseman, Ph.D.
Steptoe & Johnson LLP
1330 Connecticut Avenue, NW
Washington, DC 20036

4. Description of Proposed Action
a. Requested Action
The action identified in this food contact notification (FCN) is to provide for the use of
the food contact substance (FCS) hypochlorous acid, electrolytically generated on-site at the
location of intended use. The solution is generated by the electrochemical activation of a brine
solution of sodium chloride. The pH at which it is generated is between 6 and 7, ensuring that
hypochlorous acid is the dominant species.
The FCS is intended for use as an antimicrobial agent at a concentration up to 60 ppm of
free available chlorine (FAC) in the production and preparation of whole or cut meat and
poultry; processed, comminuted and preformed meat and poultry; fish and seafood; fruits and
vegetables; and shell eggs, as follows:
(1) process water or ice applied as a spray, wash, rinse, dip, chiller water, immersion
baths (less than 40 °C), and scalding water for whole or cut meat and poultry, including
carcasses, parts, trim and organs;
(2) process water, ice, or brine used for washing, rinsing, or cooling of processed,
comminuted or formed meat and poultry products;
(3) process water or ice for washing, rinsing, or cooling fruits and vegetables;
(4) process water or ice for washing, rinsing, or cooling whole or cut fish and seafood;
(5) process water for washing or rinsing shell eggs.
b. Need for Action
The antimicrobial agent reduces or eliminates pathogenic and non-pathogenic
microorganisms that may be present on the food or in the process water or ice used during
production.
In summary, the requested action to expand the currently approved uses of the FCS is
needed to address current and future needs of food processors and governmental agencies to
improve food safety. Use of the FCS provides more options for efficacious antimicrobial
interventions in food processing facilities, restaurants, and grocery stores.
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c. Locations of Use/Disposal
The antimicrobial agent is intended for use in fruit and vegetable, fish and seafood, meat,
poultry, and egg processing plants and facilities, restaurants, and grocery stores throughout the
United States. It may also be used aboard fishing vessels during initial evisceration and cleaning
of fresh-caught seafood. It is expected that most of these facilities, for example, restaurants and
grocery stores will discharge to publically owned treatment works (POTW); however, as some
facilities will discharge directly to surface waters after on-site pre-treatment in accordance with a
permit issued under the National Pollutant Discharge Elimination System (NPDES), for this
assessment we will evaluate facilities will discharge directly to surface waters in accordance with
NPDES regulations. During the on-site treatment process, very minor quantities of the solution are
lost to evaporation. Waste water from fishing vessels is expected to be disposed in the ocean.
5. Identification of Substances that are Subject of the Proposed Action
EcoloxTech hypochlorous acid solution will be generated at up to 60 ppm of free
available chlorine (FAC) and at the pH of a weak acid. Relative proportions of the active
chlorine species are determined by the pH of the solution.
The identities are provided for the residual chemicals that may be present in the final
solution, including degradation of oxychlorine species (chlorate and chlorite) and trihalomethane
(THM) formation by-products (bromodichloromethane, chlorodibromomethane, bromoform, and
chloroform).
Table 1: Chemical Identity of Substances of the Proposed Action
CAS Name

Hypochlorous acid

CAS Registry Number

7790-92-3

Formula

HOCl

Structure
Molecular weight

52.46 g/mol

Water solubility

Soluble

Comment

The primary active species in solution. Present at not more than
60 ppm.

CAS Name

Chlorite

CAS Registry Number

7758-19-2 (Sodium chlorite)

Formula

ClO2 (NaClO2)

2

Structure
Na+
Molecular weight

90.44 g/mol (NaClO2)

Water solubility

Soluble

Comment

By-product from Ecolox hypochlorous acid solution, minimized
under controlled pH environment

CAS Name

Chlorate

CAS Registry Number

7775-09-9 (Sodium chlorate)

Formula

ClO-3 (NaClO3)

Structure

Na+
Molecular weight

106.44 g/mol (NaClO3)

Water solubility

Soluble

Comment

By-product from Ecolox hypochlorous acid solution, minimized
under controlled pH environment

CAS Name

Bromodichloromethane

CAS Registry Number

75-27-4

Formula

CHBrCl2

Structure

Molecular weight

163.83 g/mol

3

Water solubility

Soluble

Comment

By-products formed in final solution

CAS Name

Chlorodibromomethane

CAS Registry Number

124-48-1

Formula

CHBr2Cl

Structure

Molecular weight

208.28 g/mol

Water solubility

Soluble

Comment

By-products formed in final solution

CAS Name

Bromoform

CAS Registry Number

75-25-2

Formula

CHBr3

Structure

Molecular weight

252.73 g/mol

Water solubility

Soluble

Comment

By-products formed in final solution

CAS Name

Chloroform

CAS Registry Number

67-66-3
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Formula

CHCl3

Structure

Molecular weight

119.38 g/mol

Water solubility

Soluble

Comment

By-products formed in final solution

6. Introduction of Substances into the Environment
a. Introduction of Substances into the Environment as a Result of Manufacture
Under 21 C.F.R § 25.40(a), an environmental assessment should focus on relevant
environmental issues relating to the use and disposal from use, rather than the production, of
FDA-regulated articles. The FCS is manufactured in plants which meet all applicable federal,
state, and local environmental regulations. The notifier asserts that there are no extraordinary
circumstances pertaining to the manufacture of the FCS such as: 1) unique emission
circumstances that are not adequately addressed by general or specific emission requirements
(including occupational) promulgated by Federal, State, or local environmental agencies and that
may harm the environment; 2) the action threatening a violation of Federal, State or local
environmental laws or requirements (40 C.F.R. § 1508.27(b)(10)); or 3) production associated
with the proposed action that may adversely affect a species or the critical habitat of a species
determined under the Endangered Species Act or the Convention on International Trade in
Endangered Species of Wild Fauna and Flora to be endangered or threatened, or wild fauna or
flora that are entitled to special protection under some other Federal law.
b. Introduction of Substances into the Environment as a Result of Use/Disposal
Introduction of very dilute solutions of the product into the environment will take place
primarily via release from wastewater treatment systems. Introduction of the components of the
product into the environment will result from use of the product as an antimicrobial agent in
processing water for the foods identified above, and the subsequent disposal of such water into
surface waters in accordance with an NPDES permit. Most of the requested applications of the
FCS will involve treatment in onsite facilities but some applications may involve drainage into
POTWs. As a worst case we will consider only on site treatment prior to disposal to surface
waters We expect that large processing facilities may utilize wastewater recovery systems that
return the wastewater back to the EcoloxTech single cell electrolyzer for re-sterilization and regeneration of fresh EcoloxTech hypochlorous acid solution, therefore greatly limiting disposal of
the FCS. However, as a conservativism, we have not assumed any water reuse in the assessment.
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Hypochlorous acid exists interchangeably with other chlorine species. This is supported
by the equilibrium chemistry of active chlorine. In a controlled pH environment in the range of 5
to 7.4, hypochlorous acid will exist as the dominant chlorine species.
Figure 1. Equilibrium Chemistry of Active Chlorine

The chemical species in the hypochlorous acid solution are aqueous and will be
introduced into the aquatic environment via discharge to surface waters. Because the pH of
EcoloxTech hypochlorous acid solution is a weak acid, the dominant oxychlorine species is
hypochlorous acid. It is well understood that the primary antimicrobial activity for hypochlorous
acid and hypochlorite solutions is due to the activity of the acid component and so EcoloxTech’s
operational parameters include operation between pH 5 and 7 to maximize available acid and the
resulting antimicrobial efficacy. As we see in figure 1, at pH 7 the solution is approximately
80% HOCl and 20% ClO- . Additionally, because oxychlorine species are strong oxidizers, they
are expected to react readily with oxidizable compounds in the waste stream and be rapidly
reduced to other chlorine species, primarily chlorides (ECHA 2007).1 At a pHs between 5 and 7
the predominant reactions will be:
1.

2HClO  2HCl + O2

2.

3NaClO NaClO3 + 2NaCl 2

The second reaction will be favored at higher pHs but both reactions will tend to decrease
the overall pH by increasing H+ concentrations through production of HCl or through
dissociation of HOCl to form OCl- to maintain the equilibrium between those two species. Thus,
although reaction 2 may occur at the operational pH range, it should not predominate as pH will
be reduced through both reactions. In addition, we note that only one chlorate ion is produced
for every three hypochlorite ions in reaction 2 above. Finally, chlorate ion is expected to be a
1

European Union Risk Assessment Report Sodium Hypochlorite, Final Report, November
2007, pg. 21.
2

Ibid.
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strong oxidizer and to react with organic matter and or metal ions in water to produce chlorite
ion and ultimately chloride ion.3,4
Treatment facilities use chlorine as part of the wastewater treatment process, as a
disinfectant (EPA 2000).5 Because it is known that discharge of too much chlorine can have an
adverse effect on aquatic life in receiving waters, prior to discharge of treated wastewater.
Treatment facilities use dechlorination mechanisms such as sulfonation to remove chlorine
compounds.6 The levels of chlorine that may be discharged from treatment facilities are tightly
regulated under National Pollutant Discharge Elimination System (NPDES) permits to meet
established water quality standards which reflect EPA’s water quality criteria for chlorine,
including the Criteria Maximum Concentrations (CMCs) for acute effects and the Criterion
Continuous Concentrations (CCCs) for chronic effects.7
Water containing hypochlorous acid may be used in the following manners.
i.

Poultry Processing Facilities

Introduction of the components of the product into the environment will result from use
of the product as an antimicrobial agent in processing water from spray and submersion
applications for poultry carcasses, parts, organs, and trim, and the subsequent disposal of such
water. In poultry processing facilities, the defeathered, eviscerated carcasses are generally
sprayed before being chilled via submersion in baths. The carcass is carried on a conveyor
through a spray cabinet and then submerged in the chiller baths. Parts and organs may also be
chilled by submersion in baths containing the antimicrobial agent. Chiller baths typically include
a “main chiller” bath and a “finishing chiller” bath, both of which may contain the FCS.
Water is used in poultry processing, in both commercial and retail settings, for scalding
(feather removal), bird washing before and after evisceration, chilling, cleaning and sanitizing of
equipment and facilities, and for cooling of mechanical equipment such as compressors and
pumps (EPA 2004, p. 6-7).8 Many of these water uses will not utilize the FCS, resulting in
significant dilution of the FCS into the total water effluent.9 Effluent for such facilities going to
3

Environmental Protection Agency Memorandum dated March 22, 2012. Product Chemistry, Environmental Fate,
and Ecological Effects Scoping Document of Registration review of Sodium and Calcium Hypochlorite Salts, pg. 6.
4
Op Cite EU 2007.
5
U.S. Environmental Protection Agency. (2000). Wastewater Technology Fact Sheet: Dechlorination.
Washington, D.C.: Office of Water, EPA 832‐F‐00‐022, available at
https://www3.epa.gov/npdes/pubs/dechlorination.pdf. U.S. Environmental Protection Agency. (2006b).
Reregistration Eligibility Decision (RED) for Inorganic Chlorates. Washington, D.C.: Office of Prevention,
Pesticides and Toxic Substances, EPA 738‐R‐06‐014, p. 11,
https://archive.epa.gov/pesticides/reregistration/web/pdf/inorganicchlorates_red.pdf
6
Ibid. pg. 1
7
Environmental Protection Agency. (2015). National Recommended Water Quality Criteria – Aquatic Life Criteria
Table, available at https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-lifecriteria-table.
8
U.S. Environmental protection Agency, (2004, September 8). Technical Development Document for the Final
Effluent Limitations Guidelines and Standards for the Meat and Poultry Products Point Source Category (40 CFR
432), EPA-821R-04-011. Available at
http://water.epa.gov/scitech/wastetech/guide/mpp/upload/2008_07_15)guide_mpp_final_tddo6.pdf
9
J. K. Northcutt and D. R. Jones: A Survey of Water Use and Common Industry Practices in Commercial Broiler
Processing Facilities; 2004 Journal of Applied Poultry Research; available at
http://naldc.nal.usda.gov/download/38935/PDF. This study describes 7 main uses of water in poultry facilities, of
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on site treatment facilities (or any other treatment facilities) would be expected to include
significant amounts of organic matter including poultry processing waste and removed soil.
ii.

Meat Processing

In meat processing operations, process water containing the diluted FCS is sprayed
directly on to the exposed surfaces of whole carcasses or cuts of meat. The vast majority of the
solution sprayed onto the carcasses drains off the meat and enters the facility’s water treatment
system. Although the FCS may be used in contact with all types of meat, including pork,
venison, and mutton/lamb, its use in the processing of beef constitutes the largest sector of the
meat processing industry in terms of market share. The processing of pork is the sector that is
expected to generate the largest amount of effluent (EPA 2004, Table 6-3, p. 6-6).10
Water is used in meat processing facilities in both commercial and retail settings, for
purposes other than carcass and meat washing (i.e. for cleaning, boiler water, cooling waters,
etc.). This additional water use will dilute the concentration of the FCS in the total water
effluent to lower levels. Indeed, these other uses are reported to account for approximately 60%
of the total water used in a hog slaughterhouse.11 Based on this information, it is conservative to
assume that wastewater from these facilities will reduce the FCS concentration by a factor of 0.4.
Effluent for such facilities going to on site treatment facilities (or any other treatment facilities)
would be expected to include significant amounts of organic matter including meat processing
waste and removed soil.
iii.

Fruit and Vegetable Processing Facilities

Water is used extensively in almost all aspects of processing fruits and vegetables,
including during cooling, washing, and conveying of produce (FDA 2008).12 Different methods
may be used to wash different types of produce, including submersion, spray, or both (FDA
2008). Introduction of the components of the product into the environment will result from use of
the product as an antimicrobial agent in the fruit and vegetable processing water and the
subsequent disposal of the water. Water is used in produce processing, in both commercial and
retail settings, for a variety of applications that will not utilize the FCS, including blanching,
filling, cleaning and sanitizing of plant equipment and facilities, and for processed product
cooling, resulting in significant dilution of the FCS into the total water effluent. Effluent for
such facilities going to on site treatment facilities (or any other treatment facilities) would be
expected to include significant amounts of organic matter including produce processing waste
and removed soil.
iv.

Fish and Seafood Processing

which 3 (carcass washing, chilling, and movement) would be treated with HClO. Each use has been given equal
weight: 3/7*100 = 43%
10
Op Cite EPA 2004.
11
Figure 3.2, p. 71 (summing values from the personal hygiene (~9%), cooling water (5%), knife sterilizing (5%),
lairage washing (~3%), vehicle washing (~4%), and cleaning (~32%) categories, and assuming that all of the sprays
and rinses are used during processing).
12
U.S. Food and Drug Administration. (2008, February). Guidance for Industry: Guide to Minimize Microbial Food
Safety Hazards of Fresh-cut Fruits and Vegetables. February 2008. Available at:
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ProducePlantProducts/u
cm064458.htm#ch4 .
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Water is used during many steps of seafood processing, including preparation (e.g.,
scaling, filleting, skinning, evisceration), inspection and trimming, product processing (e.g.,
pickling and brining), and further processing (e.g., freezing, canning, and bottling) (Tay 2006).13
There are also a number of water uses in seafood processing plants that would not utilize the
FCS, including equipment sprays, offal transport, cooling water, steam generation, and
equipment and food cleaning (Tay 2006). The proposed use in seafood and fish processing also
includes use aboard fishing vessels during the initial evisceration and cleaning of fresh-caught
seafood. The wastewater from such use will be discharged directly into ocean water. The
resulting dilution would make any introduction from fishing vessels negligible.
v.

Processed and Preformed Meat and Poultry

The FCS is intended for use as a treatment for cooling water applied to processed and
pre-formed meat and poultry products, in both commercial and retail settings. Because there are
many different types of RTE meat and poultry produced using a variety of methods, it is difficult
to establish water usage levels. It is expected that water not containing the FCS will be used in
plants for activities such as cleaning and sanitation, resulting in significant dilution of the FCS
into the total water effluent. In addition, because the application here is limited to use in cooling
water relatively less of the FCS will be used compared to meat processing applications discussed
above. For our purposes here, we will conservatively assume similar dilutions to that assumed
for meat processing above. Effluent for such facilities going to on site treatment facilities (or
any other treatment facilities) would be expected to include significant amounts of organic
matter including meat poultry processing waste and soil.
vi.

Shell Egg Wash

The FCS is intended for use as an antimicrobial rinse for shell eggs. Commercial
washing of shell eggs is typically performed in a mechanical washer in which a series of spray
nozzles mist an alkaline detergent over the eggs as flat brushes move side to side across the
shells’ surfaces (Northcutt 2005).14 After washing, the final antimicrobial spray rinse is used.
As with many food processing applications, estimates of water usage are difficult to compare,
with reported values including 4.4 gal/min (16.6 L/min) of fresh water during washing, 2.8 gal
per case (360 eggs) of eggs (10.6 L/case), and 2.5 billion gal (9.46 billion L) of wastewater each
year (Northcutt 2005). No data is reported on the water usage specifically during the
antimicrobial rinse. More recent water usage values have not been located, however, it is
possible to estimate a dilution factor based on total water usage in typical shell egg processing
plants. The U.S. Department of Agriculture has developed regulations governing the voluntary
grading of shell eggs.15 This program requires shell eggs to be washed using potable water and
approved cleaning compounds.16 This wash water must be changed at least every four hours,
13

Tay, J-H., Show, K-Y., and Hung, Y-T. (2006). Seafood Processing Wastewater Treatment, in Wang, L.K. et al.
eds., Waste Treatment in the Food Processing Industry.
14
Northcutt, J.K., Musgrove, M.T., and Jones, D.R. (2005). Chemical Analyses of Commercial Shell Egg Wash
Water, Journal of Applied Poultry Research, 14: 289-295. Available at
http://naldc.nal.usda.gov/download/38830/PDF .
15
7 C.F.R. Part 56, available at
http://www.ams.usda.gov/sites/default/files/media/Regulations%20for%20Voluntary%20Grading%20of%20Shell%
20Eggs.pdf.
16
7 C.F.R. § 56.76(f).
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and replacement water is continually added.17 In some facilities, multiple washing steps are used
(Musgrove 2006).18 There may also be a prewetting step prior to washing, which involves
spraying a continuous flow of water over the eggs.19 The antimicrobial spray rinse occurs after
the various washing steps. The USDA program also requires a processing plant to clean the egg
grading and packing rooms,20 grading and candling equipment,21 oil application equipment,22 and
cleaning equipment.23 Water also is used for general plant operations. Effluent for such facilities
going to on site treatment facilities (or any other treatment facilities) would be expected to
include significant amounts of organic matter including removed soil.
vii.

Introduction of Substances

All of the above intended uses of the FCS result in wastewater containing substantial
amounts of soil and other organic matter before, during and after treatment. For example,
significant amounts of food particles will we included in the wastewater for nearly of the above
processes and soil will be present in all as all of the above uses are primarily intended to wash
away soil and other materials from processed food. In addition to oxidizable organic matter
numerous inorganic metal ions will also be present which may also be oxidized (e.g., Fe+2 
Fe+3 ) The recent European Union Risk assessment(EU 2007) for sodium hypochlorite
emphasizes the reactivity of hypochlorous acid, hypochlorite ion and other associated oxychloro
compounds. Because of the complexity of the potential reactions among hypochlorite,
hypochlorous acid, other oxychloro compounds and organic matter including food, soil and other
oxidizable matter the E.U. risk assessment has relied on kinetic modeling of the reduction of the
various oxychloro compounds to chloride.24 This kinetic model predicts that even concentrations
as high as 75 ppm active chlorine result in near complete reduction of available chlorine to
chloride in a matter of hours during transport, treatment and introduction into surface waters.
The rigor of the model has been tested and accepted as conservative for the EU risk
assessment. The model predicts that at initial concentrations of 75 ppm sodium hypochlorite will
decay to less than 4 x 10 -27 ppb active chlorine in the approximately 9 hours window for use and
treatment and discharge of the chemical (including 10 minutes after discharge into surface
waters). In addition, the model predicts decay of any chloramines that may be produced to
concentrations of 1 x 10 -10 ppb as well.
With respect to halomethanes and associated compounds, the EU risk assessment
estimates an overall production rate for uses of hypochlorite disinfectants of about 1.5% of total
available chlorine.25 The EU risk assessment focuses on halomethanes, and chlorinated acetic
acids regarding environmental introductions. We consider the estimate of the production of
17

Id.
Musgrove, M.T., et al. (2006). Antimicrobial Resistance in Salmonella and Escherichia coli Isolated from
Commercial Shell Eggs, Poultry Science, 85: 1665-1669. Available at
http://naldc.nal.usda.gov/naldc/download.xhtml?id=3896&content=PDF.
18

19

7 C.F.R. § 56.76(f).
7 C.F.R. § 56.76(b)(4).
21
7 C.F.R. § 56.76(c)(3).
22
7 C.F.R. § 56.76(e)(5).
23
7 C.F.R. § 56.76(f)(1).
24
Op Cite EU Appendix 2.
25
Ibid pg 52.
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these compounds relative to available chlorine conservative for our intended use because the EU
report also shows that uses including larger amounts of available organic material will reduce the
residual oxidative species significantly.26 Thus, conservatively we estimate a maximum
combined concentration of trihalomethanes and other trichloroacetic and other haloacetic acids
as 60 ppm x 1.5% = 900 ppb. However, the EU risk assessment estimates that trihalomethanes
constitute no more than 9.6%, trichloroacetic acid constitutes no more than 3.49% and other
chlorinated acetic acids constitute no more than 4% of the total oxidizable species before
treatment. Thus we estimate the concentrations of trihalomethanes, trichloroacetic acid and other
chloroacetic acids prior to treatment to be no more than 86.4 ppb, 31.4 ppb and 36 ppb,
respectively. These concentrations would be reduced 10-fold upon dilution in surface waters.
The EU assessment estimates that other species would be expected to be present at
less
than an order of magnitude lower than the substances of primary concern; trihalomethanes,
trichloroacetic acid and other chloroacetic acids.27 EICs for compounds for the aqueous
compartment are: 4 x 10-27 ppb for HOCl, OCL-, ClO2- and ClO3-; 1 x 10-10 ppb for chloroamines,
8.64 ppb for trihalomethanes, 3.14 ppb for trichloroacetic acid and 3.6 ppb for other chloroacetic
acids. Finally, because the hypochlorous acid and its reaction and breakdown products will be
ultimately reduced to chlorides, we will assume a chloride concentration of 6 ppm (mg/L),
incorporating only the 10% reduction for dilution in surface waters.
7. Fate of Emitted Substances in the Environment
Adsorption and oxidation‐reduction reactions will have occurred during wastewater
treatment, before reaching the aquatic environment. Since oxychlorine species are strong
oxidizers, they are expected to react readily with oxidizable compounds in the wastewater
treatment process before discharge to surface waters. Though many of these species will have
been depleted by the above stated mechanisms, some potential for exposure through air may
exist.
A pH-mediated equilibrium exists between the free chlorine species. Decomposition of
free chlorine species depend on a number of factors such as pH, concentration, nature of
inorganic and organic matter in aquatic environment, exposure to sunlight, and temperature. The
half‐life of free residual chlorine in natural freshwater systems is approximately 1.3 to 5 hours
(U.S. EPA, 1999).28 There is no evidence that active chlorine species accumulate in sediment
(U.S. EPA, 1999). Oxychlorine species are strong oxidizers and readily react with oxidizable
organic compounds. Chlorate does not bind readily to soil or sediment particulates and is
expected to be very mobile and partition predominantly into the water (EPA, 2006b).29
However, extensive redox reactions are expected to occur in the environment, which would serve
to reduce the concentration of chlorate in surface waters (EPA, 2006b). Oxychlorine species
26

Ibid.
Ibid. pg. 54.
28
U.S. Environmental Protection Agency. (1999). Registration Eligibility Decision (RED) for Chlorine Gas.
Washington, D.C.: Office of Prevention, Pesticides and Toxic Substances, EPA 738‐R‐99‐001. Available at:
http://archive.epa.gov/pesticides/reregistration/web/pdf/4022red.pdf.
27
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U.S. Environmental Protection Agency. (2006b). Reregistration Eligibility Decision (RED) for Inorganic
Chlorates. Washington, D.C.: Office of Prevention, Pesticides and Toxic Substances, EPA 738‐R‐06‐014.
https://archive.epa.gov/pesticides/reregistration/web/pdf/inorganicchlorates_red.pdf.
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have low bioaccumulation potential, high mobility, and low volatility. They do not readily
biodegrade under aerobic conditions (EPA, 2006a30 and 2006b). Upon reaching surface water,
the THMs are expected to transition out of the aquatic environment within hours to days31
Based on the above, we conclude that the primary environmental exposure will be
through the aquatic compartment.

8. Environmental Effects of Released Substances
Aquatic toxicity is summarized in the following tables:
Table 3. Environmental Toxicity for Chlorine Species
Aquatic Species

Chemical Species

Freshwater fish

Chlorite
Chlorate
Chlorine (FAC)
Chlorite
Chlorate
Chlorine (FAC)
Chlorite
Chlorate
Chlorine (FAC)
Chlorite
Chlorate

Freshwater
invertebrates
Estuarine/marine
fish
Estuarine/marine
invertebrates

Acute LC50
or EC50
(mg/L)
50.6-420
>1,000
0.045-0.71
0.027-1.4
920
0.017-0.673
75
>1,000
0.71
0.576-21.4
>1,000

Source
U.S. EPA, 2006a32
U.S. EPA, 2006c33
U.S. EPA, 201034
U.S. EPA, 2006a
U.S. EPA, 2006c
U.S. EPA, 2010
U.S. EPA, 2006a
U.S. EPA, 2006c
U.S. EPA, 2010
U.S. EPA, 2006a
U.S. EPA, 2006c

30

U.S. Environmental Protection Agency. (2006a). Chlorine Dioxide: Environmental Hazard and Risk Assessment
Case 4023. EPA Docket No. EPA-HQ-2006-0328.
31

See attached extracts from the Hazardous Substance Database regarding environmental fate information for
Bromoform, Chloroform, Bromodichloromethane and Chlorodibromomethane.
32
Op Cite EPA 2006a pp. 5-11.
33
U.S. Environmental Protection Agency. (2006c). Environmental Fate and Ecological Risk Assessment for the
Reregistration of Sodium Chlorate as an Active Ingredient in Terrestrial Food/Feed and Non ‐food/Non‐feed Uses.
Reregistration Case Number 4049, Docket No. EPA-HQ-OPP-2005-0507.
34

U.S. Environmental Protection Agency. (2010). Summary of Product Chemistry, Environmental Fate, and
Ecotoxicity Data for the Chlorine Registration Review Decision Document, Case No. 4022, EPA Docket No. EPAHQ-OPP-2010-0242.
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Aquatic plants

a
b
c

Chlorine (FAC)
Chlorite
Chlorate
Chlorine (FAC)

0.026-1.42
1.32
43-133
None
reported

See p. 5-11.
See Table 3-11, p. 47-48.

U.S. EPA, 2010
U.S. EPA, 2006a
U.S. EPA, 2006c
U.S. EPA, 2010

Data supplied from U.S. EPA, 2010 may reflect studies for lithium hypochlorite, see p. 21.

In Table 5, the most sensitive value for environmental toxicity for oxychloro species is
that for freshwater invertebrate at 17 μg/L. The EIC based on the EU risk assessment is 4 x 10-27
µg/l for HOCl, OCL-, ClO2- and ClO3-. Thus, the EIC for oxychlorospecies is more than 25
orders of magnitude lower than the EIC.
Table 4. Environmental Toxicity for THM Species35
Aquatic Species

Chemical Species

Freshwater fish

Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform
Bromodichloromethane
Chlorodibromomethane
Bromoform
Chloroform

Freshwater
invertebrates
Estuarine/marine
fish
Estuarine/marine
invertebrates
Aquatic plants

Source: see search results from EPA Ecotox Database attached
a

Acute LC50 or EC50
(mg/L)a
-34
2.9
1.24
240
65
7.8
2.66
--12
---7
2
--0.24
22.86

“--” No data was listed

The volatility of halomethanes will mean that most will evaporate from surface waters in
a matter of hours.36 In Table 6, the most sensitive values for environmental toxicity for THM
35

See attached HSDB extracts for each THM.
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species are for freshwater fish at 1.24 mg/L and for aquatic plants at 0.24 mg/L. The EIC
estimated above of 8.6 µg/l is well below the most sensitive endpoints for aquatic toxicity.
Chloramines are chemicals commonly used in the disinfection of drinking water. We
have attached data records from EPA’s Ecotox database. These data records show that the most
sensitive aquatic species is the water flea with an LC50 of 0.016 mg/L. It is expected that
chloroamines will be reduced so that the EIC will be no more than 1 x 10-10 ppb (µg/l). Thus, the
EIC is over 11 orders of magnitude below the lowest LC50.
Monochloracetic acid is produced in the disinfection of drinking water and are present in
drinking water at levels between 2 and 82 µg/l. WHO has performed a risk assessment of
monochloramine in drinking water and estimated a tolerable daily intake for humans of 210
µg/p/d, a level which includes a 100-fold safety factor and which is still more than 60-fold larger
than our EIC of 3.6 µg/l.37 In addition, OECD SIDs has assessed the environmental safety of
trichloracetic acid.38 OECD SIDS identified the alga Chlorella pyrenoidosa as the most sensitive
species with a NOEC of 10µg/l. Our EIC of 3.14 µg/l for trichloroacetic acid is 3-fold below the
referenced no effect concentration.
Finally, as noted in section 6 above we have estimated an EIC for chloride of 6ppm. A
review of ecotoxicology data on chloride ion indicate that the most sensitive species based on
LC50s and EC50s is Cladoceron with an EC50 of 735 mg/L (735 ppm).39 Thus, the EIC is over
two orders of magnitude below the lowest measure of aquatic toxicity.

9. Use of Resources and Energy
The use of the FCS will not require additional energy resources for treatment and
disposal of waste solution, as the wastewater system already is designed to treat the substances
produced from the intended use of the FCS. The raw materials that are used in production of the
mixture are commercially-manufactured materials that are produced for use in a variety of
chemical reactions and production processes. Energy used specifically for the production of the
mixture components is not significant.
10. Mitigation Measures
As discussed above, no significant adverse environmental impacts are expected to result
from the use and disposal of the dilutions of antimicrobial product. Therefore, the mixture is not
reasonably expected to result in any new environmental issues that require mitigation measures
of any kind.

36

Ibid.
http://www.who.int/water_sanitation_health/dwq/chemicals/monochloroaceticacid.pdf
38
http://www.inchem.org/documents/sids/sids/76039.pdf
39
Siegel, Lori; Hazard Identification for Human and Ecological Effects of Sodium Chloride Road Salt (6 July,
2007), State of New Hampshire, Department of Environmental services Table 4 (pp. 8-9).
37
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11. Alternatives to the Proposed Action
No potential adverse environmental effects are identified herein that would necessitate
alternative actions to that proposed in this Food Contact Notification. If the proposed action is
not approved, the result would be the continued use of the currently marketed antimicrobial
agents that the subject FCS would replace. Such action would have no environmental impact.
The addition of hypochlorous acid to the options available to food processers is not expected to
increase the use of antimicrobial products.
12. List of Preparers
Dr. Scott Hartnett, IET, Inc. DBA Ecolox, 4770 Biscayne Blvd, Ph B, Miami, FL 33137.
Dr. Hartnett holds a Doctorate of Osteopathic Medicine from Nova Southeastern
University. For the past year, Dr. Hartnett has been researching the application of electrolyzed
water as an effective all natural disinfectant for the food industry.
Ms. Deborah C. Attwood, Steptoe & Johnson LLP, 1330 Connecticut Avenue, NW,
Washington, DC 20036
Ms. Attwood has six years of experience preparing environmental submissions to FDA
for the use of peroxyacetic acid antimicrobials.
Dr. Mitchell Cheeseman, Steptoe & Johnson LLP, 1330 Connecticut Avenue, NW,
Washington, DC 20036
Dr. Cheeseman holds a Ph.D. in Chemistry from the University of Florida. Dr.
Cheeseman served for 18 months as a NEPA reviewer in FDA’s food additive program. He has
participated in FDA’s NEPA review of nearly 800 food additive and food contact substance
authorizations and he supervised NEPA review for FDA’s Center for Food Safety and Applied
Nutrition for five and a half years from 2006 to 2011 including oversight of FDA’s initial NEPA
review for the regulations implementing the Food Safety Modernization Act.
13. Certification
The undersigned official certifies that the information provided herein is true, accurate,
and complete to the best of his knowledge.
Date: August 22, 2017

Mitchell Cheeseman, PhD
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As news of COVID-19, the worldwide pandemic associated with severe acute respiratory
syndrome coronavirus-2 (SARS CoV-2) continues to dominate the headlines well into April of
2020, eye care providers have witnessed a tremendous alteration of their practices and
lifestyles. Upon recommendations from both the American Academy of Ophthalmology and the
American Optometric Association, ophthalmologists and optometrists have been advised to
restrict their care to urgent and emergent cases only. This has resulted in many eye care
practices across the country closing entirely, not only because of fear of the virus, but because
of difficulties in obtaining personal protective equipment (PPE) and lacking appropriate
protocols for patient flow and disinfection. Protection against this unforgiving virus has become
a paramount concern for healthcare providers and patients alike.

At present, the United States Centers for Disease Control and Prevention (CDC) have made the
following recommendations for all individuals to slow/stop the spread of COVID-19: 1
1. Wash your hands often with soap and water for at least 20 seconds. If soap and water are
not readily available, use a use a hand sanitizer that contains at least 60% alcohol. Avoid
touching your eyes, nose, and mouth with unwashed hands.
2. Stay home as much as possible. Practice social distancing by keeping at least six feet (2
meters) between yourself and other people.
3. Cover your mouth and nose with a cloth face cover when around others, and especially if
you go out in public.

4. If you do not have a face covering, remember to always cover your mouth and nose with a
tissue when you cough or sneeze, or use the inside of your elbow.
5. Clean and disinfect frequently touched surfaces daily. This includes tables, doorknobs, light
switches, countertops, handles, desks, phones, keyboards, toilets, faucets, and sinks.
As a disinfectant, the CDC recommends dilute household bleach solution (5 tablespoons per
gallon of water) or solutions containing at least 70% alcohol. The agency has also endorsed a
litany of other common Environmental Protection Agency (EPA)-registered household
disinfectants which, although not formally tested against the SARS CoV-2 pathogen, have shown
efficacy against harder to kill viruses (e.g. Norovirus and Hepatitis A).1,2 If one reviews the
published list, he may recognize several active ingredients that have broad antiseptic
properties, including hydrogen peroxide, quaternary ammonium and thymol in addition to
many alcohol and bleach derivatives. But of particular interest, especially to eye care providers,
is the inclusion of hypochlorous acid.
Most of us will recognize hypochlorous acid (chemical formula: HOCl) as a now widely-utilized
agent for the management of blepharitis in the United States. First introduced for ophthalmic
use in 2014, HOCl is a natural antibacterial agent that is produced during the human immune
response as white blood cells target pathogens within the body.3,4 This simple chemical
compound has a broad spectrum of activity and exhibits rapid kill kinetics against a wide range
of bacterial and viral organisms.5 Despite their efficacy however, ophthalmic formulations of
HOCl are safe and extremely well-tolerated by patients.
Some of the earliest information regarding HOCl being used to contain the spread of COVID-19
came in the form of reports from South Korea. On March 3, 2020, a story by CNN about
workers at drive-through corona testing stations reported that “When their shifts ends, they
step fully clothed into a small portable booth called the ‘Clean Zone,’ in which they are
showered in hypochlorous acid disinfectant.”6
In reviewing the EPA’s listing,2 HOCl appears a total of six times in unique products; these
include such names as Cousteau (Reckitt Benckiser; Parsippany, NJ), Excelyte VET (Paradigm
Convergence Technologies; Little River, SC), Danolyte (Danolyte Global; Overland Park, KS) and
Cleansmart (Simple Science Limited; Edina, MN). The amount of HOCl in each of these products
varies, with some as high as 500 parts per million (0.05%), but both Cousteau and Cleansmart
weigh in at 0.017%. If we compare this concentration with that of known ophthalmic products
containing HOCl, HypoChlor (OCuSOFT; Rosenberg, TX) meets and exceeds this percentage in
that it contains 0.02% HOCl.

To be clear, at this date, none of the commercially available hypochlorous acid eyelid
formulations have been specifically tested for efficacy against SARS CoV-2, either in vitro or in
vivo. Nonetheless, as doctors and patients alike look for alternative disinfection solutions that
are safe and well-tolerated on human skin – including the face and skin around the eyes – this
information is very compelling. Gloves and masks provide excellent barriers to COVID-19
spread, but contamination remains an issue when removing these items. Moreover, the CDC
has warned individuals that touching the nose, mouth or eyes increases the risk of potential
infection. Since products like HypoChlor are readily available and easily applied to the face via a
convenient spray bottle, this provides great peace of mind for those of us who still need to
venture out into the community during this challenging time. Admittedly, due to the
overwhelming evidence, this author has been regularly using HypoChlor on both his face and
precious N95 masks following trips to the supermarket or other vital destinations where the
potential for contamination exists.
Until we have effectively “flattened the curve” and social distancing can be relaxed, we must
remain diligent in the fight against this unparalleled pandemic. Sometimes, in order to do that,
we need to be creative. It is nice to know that a simple product like HypoChlor, which many of
us employ routinely for blepharitis, may have additional utility against this potentially deadly
disease.

Dr. Kabat is a Professor of Optometry at Salus University in Philadelphia, Pennsylvania.
He is a member of OCuSOFT’s Optometric Scientific Advisory Board.
1. Centers for Disease Control and Prevention. Coronavirus disease 2019 (COVID-19) – Prevention & treatment. Updated April
4, 2020. Available at: https://www.cdc.gov/coronavirus/2019- ncov/prevent-getting-sick/prevention.html. Accessed April 7,
2020.
2. United States Environmental Protection Agency (EPA). List N: Disinfectants for use against SARS-Cov-2. Updated April 2,
2020. Available at: https://www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2. Accessed April 7,
2020.
3. Stroman DW, Mintun K, Epstein AB, et al. Reduction in bacterial load using hypochlorous acid hygiene solution on ocular
skin. Clin Ophthalmol. 2017;11:707-714.
4. Hurst JK. What really happens in the neutrophil phagosome? Free Radic Biol Med. 2012;53:508–520.
5. Wang L, Bassiri M, Najafi R, et al. Hypochlorous acid as a potential wound care agent: part I. Stabilized hypochlorous acid: a
component of the inorganic armamentarium of innate immunity. J Burns Wounds. 2007;6:e5.
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Available at: https://www.cnn.com/2020/03/02/asia/coronavirus-drive-through-south-korea-hnk-intl/index.html. Accessed
April 8, 2020.
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Disinfectant

DIRECTIONS FOR USE
It is a violation of Federal law to use this product in
a manner inconsistent with its labeling.
DISINFECTION APPLICATIONS
Hard Non-Porous Surface Disinfection: To Clean, Disinfect and
Deodorize Hard, Non-Porous Surfaces: For heavily soiled areas, a
preliminary cleaning is required. Apply, wipe, spray, or dip
Danolyte® at 500 ppm FAC to hard, non-porous surfaces with a
cloth, wipe, mop or sponge. Treated surfaces must remain wet for
10 minutes. Allow surfaces to air dry. This product is not to be
used as a terminal sterilant/high level disinfectant on any surface
or instrument that (1) is introduced directly into the human body,
or (2) contacts intact mucous membranes but which does not
ordinarily penetrate the blood barrier or otherwise enter normally
sterile areas of the body. This product may be used to pre-clean or
decontaminate critical or semi-critical devices prior to sterilization
or high-level disinfection.
Special Instructions for Cleaning Prior to Disinfection against
Clostridium difficile endospores:
Personal Protection: Wear appropriate barrier protection such as
gloves, gowns, masks, or eye covering.
Cleaning Procedure: Fecal matter/waste must be thoroughly
cleaned from surfaces/objects before disinfection by application
with clean cloth, mop, and/or sponge saturated with product
intended for disinfection. Cleaning should include vigorous wiping
and scrubbing, until visible soil is removed. Special attention is
needed for high-touch surfaces. Surfaces in patient rooms are to
be cleaned in an appropriate manner, such as from right to left or
left to right, on horizontal surfaces, and top to bottom, on vertical
surfaces, to minimize spreading of the spores. Restrooms are to be
cleaned last. Do not reuse soiled cloths.
Infectious Materials Disposal: Cleaning materials used that may
contain feces/wastes should be disposed of immediately in
accordance with local regulations for infectious materials disposal.
Killing Clostridium difficile: Clean hard, non-porous surfaces by
removing gross filth, loose dirt, debris, blood/bodily fluids, etc.
Apply this product and let stand for 10 minutes.
Special Instructions for Using this product to Clean and
Decontaminate against HIV on Surfaces/Objects Soiled with
Blood/Body Fluids: This product kills HIV-1 on pre-cleaned
environmental surfaces/objects previously soiled with blood/body
fluids in health care settings (e.g. hospitals) or other settings in
which there is an expected likelihood of soiling of inanimate
surfaces/objects with blood or body fluids, and in which the
surfaces/objects likely to be soiled with blood or body fluids can
be associated with the potential for transmission of Human
Immunodeficiency Virus Type 1 (HIV-1) associated with AIDS.
Personal Protection: When handling items soiled with blood or
body fluids, use appropriate barrier protection such as disposable
latex gloves, gowns, masks, and eye coverings.
Cleaning Procedure: Blood and other body fluids must be
thoroughly cleaned from surfaces and other objects before
applying this product.
Contact Time: Apply to area to be treated. Let stand for 10
minutes. Cleaning materials used that may contain feces/wastes
should be disposed of in accordance with local regulations for
infectious materials disposal.
Disposal of Infectious Material: Blood and other body fluids must
be autoclaved and disposed of according to local regulations for
infectious waste disposal.

Organisms for Disinfection Applications:
(Contact Time: 10 minutes, unless otherwise noted )

BACTERIA:
Clostridium difficile – spore (C. Diff) (ATCC 43598); Escherichia coli (ATCC
11229); Klebsiella pneumonia New Delhi Metallo-Beta Lactamase (NDM-1)
Carbapenem Resistant, CDC (10002); Listeria monocytogenes (ATCC 7644);
Methicillin Resistant Staphylococcus aureus (MRSA) (ATCC 33591);
Pseudomonas aeruginosa (ATCC 15442); Salmonella enterica (ATCC 10708);
Staphylococcus aureus (ATCC 6538); Vancomycin Resistant Enterococcus
faecalis (VRE) (ATCC 51229); Bordetella bronchiseptica (ATCC 10580)

MYCOBACTERIUM:
Mycobacterium bovis, BCG (Tuberculosis or TB)
VIRUSES NON-ENVELOPED:
Adenovirus (1 or Type 1) (Strain 71) (ATCC VR-1);
Norovirus or Norwalk Virus (as Feline Calicivirus)(Strain F-9)(ATCC VR-782);
Rhinovirus (16 or Type 16) (Strain 11757) (ATCC VR-283);
Rotavirus (A or Group A) (Strain WA) (ATCC VR-2018);
VIRUSES ENVELOPED:
Hepatitis C Virus (2 minutes) (as bovine diarrhea virus) (HCV) (Strain ADL)
(ATCC VR-1422); Human Immunodeficiency Virus Type 1 (HIV-1), strain IIIB
(clade B) ZeptoMetrix; Influenza A (H1N1) Virus (2 minutes) (Strain
A/Virginia/ATCC1/2009) (ATCC VR-1736) (flu virus);
Respiratory Syncytial Virus (RSV) (Strain A-2) (ATCC VR-1540);
Swine Flu Virus (H1N1) A/Swine/1976/31 (ATCC VR-99);
Canine distemper (ATCC VR-1587) [(Strain Snyder Hill)];

PARVOVIRUS NON-ENVELOPED:
Canine parvovirus (ATCC VR-2016) [(Strain Cornell)]

YEAST:
Candida albicans (ATCC 10231);

Danolyte® is an activated aqueous solution of hypochlorous acid
produced by passing weak salt brine through an electrolytic cell
using Electro-Chemical Activation (ECA) technology to temporarily
change the properties of dilute salt water into a powerful oxidizing
agent exhibiting antimicrobial properties. Danolyte® is produced at
a near neutral 6.5 pH where the predominant antimicrobial agent is
hypochlorous acid, an efficient and efficacious specie of chlorine.
Hypochlorous acid kills bacteria. When produced, Danolyte® (an
anolyte solution), contains a minimum of 500 ppm free available
chlorine (FAC).
Danolyte® cleans and disinfects: hospitals, medical clinics,
ambulances, emergency rooms, dentist’s offices, home health care
settings, funeral
homes, correctional facilities, dormitories,
colleges, schools, day care centers, churches, gymnasiums, locker
rooms, hotels, cruise ships, airplanes, trains, yachts, campers, food
processing plants, restaurants, bars, grocery stores, veterinary
facilities, kennels, pet shops, public facilities, and homes.
Distributed by:

9216 Bond
Overland Park, KS 66214

SANITIZING APPLICATIONS
This product is an effective multi-purpose sanitizer. This product is
acceptable as a sanitizer for all hard non-porous surfaces in and around food
processing areas. Hard, Non-Porous Non-Food Contact Surfaces:
Sanitize Hard, Non-Porous Non-Food Contact Surfaces:
For heavily soiled areas, a preliminary cleaning is required. Dilute 1:1.5 with
water to prepare a 200 ppm FAC solution. May use chlorine test strips as an
option to determine exact available chlorine concentration. Apply sanitizing
solution with cloth, mop, sponge, spray or immersion. Treated surfaces must
remain wet for 2 minutes. Allow surfaces to air dry. Danolyte® is an effective
cleaner/sanitizer against bacteria such as Staphylococcus aureus (Staph) and
Enterobacter aerogenes. This product kills 99.9% of bacteria with a 5%
organic soil load in two minutes.
To deodorize: Spray on surfaces as needed.
Hard, Non-Porous Food Contact Surfaces:
Sanitize Hard, Non-Porous Food Contact Surfaces: Dilute 1:1.5 with water to
prepare a 200 ppm FAC solution. May use chlorine test strips as an option to
adjust to desired chlorine level. Wash, wipe, or rinse items with detergent
and water, then apply sanitizing solution with cloth, mop, sponge, spray or
immersion. Let stand 1 minute and wipe dry with clean towel or allow to air
dry. No rinsing required. For use on food contact surfaces such as [exterior
surfaces of coolers, refrigerators, freezers, microwave ovens, ovens and
stove tops which should be allowed to come to room temperature before
sanitization, ]stainless steel utensils, plastic and nonporous cutting boards
and chopping blocks, dishes, glassware, pots and pans, eating and cooking
utensils, sinks, counter tops, tables, racks, carts, shelves, appliances,
conveyor belts. This product is an effective sanitizer against Staphylococcus
aureus (Staph) and Salmonella enterica. This product is an effective sanitizer
against Staphylococcus aureus (Staph) and Salmonella enterica (Salmonella).
To Use as a Glove Dip or Boot Wash: Dilute this product 1:1.5 with water to
prepare a 200 ppm FAC solution. May use chlorine test strips as an option to
adjust to desired chlorine level. This product meets AOAC Available Chlorine
in Disinfectants chlorine equivalency against Salmonella enterica (ATCC
6539) and Staphylococcus aureus (ATCC 6538). This product meets the
requirements of 2-301.16 Hand Antiseptics section of the U.S. PUBLIC
HEALTH SERVICE FDA FOOD CODE.
ALLERGEN DESTRUCTION APPLICATIONS:
To Destroy Specified Allergens: Dilute 1:4 to1:1.5 with water to prepare a
100-200 ppm FAC sanitizing solution. As an option, use chlorine test strips to
adjust to desired chlorine level. Apply sanitizing solution with paper towel,
cloth, mop, sponge, spray or immersion. Treated surfaces must remain wet
for 2 minutes.

EPA Reg. No. 91582-1
EPA Est. No. 91582-KS-1
Date Produced:
Danolyte® must be used for
disinfection applications within 30
days after being produced OR
product must be diluted and, as
an option, may be tested with
chlorine test kit or chlorine test
strips to adjust to desired chlorine
level for sanitizing, deodorizing,
and cleaning applications.

Allow surfaces to air dry. This product breaks down and destroys allergens:
dust mite matter, dust mite debris, cockroach matter, cockroach debris, pet
dander, dog dander, cat dander and pollen particles. Use often as desired.
Cut Flowers or Plants: For longevity of cut flowers or plants mix 1-2 ounces
[(1/8 – 1/4 cup)] of Danolyte® per quart of water to make a 15-30 ppm FAC
solution for use in flower vase or buckets to retard the growth of non-public
health bacteria. Change solution if it gets murky or hazy. Spray diluted
solution on plants or flowers to control bacteria growth.
Sanitize Water Sensitive Electronic Equipment, Surfaces: Completely
power off electrical equipment prior to treatment. Pre-clean soils from
external surfaces to be sanitized with a clean paper towel, cloth, microfiber,
or sponge, which may be dry or slightly wetted with this product. Dilute this
product 1:1.5 with water to prepare a 200 ppm FAC solution. May use
chlorine test strips as an option to adjust to desired chlorine level. Carefully
apply sanitizing solution using a cloth or spray device so that only enough
solution is applied to keep the surface thoroughly wet for 2 minutes. Avoid
over soaking and prevent pooled or puddled areas. Treated surfaces must
remain wet for 2 minutes. Reapply as necessary to keep wet for 2 minutes.
Do not rinse. Allow surfaces to air dry. If hazy film or streaks appear after 2
minutes, wipe clean with a dry or slightly damp clean paper towel microfiber
cloth. Do not restore power to electronic equipment until thoroughly dry.
ORGANISMS FOR SANITIZING APPLICATIONS
Non-Food Contact Surface Bacteria - Contact Time: 2 minutes
Enterobacter aerogenes (ATCC 13408); Staphylococcus aureus (ATCC 6538)
Food-Contact Surface Bacteria - Contact Time: 60 seconds
Salmonella enterica (ATCC 6539); Staphylococcus aureus (ATCC 6538)
STORAGE AND DISPOSAL
Do not contaminate water, food or feed by storage or disposal.
Storage: Store in a closed dark plastic container away from direct sunlight.
Store in a cool dry area. Product may be disposed in a sanitary sewer.
Pesticide Disposal: Wastes resulting from the use of this product must be
disposed of on-site or at an approved waste disposal facility.
Container Disposal: Refillable container. Refill this container with same
product only. Do not reuse this container for any other purpose. Cleaning
before refilling is the responsibility of the refiller. Cleaning the container
before final disposal is the responsibility of the person disposing the
container. To clean the container before final disposal, empty the remaining
contents from this container into application equipment or mix tank. Fill the
container about 10 percent full with water. Agitate vigorously or recirculate
water with the pump for two minutes.
Repeat this rinsing procedure two more times. Then offer for recycling if
available, or puncture and dispose of in a sanitary landfill, or by incineration,
or by other procedures allowed by state and local authorities.

Environmental Commitment

This product rapidly breaks down entirely to salt water. Not harmful to septic and sewer systems.
This bottle is coded for recyclers. Check to see if recycling facilities accept colored HDPE. Contains
no phosphorous, VOCs, alcohol or phenols. Low Odor. Fresh and clean scent.
This product meets AOAC efficacy testing standards for hospital disinfection.
Meets requirements of OSHA’s Bloodborne Pathogen Guidelines.
Do not use on steel, aluminum, silver, or chipped enamel. Prolonged contact with metal may cause
pitting or discoloration. Test in an inconspicuous place for color washout or contact incompatibility.

FIRST AID

Call a poison control center or doctor for treatment advice. Have the product container or label
with you when calling a poison control center or doctor, or going for treatment. You may also
contact the National Pesticide Information Center (NPIC) 1-800-858-7378
for emergency medical treatment information.

Hand Wash Trials using Anolyte Solutions
Posted on July 13, 2011 (https://www.radicalwaters.com/hand-wash-trials-using-anolyte-solutions/) by
supervisor (https://www.radicalwaters.com/author/supervisor/)

Introduction
Normal human skin is a complex organ and the bacterial populations associated with it are complex in kind
and number. The skin supports the growth of both aerobic and anaerobic bacteria (Evans, 1950; Nester et
al., 1995). The most prevalent organisms are the anaerobe, Propionobacter, although Micrococci and
Staphylococci were also isolated in most instances Alcamo (2001). Microscopic studies indicated that the
ducts of the sebaceous glands were the major sites of growth. Sweat gland ducts contained little or no
bacteria. Organism on the surface of the skin may have grown on or in the skin itself or may be casual
contaminants picked up from external sources. Quantitation of the bacteria of the skin may be greatly
influenced by the method of sampling.
Privacy - Terms

The techniques most commonly employed are the contact plate, swabbing and streaking, scrubbing and
flushing (Updegraff et al., 1963) and Tape stripping. Each of these methods determines only a portion of
the total population present on or in the skin. The contact plate method is the simplest of the techniques
and gives good reproducibility, but only those microorganisms on the surface will be determined. The
scrubbing and flushing is a more involved procedure and removes surface bacteria as well as those deeper
lying organisms that are more easily brought to the surface. The use of swabs to quantify bacteria on the
skin gives variable results unless the method is rigidly controlled and strict attention is given to such
details as the pressure applied while swabbing, whether dry or moist swabs are employed, the length of
time that an area is swabbed. No one method can give the complete picture of the bacterial population on
and in the skin, but a combination of the above procedures can be used to produce a better idea of the
bacterial distribution and changes in the population.
While the pattern of distribution is constant, the level of the bacterial population of the skin appears to
vary greatly among individuals. Spore formers are not common in adults. Variation in bacterial level among
subjects is expected but a single individual tends to maintain a relatively stable level of microbial
populations over long periods of time. Although individuals tend to maintain certain microbial populations
over long periods of time, it is possible to change the level by a variety of methods. Peculiarly enough, the
numbers of bacteria on the skin are significantly increased by ordinary bathing or showering. The numbers
of bacteria on the skin can be reduced by scrubbing with germicidal detergents as is employed in a surgical
scrub. The objective of this study was to evaluate Anolyte products as a disinfectant hand washing agent.

Materials and Methods
Solutions used in the trial
Sterile water was used as a control. The physicochemical attributes of the disinfectant solutions used in the
Hand washing trial were as follows:
NaC1 derived Anolyte – salt concentration in catalyst solution: 3gm/litre ORP: 840mV, Conductivity –
7400 micro-siemens, pH-NaHCO3 derived Anolyte
Bicarb concentration in Catalyst solution: 3gm/litre ORP: 780mV, Conductivity – 2400microsiemens,
pH – 7.1

Methodology

Contact Plate method: The RODAC plate technique was used to sample the palm of the hands of
subjects. Samples were taken on unwashed hands and again after washing with the solutions
mentioned in 2.1.
Wash and rinse method: Subjects washed their hands in 400 ml of the solutions for approximately
60 seconds. The wash water was collected and microbiological analysis conducted.
Microbiological analysis: The total bacterial number was determined using Nutrient Agar and
incubation at 37°C for 48h. The number of coliforms bacteria were determined using McConkey Agar
and incubation ag 37°C or 24h. The number of Salmonella bacteria were determined using
Salmonella Agar and incubation at 37°C for 24h.

Privacy - Terms

Results and Discussion

Pre water wash
The TPC on the pre wash, as determined using the contact plate method, indicate a high level of
contamination, with most of the RODAC plates completely covered with bacterial colonies (Table 1).

Sterile H2O wash
After washing hands with sterile water, the results on the wash water, indicate the removal of bacteria,
indicated in the bacterial numbers (Table 1). Coliforms were also present, indicating that the workers
hands were contaminated (Table 1). The contact plate results indicate, that the hands washed with sterile
water, were not sanitized completely, with between 200 and 700 bacteria/25 cm2 remaining on the hands
(Table 1).

Bicarb anolyte
The results obtained with the Bicarb Anolyte were very similar than those for sterile water, when
comparing the TPC determined by the contact plate method, with bacterial numbers ranging between 200
Privacy - Terms
and 600 bacteria/25 cm2 (Table 1). However, when comparing the average number of total bacteria/ml in

the hand wash solution, the Bicarb Anolyte resulted in a significant 1 log lower bacteria number, than
sterile water (3,9 X 103 cfu/ml compared to 7,94 x 104 cfu/ml for sterile water). This indicated, that the
Bicarb Anolyte did have some disinfectant properties.

NaCl Anolyte
The NaCl Anolyte virtually sterilized the hands after washing. The total number of bacteria as determined
by the contact plate method was 230, 148 and 79 cfu/25 cm2 in three cases and 0 fcu/25 cm2 in two
cases (Table 1). The efficacy of NaCl Anolyte as a disinfectant is confirmed by the sterility of the hand wash
water sampled (Table 1).

Conclusions
The Bicarb anolyte was more effective as disinfectant than sterile water
NaCl Anolyte was very effective as a disinfectant and hand washing agent.
Workers hands were contaminated with coliforms
None of the workers hands were contaminated with Salmonella

This entry was posted in Industry Articles (https://www.radicalwaters.com/category/industry-articles/),
Technical Documents (https://www.radicalwaters.com/category/technical-documents/). Bookmark the
permalink (https://www.radicalwaters.com/hand-wash-trials-using-anolyte-solutions/).

← Microbiological Fingerprinting of Anolyte (https://www.radicalwaters.com/microbiological-fingerprinting-ofanolyte/)
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List N: Products with Emerging Viral Pathogens AND Human Coronavirus claims for use against SARS-CoV-2
Date Accessed: 06/13/2020
EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

The Gilla
Company LLC

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Human
coronavirus

10

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

No

04/23/2020

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

91176-2

1,2-Hexanediol

PELS 422

9150-3

Chlorine dioxide

Carnebon 200 International
Dioxcide Inc

Canine
parvovirus

15

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/14/2020

87492-1

Chlorine dioxide

ElectroBiocide

Strategic
Resource
Optimization
Inc

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

9804-1

Chlorine dioxide

Oxine

Bio-Cide
International
Inc

Canine
parvovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/09/2020

9150-2

Chlorine dioxide

Anthium
Dioxcide

International
Dioxcide Inc

Canine
parvovirus

15

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/09/2020

71700-2

Chlorine dioxide;
Quaternary ammonium

SNiPER

Global
Canine
Environmental parvovirus
Restoration
Inc

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/09/2020

82972-1

Chlorine dioxide;
Quaternary ammonium

Vital Oxide

Vital Solutions Adenovirus;
LLC
Canine
parvovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/26/2020

34810-37

Citric acid

Wexford
Disinfectant
Wipes

Wexford Labs
Inc

5

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse

05/14/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Required
(FCR)
75277-2

Citric acid

Freak

Method
Products Inc

Rhinovirus

10

Ready-to-use

Hard
Residential
Nonporous
(HN)

Yes

05/14/2020

95337-1

Citric acid

Arm &
Hammer
Essentials™
Disinfecting
Wipes

CR Brands Inc

Rhinovirus

5

Wipe

Hard
Institutional; Yes
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

04/30/2020

91452-1

Citric acid

LEXX™ Liquid
Sanitizer and
Cleaner
Concentrate

ProNatural
Brands LLC

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

34810-36

Citric acid

CleanCide
Wipes

Wexford Labs
Inc

Rhinovirus;
Feline
calicivirus

5

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

34810-35

Citric acid

Cleancide

Wexford Labs
Inc

Feline
calicivirus

5

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/09/2020

3573-54

Citric acid

Comet
Disinfecting
Bathroom
Cleaner

The Proctor &
Gamble
Company

Feline
calicivirus;
Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/09/2020

675-55

Citric acid

Lysol®
Reckitt
Bathroom
Benckiser LLC
www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

Poliovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;

03/19/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Cleaner

Surface
Types

(HN); Food
Contact
Post-Rinse
Required
(FCR)

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Residential

777-139

Citric acid

T-bone

Reckitt
Benckiser LLC

Human
coronavirus

5

Wipe

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

66251-2

Citric acid; Thymol

SBT 2 to 1
Concentrate

Melaleuca Inc

Rhinovirus;
Poliovirus

10

Dilutable

Hard
Residential
Nonporous
(HN)

Yes

04/09/2020

1677-259

Dodecylbenzenesulfonic CW32A-RTU
acid; Lactic acid

Ecolab Inc

Norovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

04/09/2020

1677-260

Dodecylbenzenesulfonic S&S Sanitizer
acid; Lactic acid

Ecolab Inc

Norovirus

0.5 (30
seconds)

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

04/09/2020

84150-2

Ethanol (Ethyl alcohol)

Mitersaw

GOJO
Industries Inc

Feline
calicivirus

5

Wipe

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/13/2020

67619-29

Ethanol (Ethyl alcohol)

Saginaw

Clorox
Professional

Coxsackievirus;
Hepatitis A

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;

03/03/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Products
Company

Virus;
Rhinovirus;
Rotavirus

Contact Formulation
Time (in
Type
minutes)

Surface
Types

(HN); Food
Contact
Post-Rinse
Required
(FCR)

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Residential

84150-1

Ethanol (Ethyl alcohol)

PURELL
Professional
Surface
Disinfectant
Wipes

GOJO
Industries Inc

Norovirus

5

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

03/03/2020

84368-1

Ethanol (Ethyl alcohol)

Urthpro

Urthtech LLC

Hepatitis A
virus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

03/03/2020

777-136

Ethanol (Ethyl alcohol)

Lysol® Neutra Reckitt
Air® 2 in 1
Benckiser LLC

Human
coronavirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

88494-2

Ethanol (Ethyl alcohol);
Quaternary ammonium

Wedge
Disinfectant
Wipes

North
American
Infection
Control Ltd

Poliovirus

1

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

71654-5

Glycolic acid

Glyclean Hard

The Chemours Rhinovirus

10

Ready-to-use

Hard

05/07/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

Residential

Yes
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

Surface
Cleaner

Company FC
LLC

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous
(HN)

5813-93

Glycolic acid

Show

The Clorox
Company

Rhinovirus

10

Impregnated
materials

Hard
Residential
Nonporous
(HN)

Yes

05/07/2020

5813-86

Glycolic acid

CBW

The Clorox
Company

Human
coronavirus

10

Impregnated
materials

Hard
Residential
Nonporous
(HN)

No

03/13/2020

4822-614

Hydrochloric acid

Scrubbing
Bubbles®
Power Stain
Destroyer
Non-Bleach
Toilet Bowl
Disinfectant

S.C. Johnson
& Son Inc

Rotavirus

10

Ready-to-use

Hard
Residential
Nonporous
(HN)

Yes

04/23/2020

777-132

Hydrochloric acid

Lysol® Brand
Power Plus
Toilet Bowl
Cleaner

Reckitt
Benckiser LLC

Poliovirus Type
1

10

Ready-to-use

Hard
Healthcare;
Nonporous Residential
(HN)

Yes

03/03/2020

777-81

Hydrochloric acid

Lysol® Brand
Lime & Rust
Toilet Bowl
Cleaner

Reckitt
Benckiser LLC

Poliovirus Type
1; Hepatitis A
virus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

777-104

Hydrochloric acid

Vanity GP

Reckitt
Benckiser LLC

Poliovirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

5185-505

Hydrogen chloride

The Works®
Basic
Disinfectant
Toilet Bowl
Cleaner

Bio-Lab Inc

Rotavirus;
Poliovirus

10

Dilutable

Hard
Institutional; Yes
Nonporous Residential
(HN)

04/23/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

91861-2

Hydrogen peroxide

Bona STL
Disinfecting
Cleaner

Bonakemi
USA Inc

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/21/2020

70627-62

Hydrogen peroxide

Phato 1:64
Disinfectant
Cleaner

Diversey Inc

Feline
calicivirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/21/2020

10772-21

Hydrogen peroxide

Hydra

Church &
Dwight
Company Inc

Rotavirus;
Rhinovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/14/2020

93672-2

Hydrogen peroxide

NeoSan Labs
Part B

Neosan Labs
Inc

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

74436-2

Hydrogen Peroxide

EasyDECON
Part 2

EFT Holdings
Inc

Hepatitis A
virus;
Rhinovirus;
Feline
calicivirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

70627-79

Hydrogen peroxide

Oxivir™ HC
Disinfectant
Cleaner

Diversey Inc

Feline
calicivirus;
Rhinovirus;
Adenovirus;
Rotavirus;

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse

04/23/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Poliovirus

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Required
(FCR)

70627-80

Hydrogen peroxide

Oxivir™ HC
Wipes

Diversey Inc

Feline
calicivirus;
Rhinovirus;
Adenovirus;
Rotavirus;
Poliovirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

04/23/2020

6836-385

Hydrogen peroxide

DS-6640

Lonza LLC

Feline
calicivirus

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

6836-388

Hydrogen peroxide

DS6809

Lonza LLC

Feline
calicivirus

3

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

72372-1

Hydrogen peroxide

B-Cap™ 35
Antimicrobial
Agent

PeroxyChem
LLC

Use this
product for
sterilization as
instructed in
the Bioquell
Hydrogen
Peroxide Vapor
(HPV) User’s
Equipment
Manual

Consult
user
manual

Vapor (use in
conjunction
with VHP
generator)

Hard
Institutional
Nonporous
(HN);
Porous (P)

Yes

04/16/2020

777-126

Hydrogen peroxide

Angel

Reckitt
Benckiser LLC

Rotavirus;
Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/16/2020

89833-4

Hydrogen peroxide

D7 Part 2

Decon7
Systems LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/16/2020

Feline

10

Dilutable

Hard

04/09/2020
7 of 66

91899-2
Hydrogen peroxide
MDF-200 Part Span-World
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Healthcare;

Yes

EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

B

LLC

calicivirus

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

58779-4

Hydrogen peroxide

Vaprox
Hydrogen
Peroxide
Sterilant

Steris
Corporation

Use this
product for
sterilization as
instructed in
the Vaporized
Hydrogen
Peroxide
(VHP®) User’s
Equipment
Manual

Consult
user
manual

Vapor (use in
conjunction
with VHP
generator)

Hard
Institutional
Nonporous
(HN);
Porous (P);
Food
Contact No
Rinse
(FCNR)

Yes

04/09/2020

85837-4

Hydrogen peroxide

Proxi Home
General
Disinfectant
Cleaner Spray

Innovasource
LLC

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/02/2020

45745-11

Hydrogen peroxide

HP2O2

Midlab

Rotavirus;
Norovirus;
Rhinovirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/26/2020

84198-1

Hydrogen peroxide

Peroxy HDOX

Earth
Laboratories
Inc

Norovirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/26/2020

90150-2

Hydrogen peroxide

Binary
Ionization

Tomi
Feline
Environmental calicivirus

15

Fog; Mist

Hard
Healthcare; Yes
Nonporous Institutional;

03/19/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

Technology
(BIT) Solution

Solutions Inc

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

(HN); Food
Contact
Post-Rinse
Required
(FCR)

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Residential

74559-10

Hydrogen peroxide

Oxy-1 Wipes

Virox
Technologies
Inc

Poliovirus

0.5 (30
seconds)

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

74559-1

Hydrogen peroxide

Accel TB

Virox
Technologies
Inc

Poliovirus;
Feline
calicivirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

74559-9

Hydrogen peroxide

Oxy-1 RTU

Virox
Technologies
Inc

Poliovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

74559-3

Hydrogen peroxide

Accel TB
Wipes

Virox
Technologies
Inc

Poliovirus

1

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

74559-4

Hydrogen peroxide

Accel
(Concentrate)
Disinfectant
Cleaner

Virox
Technologies
Inc

Poliovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

1677-238

Hydrogen peroxide

Peroxide Multi Ecolab Inc
Surface
Cleaner and
Disinfectant

Norovirus

2

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

5813-110

Hydrogen peroxide

Enterovirus
D68; Norovirus;
Rhinovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

Clorox Pet
The Clorox
Solutions
Company
Advanced
Formula
Disinfecting
Stain & Odor
Remover
www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

67619-24

Hydrogen peroxide

Clorox
Commercial
Solutions®
Hydrogen
Peroxide
Cleaner
Disinfectant

Clorox
Professional
Products
Company

Norovirus;
Rhinovirus;
Rotavirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

67619-25

Hydrogen peroxide

Clorox
Commercial
Solutions®
Hydrogen
Peroxide
Cleaner
Disinfectant
Wipes

Clorox
Professional
Products
Company

Norovirus

2

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

67619-33

Hydrogen peroxide

Clorox
Commercial
Solutions®
Clorox®
Disinfecting
Biostain &
Odor Remover

Clorox
Professional
Products
Company

Enterovirus;
5
Norovirus;
Rhinovirus Type
37

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

70627-56

Hydrogen peroxide

Oxivir™ Tb

Diversey Inc

Norovirus;
Rhinovirus;
Poliovirus Type
1

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/03/2020

70627-58

Hydrogen peroxide

Oxy-Team™
Disinfectant
Cleaner

Diversey Inc

Canine
parvovirus;
Feline
picornavirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

70627-60

Hydrogen peroxide

Oxivir™ Wipes

Diversey Inc

Norovirus;
Poliovirus Type
1; Rhinovirus
Type 14

1

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

70627-74

Hydrogen peroxide

Oxivir™ 1

Diversey Inc

Canine
parvovirus;
Enterovirus
Type D68

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

70627-77

Hydrogen peroxide

Oxivir™ 1
Wipes

Diversey Inc

Enterovirus
Type D68

1

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

1677-251

Hydrogen peroxide

Peroxide
Disinfectant
And Glass
Cleaner RTU

Ecolab Inc

Norovirus

0.75 (45
seconds)

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

9480-14

Hydrogen Peroxide

SaniHyPerCide
Germicidal
Spray

Professional
Disposables
International
Inc

Norovirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

70627-78

Hydrogen peroxide

Suretouch

Diversey Inc

Human
coronavirus

5

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

74559-6

Hydrogen peroxide

Oxy-res
(Concentrate)

Virox
Technologies
Inc

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

74559-8

Hydrogen peroxide

Accel 5 RTU

Virox
Technologies
Inc

Human
coronavirus

5

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

89900-1

Hydrogen peroxide

Nathan 2

S.C. Johnson
Professional

Human
coronavirus

5

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

9402-14

Hydrogen peroxide;
Ammonium carbonate;
Ammonium bicarbonate

Hitman Spray

Kimberly-Clark Human
Global Sales
coronavirus
LLC

5

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

9402-15

Hydrogen peroxide;
Ammonium carbonate;
Ammonium bicarbonate

Victor Spray

Kimberly-Clark Human
Global Sales
coronavirus
LLC

5

Pressurized
liquid

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

9402-17

Hydrogen peroxide;
Ammonium carbonate;
Ammonium bicarbonate

Hitman Wipe

Kimberly-Clark Human
Global Sales
coronavirus
LLC

6

Wipe

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

1677-226

Hydrogen peroxide;
Octanoic acid;
Peroxyacetic acid
(Peracetic acid)

Virasept

Ecolab Inc

Norovirus;
Rhinovirus

4

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/03/2020

1043-119

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

SPOR-KLENZ
Ready To Use

Steris
Corporation

Murine
norovirus

10

Ready-to-use

Hard
Institutional
Nonporous
(HN)

Yes

05/14/2020

71355-2

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Kickstart

CID Lines NV

Avian reovirus

10

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

05/07/2020

8383-12

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Peridox

Contec Inc

Norovirus;
Rhinovirus

2

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/07/2020

68660-11

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Proxitane®
AHC

Solvay
Chemicals
LLC

Rhinovirus

10

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

04/23/2020

8383-13

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

PeridoxRTU ™

Contec Inc

Feline
calicivirus

2

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/09/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

1677-129

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Oxonia Active

Ecolab Inc

Poliovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

1677-237

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Oxycide Daily
Disinfectant
Cleaner

Ecolab Inc

Feline
calicivirus;
Rhinovirus

3

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

88089-2

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Peridox

BioMed
Protect LLC

Feline
calicivirus;
Norovirus

2

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

88089-4

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

PeridoxRTU™

BioMed
Protect LLC

Canine
parvovirus

3

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

10324-214

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Maguard
5626

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-230

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

Maguard
1522

Mason
Chemical
Company

Human
coronavirus

1

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

8383-14

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid)

PeridoxRTU™
(Brand) Onestep
Germicidal
Wipes

Contec Inc

Human
coronavirus

0.5 (30
seconds)

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

1677-158

Hydrogen peroxide;
Peroxyacetic acid
(Peracetic acid);
Octanoic acid

Vortexx

Ecolab Inc

Reovirus

10

Dilutable

Hard
Institutional
Nonporous
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

05/07/2020

1677-209

Hydrogen peroxide;

Octave FS

Ecolab Inc

Feline

10

Dilutable

Hard

Yes

05/07/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

Peroxyoctanoic acid;
Octanoic acid

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

calicivirus

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous
(HN)

1677-250

Hydrogen peroxide;
Peroxyoctanoic acid;
Peroxyacetic acid
(Peracetic acid)

Synergex

Ecolab Inc

Reovirus

5

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

03/13/2020

84526-6

Hydrogen peroxide;
Silver

Halomist

Halosil
International
Inc

Feline
calicivirus;
Minute virus of
men

10

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/19/2020

84526-1

Hydrogen peroxide;
Silver

HaloSpray

Halosil
International
Inc

Feline
calicivirus;
Norovirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

93908-1

Hypochlorous acid

Envirolyte O &
G

Aqua
Engineered
Solution Inc

Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/28/2020

67619-42

Hypochlorous acid

Galaxy

Clorox
Professional
Products
Company

Canine
parvovirus;
Rhinovirus

5

Ready-to-use; Hard
Healthcare; Yes
Electrostatic Nonporous Institutional;
spray
(HN)
Residential
(Clorox®
Total 360®
system)

05/07/2020

92449-1

Hypochlorous acid

Annihilyte-1

Annihilare
Medical
Systems Inc

Rhinovirus

10

Ready-to-use

04/30/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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Active Ingredient(s)

Product
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Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(FCR)
87518-1

Hypochlorous acid

Hsp2O

HSP USA LLC

Norovirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

777-131

Hypochlorous acid

Cousteau

Reckitt
Benckiser LLC

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

03/26/2020

92108-1

Hypochlorous acid

Excelyte Vet

PCT LTD

Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/26/2020

85134-1

Hypochlorous acid

Envirocleanse
A

Envirocleanse
LLC

Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/19/2020

91582-1

Hypochlorous acid

Danolyte

Danolyte
Global Inc

Adenovirus;
Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/19/2020

89896-2

Hypochlorous acid

Cleansmart

Simple
Science
Limited

Human
coronavirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(FCNR)
1677-249

Isopropanol (Isopropyl
alcohol)

Klercide
70/30 IPA

Ecolab Inc

Rhinovirus

5

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

73232-1

Isopropanol (Isopropyl
alcohol); Quaternary
ammonium

Alpet D2

Best
Sanitizers Inc

Norovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

4822-593

L-Lactic Acid

Windex
Disinfectant
Cleaner

S.C. Johnson
& Son Inc

Rhinovirus

5

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

04/09/2020

42048-4

L-Lactic Acid

Sani-Cide EX3 Celeste
(10X) RTU
Industries
Corp

Feline
calicivirus

10

Ready-to-use

Hard
Institutional
Nonporous
(HN)

04/02/2020

4822-606

L-Lactic Acid

Fangio

S.C. Johnson
& Son Inc

Human
coronavirus

10

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

4822-608

L-Lactic acid

Gurney

S.C. Johnson
& Son Inc

Human
coronavirus

5

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

4822-592

Lactic acid

Hygeia

S.C. Johnson
& Son Inc

Rotavirus

5

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

05/14/2020

64240-65

Lactic acid

WC Complete

Combat Insect Rhinovirus
Control
Systems

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

1677-204

Octanoic acid

65
Disinfecting

Ecolab Inc

2

Dilutable

Hard
Healthcare;
Nonporous Institutional

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Heavy Duty
Acid
Bathroom
Cleaner

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(HN)

54289-4

Peroxyacetic acid
(Peracetic acid)

Peraclean 15 Evonik
(Peroxyacetic Corporation
Acid Solution)

Human
coronavirus

1

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

1677-193

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

AdvaCare 120 Ecolab Inc
Sanitizer/Sour

Clostridioides
difficil

6

Dilutable

Porous (P)
(laundry)

Healthcare;
Institutional

Yes

05/28/2020

12120-4

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

SSS Synersys
Sporicidal
Disinfectant

Standardized
Sanitation
Systems Inc

Norovirus

2

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

05/28/2020

58300-25

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

Stericide

ConSeal
International
Inc

Use this
product
according to
the directions
for use for
sterilization

20

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/14/2020

65402-3

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

VigorOx
SP-15
Antimicrobial
Agent

PeroxyChem
LLC

Norovirus

5

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

04/23/2020

66171-103

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

Peraside A
Peroxyacetic
Acid-Based
Sanitizer/
Disinfectant

Preserve
International

Murine
norovirus

2

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/09/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

65402-9

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

VigorOx
15/10
Antimicrobial
Agent

PeroxyChem
LLC

Feline
calicivirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/26/2020

67619-35

Peroxyacetic acid
(Peracetic acid);
Hydrogen peroxide

Blacksmith

Clorox
Professional
Products
Company

Rhinovirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/13/2020

1043-127

Phenolic

LpH® IIIse
Phenolic
Disinfectant

Steris
Corporation

Adenovirus

10

Dilutable

Hard
Healthcare
Nonporous
(HN)

Yes

04/30/2020

8383-3

Phenolic

Sporicidin
(Brand)
Disinfectant
Solution
(Spray)

Contec Inc

Norovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

1043-128

Phenolic

Vesphene
IIIse Phenolic
Disinfectant

Steris
Corporation

Adenovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/23/2020

34810-31

Phenolic

Wex-cide 128

Wexford Labs
Inc

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

1043-87

Phenolic

Vesphene II
se

Steris
Corporation

Adenovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/26/2020

1043-91

Phenolic

LpH®

Steris
Corporation

Adenovirus

10

Dilutable

Hard
Institutional
Nonporous
(HN); Food
Contact
Post-Rinse

Yes

03/26/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Required
(FCR)
34810-21

Phenolic

Ready To Use
Wex-Cide

Wexford Labs
Inc

Rhinovirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

3862-179

Phenolic

Opti-Phene

ABC
Compounding
Co Inc

Human
adenovirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

70627-6

Phenolic

Phenolic
Disinfectant
HG

Diversey Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/13/2020

8383-7

Phenolic

Sporicidin
(Brand)
Disinfectant
Towelettes

Contec Inc

Human
coronavirus

5

Wipe

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

44446-67

Phenolic; Ethanol (Ethyl
alcohol)

Concept
Hospital
Disinfectant
Deodorant

Quest
Adenovirus;
Specialty Corp Canine
hepatitis virus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/26/2020

39967-137

Potassium
peroxymonosulfate;
Sodium chloride

Virkon S

Lanxess
Corporation

Feline
calicivirus

10

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

05/21/2020

39967-138

Potassium
peroxymonosulfate;
Sodium chloride

Rely+On
Multipurpose
Disinfectant
Cleaner

Lanxess
Corporation

Hepatitis A
virus; Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

04/09/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(FCR)
1677-202

Quaternary ammonium

66 Heavy Duty Ecolab Inc
Alkaline
Bathroom
Cleaner and
Disinfectant

Norovirus

2

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

06/04/2020

10324-81

Quaternary ammonium

Maquat 7.5-M Mason
Chemical
Company

Norovirus;
Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR);
Porous (P)
(laundry
presoak
only)

06/04/2020

1839-167

Quaternary ammonium

BTC 885
Neutral
Disinfectant
Cleaner-256

Stepan
Company

Rotavirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/28/2020

1839-168

Quaternary ammonium

BTC 885
NDC-32

Stepan
Company

Rotavirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/28/2020

6836-336

Quaternary ammonium

Lonza
Disinfectant
Wipes Plus

Lonza LLC

Rotavirus

10

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/21/2020

1677-21

Quaternary ammonium

Mikro-Quat

Ecolab Inc

Norovirus

10

Dilutable

Hard

05/14/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous
(HN)
1839-174

Quaternary ammonium

Stepan
Towelette

Stepan
Company

Norovirus

10

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/14/2020

70271-34

Quaternary ammonium

KIK
Antibacterial
Multipurpose
Cleaner I

KIK
International
LLC

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/07/2020

4822-530

Quaternary ammonium

Fantastik®
All-Purpose
Cleaner

S.C. Johnson
& Son Inc

Rhinovirus

3

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

05/07/2020

6836-245

Quaternary ammonium

CSP-46

Lonza LLC

Feline
calicivirus;
Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/07/2020

6836-379

Quaternary ammonium

Nugen NR
Disinfecant

Lonza LLC

Norovirus

5

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;

05/07/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Wipes

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(HN); Food Residential
Contact No
Rinse
(FCNR)

6836-372

Quaternary ammonium

Nugen 2m
Disinfectant
Wipes

Lonza LLC

Rotavirus

1.5 (90
seconds)

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/07/2020

4822-613

Quaternary ammonium

Scrubbing
Bubbles®
Disinfectant
Bathroom
Grime Fighter

S.C. Johnson
& Son Inc

Rotavirus

5

Ready-to-use

Hard
Residential
Nonporous
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

05/07/2020

92378-2

Quaternary ammonium

Atmosphere

Atmosphere
Global LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

93672-1

Quaternary ammonium

NeoSan Labs
Part A

Neosan Labs
Inc

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

1677-256

Quaternary ammonium

FSC 35K

Ecolab Inc

Feline
calicivirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/30/2020

1839-213

Quaternary ammonium

SC-AHD-128

Stepan

Norovirus

5

Dilutable

Hard

Yes

04/30/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Company

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

1839-211

Quaternary ammonium

SC-AHD-64

Stepan
Company

Feline
calicivirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

74436-1

Quaternary ammonium

EasyDECON
Part 1

EFT Holdings
Inc

Hepatitis A
virus;
Rhinovirus;
Feline
calicivirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

1839-155

Quaternary ammonium

BTC 2125M
20% Solution

Stepan
Company

Adenovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

1839-245

Quaternary ammonium

SC-5:256HN

Stepan
Company

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

04/23/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(FCR)
1839-96

Quaternary ammonium

NP 9.0 (D&F)
Detergent/
disinfectant

Stepan
Company

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

4822-594

Quaternary ammonium

Scrubbing
Bubbles®
Bathroom
Disinfectant
Bathroom
Grime Fighter

S.C. Johnson
& Son Inc

Rotavirus

5

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

04/16/2020

706-65

Quaternary ammonium

Claire
Disinfectant
Bathroom
Cleaner

Claire
Adenovirus
Manufacturing
Company

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/16/2020

3573-96

Quaternary ammonium

Malibu
Concentrate

The Proctor &
Gamble
Company

Feline
calicivirus;
Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/16/2020

1839-215

Quaternary ammonium

SC-NDC-128

Stepan
Company

Rotavirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact

04/16/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Post-Rinse
Required
(FCR)
1839-233

Quaternary ammonium

SC-5:64N

Stepan
Company

Simian
rotavirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/16/2020

6836-233

Quaternary ammonium

BARDAC
205M-50

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/16/2020

70627-35

Quaternary ammonium

Envy Foaming Diversey Inc
Disinfectant
Cleaner

Poliovirus

3

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

04/16/2020

1839-225

Quaternary ammonium

SC-RTU-TB

Stepan
Company

Rhinovirus

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/16/2020

1839-212

Quaternary ammonium

SC-AHD-256

Stepan
Company

Feline
calicivirus;
Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse

04/16/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Required
(FCR)
91899-1

Quaternary ammonium

MDF-200 Part
A

Span-World
LLC

Feline
calicivirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

04/09/2020

1839-246

Quaternary ammonium

SC-5:128HN

Stepan
Company

Rotavirus;
Feline
calicivirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/09/2020

1839-86

Quaternary ammonium

BTC 2125M
10% Solution

Stepan
Company

Adenovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/09/2020

1839-166

Quaternary ammonium

BTC 885
NDC-128

Stepan
Company

Rotavirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/09/2020

1839-236

Quaternary ammonium

SC-5:128N

Stepan
Company

Rotavirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;

04/02/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

(HN); Food
Contact
Post-Rinse
Required
(FCR)

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Residential

70385-6

Quaternary ammonium

QGC

Prorestore
Products

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/02/2020

1839-100

Quaternary ammonium

Veterinarian
Type
Disinfectant

Stepan
Company

Feline
calicivirus;
Norovirus

10

Dilutable

Hard
Residential
Nonporous
(HN)

Yes

03/26/2020

1839-95

Quaternary ammonium

NP 4.5 (D&F)
Detergent/
disinfectant

Stepan
Company

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

4091-20

Quaternary ammonium

Phoenix 2

W.M. Barr &
Company Inc

Rotavirus;
Feline
calicivirus;
Rhinovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/26/2020

89833-3

Quaternary ammonium

D7 Part 1

Decon7
Systems LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

03/26/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(FCR)
89900-2

Quaternary ammonium

Scrubbing
Bubbles®
Disinfectant
Restroom
Cleaner II

S.C. Johnson
Professional

Rotavirus

5

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

03/26/2020

89900-3

Quaternary ammonium

Fantastik®
Multi-Surface
Disinfectant
Degreaser

S.C. Johnson
Professional

Rotavirus

5

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

03/26/2020

1677-233

Quaternary ammonium

Multi-Purpose Ecolab Inc
Disinfectant
Cleaner

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/19/2020

706-111

Quaternary ammonium

Claire
Disinfectant
Spray Q

Claire
Poliovirus
Manufacturing
Company

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/19/2020

9480-9

Quaternary ammonium

AF3
Germicidal
Disposable
Wipe

Professional
Disposables
International
Inc

Rotavirus;
Adenovirus

3

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/19/2020

5813-58

Quaternary ammonium

Spruce-ups

The Clorox
Company

Rotavirus

0.25 (15
seconds)

Wipe

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/13/2020
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

10324-117

Quaternary ammonium

Maquat 710M

Mason
Chemical
Company

Norovirus;
Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR);
Porous (P)
(laundry
presoak
only)

06/08/2020

10324-85

Quaternary ammonium

Maquat 86-M

Mason
Chemical
Company

Hepatitis A
virus; Porcine
rotavirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

06/08/2020

1839-169

Quaternary ammonium

BTC 885
Neutral
Disinfectant
Cleaner-64

Stepan
Company

Rotavirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

06/08/2020

44446-23

Quaternary ammonium

Germ Away

Quest
Canine
Specialty Corp parvovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

5813-109

Quaternary ammonium

Say Q

The Clorox
Company

Rotavirus

10

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/13/2020

5813-113

Quaternary ammonium

CDW

The Clorox

Rotavirus

4

Wipe

Hard

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

Institutional; Yes

29 of 66

EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Company

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous Residential
(HN)

5813-118

Quaternary ammonium

Dash

The Clorox
Company

Rotavirus

10

Ready-to-use

Hard
Residential
Nonporous
(HN)

Yes

03/13/2020

6659-3

Quaternary ammonium

Spray Nine

ITW Permatex
Inc

Norovirus;
Rhinovirus;
Poliovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

67619-20

Quaternary ammonium

Rex

Clorox
Professional
Products
Company

Hepatitis A
virus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

67619-41

Quaternary ammonium

PPD Dash

Clorox
Professional
Products
Company

Rotavirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

67619-9

Quaternary ammonium

PJW-622

Clorox
Professional
Products
Company

Rotavirus

3

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-136

Quaternary ammonium

Lonza
Formulation
S-18F

Lonza LLC

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-139

Quaternary ammonium

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;

03/13/2020

Lonza
Lonza LLC
Formulation
www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

R-82F

Surface
Types

(HN)

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Residential

6836-277

Quaternary ammonium

BARDAC
205M-1.30

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-303

Quaternary ammonium

BARDAC
205M-5.2

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-346

Quaternary ammonium

Lonzagard
RCS-256

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-347

Quaternary ammonium

Lonzagard
RCS-128

Lonza LLC

Feline
calicivirus;
Enterovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-348

Quaternary ammonium

Lonzagard
RCS-128
PLUS

Lonza LLC

Feline
calicivirus;
Enterovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-362

Quaternary ammonium

Nugen
MB5A-128

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-363

Quaternary ammonium

Nugen
MB5A-64

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-366

Quaternary ammonium

Nugen
MB5N-64

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

777-114

Quaternary ammonium

Lysol®
Disinfecting
Wipes (All
Scents)

Reckitt
Benckiser LLC

Rotavirus

10

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

03/13/2020
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Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

(FCR)
83614-1

Quaternary ammonium

Byotrol 24

Byotrol Inc

Feline
calicivirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

777-70

Quaternary ammonium

Lysol® Brand
Cling & Fresh
Toilet Bowl
Cleaner

Reckitt
Benckiser LLC

Rotavirus

0.5 (30
seconds)

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/03/2020

1839-220

Quaternary ammonium

SC-RTU
Disinfectant
Cleaner

Stepan
Company

Poliovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

1839-248

Quaternary ammonium

Stepan Spray
Disinfectant
Concentrate

Stepan
Company

Rhinovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

1839-83

Quaternary ammonium

Detergent
Disinfectant
Pump Spray

Stepan
Company

Canine
parvovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

4091-21

Quaternary ammonium

Condor 2

W.M. Barr &
Company Inc

Rotavirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

47371-129

Quaternary ammonium

Formulation
HWS- 256

Adenovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

H&S
Chemicals
Division of
Lonza LLC
www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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EPA
Registration
Number

Active Ingredient(s)

Product
Name

47371-130

Quaternary ammonium

Formulation
HWS-128

47371-131

Quaternary ammonium

47371-192

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

H&S
Chemicals
Division of
Lonza LLC

Adenovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

HWS-64

H&S
Chemicals
Division of
Lonza LLC

Adenovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

Quaternary ammonium

Formulation
HWS-32

H&S
Chemicals
Division of
Lonza LLC

Adenovirus

10

Dilutable

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/03/2020

5813-115

Quaternary ammonium

Clorox
Scentiva
Bathroom
Disinfecting
Foam Cleaner

The Clorox
Company

Rotavirus

5

Ready-to-use

Hard
Residential
Nonporous
(HN)

Yes

03/03/2020

5813-40

Quaternary ammonium

Clorox
Disinfecting
Bathroom
Cleaner

The Clorox
Company

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

5813-79

Quaternary ammonium

Clorox
Disinfecting
Wipes

The Clorox
Company

Rotavirus

4

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

675-54

Quaternary ammonium

Lysol® Brand
Heavy Duty
Cleaner
Disinfectant
Concentrate

Reckitt
Benckiser LLC

Rotavirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/03/2020

Rotavirus

4

Wipe

Hard

Yes

03/03/2020
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67619-31
Quaternary ammonium
Clorox
Clorox
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Surface
Types

Use Sites

Healthcare;

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

Commercial
Solutions®
Clorox®
Disinfecting
Wipes

Professional
Products
Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous Institutional;
(HN)
Residential

67619-37

Quaternary ammonium

Clorox
Healthcare®
VersaSure®
Wipes

Clorox
Professional
Products
Company

Norovirus

5

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

67619-38

Quaternary ammonium

CloroxPro™
Clorox Total
360®
Disinfecting
Cleaner1

Clorox
Professional
Products
Company

Adenovirus

2

Ready-to-use;
Electrostatic
spray
(Clorox®
Total 360®
system)

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

6836-140

Quaternary ammonium

Lonza
Formulation
S-21F

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-152

Quaternary ammonium

Lonza
Formulation
DC-103

Lonza LLC

Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-266

Quaternary ammonium

BARDAC
205M-10

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

6836-278

Quaternary ammonium

BARDAC
205M- 14.08

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020
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Emerging
Viral
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6836-289

Quaternary ammonium

BARDAC
205M RTU

Lonza LLC

Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

6836-302

Quaternary ammonium

BARDAC
205M-2.6

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

6836-305

Quaternary ammonium

BARDAC
205M-23

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

6836-313

Quaternary ammonium

Lonza
Disinfectant
Wipes

Lonza LLC

Rotavirus

10

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-340

Quaternary ammonium

Lonza
Disinfectant
Wipes Plus 2

Lonza LLC

Norovirus

10

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

6836-349

Quaternary ammonium

Lonzagard
RCS-256 Plus

Lonza LLC

Enterovirus
D68; Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-361

Quaternary ammonium

Nugen
MB5A-256

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;

03/03/2020
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Viral
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Residential

6836-364

Quaternary ammonium

Nugen
MB5N-256

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-365

Quaternary ammonium

Nugen
MB5N-128

Lonza LLC

Norovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-70

Quaternary ammonium

BARDAC
205M-7.5

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-75

Quaternary ammonium

Lonza
Formulation
S-21

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-77

Quaternary ammonium

Lonza
Formulation
S-18

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

6836-78

Quaternary ammonium

Lonza
Formulation
R-82

Lonza LLC

Norovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

70627-24

Quaternary ammonium

Virex™ II / 256 Diversey Inc

Adenovirus
Type 2

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/03/2020

777-89

Quaternary ammonium

Lysol® Brand
Clean & Fresh
Multi-surface
Cleaner

Rotavirus WA

3

Dilutable

Hard
Institutional; Yes
Nonporous Residential
(HN); Food
Contact
Post-Rinse

03/03/2020

Reckitt
Benckiser LLC
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Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)
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Required
(FCR)
1839-216

Quaternary ammonium

SC-NDC-64

Stepan
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

1839-235

Quaternary ammonium

SC-5:256N

Stepan
Company

Rotavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

1839-244

Quaternary ammonium

SC-5:64HN

Stepan
Company

Feline
calicivirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

954-11

Quaternary ammonium

Barbicide

King Research Human
Inc
coronavirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

No

04/02/2020

1839-80

Quaternary ammonium

NP 12.5
Detergent/
Disinfectant

Stepan
Company

Adenovirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

1839-97

Quaternary ammonium

NP 12.5 (D&F) Stepan
Detergent/
Company
Disinfectant

Adenovirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential

03/26/2020
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Contact
Post-Rinse
Required
(FCR)
3862-181

Quaternary ammonium

Foaming
Disinfectant
Cleaner

ABC
Compounding
Co Inc

Poliovirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

61178-2

Quaternary ammonium

Public Places

Microgen Inc

Feline
calicivirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

675-30

Quaternary ammonium

Roccal II 10%

Reckitt
Benckiser LLC

Adenovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/26/2020

6836-333

Quaternary ammonium

MMR-4U

Lonza LLC

Feline
calicivirus;
Norovirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020
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disinfection
directions for
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70627-33

Quaternary ammonium

Envy Liquid
Disinfectant
Cleaner

Diversey Inc

Canine
parvovirus

5

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/26/2020

777-71

Quaternary ammonium

Lysol® Brand
Foaming
Disinfectant
Basin Tub &
Tile Cleaner II

Reckitt
Benckiser LLC

Feline
calicivirus;
Norovirus

10

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

9480-11

Quaternary ammonium

BackSpray
RTU

Professional
Disposables
International
Inc

Feline
calicivirus;
Norovirus

5

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

10324-59

Quaternary ammonium

Maquat 64

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/19/2020

777-128

Quaternary ammonium

Lysol®
Laundry
Sanitizer

Reckitt
Benckiser LLC

Human
coronavirus

5

Dilutable

Porous (P)
(laundry
presoak
only)

No

03/19/2020

10324-105

Quaternary ammonium

Maquat 128PD

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-108

Quaternary ammonium

Maquat 256MN

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

Surface
Types

Use Sites

Residential

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N
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(FCR)
10324-112

Quaternary ammonium

Maquat 128MN

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

10324-113

Quaternary ammonium

Maquat 64MN

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

10324-114

Quaternary ammonium

Maquat 32MN

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

10324-115

Quaternary ammonium

Maquat 750M

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-140

Quaternary ammonium

Maquat
MQ2525MCPV

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020
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10324-141

Quaternary ammonium

Maquat 256NHQ

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-142

Quaternary ammonium

Maquat
MQ2525M-14

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

10324-154

Quaternary ammonium

Maquat 64NHQ

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-155

Quaternary ammonium

Maquat 128NHQ

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-156

Quaternary ammonium

Maquat 512NHQ

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-157

Quaternary ammonium

Maquat 32NHQ

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-164

Quaternary ammonium

Maquat 256PD

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-166

Quaternary ammonium

Maquat 32

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

41 of 66

EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

10324-167

Quaternary ammonium

Maquat 32-PD Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-177

Quaternary ammonium

Maquat 705M

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR);
Porous (P)
(laundry
presoak
only)

03/13/2020

10324-194

Quaternary ammonium

Maquat
2420-10

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-198

Quaternary ammonium

Maquat
702.5-M

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Food
Contact
Post-Rinse
Required
(FCR);
Porous (P)
(laundry
presoak
only)

Healthcare; No
Institutional;
Residential

03/13/2020

10324-57

Quaternary ammonium

Maquat 42

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-58

Quaternary ammonium

Maquat 128

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020
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10324-63

Quaternary ammonium

Maquat 10

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-71

Quaternary ammonium

Maquat 280

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-72

Quaternary ammonium

Maquat 615HD

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

10324-80

Quaternary ammonium

Maquat 5.5-M Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-93

Quaternary ammonium

Maquat 64-PD Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

10324-94

Quaternary ammonium

Maquat 20-M

Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

10324-96

Quaternary ammonium

Maquat 50-DS Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

03/13/2020
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(FCR)
10324-99

Quaternary ammonium

Maquat 10-PD Mason
Chemical
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

11346-4

Quaternary ammonium

Clorox QS

The Clorox
Company

Human
coronavirus

2

Ready-to-use

Hard
Healthcare;
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/13/2020

1839-176

Quaternary ammonium

Liquid-pak
Neutral
Disinfectant
Cleaner

Stepan
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

1839-190

Quaternary ammonium

Stepan
Disinfectant
Wipe

Stepan
Company

Human
coronavirus

10

Wipe

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

1839-214

Quaternary ammonium

SC-NDC-256

Stepan
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

1839-78

Quaternary ammonium

NP 3.2
Detergent/
disinfectant

Stepan
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

44 of 66

EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Post-Rinse
Required
(FCR)
1839-79

Quaternary ammonium

NP 4.5
Detergent/
disinfectant

Stepan
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

1839-81

Quaternary ammonium

NP 9.0
Detergent/
disinfectant

Stepan
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

1839-94

Quaternary ammonium

NP 3.2 (D&F)
Detergent/
disinfectant

Stepan
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

3862-191

Quaternary ammonium

Assure

ABC
Compounding
Co Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

4822-607

Quaternary ammonium

Lauda

S.C. Johnson
& Son Inc

Human
coronavirus

5

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

03/13/2020

4822-609

Quaternary ammonium

Stewart

S.C. Johnson
& Son Inc

Human
coronavirus

3

Ready-to-use

Hard
Institutional; No
Nonporous Residential

03/13/2020
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(HN)
5813-73

Quaternary ammonium

Clorox Everest The Clorox
Company

Human
coronavirus

0.5 (30
seconds)

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

61178-1

Quaternary ammonium

D-125

Microgen Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

61178-5

Quaternary ammonium

CCX-151

Microgen Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

6198-4

Quaternary ammonium

Q. A.
Concentrated
Solution

National
Chemicals Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

62472-2

Quaternary ammonium

Kennelsol HC

Alpha Tech
Pet Inc

Human
coronavirus

10

Dilutable

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

67619-10

Quaternary ammonium

CPPC Everest

Clorox
Professional
Products
Company

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

6836-381

Quaternary ammonium

Lonzagard
R-82G

Lonza LLC

Human
coronavirus

1

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

6836-382

Quaternary ammonium

Nugen Low

Lonza LLC

Human

4

Wipe

Hard

03/13/2020
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Nonporous Institutional;
(HN)
Residential

70627-15

Quaternary ammonium

Warrior

Diversey Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/13/2020

70627-2

Quaternary ammonium

Disinfectant
D.C. 100

Diversey Inc

Human
coronavirus

2

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/13/2020

70627-23

Quaternary ammonium

Virex™ II/ 64

Diversey Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/13/2020

70627-63

Quaternary ammonium

512 Sanitizer

Diversey Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

777-130

Quaternary ammonium

Caterpillar

Reckitt
Benckiser LLC

Human
coronavirus

2.5 (2
minutes
& 30
seconds)

Wipe

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

777-66

Quaternary ammonium

Lysol® Brand

Reckitt

Human

2

Ready-to-use

Hard

03/13/2020
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All Purpose
Cleaner

Benckiser LLC

coronavirus
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Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Nonporous Institutional;
(HN)
Residential

777-82

Quaternary ammonium

Lysol® Brand
Deodorizing
Disinfectant
Cleaner

Reckitt
Benckiser LLC

Human
coronavirus

10

Dilutable

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

777-91

Quaternary ammonium

Lysol®
Kitchen Pro
Antibacterial
Cleaner

Reckitt
Benckiser LLC

Human
coronavirus

2

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

85343-1

Quaternary ammonium

Teccare
Control

Talley
Human
Environmental coronavirus
Care Limited

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

90287-1

Quaternary ammonium

Maquat 25.6PDX

VI-JON Inc

Human
coronavirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

9480-5

Quaternary ammonium

Sani-cloth
Germicidal
Disposable
Cloth

Professional
Disposables
International
Inc

Human
coronavirus

3

Wipe

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

4091-22

Quaternary ammonium;
Citric acid

Raptor 5

W.M. Barr &
Company Inc

Rhinovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

11525-30

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Disinfectant
Spray "G"

Aerosols
Danville Inc

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential

04/23/2020
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Contact
Post-Rinse
Required
(FCR)
70144-5

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Opti-cide Max

498-179

Quaternary ammonium;
Ethanol (Ethyl alcohol)

70144-4

MicroScientific LLC

Rotavirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/16/2020

Champion
Chase
Sprayon Spray Products Co
Disinfectant
Formula 3

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/02/2020

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Opti-cide Max
Wipes

MicroScientific LLC

Rotavirus

1

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

42182-9

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Firebird F130

Microban
Products
Company

Poliovirus;
Norovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

67619-21

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Clorox
Commercial
Solutions®
Clorox®
Disinfecting
Spray

Clorox
Professional
Products
Company

Coxsackie
10
virus; Echovirus;
Feline
calicivirus;
Hepatitis A
Virus; Poliovirus

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

777-127

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Lysol®
Disinfectant
Max Cover
Mist

Reckitt
Benckiser LLC

Norovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

Norovirus

10

Ready-to-use

Hard

03/03/2020
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Ethanol (Ethyl alcohol)

Disinfectant
Spray

Benckiser LLC

88494-3

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Peak
Disinfectant

North
American
Infection
Control Ltd

Poliovirus Type
1; Rhinovirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

88494-4

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Peak
Disinfectant
Wipes

North
American
Infection
Control Ltd

Poliovirus Type
1; Rhinovirus

1

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

42964-17

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Asepticare

Airkem
professional
products

Human
coronavirus

2

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

88494-1

Quaternary ammonium;
Ethanol (Ethyl alcohol)

Wedge
Disinfectant

North
American
Infection
Control LTD

Human
coronavirus

1

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

88897-1

Quaternary ammonium;
Ethanol (Ethyl alcohol);
Isopropanol (Isopropyl
alcohol)

Panther
Disinfectant
Towelette

Maxill Inc

Poliovirus

3

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/23/2020

88897-2

Quaternary ammonium;
Ethanol (Ethyl alcohol);
Isopropanol (Isopropyl
alcohol)

Panther
Disinfectant

Maxill Inc

Adenovirus;
Feline
calicivirus

3

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/02/2020

Adenovirus;
Rotavirus;
Feline

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

46781-12

Quaternary ammonium; Cavicide 1
Metrex
Ethanol (Ethyl alcohol);
Research
Isopropanol (Isopropyl
www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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(FCR)
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calicivirus

46781-13

Quaternary ammonium;
Ethanol (Ethyl alcohol);
Isopropanol (Isopropyl
alcohol)

Caviwipes 1

Metrex
Research

Adenovirus

3

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

9480-10

Quaternary ammonium;
Ethanol (Ethyl alcohol);
Isopropanol (Isopropyl
alcohol)

Sani-Prime
Germicidal
Spray

Professional
Disposables
International
Inc

Feline
calicivirus

3

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

9480-12

Quaternary ammonium;
Ethanol (Ethyl alcohol);
Isopropanol (Isopropyl
alcohol)

Sani-Cloth
Prime
Germicidal
Disposable
Wipe

Professional
Disposables
International
Inc

Feline
calicivirus

3

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

71355-1

Quaternary ammonium;
Glutaraldehyde

Virocid

CID Lines NV

Porcine
circovirus

10

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

05/28/2020

66171-7

Quaternary ammonium;
Glutaraldehyde

Synergize

Preserve
International

Feline
calicivirus

10

Dilutable

Hard
Institutional
Nonporous
(HN)

Yes

04/02/2020

63761-8

Quaternary ammonium;
Hydrogen peroxide

Sterilex Ultra
Disinfectant
Cleaner
Solution 1

Sterilex

Feline
calicivirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

1043-129

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Vesta-Syde
SQ64 Readyto-Use
Disinfectant

Steris
Corporation

Feline
calicivirus

10

Ready-to-use

Hard
Institutional
Nonporous
(HN); Food
Contact
Post-Rinse

05/07/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

Yes

51 of 66

EPA
Registration
Number

Active Ingredient(s)

Product
Name

Company

To kill SARSCoV-2
(COVID-19),
follow
disinfection
directions for
the following
virus(es)

Contact Formulation
Time (in
Type
minutes)

Surface
Types

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Required
(FCR)
70144-2

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Opti-Cide 3®
Wipes

MicroScientific LLC

Rotavirus;
Rhinovirus

3

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/09/2020

1130-15

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Weiman
Germicidal
Solution

Weiman
Products LLC

Rotavirus

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/19/2020

70144-1

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Opti-Cide 3®

MicroScientific LLC

Rotavirus;
2
Rhinovirus Type
14

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/19/2020

9480-4

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Super SaniCloth
Germicidal
Disposable
Wipe

Professional
Disposables
International
Inc

Rhinovirus 39;
Adenovirus

2

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/19/2020

10492-4

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Discide Ultra
Disinfecting
Towelettes

Palmero
Healthcare
LLC

Adenovirus
Type 2

1

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

06/11/2020

10492-5

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Discide Ultra
Disinfecting
Spray

Palmero
Healthcare
LLC

Human
coronavirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

46781-6

Quaternary ammonium;
Isopropanol (Isopropyl
alcohol)

Cavicide

Metrex
Research

Human
coronavirus

2

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020
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63761-10

Quaternary ammonium;
Sodium carbonate
peroxyhydrate

Sterilex Ultra
Step

Sterilex

Feline
calicivirus;
Rotavirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

63761-5

Quaternary ammonium;
Sodium carbonate
peroxyhydrate

Sterilex Ultra
Powder

Sterilex

Feline
calicivirus;
Norovirus

10

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

72977-3

Silver ion; Citric acid

Axen® 30

ETI H2O Inc

Adenovirus

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/07/2020

72977-5

Silver ion; Citric acid

Sdc3a

ETI H2O Inc

Human
coronavirus

1

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

93040-1

Sodium chloride

Force of
Nature
Activator
Capsule

HCl Cleaning
Products LLC

Feline
calicivirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

74986-4

Sodium chlorite

Selectrocide
2L500

Selective
Micro
Technologies
LLC

Poliovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/21/2020

87508-3

Sodium chlorite

Performacide

Odorstart LLC

Poliovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/30/2020

91399-2

Sodium chlorite

Biotab7

Advanced
Biocide
Technologies
Inc

Feline
calicivirus;
Norovirus

1

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

03/26/2020
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1677-216

Sodium chlorite

Exspor Base
Ecolab Inc
Concentration

Feline
calicivirus;
Norovirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/26/2020

74986-5

Sodium chlorite

Selectrocide
5g

Selective
Micro
Technologies
LLC

Human
coronavirus

10

Solid

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

92987-1

Sodium chlorite; Citric
acid

Tristel Duo for Tristel
Surfaces
Solutions LTD

Adenovirus;
Feline
calicivirus;
Poliovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/26/2020

70060-19

Sodium chlorite; Sodium Aseptrol S10dichloroisocyanurate
Tab
dihydrate

BASF
Corporation

Feline
calicivirus

10

Solid

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/26/2020

71847-6

Sodium dichloro-Striazinetrione

Klorsept

Medentech
LTD

Hepatitis A
virus;
Coxsackievirus
B3

1

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

71847-7

Sodium dichloro-Striazinetrione

Klorkleen

Medentech
LTD

Hepatitis A
virus;
Coxsackievirus
B3

1

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

69470-37

Sodium
dichloroisocyanurate

Clearon
Bleach
Tablets

Clearon
Corporation

Canine
parvovirus

10

Solid

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required

05/14/2020
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(FCR)
66570-2

Sodium
dichloroisocyanurate

EfferSan™

Activon Inc

Feline
calicivirus

5

Solid

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/23/2020

1677-255

Sodium
dichloroisocyanurate

XHC-S

Ecolab Inc

Poliovirus

5

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

04/23/2020

71847-2

Sodium
dichloroisocyanurate

Klor-Kleen

Medentech
LTD

Feline
calicivirus;
Norovirus

10

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/26/2020

5813-124

Sodium hypochlorite

Clorox Bleach
Blanqueador

The Clorox
Company

Canine
parvovirus;
Feline
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

05/21/2020

1672-65

Sodium hypochlorite

Austin A-1
Ultra
Disinfecting
Bleach

James Austin
Company

Hepatitis A
virus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/21/2020

70627-75

Sodium hypochlorite

Avert
Diversey Inc
Sporicidal
Disinfectant
Cleaner Wipes

Feline
calicivirus

1

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/21/2020

5813-121

Sodium hypochlorite

CRB I

Canine
parvovirus;
Feline

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential

05/14/2020

The Clorox
Company

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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(COVID-19),
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minutes)

parvovirus;
Feline
panleukopenia
virus
5813-76

Sodium hypochlorite

Clorox MTOC

The Clorox
Company

64240-44

Sodium hypochlorite

Soft Scrub
with Bleach

10897-108

Sodium hypochlorite

88049-2

Use Sites

Emerging
Viral
Pathogen
Claim?

Date
Added to
List N

Contact
Post-Rinse
Required
(FCR)
10

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

05/14/2020

Combat Insect Rhinovirus
Control
Systems

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

05/07/2020

Hasa Bleach
6%

Hasa Inc

Rhinovirus

5

Dilutable

Hard
Residential
Nonporous
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

04/30/2020

Sodium hypochlorite

2.2% Sodium
Hypochlorite
Solution

Ameriplus Inc

Rhinovirus

30

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

04/30/2020

4822-617

Sodium hypochlorite

Scrubbing
S.C. Johnson
Bubbles®
& Son Inc
Bubbly Bleach
Gel Toilet
Bowl
Disinfectant

Rotavirus

10

Ready-to-use

Hard
Residential
Nonporous
(HN)

Yes

04/23/2020

70271-15

Sodium hypochlorite

2% Sodium
Hypochlorite
Spray

KIK
International
Inc

Rhinovirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/23/2020

1677-254

Sodium hypochlorite

XHC-E

Ecolab Inc

Poliovirus

5

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

04/16/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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3573-77

Sodium hypochlorite

CSP-3002-3

The Proctor &
Gamble
Company

Norovirus;
Poliovirus

1

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/16/2020

5741-28

Sodium hypochlorite

Tulmult

Spartan
Chemical
Company Inc

Feline
calicivirus;
Norovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/16/2020

58232-2

Sodium hypochlorite

Sodium
Hypochlorite
8.25%

Hasa Inc

Rhinovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

04/09/2020

56392-8

Sodium hypochlorite

Dispatch

Clorox
Professional
Products
Company

Adenovirus

1

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

67619-40

Sodium hypochlorite

Clorox
Healthcare
Spore10
Defense
Cleaner
Disinfectant

Clorox
Professional
Products
Company

Murine
norovirus

1

Ready-to-use;
Electrostatic
spray
(Clorox®
Total 360®
system)

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/26/2020

70271-13

Sodium hypochlorite

Pure Bright
Germicidal
Ultra Bleach

KIK
International
LLC

Adenovirus;
Rotavirus;
Canine
parvovirus;
Feline

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/26/2020
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panleukopenia
virus; Hepatitis
A virus;
Norovirus;
Poliovirus;
Rhinovirus
70271-31

Sodium hypochlorite

Nova

KIK
International
LLC

Rhinovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/26/2020

5813-120

Sodium hypochlorite

CRB

The Clorox
Company

Canine
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/19/2020

87518-6

Sodium hypochlorite

Sporex

HSP USA LLC

Norovirus;
Canine
parvovirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/19/2020

9480-8

Sodium hypochlorite

Sani-Cloth
Bleach
Germicidal
Disposable
Wipe

Professional
Disposables
International
Inc

Adenovirus;
1
Rotavirus;
Canine
parvovirus;
Hepatitis A
virus; Poliovirus
Type 1;
Rhinovirus Type
37; Feline
calicivirus

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/19/2020

37549-1

Sodium hypochlorite

Micro-kill
Bleach
Germicidal

Medline
Industries Inc

Norovirus

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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Bleach Wipes
37549-2

Sodium hypochlorite

Micro-kill
Bleach
Solution

Medline
Industries Inc

Norovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

46781-14

Sodium hypochlorite

Caviwipes
Bleach

Metrex
Research

Feline
calicivirus

3

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

46781-15

Sodium hypochlorite

Cavicide
Bleach

Metrex
Research

Poliovirus;
Rhinovirus

3

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

5813-100

Sodium hypochlorite

Puma

The Clorox
Company

Canine
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

5813-102

Sodium hypochlorite

CGB1

The Clorox
Company

Canine
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

67619-26

Sodium hypochlorite

Boris

Clorox
Professional
Products
Company

Canine
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/13/2020

1677-235

Sodium hypochlorite

Bleach
Disinfectant
Cleaner

Ecolab Inc

Murine
Norovirus;
Poliovirus;
Rhinovirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

03/03/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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777-83

Sodium hypochlorite

Lysol® Brand
Bleach Mold
And Mildew
Remover

Reckitt
Benckiser LLC

Rhinovirus;
Norovirus

0.5 (30
seconds)

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

56392-7

Sodium hypochlorite

Clorox
Healthcare®
Bleach
Germicidal
Cleaner Spray

Clorox
Professional
Products
Company

Canine
parvovirus;
Feline
Panleukopenia
Virus; Hepatitis
A Virus;
Norovirus;
Poliovirus;
Rhinovirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/03/2020

5813-105

Sodium hypochlorite

Clorox Multi
Surface
Cleaner +
Bleach

The Clorox
Company

Rhinovirus;
Canine
parvovirus;
Feline
panleukopenia
Virus;
Norovirus;
Poliovirus

1

Ready-to-use

Hard
Residential
Nonporous
(HN); Food
Contact
Post-Rinse
Required
(FCR)

Yes

03/03/2020

5813-111

Sodium hypochlorite

Clorox
Disinfecting
Bleach2

The Clorox
Company

Canine
parvovirus;
Feline
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

5813-114

Sodium hypochlorite

Clorox
Performance
Bleach1

The Clorox
Company

Canine
parvovirus;
Feline
parvovirus

10

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

5813-21

Sodium hypochlorite

Clorox Clean
Up Cleaner +
Bleach

The Clorox
Company

Norovirus;
Poliovirus

1

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020
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5813-89

Sodium hypochlorite

Clorox Toilet
Bowl Cleaner
with Bleach

The Clorox
Company

Rhinovirus;
Rotavirus

10

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/03/2020

67619-12

Sodium hypochlorite

Clorox
Healthcare®
Bleach
Germicidal
Wipes

Clorox
Professional
Products
Company

Canine
parvovirus;
Feline
parvovirus

3

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

Yes

03/03/2020

67619-16

Sodium hypochlorite

Clorox
Commercial
Solutions®
Toilet Bowl
Cleaner with
Bleach1

Clorox
Professional
Products
Company

Rotavirus;
Rhinovirus 39

10

Ready-to-use

Hard
Institutional; Yes
Nonporous Residential
(HN)

03/03/2020

67619-17

Sodium hypochlorite

Clorox
Commercial
Solutions®
Clorox®
Clean-Up
Disinfectant
Cleaner with
Bleach1

Clorox
Professional
Products
Company

Norovirus

5

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/03/2020

67619-30

Sodium hypochlorite

GNR

Clorox
Professional
Products
Company

Coxsackievirus; 1
Feline
calicivirus;
Feline
panleukopenia
Virus; Minute
virus of mice;
Poliovirus;
Rhinovirus Type
37

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2
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67619-32

Sodium hypochlorite

CloroxPro™
Clorox®
Germicidal
Bleach

Clorox
Professional
Products
Company

Canine
parvovirus;
Coxsackievirus
B3 Virus;
Enterovirus
D68; Norovirus;
Feline
parvovirus;
Hepatitis A
Virus; Murine
norovirus;
Poliovirus;
Rhinovirus

5

Dilutable

Hard
Healthcare; Yes
Nonporous Institutional;
(HN)
Residential

03/03/2020

70627-72

Sodium hypochlorite

Avert
Sporicidal
Disinfectant
Cleaner

Diversey Inc

Canine
parvovirus;
Norovirus;
Hepatitis A;
Poliovirus Type
1

1

Dilutable

Hard
Healthcare;
Nonporous Institutional
(HN)

03/03/2020

5813-122

Sodium hypochlorite

Clorox Splash- The Clorox
Less Bleach1 Company

Human
coronavirus

6

Dilutable

Hard
Institutional; No
Nonporous Residential
(HN)

05/21/2020

11346-3

Sodium hypochlorite

Clorox HW

The Clorox
Company

Feline
calicivirus;
Norovirus

1

Wipe

Hard
Healthcare;
Nonporous Residential
(HN)

No

03/26/2020

11346-6

Sodium hypochlorite

Clorox HS

The Clorox
Company

Feline
calicivirus;
Norovirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/26/2020
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70271-24

Sodium hypochlorite

Tecumseh B

KIK
International
LLC

Feline
calicivirus;
Norovirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

70590-1

Sodium hypochlorite

Hype-Wipe

Current
Technologies
Inc

Feline
calicivirus;
Norovirus

1

Wipe

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/26/2020

777-102

Sodium hypochlorite

Lysol® Brand
Toilet Bowl
Cleaner with
Bleach

Reckitt
Benckiser LLC

Rhinovirus

5

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/26/2020

1672-67

Sodium hypochlorite

Austin's A-1
Concentrated
Bleach 8.25%

James Austin
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

1677-241

Sodium hypochlorite

Hydris

Ecolab Inc

Human
coronavirus

5

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

56392-10

Sodium hypochlorite

Caltech Swat
200 9B

Clorox
Professional
Products
Company

Human
coronavirus

2

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN); Food
Contact
Post-Rinse
Required
(FCR)

No

03/13/2020

5813-103

Sodium hypochlorite

CGB3

The Clorox
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

5813-104

Sodium hypochlorite

CGB4

The Clorox
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

5813-106

Sodium hypochlorite

Axl

The Clorox
Company

Human
coronavirus

1

Ready-to-use

Hard
Residential
Nonporous

03/13/2020
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(HN)
5813-50

Sodium hypochlorite

Ultra Clorox
The Clorox
Brand Regular Company
Bleach

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

5813-98

Sodium hypochlorite

Lite

The Clorox
Company

Human
coronavirus

1

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN); Food
Contact
Post-Rinse
Required
(FCR)

03/13/2020

5813-99

Sodium hypochlorite

Wave

The Clorox
Company

Human
coronavirus

1

Wipe

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

67619-11

Sodium hypochlorite

CPPC Shower

Clorox
Professional
Products
Company

Human
coronavirus

1

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

67619-13

Sodium hypochlorite

CPPC Storm

Clorox
Professional
Products
Company

Human
coronavirus

1

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

03/13/2020

67619-27

Sodium hypochlorite

Buster

Clorox
Professional
Products
Company

Human
coronavirus

5

Ready-to-use

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020
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67619-28

Sodium hypochlorite

Milo

Clorox
Professional
Products
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

67619-8

Sodium hypochlorite

CPPC Ultra
Bleach 2

Clorox
Professional
Products
Company

Human
coronavirus

5

Dilutable

Hard
Healthcare; No
Nonporous Institutional;
(HN)
Residential

03/13/2020

70590-2

Sodium hypochlorite

Bleach-rite
Disinfecting
Spray With
Bleach

Current
Technologies
Inc

Human
coronavirus

1

Ready-to-use

Hard
Healthcare;
Nonporous Institutional
(HN)

No

03/13/2020

4091-23

Sodium hypochlorite;
Sodium carbonate

Mold Armor
Formula 400

W.M. Barr &
Company Inc

Human
coronavirus

0.5 (30
seconds)

Ready-to-use

Hard
Institutional; No
Nonporous Residential
(HN)

03/13/2020

34810-25

Thymol

Ready to Use
Thymol

Wexford Labs
Inc

Feline
calicivirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact
Post-Rinse
Required
(FCR)

04/30/2020

84683-3

Thymol

Benefect
Botanical
Daily Cleaner
Disinfectant
Spray

Cleanwell LLC

Rhinovirus

10

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

04/02/2020

84683-4

Thymol

Benefect
Botanical
Daily Cleaner
Disinfectant

Cleanwell LLC

Rhinovirus

10

Wipe

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No

03/26/2020
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Rinse
(FCNR)

87742-1

Thymol

Thymox
Disinfectant
Spray

4822-548

Triethylene glycol;
Quaternary ammonium

Scrubbing
S.C. Johnson
Bubbles®
& Son Inc
Multi-Purpose
Disinfectant

Laboratorie
M2

www.epa.gov/pesticide-registration/list-n-disinfectants-use-against-sars-cov-2

Norovirus

4

Ready-to-use

Hard
Healthcare; Yes
Nonporous Institutional;
(HN); Food Residential
Contact No
Rinse
(FCNR)

03/13/2020

Rotavirus

5

Pressurized
liquid

Hard
Residential
Nonporous
(HN)

06/04/2020

Yes

66 of 66

SURFACE DISINFECTION, USING ANOLYTE

Prof T E Cloete, Department of Microbiology and Plant Pathology, University of
Pretoria, Pretoria

1.

INTRODUCTION
All dairies, abattoirs, breweries and food processing plants must be kept as clean
and hygienic as possible. When dirty equipment is not in use, a rapid build-up of
micro-organisms occurs which can result in severe contamination of the foodstuff
when the equipment is re-used. If proper attention is not given to the use of clean
equipment and reduction of contamination, the foodstuff will spoil rapidly.
Proper sanitization will reduce the number of bacteria in all work areas and on
equipment.
Sterilizing should not be confused with sanitizing or disinfecting. To sterilize
means to destroy all forms of life applied especially to microorganisms, including
bacterial and mould spores, and the inactivation of mould spores. There are no
degrees of sterilization, an item is sterile or it is not.
Sanitizing is reducing the number of bacterial contaminants to levels judged safe
by Public Health authorities. It implies a degree of physical cleanliness, i.e. the
sanitizer is applied to a pre-cleaned surface.
To disinfect is to literally free from infection. This term has come to imply
chemical treatment of an inanimate surface or substance to rid it of harmful
micro-organisms. Disinfectants are frequently expected to perform their function
in the presence of significant quantities of dirt and/or organic matter.
Sanitizing of equipment and utensils is best carried out just prior to use. It is a
most important step in the general sanitation operation for the following reasons:
•

•

A variety of micro-organisms may remain on food processing equipment
after it has been washed, even though it may appear clean. The organisms
my be types which have been slowly accumulating on the equipment or in
the product during the processing operation. These can be removed, after
cleaning the equipment, by thorough sanitizing.
During the period that processing equipment is idle, large numbers of
bacteria may develop even though the equipment was cleaned and
sanitized. This especially true of surfaces which are difficult to dry. There
are usually sufficient nutrients to support bacterial growth even on a clean
surface and if it is moist, the increase in bacteria before the next usage
may be tremendous.

•
•

•
1.1

There may possibly be opportunity for insects or even rodents to contact
idle equipment and this may result in appreciably contamination.
Water supplies occasionally become contaminated and even Municipal
after supplies are sometimes of questionable quality. When such water is
employed for washing or rinsing equipment, spoilage organisms may
contaminate the equipment. The use of a sanitizing agent in the water used
to rinse equipment helps prevent such contamination.
A programme of effective sanitizing can make an appreciable and
measurable contribution to the quality and shelf life of food products.

Selection of sanitizers
There are many types of chemical compounds used in the formulation of
disinfectants and sanitizers. However, in the food industry the number of
varieties which can be used is severely limited for a number of reasons.
•
•
•
•
•

The compounds must not be toxic to humans in as much as their residues
on food must not be harmful in any way.
They must not taint the product and must therefore be completely
odourless.
They must not colour the product in any way.
They must be relatively safe to use for hand cleaning situations.
Most essential is high bactericidal activity.

When selecting a sanitizer, the five most popular types should be considered for
their respective merits. Known by their primary ingredients they are chlorine
compounds, iodophores or iodine compounds, quaternary ammonium compounds
(QATS), acid anionic surfactant germicides and hydrogen peroxide.
Chlorine based sanitizers are most widely used. Proven in use and acceptance
over the years, they have excellent germicidal power against a wide range of
bacteria. In properly blended products, they are relatively non-toxic at use
concentrations (200 ppm), colourless, non-staining, easy to prepare and apply.
Generally, they are also the most economical. Effective cleaning is essential
when using these sanitizers as some of the available chlorine may be readily
consumed by organic matter other than bacteria. Possible flavour problems
associated with these products should be borne in mind in the brewing industry.
Chlorine is highly corrosive to a number of metals and its use is best confined to
equipment fabricated in stainless steel. Temperature is another important
parameter as the effectiveness of chlorine increases with increase in temperature.
However, above 50°C the liberated chlorine is rapidly lost to the atmosphere,
reducing the effectiveness of the solution.
Chlorine compounds should therefore not be used above 50°C neither should they
be used where smoked products are being handled. This is because the phenolic

compounds in the smoke may react with the chlorine, producing chlorophenols
which have a very strong odour.
Iodophores
The iodophores are basically a combination of iodine and a solubilizing agent that
releases free iodine when diluted with water. They possess quick microbial action
against a wide variety of microorganisms. At use concentrations, they are nonstaining, relatively non toxic, non irritating and stable. No potable rinse is
required if use concentration does not exceed 25 ppm available iodine.
Iodophores penetrate soil rapidly and are highly germicidal at virtually all
concentrations.
Many iodophores are approved for 'no rins' sanitizing
applications at 25 ppm I2. Iodophore use solution temperatures should not exceed
48°C or they will begin to 'gas-off'. The germicidal performance of different
iodophore formulations may differ greatly. Products yielding the same pH and
iodine concentration may yield vastly different germicidal activities at equivalent
dilutions. Iodophores can be used in very hard water.
QATS
The quaternary ammonium compounds are types of cationic detergents
processing good antibacterial activity. Unfortunately their detergency properties
are very poor, but they are good wetting agents. They are widely used throughout
the food and meat industries and commonly formulated with detergents to form
detergent/sanitizers, which clean and kill bacteria in one operation. They can also
be used on their own. Although extremely effective for killing a wide spectrum
of bacteria, some groups are resistant to them. In use concentrations (200ppm)
QATS are odourless, colourless and non toxic. They are stable when heat and in
presence of organic soil. No potable water rinse is required if concentration is at
or below 200ppm active ingredient. They should not be used on processing
equipment in a brewery because of possible adverse effects on head retention and
flavour.
The bacteriostatic properties of the QATS plus their stability and the property of
being absorbed onto surfaces results in such remaining sanitized for many hours
after treatment.
QATS have generally been applied in preference to chlorine under conditions of
heavy organic contamination where, to overcome the presence of the organic
material, the strength of the chlorine would have to assume corrosive proportions.
Generally, they are combined with specific non-ionic detergents for sanitizing
dairy equipment.
QATS can be adversely affected by water hardness and may be incompatible with
other compounds. They are completely inactivated by anionic compounds such as

soaps. Acidity decreases the efficiency of many QATS to such an extent that as
pH 3 their germicidal activities almost disappear while at pH 10, they show
greatly improved activity. Temperature also affects their activity and an increase
of about 20°C normally doubles it.
Acid anionics
Acid anionics surfactant germicides are combinations of organic or inorganic
acids with surface active agents. The acid is usually phosphoric. The germicidal
effect is provided by the low pH as well as the activity of the surfactant. The
acidity of this type of germicide is effective in removing or controlling the
formation of mineral films. Acid anionics are low foaming and are ideal for use in
C.I.P. systems They are effective in hard and soft water and eliminated the need
for acid rinsing. They are also non-corrosive to stainless steel.
Peroxide
Hydrogen peroxide containing sanitizers can be used in dairies, breweries and
food processing plants. Using this sanitizing method does away with many of the
disadvantages held by other sanitizers. Hydrogen peroxide containing sanitizers
supersede conventional halogen sanitizers (chlorine, iodine, etc.) and cause the
disinfection action to be rapid. They are not detrimental to the environment as
when hydrogen peroxide decomposes, hydrogen and oxygen are formed. It is a
broad spectrum, fast acting sanitizer with extremely low toxicity.
Phenols
Phenolic based disinfectants should not be used inside food processing plants, as
they have a strong odour which will contaminate foods. They have good cleaning
and disinfecting properties and should be used in stables, poultry growing houses,
toilets, drains and compounds. They should be used when diluted with warm
preferably hot water. Hey also have good deodorising properties.
All cleaning and disinfecting chemicals should be used in concentrations
recommended by the manufacturers. The temperatures at which they are used
should also be checked.
Certain chemicals, when mixed with others with which they are not compatible
may liberate dangerously toxic gases and vapours. For example, acid compounds
should never be mixed with strong alkaline or caustic compounds. Serious burns
or even death may result.
All disinfectant/sanitizers have a recommended contact time. This is the time
required for them to kill the majority of bacteria they come into contact with,
before manufacturing operations can begin again. As these times may vary from
product to product, the manufacturers instructions must be followed.

Some do's and don'ts with sanitizers:
Do:
1.
Take the time to measure the sanitizer correctly.
2.
Add the sanitizer to the correct amount of water to make the
correct solution for use.
3.
Use a clean, dry container or bucket for the solution.
4.
Wash away all dirt before using the sanitizer.
5.
Discard the solution when the day's work is finished.
Don't 1.
2.
3.
4.
5.

Use a sanitizer for sterilization.
Store instruments or cleaning tools in a sanitizer solution.
Top up sanitizer solution.
Use yesterday's sanitizer solution, make up a fresh one each day.
Mix sanitizers and detergents it may inactivate both.

A large number of cleaning and sanitizing chemicals are available under a wide
variety of trade names. Many are claimed to be particularly suited for a specific
industry, but the ultimate test of effectiveness is performance under working
conditions. Expensive chemicals are often no more effective than properly used
cheaper ones.
The problem of obtaining a representative sample of a foodstuff for examination
is often difficult, and the microbiological assessment of surfaces is no less a
problem, particularly where the spread of surface contamination is uneven and the
surface rough, as is the case with animal carcases. Microbiologists have been
concerned with the detection and enumeration of microorganisms on surfaces for
over 50 years. The problem is a complicated one and even using the very best
available techniques only a proportion of the bacteria or other microorganisms
will be recovered, and sometimes this proportion is exceedingly small. A brief
overview of surface sampling methods will follow surface
1.2

Surface sampling techniques
Literature dealing with the microbiological sampling methods for surfaces have
been reviewed by Favero et al. (1968). These workers described four basic
methods for enumeration of bacteria on surfaces, viz. (1) the swab-rinse, (2) the
rinse, (3) the agar contact, (4) the direct surface agar plating. Some of these
methods have more application than others in the food industry, and there are
many variations of the basic types.
The swab-rinse
This has many forms, and is possibly the most widely used method. Essentially, a
sterile swab is rubbed over the surface of the object to be sampled (the swab is
moistened with sterile fluid if the surface is dry) and then the tip of the swab is
broken into tube containing a sterile diluent, shaken, and the rinse fluid plated

with or on to an appropriate culture medium. There is often poor recovery of
bacteria from the surfaces sampled, either because of the nature of the surface, or
the amount of pressure applied to the swab, or the time and the speed of
application to the surface. Different people use swabs in different ways, so the
results may not be reproducible between samples, or between laboratories. The
cotton also retains some of the microorganisms, causing reduced counts.
Various modifications have been made to reduce these errors. A sterile metal
template can be used to outline a known area, inside which the swabbing is done.
The time of swabbing can be standardized, e.g. 15 sec, and also the size of the
swab and the amount and type of material used to make the swab. Likewise
replicate swabs are sometimes used on the same area. Another approach to aid
the recovery of bacteria from the swabs is to use a known weighed quantity of
calcium alginate wool to replace the cotton wool and the alginate can be dissolved
in Ringer=s solution containing 1% of sodium hexametaphosphate. Higgins
(1950) stated that calcium alginate swabs will dissolve in most sodium salts to
give the soluble sodium alginate, thus freeing all the organisms taken up on the
swab and giving a more accurate quantitative recovery. A special alginate wool
was specified, free from the bactericidal action possessed by alginate containing a
quaternary ammonium compound used in textile processing.
However, there is some evidence that the alginate swab does not recover small
numbers of organisms as well as cotton wool (Barnes, 1952), and a suggestion
that the alginate or sodium hexametaphosphate may be inhibitory to some microorganisms (Angelotti et al., 1958; Strong, Woodburn & Mancini, 1961). Others
have reported higher recoveries with the alginate (Higgins, 1950; Tredinnick &
Tucker, 1951; Cain & Steele, 1953; Walter, 1955).
The rinse method
With this method the contaminated surface is either immersed (as in the case of
small objects) in a sterile fluid, or the fluid brought into contact with the surface
being examined. This may require asetic removal of part of the surface into the
diluent. Though essentially more accurate since all the surface, or a known
section of it, is being sampled directly by the diluent fluid, there are certain
disadvantages. Recovery from the surface may be low if the surface is such that it
tends to retain the bacteria. Thus, with poultry skin, recovery by this method is
low unless special precautions are taken to remove the bacteria, e.g. by shaking an
area of skin with an abrasive material such as rough sand in the sterile diluent.
Greasy surfaces are also difficult to sample by this method, and large objects or
large areas of surfaces mean that only a small proportion can be sampled, and the
results may not be representative of the whole due to uneven spread of
contamination.

Agar contact methods
Although there are many modifications of the agar contact method, basically it
involves pressing a sterile nutrient agar surface against the surface to be sampled.
The agar is then incubated and the adhering microorganisms enumerated. By the
very nature of the method, it is most useful for smooth flat surfaces, and since
dilution is not possible, only small numbers of contaminants can be enumerated.
Rough surfaces, heavily contaminated, or those contaminated by spreading
bacteria or moulds are not suited to the method, if enumeration is required.
The agar sausage technique often gives a lower apparent recovery of
microorganisms than is achieved by other sampling methods. The reasons for this
have been discussed by Riddle (1967) who pointed out that since the organisms
contaminating a surface are present as micro-colonies, the swabbing technique
breaks these up and gives a measure of individual viable cells. The agar sausage
method gives a mirror-image of the number and distribution of these loci of
infection on the surface and these may consists of one or many microorganisms.
Pictorial methods of representing the results are useful when dealing with nonscientific staff. Such methods (cited by Riddle, 1967) are those of Hansen (1962),
Ten Cate (1965), Buchli (1965), Van Schothorst, Mossel & Kempelmacher
(1966) and Mossell, Kampelmacher & Van Noorle Jansen (1966). For more
accurate assessment of the amount and spread of surface contamination the
method of Hansen (1962) can be used. This is a statistical procedure for
measurement of bacterial surface contamination which can be applied to the agar
sausage. The method consists of taking ten replicate agar sausage impressions of
a surface and plotting the colony counts graphically on probability paper so that
the logarithmic mean and standard deviation can be calculated.
Direct surface agar plating
Contaminants on surfaces can be detected in situ by the direct surface agar plate
(DSAP) method (Angelotti & Foter, 1958; Angelotti et al., 1958), where sterile
melted agar is poured on to the surface to be sampled and left to solidify under a
sterile cover. After incubation the colonies at the interface are counted. Small
items can be placed in a petri dish and covered with agar. This is mainly a
laboratory technique since food plant surfaces are generally large, fixed, and
cannot be incubated at a desired temperature. It is not applicable to dirty surfaces,
since growth becomes confluent.

RODAC plates
Microbiological sampling of food contact surfaces is useful for determining the
degree of cleaning and sanitizing. The RODAC method give an estimate of the
microorganisms surviving the sanitation process and repeated use of these tests

provide information which the sanitarian can use to judge the sanitary quality of
clean equipment and food contact surfaces and the effectiveness of the
programme.
The replicate organism detecting and counting (RODAC) plate technique is a
direct contact method for determining the microbiological quality of disinfected
surfaces (Fig 1).
2.

MATERIALS AND METHODS

2.1

Laboratory evaluation of the efficacy of anolyte using Eschrichia coli as test
organism.

2.1.1

Test organism,
An Escherichia coli suspension containing ca. 106 cfu/ml was used to determine
the efficacy of different anolyte concentrations.

2.1.2

Anolyte concentrations
The following anolyte concentrations were used, 1:10; 1:25; 1:50; 1:75 and
1:100. Anolyte produced in the University of Pretoria laboratory was compared
to anolyte produced by Radical Waters.

2.1.3

Experimental procedure
E.coli (106 cfu/ml) was added to the different anolyte solutions (paragraph 2.1.2).
A total E.coli count was done before adition and again 5 min after exposure to the
different anolyte concentrations.

2.2

Standard disinfection practise
The following standard method of cleaning and disinfection was followed:
Step 1 Rough down (removal of all gross soils eg. chickens, skin, chicken wings
etc.) (Fig 2)
Step 2 Pre- rinse (Fig 3)
Step 3 Wash with detergent (Lift II, Ecolab) (Fig 4)
Step 4 Rinse detergent until clear. (Fig 5)
Step 5 Disinfect with a QAC sanitizer (poultry plant) and oxi-acid (dairy plant).
(Fig 6)

Step 6 Rinse thoroughly (Fig 7)
When evaluating the anolyte as a surface disinfectant - Step 5 was replaced using
different concentrations of anolyte (1:25 and 1:50 and 100 %).
2.3

Surface sampling technique
The RODAC plate technique was used for all surface samples (Fig 1). Nutrient
Agar was used as culture medium. Samples were taken before and after
disinfection on dry disinfected surfaces.

2.3.1

Surface disinfection rating system
Table 1

Rating system used during the study

Cfu/25 cm2

Rating

0 - 20
20 - 50
50 - 100
100 - 150
150 - 200
>200

5
4
3
2
1
0

3.

RESULTS AND DISCUSSION

3.1

Laboratory evaluation of anolyte as a disinfectant
Table 2

Total colony formation of E.coli after anolyte treatment
(5 min exposure)

ANOLYTE
DILUTIONS

1:10

Cfu/ml

UP Anolyte

Radical Waters anolyte

7
8

1
0

2
4

6
34

1:25

7
0

3
0

12
3

5
4

1:50

1
0

4
0

5
2

3
4

1:75

0
2

1
3

16
2

19
8

1:100

>300

>300

Control

>106

>106

All the anolyte dilutions, excepting the 1:100 dilution resulted in the effective
killing of E.coli (Table 2). The anolyte produced in the laboratory unit compared
favourably with the anolyte supplied by Radical Waters (Table 2). Based on these
results, it as decided to use a 100 % anolyte solution a 1:25 and a 1:50 dilution
during the surface disinfection trials.
3.2

Surface disinfection in a poultry processing plant using anolyte.
Table 3

Microbiological quality of surfaces in a poultry plant using the
standard disinfection practise and different concentrations of
anolyte.

Control

Number of cfu/25 cm2
Standard 1:25
1:50

>300
>300
>300
>300
>300
>300
>300

144 (2)
99 (3)
39 (4)
34 (4)
27 (4)
12 (5)
1 (5)

35 (4)
59 (3)
19 (5)
57 (3)
37 (4)
43 (3)
ND -

87
71
178
68
115
55
97

77 %

73 %

51 %

100 %

11
91
49
19

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

Sample area
Fillet Belt
1
2
3
4
5
6
7
Rating
Fillet Table side
1
2
3
4

>300
>300
>300
>300

100%
(3)
(3)
(1)
(3)
(2)
(3)
(3)

2 (5)
4 (5)
2 (5)
8 (5)
5 (5)
ND ND -

5
6
7
8
Stainless
Table
1
2
3
4
5
6
7
8

>300
>300
>300
>300

17
13
24
31

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

>300
>300
>300
>300
>300
>300
>300
>300

40 (4)
36 (4)
18 (5)
18 (5)
8 (5)
3 (5)
2 (5)
1 (5)

28 (4)
1 (5)
5 (5)
9 (5)
0 (5)
7 (5)
26 (4)
14 (5)

31 (4)
76 (4)

19 (5)
0 (5)
0 (5)
0 (5)
0 (5)
0 (5)
0 (5)
0 (5)

Steel

Rating
95 %
95 %
80 %
100 %
ND = Not determined due to the fact that this is not a food contact surface.
cfu = colony forming units
Values in brackets indicate the rating using the system in Table 1

The microbiological quality of non-disinfected surfaces (control), as expected
exceeded 300 cfu/ml (Table 3)
The best disinfection (100 %) on the fillet belt was achieved with the neat anolyte
solution, followed by the standard disinfectant (QAC at 77 %), the 1:25 anolyte
dilution (73 %) and 1:50 anolyte dilution (50 %) (Table 3).
The best disinfection on the stainless steel tables was achieved with the neat
anolyte solution (100 %) followed by the 1:25 anolyte solution (95 %) and the
standard (QAC - 95 %) and then the 1:50 anolyte dilution (80 %).
The standard of disinfection achieved on the stainless steel surfaces was higher
than on the fillet belt (Table 2 and 3). This was ascribed to the non-porous nature
of the stainless steel compared to the more porous nature of the belt, making
disinfection an easier task.
The 1:25 anolyte dilution gave a comparable result, compared with the standard
disinfectant in all instances, where as the 1:50 dilution gave a markebly lower
result. For surface disinfection in poultry processing it is therefore recommended
that either a neat (100 %) anolyte solution be used for disinfection or a dilution no
more than 1:25.
4.

DAIRY BULK TANK DISINFECTION

The anolyte solution gave a 93 % disinfection efficiency rating, compared to 80 %
using the standard disinfection practise (Table 4).
4.1

Surface disinfection in a milking parlour using anolyte as disinfectant.
Table 4

Microbiological quality of surfaces in a dairy plant bulk tank using
the standard disinfection practise and anolyte

Sample

Cfu/25 cm2
Anolyte
44 (3)
5 (5)
5 (5)
3 (5)
3 (5)
2 (5)
93 %

Standard
1
48 (3)
2
130 (2)
3
21 (4)
4
12 (5)
5
3 (5)
6
3 (5)
Rating
80 %
cfu = colony forming units
Values in brackets indicate the rating using the system in Table 1

5.

CONCLUSIONS

5.1

All dilutions, excepting the 1:100 solution was effective for disinfection purposes
using E.coli as test organism.

5.2

Anolyte proved to be an excellent surface disinfectant in a poultry processing
plant, at concentrations of 1:25 and 100 %.

5.3

Anolyte proved to be an excellent surface disinfectant in the dairy application.

6.
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This study investigated the antibacterial effect of electrolyzed water on oral bacteria both
in vitro and in vivo. Tap water was electrolyzed in a water vessel using platinum cell
technology. The electrolyzed tap water (called Puri-water) was put in contact with five
major periodontopathogens or toothbrushes contaminated with these bacteria for 30 sec. In
addition, Puri-water was used as a mouthwash for 30 sec in 16 subjects and the antibacterial effect on salivary bacteria was evaluated. Puri-water significantly reduced the
growth of all periodontopathogens in culture and on toothbrushes, and that of aerobic and
anaerobic bacteria in saliva, when compared to the effect of tap water. It also significantly
reduced mutans streptococci growing on mitis salivarius-bacitracin agar. Our results
demonstrate that the electrolyzed tap water is effective as a mouthwash and for toothbrush
disinfection.
Keywords: electrolyzed water, antibacterial activity, periodontopathogens, salivary bacteria, mouthwash

Dental plaque control is the primary measure to
prevent major oral diseases like caries, gingivitis, and
periodontitis. It can be achieved by mechanical
methods alone such as tooth brushing and flossing.
Mouthwashes are widely used and a huge market has
developed during the last decade. Commercial mouthwashes have more or less complicated formulas, and
most of them contain antimicrobial agents such as
chlorhexidine, triclosan, cetylpyridinium chloride, ZnCl2,
chlorine dioxide, and cationic peptides (Renton-Harper
et al., 1996; Barnett, 2003; Kim et al., 2003). While
these substances have marked antibacterial effects,
mouthwashes that do not disturb the normal oral
ecosystem but that can reduce plaque significantly are
preferred for daily use.
Caries-causing bacteria are primarily mutans streptococci including Streptococcus mutans and Streptococcus
sobrinus in humans. Major periodontopathogens are
gram-negative and anaerobic bacteria, and some of
them are highly proteolytic and cause malodor
(Socransky and Haffajee, 2005; Feng and Weinberg,
2006). Although selective antibacterial agents against
these bacteria are not available, overall reduction in
the number of these bacteria will contribute to the
prevention of caries and periodontitis.
✽ To whom correspondence should be addressed.
(Tel) 82-2-740-8640; (Fax) 82-2-743-0311
(E-mail) bongchoi@snu.ac.kr

The purpose of this study was to evaluate the
antibacterial effect of electrolyzed tap water (Puriwater) on five major periodontopathogens cultured in
vitro, on toothbrushes contaminated with the periodontopathogens, and on salivary bacteria. Puri-water
caused a significant inhibition of the growth of oral
bacteria compared to tap water.

Materials and Methods
Production of electrolyzed water (Puri-water)
Tap water of drinking water quality (pH 7.3, 0.76
ppm of residual chlorine) was subjected to electrolysis
(30 V of DC/300 mA) for 2 min at ambient temperature using an electrolysis apparatus equipped with
platinum electrodes (280 × 120 × 90 mm, 650 g,
TM
Sciacua , Puri Co., Korea). The apparatus was a
single-cell chamber without a separation between the
cathode and anode regions. Puri-water was used
within 2 min of its preparation in all experiments.
The pH of Puri-water measured immediately after
electrolysis was about 8.4. The temperature of the
water increased by less than 1°C after electrolysis.
Bacteria and culture
The five major periodontopathogens included in this
study were Actinobacillus actinomycetemcomitans
(ATCC 33384), Fusobacterium nucleatum (ATCC
25586), Porphyromonas gingivalis (ATCC 53978),

418 Lee and Choi

Prevotella intermedia (ATCC 49046), and Treponema
denticola (ATCC 33521). A. actinomycetemcomitans
was cultured in brain heart infusion (BHI, Becton
Dickinson, USA) broth. F. nucleatum, P. gingivalis,
and P. intermedia were cultured in BHI broth
supplemented with 5 μg/ml of hemin and 0.1 μg/ml
of menadione. T. denticola was cultured in OMIZ-Pat
broth (Wyss et al., 1996). Bacteria were cultured at
37°C anaerobically (5% H2, 10% CO2, 85% N2) and
harvested at the late exponential phase for the
analysis.
Evaluation of the antibacterial activity of Puri-water
on in vitro cultured periodontopathogens
Periodontopathogens cultured as described above were
harvested and their density adjusted so that their
optical density at 660 nm (OD660) was 0.5. One
milliliter of each bacteria were centrifuged for 10 min
at 3,000 × g and the supernatants were discarded. The
pellets were resuspended in 1 ml of Puri-water or tap
water, vortexed for 30 sec, serially diluted 10-fold
with each bacterial medium, and immediately plated
onto BHI agar plates (for A. actinomycetemcomitans)
or BHI agar plates supplemented with 5 μg/ml of
hemin and 0.1 μg/ml of menadione (for F. nucleatum,
P. gingivalis, and P. intermedia) using a spiral plater
Ⓡ
4000, Spiral Biotech, USA).
system (Autoplate
Colony forming units (CFUs) were counted after
cultivation. T. denticola was inoculated in 5 ml of
OMIZ-Pat broth after contact with Puri-water or tap
water for 30 sec and the change of OD660 of the
culture was checked for 7-day incubation. CFU or
OD660 was compared to the control value for each
bacterial culture medium.
To test whether the antibacterial effect of Puriwater could be attributed to the elevated pH, tap
water was adjusted to pH 8.4 with NaOH and evaluated
for its antibacterial activity against cultured bacteria.
Evaluation of the antibacterial activity of Puri-water on
toothbrushes contaminated with periodontopathogens
New commercially available synthetic toothbrushes were
inoculated with each periodontopathogen by immersing
for 2 h in 50 ml bacterial cultures that were adjusted
to an OD660 of 0.5. The toothbrushes were then
washed for 30 sec by hand with 100 ml of Puri-water
or 100 ml of tap water. The wash solutions were
inoculated on BHI agar plates or in OMIZ-Pat broth
as described above. The plates and the broth cultures
were incubated anaerobically at 37°C for 3-7 days,
and CFU or OD660 was determined. In order to
evaluate the number of bacteria remaining on the
toothbrushes after the first washing with Puri-water or
tap water, the toothbrushes were washed again in PBS
for 30 sec and this PBS was inoculated on the
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medium. Seven brushes were used for each bacterium
per experiment and the experiment was repeated three
times.
Collection of saliva
Saliva was collected from a total of 16 participants (5
males, 11 females). All the participants were volunteers
attending the Graduate School of Dentistry, Seoul
National University, Seoul, Korea. The age of the
participants ranged between 24 and 32 years. Written
consent to participate in the study was obtained from
all participants. They were instructed to maintain their
oral health as usual during the study, to clean their
teeth at 6 p.m. the day before the sampling and to
drink only water from then until the sampling next
morning. Saliva was collected for 5 min after washing
the mouth with 10 ml of tap water. One week later,
the same procedure for sampling saliva was performed
except that the mouth was washed with 10 ml of
Puri-water.
Evaluation of the antibacterial activity of Puri-water
on bacteria in saliva
Saliva samples were immediately processed for bacterial culture. Saliva was vortexed and 1 ml of saliva
was mixed with 9 ml of PBS. The mixture was
serially diluted 10-fold with PBS and inoculated onto
blood agar plates (5% sheep blood) with a spiral
plater system. The plates were incubated aerobically
for 3 days and anaerobically for 10 days at 37°C. For
mutans streptococci, diluted saliva was plated on mitis
salivarius-bacitracin (MSB) agar, a selective medium,
and incubated aerobically for 7 days. CFUs were
counted after cultivation.
Statistical analysis
The number of living bacteria in culture after exposure
to Puri-water and tap water was compared using
analysis of variance (ANOVA) and Student’s t-test.
The statistical difference between salivary bacteria
after exposure to Puri-water and after exposure to tap
water was evaluated by correlation using the SPSS
12.0 statistical package. Statistical significance was
determined at the P < 0.05 level.

Results
Antibacterial effect of Puri-water on periodontopathogens
The antibacterial activity of Puri-water against five
major periodontopathogens was evaluated. As shown
in Fig. 1A, Puri-water reduced the bacterial counts to
12.6-15.4% for A. actinomycetemcomitans, F. nucleatum,
P. intermedia, and P. gingivalis. In contrast, tap water
did not inhibit bacterial growth. Growth of T. denticola
was not observed during 7-day incubation after exposure
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Fig. 1. Growth inhibition of periodontopathogens by Puri-water. Five periodontopathogens were cultured, exposed to Puri-water or tap
water for 30 sec, and inoculated on BHI agar medium (A) or in OMIZ-Pat broth medium (B). CFU (A) or OD660 (B) was determined
after culturing, and compared with the control values that were obtained with each bacterial culture medium. *Significant difference (P
< 0.05) compared to the control values.

Fig. 2. Bacteria in wash solution of toothbrushes with Puri-water. Toothbrushes were contaminated with periodontopathogens (OD660 = 0.5),
and washed with Puri-water or tap water. CFU was counted on BHI agar medium (A) or OD660 was measured in OMIZ-Pat broth medium
(B) after culturing the wash solution. For each bacterium, seven brushes were used and the experiments were repeated three times.
*Significant difference (P < 0.05) compared to the values that were obtained after exposure to tap water.

to Puri-water, while it was not affected by tap water
(Fig. 1B). Tap water adjusted to pH 8.4 did not show
antibacterial activity (data not shown).
Bacteria on toothbrushes were also significantly
reduced by Puri-water, when both the bacteria in the

wash solutions and the bacteria remaining on the
toothbrushes were assessed. A. actinomycetemcomitans,
F. nucleatum, P. intermedia, and P. gingivalis remaining
in the Puri-water wash ranged between 11.0 and
12.4% of the amount remaining in the tap water wash
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(Fig. 2A). The growth of T. denticola was not observed
in the Puri-water wash during 7-day incubation,
whereas the growth of T. denticola was observed in
the tap water wash after 4 days (Fig. 2B). The
number of bacteria remaining on toothbrushes after
washing with Puri-water was about 50% of that after
washing with tap water (Fig. 3). The growth of T.
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denticola was not observed for 7-day incubation in
both cases (data not shown).
Antibacterial effect of Puri-water on salivary bacteria
We evaluated the antibacterial effect of Puri-water on
aerobes and anaerobes in saliva. We also evaluated
the antibacterial effect of Puri-water on mutans streptococci using a selective medium. Saliva samples
were obtained from 16 subjects after they washed
their mouths for 30 sec with Puri-water or tap water,
and bacterial growth was assessed on blood agar or
MSB agar plates. As shown in Fig. 4, aerobes and
anaerobes in saliva were significantly reduced after
washing with Puri-water compared to those after
washing with tap water in the same subjects (P <
0.05). Significant reduction of mutans streptococci
was also observed in all participants. The numbers of
aerobic and anaerobic bacteria, and mutans streptococci
in saliva after washing with Puri-water were 1.7±
0.6%, 34.4±14.1%, and 21.0±8.7%, respectively, of
those after washing with tap-water.

Discussion

Fig. 3. Residual bacteria on toothbrushes after washing with
Puri-water. Toothbrushes washed with Puri-water or tap water (as
described in Fig. 2) were washed again in PBS for 30 sec and
CFU in PBS was determined after culturing on BHI agar medium.
For each bacterium, seven brushes were used and the experiments
were repeated three times. The representative data are shown.
*Significant differences (P < 0.05) compared to the control values
that were obtained after exposure to tap water.

Tooth brushing is a normal oral hygiene practice and
toothpastes possess some plaque inhibitory activity.
However, many people use mouthwashes which give
adjunctive benefits to oral health and to halitosis
(Barnett, 2003). Most mouthwashes are antiseptic and
their antiplaque effect has been demonstrated. However,
daily use of antiseptics could disturb the health of the
oral ecosystem, affecting the quality of colonizing
bacteria (Kononen, 2000).
In this study, we demonstrated the antibacterial

Fig. 4. Growth inhibition of salivary bacteria by Puri-water. Saliva was collected from 16 participants after washing the mouth with 10
ml of Puri-water or tap water. Saliva was inoculated on blood agar (A, B) or MSB agar plates (C), and incubated aerobically (A, C) or
anaerobically (B). CFU was counted on the agar medium.
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effect of Puri-water, a kind of electrolyzed water, both
in vitro and in vivo. Compared to tap water, Puriwater showed significant inhibition of the growth of
aerobes, anaerobes and mutans streptococci in saliva
as well as five periodontopathogens in culture. Also
toothbrushes contaminated with cultured periodontopathogens were significantly decontaminated by Puri-water.
The number of bacteria both in the wash solution and
remaining on the toothbrush after washing was significantly lower when the toothbrushes were washed
with Puri-water compared to washing with tap water.
The microbial load on toothbrushes might have a
significant impact on the transmission of pathogens
(Nelson et al., 2000; Sato et al., 2005). Surviving
bacteria on toothbrushes 48 h after brushing with
toothpaste have been observed, although some toothpastes did reduce cariogenic and periodontopathogenic
bacteria significantly (Quirynen et al., 2003).
Electrolyzed water (EW) can be generated by the
electrolysis of aqueous NaCl solution in a electrolytic
cell that has a separation membrane between the
cathode and anode (Tanaka et al., 1996). Acidic EW
from the anode side has been demonstrated to exert
antibacterial activity and has been used in medical
and food applications (Tanaka et al., 1996; Nakagawara
et al., 1998; Miyamoto et al., 1999; Park et al., 2002;
Koseki et al., 2004). Tanaka et al.(1996) reported that
superoxidized water, a strong acidic solution (pH 2.32.7) with a high oxidation-reduction potential, which
was prepared by electrolysis of tap water in the
presence of 0.1% NaCl, showed antibacterial activity
against a variety of gram-positive and gram-negative
bacteria. Its bactericidal activity was superior to that
of 0.1% chlorhexidine, the leading oral antiseptic.
Acidic EW was effective for the prevention of
infection with methicillin resistant Staphylococcus
aureus (Miyamoto et al., 1999), and for killing
Campylobacter jejuni on chicken (Park et al., 2002)
and Escherichia coli O157:H7 on lettuce (Koseki et
al., 2004). With respect to oral bacteria, there is one
report on the inhibitory effect of acidic EW on dental
plaque formation (Itoh et al., 1996). The mechanism
of the bactericidal effect of acidic EW has been
proposed to be the combined action of hydrogen ion
concentration, high oxidation-reduction potential and
the presence of extremely bactericidal hypochlorous
acid (HOCl) (Tanaka et al., 1996; Park et al., 2002).
Nakagawara et al. (1998) showed that the bactericidal
activity was correlated to the concentration of hypochlorous acid in acidic EW.
Puri-water is not an acidic EW. Its pH was weakly
alkaline, but this characteristic did not influence the
antibacterial effect of Puri-water. The antibacterial
effect of Puri-water diminished with time and disappeared after 2 h. The antibacterial activity of
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Puri-water is likely to be based on the combined
action of short-lived reactive oxygen species (ROS)
–
such as singlet oxygen, superoxide free radicals (O2 ),
–
and hydroxyl radicals (OH ), and free chlorine. It is
unlikely that hypochlorous acid was generated in a
significant amount since Puri-water had a pH of 8.4.
Nakajima et al. (2004) reported that electrolyzed tap
water without the addition of NaCl had bactericidal
activity against contaminated bacteria in tap water.
They suggested that free chlorine is a bactericidal
substance and showed time- and current-dependent
increase of free chlorine concentration in electrolyzed
tap water. The maximum concentration of free
chlorine changed from less than 1 ppm to 30 ppm in
30 min.
In summary, we demonstrated that electrolyzed tap
water markedly inhibited the growth of salivary
bacteria as well as cultured periodontopathogens. It
can be made easily in a small scale and could be
useful for daily oral hygiene if used as a mouthwash
and for toothbrush washing. It may be especially
useful for people wearing orthodontic apparatus as
well as physically and mentally handicapped people.
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ABSTRACT
This paper presents the degradation of phenol in wastewater using anolyte, which is generated from
electrochemical activation process. Anolyte consists of reactive ions and free radicals, which contribute
to its oxidizing behavior. The optimum conditions, which facilitate a complete degradation of phenol,
were found using variation of dosage of anolyte and reaction time. It was found that about 20% of
anolyte was the optimal dosage which corresponded to 98% degradation of phenol after a reaction time
of 60 minutes. The main products during degradation of phenol by anolyte were found to be benzoquinone, hydroquinone, catechol, maleic acid, fumaric acid and oxalic acid.
KEYWORDS: anolyte, electrochemical activation process, phenol degradation, phenol oxidation.
INTRODUCTION
Widespread contamination of water by phenol
has been recognized as an issue of growing importance in recent years. Phenol is potential or
known human carcinogen and is of considerable
health concern, even at low concentration. For
instance, Malaysian guidelines limit phenol concentration to 0.001 mg l-1 in wastewater (DOE,
1974). Hence, the treatment of wastewater containing phenol is a necessity.
Many technologies have been investigated for
removing and degradation of phenolic compounds in wastewater. They included, adsorption

(Rengaraj et al., 2002), biodegradation (Miland et
al., 1996), UV/Fe+3 (Zhou et al., 2001), extraction
by liquid membrane (Lin et al., 1999) and oxidation (Comninellis and Pulgarin, 1991; Tahar and
Savall, 1998; Polcaro et al., 1999; Tahar and
Savall, 1999, Awad and Abuzaid, 2000).
Among them, oxidation technology has shown
their potential to destroy phenol completely in
wastewater. In oxidation process, in the first step,
the phenol oxidizes to hydroquinone then into benzoquinone and catechol. Subsequent oxidation of
these products, after opening of the aromatic ring,
leads to the formation of aliphatic carboxylic acids
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such as maleic acid and fumaric acid. When phenol
is degraded to aliphatic carboxylic acids the wastewater will become more biodegradable (Wu and
Zhou, 2001) and less toxic (Pulgarin et al., 1994).
The oxidation of phenol by several oxidizing agents
such as ozone, UV and hydrogen peroxide has
been extensively studied (Gurol and Vatistas, 1987;
Esplugas et al., 1994; Shen et al., 1995; Miland et al.,
1996; Benitez et al., 2001, Canton et al., 2002).
Apart from those, in recent years there has been
increasing interest in the use of catalytic wet oxidation (Maugans and Akgerman, 1997; Larachi,
2001) and wet oxidation (Prakash et al., 2002) for
phenol removal. However those methods have
some disadvantages and limitations. Sustainability
of catalytic wet oxidation technology depends on
kinetic regime in which the catalyst life would
compromise to its cost. Masende et al. (2002) have
reported that total conversion of phenol to CO2
and H2O was achieved when the platinum surface
was almost oxidized in which it resulted into catalyst deactivation. Wet air oxidation also provides
slow and incomplete oxidation, causing the effluent to require further treatment. Supercritical
water oxidation has also a very high capital and
operating costs due to the extremely harsh operating conditions and the extremely corrosive nature
of supercritical water. In other oxidation method
such as Horseradish Peroxidase (HRP), in order
to achieve a high degree of phenolic removal,
large amounts of enzyme are required to counteract the effects of enzyme inactivation, thus limiting
its industrial applicability (Klibanov et al., 1980).
The anodic oxidation has also been proposed as an
alternative method for phenol degradation, in
which the type of anode electrode has been the
subject of studies concerning oxidation of phenol,
in recent years. Anodic oxidation of phenol on
graphite electrode (Awad and Abuzaid, 2000), bismuth doped lead dioxide electrode (Tahar and
Savall, 1999), platinum electrode (Comninellis
and Pulgarin, 1991), b-lead dioxide electrode (Wu
and Zhou, 2001) and tantalum/lead dioxide
(Tahar and Salvall, 1998) have been documented.
In all previous anodic oxidation methods mentioned above, wastewater containing phenol was
pumped into the reactor (cell), while in the present study the aim is to examine the effectiveness
of anolyte for degradation of phenol in wastewater
outside the reactor. To the authors' knowledge,
the use of anolyte as oxidizing agent for phenol
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destruction has not been investigated to date.
The use of STEL ECA system is gaining popularity as it provides alternative to the use of chlorine
gas, ozone and UV-radiation for the treatment of
wastewater. The system operates totally without
chemical or artificial additives. Only water, regular salt and electrical energy are required to operate the STEL ECA system. As such, there is no
detrimental effect on the environment or the
ecology and absolutely no pollution or contamination is caused in the purification process. This
method eliminates the transportation, storage,
and handling of hazardous chemicals and reduces
the costs associated with safety procedures, discharge liabilities and environmental exposure.

MATERIAL AND METHODS
Characteristic of the STEL ECA system
Electrochemical activation (ECA) process concept involves the passage of high voltage current
through a brine solution with a membrane interposed between the anode and cathode. As a result,
this process will produce a substantial electrical
potential difference, leading to the generation of
two types of water namely anolyte and catholyte.
The STEL system comprises an electrolytic cell
made of three components: 1) the anode: an outer
titanium tube coated internally with a ruthenium
oxide, iridium and platinum; 2) the cathode: a central platinum rod coated with pyrocarbon; 3) an
acid and alkali resistant ceramic diaphragm coated
with oxides of zirconium, yttrium and aluminum
fixed between the electrodes to prevent the inter
mixing of solutions in the anode and the cathode
chambers of the reactor, whilst not obstructing the
movement of ions in the electric field. This produces both anolyte and catholyte solutions.
The schematic of the STEL ECA system are
shown in Figure 1. The water was supplied at flow
rate of 1 l min-1. A constant electric current (18
volts) is passed through the solution of NaCl
(10%). The electron arrival in salt water at the
cathode, as well as the discharge of electron from
the salt water at anode are accompanied by a
series of electrochemical reactions on the cathode
and anode surfaces, resulting to the generation of
anolyte and catholyte. After about 30 seconds,
anolyte and catholyte were collected in two separate beakers. The objective of this work was to
investigate the breakdown of phenol in water
after they have been treated with anolyte.
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Figure 1. Schematic of ECA process used for producing anolyte

Characteristic of anolyte
The produced anolyte was colourless liquid with
pH value of 2-3. As shown in Table 1, anolyte contains reactive ions and free radicals, which contribute to the powerful oxidizing properties.
Despite its powerful properties, anolyte is nontoxic and harmless to human (Leonov, 1999).
Experimental Set Up
Experiments were conducted in 500 ml conical flask,
each containing 300 ml of phenol solution. Phenol
solutions (Ci =5, 10, 20, 50, 100 mg l-1) were prepared
from stock detached crystal phenol (Fisher, UK).
Nano pure water (Barnstead, USA) was used for
preparation of all solutions. Anolyte generated from
Table 1.

ECA system, was added to the phenol solutions in
the range of 10 to 100 ml. To study the optimal reaction time between anolyte and phenol solutions, the
optimal amount of anolyte for the removal of all phenol were added and allowed to remain in contact
with the phenol solutions within 10 to 240 min.

Chemical Analysis
The quantitative analyses of the phenol and its
oxidation products were determined using highperformance liquid chromatography (HPLC) and
UV detector (254 nm). The samples were taken at
appropriate time intervals and immediately
analysed. The separation was performed using a
reversed phase column (C18-ODS) at 25° C and

Reactive ions and free radicals formed in the anolyte solution by elecrochemical activation (Vlyssides
et al., 1999; 2000)
Reactive Molecules
O3
O2
H2O2
ClO2
HClO
Cl2
HCl
HClO3

Reactive Ions

Reactive Free Radicals

H+
H3O+

HO
OH2
O2

OHClOCl-

O
ClO
Cl
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Figure 2. Effect of anolyte dosage on phenol
degradarion efficiency (reaction time:
60 min).

Figure 3. Effect of reaction time on phenol
degradarion efficiency (anolyte dosage:
60 mL)

flow rate of 1.7 cm3 min-1, running with mobile
phase of acetonitril/water (v/v) at 60/40 + 0.1%
H3PO4. The organic acids were determined by ion
chromatography with mobile phase of sodium
carbonate (0.85 mmol l-1) and sodium bicarbonate
(0.90 mmol l-1) with flow rate of 1.7 cm3 min-1 at
35°C (Wu and Zhou, 2001).

Effect of reaction time on phenol degradation
Experiments were carried out to determine the
reaction time of phenol with anolyte. Figure 3 shows
the effect of reaction time on phenol degradation.
As shown in Figure 3, degradation of phenol solutions using low concentration (Ci=5, 10 mg l-1),
reached 98% within 10 minutes of reaction. While,
in the case of higher phenol concentrations
(Ci=20, 50, 100 mg l-1), 98% phenol degradation
was achieved within 60 min of reaction time.
A comparison of phenol degradation using
anolyte and other oxidizing agents revealed
anolyte to be superior. For instance, Gurol et al.
(1987) reported only 20 to 60% phenol degradation within 60 min using ozone and UV process.
Others such as Miland et al. (1996) found that
98% phenol degradation could be achieved after
24 h upon addition of horseradish peroxidase
(1 U cm-3) and H2O2 (1 mmol dm-3) to a solution
of 94 mg dm-3 phenol. While our results showed
that 60 min of reaction time was sufficient to
achieve the 98% of phenol degradation.

Data Analysis
The term phenol degradation (%) is used to
quantify the degree of water purification from
phenol and is defined as the percentage of phenol
removed from solution under the given experimental conditions. Phenol degradation (%) was
calculated as
Phenol degradation (%) =

,

where C0 and C are initial and final phenol concentrations, respectively.

RESULTS AND DISCUSSION
Effect of anolyte dosage on phenol degradation
The phenol degradation at different dosage of
anolyte is illustrated in Figure 2. As shown in
Figure 2, increasing the dosage of anolyte up to 60
ml, produced very good removal of phenol (9298%). However, the phenol degradation rate did
not improve when the anolyte was increased from
60 ml to 100 ml. Therefore, 60 ml (20%) of
anolyte was found to be the optimum dose for
complete phenol degradation.

Oxidation products
Chromatography results showed that the main
products formed during the reaction of phenol
with anolyte were benzoquinone (BQ), hydroquinone (HQ), catechol (CT), maleic acid, fumaric acid and oxalic acid. According to the results
presented in Figure 4, the concentration of benzoquinone, hydroquinone and catecol in solution
increased within the first 20 min and then rapidly
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Figure 4. Cyclic products resulted from oxidation of
phenol (Ci=100 mg l-1) using anolyte.

Figure 5. Aliphatic carboxylic acid products resulted
from oxidation of phenol (Ci =100 mg l-1)
using anolyte.

decrease. It can be also seen that benzoquinone,
hydroquinone and catechol are almost disappeared at 60 min (Figure 4).
This behavior could be due to the attack of free
radicals on these compounds and resulting in ring
opening reaction to form aliphatic organic acids.
In Figure 5, it can be seen that, the concentration
of aliphatic organic acids (maleic acid, fumaric
acid and oxalic acid) rapidly increases during the
first 45 min and then begins to decrease.
Decrease of aliphatic organic acids could be due
to mineralisation to CO2 and H2O (Fleszar and
Ploszynska, 1985; Tahar and Salvall, 1998, 1999;
Awad and Abuzaid, 2000; Wu and Zhou, 2001).
A comparison of reaction products formed by
phenol oxidation using anolyte in this study and
other oxidation agents showed that the reaction
products are almost the same (Gurol and

Vatistas, 1987; Esplugas et al., 1994; Shen et al.,
1995; Benitez et al., 2001). It implies that all reactions probably occur following the same mechanism, i.e. electrophilic attack of hydroxyl radical
on the phenol or its oxidation product.

CONCLUSION
Degradation of phenol using anolyte produced by
electrochemical process was found possible under
an optimized condition. The 20% anolyte was
found to be the optimal concentration giving 98%
destruction of phenol after 60 minutes reaction
time.
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How we know disinfectants should
kill the COVID-19 coronavirus
The novel virus is one of the easiest virus types to deactivate, though SARSCoV-2–specific data are lacking by Kerri Jansen MARCH 13, 2020
The spread of the coronavirus disease COVID-19 has spurred a surge in sales
of cleaning and disinfection products. The Centers for Disease Control and
Prevention (CDC) recommends regular cleaning of frequently touched
surfaces, along with thorough hand washing—both standard practices for
helping slow the spread of viruses and bacteria. But consumers will be
disappointed if they go looking for a product that specifically promises to kill
SARS-CoV-2, the virus that causes COVID-19.
Although there’s good evidence the novel coronavirus is one of the easiest
types of viruses to kill, scientists are still determining its exact nature and
how big a role surface transmission plays in its spread. As researchers rush
to understand the new pathogen, the US EPA is working to provide the
public with information about disinfectants that can help slow its spread.
Such claims won’t be allowed in brick-and-mortar stores, though, until
more testing can be done.
Understanding exactly how a new virus spreads and persists in the
environment takes time, resources, and virus samples for research—all of
which are spread thin in the early weeks and months of an outbreak. That
lack of data creates challenges both for people seeking advice about how to
avoid this new disease, and the experts and organizations offering that
advice.
“Everyone puts in a word of caution in there that we don’t really know,
because we don’t have enough data yet,” says Charles Gerba, a
microbiologist at the University of Arizona who studies how viruses spread
in indoor environments.

On March 3, the EPA released a list of antimicrobial products for use against
SARS-CoV-2, under an emerging viral pathogens program developed for just
this kind of scenario. (The EPA regulates antimicrobial products as
pesticides.) Under the program, which was introduced in 2016 and activated
for the first time in January, makers of disinfectants can request approval to
claim a product is expected to kill a particular virus based on its ability to kill
similar viruses. Once an outbreak has been identified and the identity of the
virus is confirmed by the CDC, approved products are temporarily permitted
to distribute information about using the product for the emerging
pathogen. The claim appears in a standard format such as: [Product name]
has demonstrated effectiveness against viruses similar to SARS-CoV-2 on
hard, nonporous surfaces. Therefore, [product name] can be used against
SARS-CoV-2 when used in accordance with the directions for use.
According to the EPA, these statements are intended to “inform the public
about the utility of these products against the emerging pathogen in the
most expeditious manner.” The emerging pathogens program sidesteps the
lengthy review process that is typically required for vetting disinfectant
efficacy claims, which requires the establishment of a standardized protocol
and testing with the actual virus or an EPA-approved surrogate. At this time,
an EPA spokesperson says, no companies have sent the agency any efficacy
data on the novel coronavirus or any surrogates.
Speed is of the essence, because surfaces such as doorknobs, countertops,
and electronic equipment can transmit viral and bacterial diseases.
According to the CDC, SARS-CoV-2 is believed to spread primarily person-toperson through airborne respiratory droplets. But it may be possible for the
virus to spread on surfaces, too. Scientists know that similar respiratory
viruses expelled into the air by coughing, breathing, or speaking can settle
on surfaces, where they can linger in an active state for days, protected in a
cozy covering of mucus. Although scientists aren’t sure yet how long the
novel coronavirus remains active on a surface, one study done in a hospital
found that similar coronaviruses can persist on hard surfaces like glass,
metal, or plastic for up to 9 days (Journal of Hospital Infection 2020,
DOI: 10.1016/j.jhin.2020.01.022).

Another study, recently published on medRxiv and not yet peer reviewed,
found that SARS-CoV-2 remains stable on plastic and stainless steel for 2–3
days. (MedRxiv 2020, DOI: 10.1101/2020.03.09.20033217). The authors also
published their data in a correspondence in the New England Journal of
Medicine (2020, DOI: 10.1056/NEJMc2004973).
During that time the virus can potentially be spread to anyone touching the
surface, and to whatever they touch next. People tend to underestimate
how quickly a virus can spread through a building and beyond via touched
surfaces, Gerba says.
Gerba notes that technological advancements like large airliners, massive
sports stadiums, and the proliferation of self-service kiosks have made it
easier for diseases to spread rapidly. Mobile devices like smartphones can
pick up germs from contaminated hands and then offload those germs later
on to spread in a new location.
Enveloped viruses like SARS-CoV-2—which rely on a protective lipid
coating—are the easiest type to deactivate. In contrast with many
gastrointestinal viruses like norovirus which have a tough protein shell called
a capsid, viruses with this fatty wrapping are relatively vulnerable.
“It’s much more sensitive. It’s sort of a wimpy protective shell,” says
virologist Seema Lakdawala of the University of Pittsburgh.
There are a few ways to burst this flimsy shell. Alcohol-based products
disintegrate the protective lipids. Quaternary ammonium disinfectants,
commonly used in health-care and food-service industries, attack protein
and lipid structures, thwarting the pathogen’s typical mode of infection.
Bleach and other potent oxidizers swiftly break down a virus’s essential
components.

The EPA’s list of disinfectants presumed effective against SARS-CoV-2
contains several dozen antimicrobial products including ready-to-use sprays,
concentrates, and wipes. Each has been shown to be effective against at
least one small or large nonenveloped virus, which are considered harder to
kill than the enveloped variety. And that list is likely to grow; on March 9,
the EPA announced it was expediting emerging pathogen-related requests
that met certain requirements.
But consumers are unlikely to see such language on product labels any time
soon. The EPA’s emerging viral pathogens program limits the places
disinfectant makers can publish such a claim to off-label sources like
websites, company help lines, and social media. Responding to public
comments on an early draft of the program, the agency explained that this
measure enables claims to be quickly removed if necessary. Product makers
may also include the claims in technical literature distributed to health-care
facilities, where it’s expected its recipients would have the background to
put such claims in context.
https://cen.acs.org/biological-chemistry/infectious-disease/How-we-knowdisinfectants-should-kill-the-COVID-19-coronavirus/98/web/2020/03

An Ideal Wound Care Agent With Powerful
Microbicidal, Antibiofilm, and Wound Healing
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Abstract
Introduction: Chronic wounds and the infections associated with them are responsible
for a considerable escalation in morbidity and the cost of health care. Infection and
cellular activation and the relation between cells are 2 critical factors in wound healing.
Since chronic wounds offer ideal conditions for infection and biofilm production, good
wound care strategies are critical for wound healing. Topical antiseptics in chronic
wounds remain in widespread use today. These antiseptics are successful in microbial
eradication, but their cytotoxcity is a controversial issue in wound healing.
Objective: The aim of this study was to investigate the effect of stabilized hypochlorous
acid solution (HOCl) on killing rate, biofilm formation, antimicrobial activity within
biofilm against frequently isolated microorganisms and migration rate of wounded
fibroblasts and keratinocytes.
Materials and methods: Minimal bactericidal concentration of stabilized HOCl solution
for all standard microorganisms was 1/64 dilution and for clinical isolates it ranged from
1/32 to 1/64 dilutions.
Results: All microorganisms were killed within 0 minutes and accurate killing time was
12 seconds. The effective dose for biofilm impairment for standard microorganisms and
clinical isolates ranged from 1/32 to 1/16. Microbicidal effects within the biofilm and
antibiofilm concentration was the same for each microorganism.
Conclusion: The stabilized HOCl solution had dose-dependent favorable effects on
fibroblast and keratinocyte migration compared to povidone iodine and media alone.
These features lead to a stabilized HOCl solution as an ideal wound care agent.
https://pubmed.ncbi.nlm.nih.gov/25785777/

By Dan Wellendorf and Tom Klaers,
Clean Response

T

he risks of using chemical cleaners and sterilizers
have received widespread publicity. Many
consumers and businesses genuinely try to
avoid these risks by using cleaning products that claim
to be “green” or “all-natural.” The problem is that
these products result from minor manipulations of the
same toxic science, and still come packaged with an
abundance of harmful side effects.

Their capabilities are spectacular:
something powerful enough to
destroy all known microbes (including
viruses, bacteria, and mold spores),
yet safe enough to drink.
According to the National Institute of Environmental
Health Sciences, the chemicals used in common cleaning
products (yes, even the “green” ones) contain endocrine
disruptors. The endocrine system is a complex series of
glands and hormones that regulate many of the body’s
functions. Disrupting this system has been linked to
everything from cancer and birth defects to learning
disabilities, attention deficit disorder, and other cognitive
development problems. Most also contain fragrances
that have been proven to cause respiratory problems and
aggravate allergies. However, if the area isn’t cleaned or
sanitized it could be contaminated by a lethal bacteria or
virus, only to leave people wondering: “Should we get
sick now, or later?” What’s needed is a cleaning solution
that doesn’t leave someone with such a dilemma, a
cleaning solution that doesn’t force people to concede

their long-term health for their short-term safety.
Electrochemically activated water is the solution.
What is it?
Electrochemically activated (or ECA) water is made
from nothing other than tap water, salt, and electricity.
A process known as electrolysis sends an electrical
current through the salt and water to break down their
molecules. This results in the creation of two activated
solutions (one positively charged, one negatively

ECA Catholyte

ECA Anolyte

charged) that function separately as a cleaner and a
disinfectant. Their capabilities are spectacular: something
powerful enough to destroy all known microbes
(including viruses, bacteria, and mold spores), yet safe
enough to drink. ECA water is transforming cleaning
and sterilization procedures around the globe.

How does it work?
The negatively charged sanitizer (known as ECA
Anolyte) works by mirroring the process the human
body uses to fight off bacteria and viruses. When the
immune system detects a threat, it attacks the area with
white blood cells that create an anti-microbial substance
called Hypochlorous acid (HOCL). HOCL is the active
ingredient in ECA-Anolyte and has been proven to be an
extremely effective means of disinfecting contaminated
surface areas.

•

In commercial cleaning – Cleaning companies can
utilize the power of ECA water in carpet cleaners,
floor scrubbers, and other janitorial services

•

In food safety – ECA water is emerging as the best
option for businesses in the food industry to protect
their customers from deadly bacteria such as E. coli
or Salmonella, without having to risk the exposure of
toxic chemicals.
ECA water can be used to wash fresh produce
without changing the taste or color. It can also
clean dishes, clean surfaces that contact food, and
sanitize supply lines.
ECA water is an approved ingredient and can be
added to food to act as a natural preservative to
increase its shelf life.

ECA Catholyte:
a tough cleaner

ECA Anolyte:
a powerful
disinfectant

The positively charged cleaner (known as ECA
Catholyte) has the same pH level as soapy water and
uses its ionic properties to easily break down soluble
substances. Because it doesn’t contain the animal fats and
glycerin commonly used in chemical cleaners, it leaves a
surface free of any residue that dirt may cling to.
What can it do?
The implications of a cleaning and sterilization product
that is unconditionally non-toxic and astonishingly
powerful are predictably endless. Some highlights of its
current uses include:
•

In the flood and fire restoration industry – ECA
water has proven to be a capable solution to disinfect
surfaces that have been contaminated by flood
water and to treat surfaces affected by mold; a
situation where harsh chemicals have long been the
industry standard. In addition to the money saved
on chemicals, ECA water also improves safety by
eliminating the customer’s as well as the employee’s
exposure to harmful chemicals.

ECA water has been proven to decrease
sanitization time and increase productivity, save
water, and lower sewage treatment costs.
•

In beverage production – When the quality of their
water is of obvious importance, beverage companies
have been turning to ECA water to replace chemical
detergents and sterilizers. ECA water allows the
companies to clean their equipment in place (saving
time), and saves on energy costs

•

In healthcare – A growing number of doctor’s
offices, hospitals, and dentists are utilizing ECA
water to sanitize equipment, and safely clean biofilm
from their water lines.

•

In water treatment – ECA water is effective in the
eradication of legionella (Legionnaires Disease) and
cryptosporidium (two of the most common causes
of toxic water contamination), so hospitals, cruise
ships, and third world communities have found
ECA “green” technology a viable option for resolving
water contamination issues.

Although not yet available for purchase by the retail
consumer, the rapid growth of commercial uses for
ECA water is already benefitting everyone. Here in the
Twin Cities, ECA water is already being used in select
school districts, universities, government buildings, and
cleaning and restoration companies. Before switching
to ECA water, these businesses and organizations had
to weigh the harmful effects of toxic chemicals against
the health of their employees and the quality of their
product. However, thanks to electrochemically activated
water, they now have a “green” solution.
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Effects of electrochemically activated water catholyte and anolyte on human health
In the process of electrochemically activation of water with electrolysis are obtained catholyte and anolyte. The device is called
electrolyzer and is separated into two parts with a semi-permeable membrane. In the two sections are put two electrodes with direct
current. These are cathode and anode for the waters catholyte and anolyte.
Introduction: The properties of anolyte and catholyte are measured with pH and Oxidation Reduction Potential (ORP). The indicator
pH gives information about the acidity and alkalinity of the liquids. Oxidation Reduction Potential (ORP) is associated with electron
transition processes. There is a dependence between oxidation-reduction processes and antioxidant.
Results: The physical-chemical properties of the catholyte and anolyte determine their activity. The optimal values for catholyte for
ORP are (-200 - -400 mV) and for pH (8.5 – 9.5). For the anolyte they are (+500 - +600 mV) and for pH (3.5 – 4.5).
The following processes take place in the two sections of the electrolyzer.
In the cathode section: 2H2O + 2e- → H2 + 2OH- .
The hydrogen gas that is produced separates, and the water obtains an alkaline reactivity.The catholyte has reduction properties and
there is an increase in the number of the electrons according to the control sample and negative ORP.
In the anode section 2Н2О → 4е- + 4Н+ + О2
The separated hydrogen ions and oxygen molecules lead to an increase in the acidity of the anolyte. The anolyte has oxidation properties
and there is decrease in the number of the electrons according to the control sample and positive ORP.
The values of pH and ORP of the catholyte and anolyte after certain amount of days following the water activation, change in different
ways during the time. The catholyte preserves its high alkality (pH > 8.9) for about a week, but its oxidation-reduction potential changes
rapidly and becomes almost zero after the second day. On the contrary, the corresponding values of the anolyte change insignificantly
(about 10%) after almost a year.The indicated properties give unique acting properties of the activated water. During the process
of electrolytic decomposition particles or components are created that cannot exist outside the solution. The increased quantity of
monomolecules causes changes in viscosity, diffusion, thermal and electrical conductivity, the surface tension and the catalytic activity
of the catholyte and anolyte. Water is the natural and necessary medium for most biological molecules. Changes in its composition
and structure can have stimulating or inhibitory action on the processes in the living things. The increased catholyte reduction leads
to increased antioxidant effects on bio molecules. Due to this reason the catholyte has protective and positive effect for oxidation
stress-connected diseases such as diabetes, cancer, neurodegenerative diseases, and side effects accompanying hemodialisys. There is
stimulation of immunology system. Clinical examinations carried out by different scientists have demonstrated positive effect in cases
such as difficult healing wounds, diabetes of type 2, telomere shortening at the cancer cells and inhibition of their growth, suppression
of side effects caused by the use of anticancer medications, favorable influence on the blood system. Investigations have proved that
the activated water was not toxic for cells and tissues, and did not have mutagenic, cancerogenic, embryotoxic or immunotoxic effects.
The high oxidation of the anolyte has a strong biocidal effect on various microbes, bacteria and viruses, which leads to their retention
or complete destruction. Rapid healing of wounds and inflammation, suppression of herpes and rhinitis viruses, etc. are observed.
Anolyte completely eliminates Staphylococcus aureus and Escherichia coli bacteria in in vitro experiments.About the mechanism
of action of catholyte and anolyteThe mechanism of influence of activated water on the living matter is not quite clear. The observed
anomalous properties of this water could directly or indirectly be referred to one or other activity, but for the present a full explanation
of the process is not still available.
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Generally, the explanations concern the high alkalinity of the catholyte and the antioxidant effect in bio molecules, and the high acidity
of the anolyte and the increased acidity stemming from this. Some observations of the authors suggest that the following hypothesis
could take place. The catholyte obtained during the electrolysis has a different hydrostatic pressure than the blood plasma i.e. it is
hypertonic relative to it. This will intensify increased flowing of intracellular liquid which contains oxidized substances resulting from
the cell metabolism. Thus, the cell waste cleaning will be stimulated. According to the authors, the unique properties of the catholite
and the anolyte can be explained by hydrogen Н+ ion. It has oxidizing and reducing properties. This makes it possible to achieve a
balance of oxidation / antioxidant against reactive oxygen species (ROS) and free radicals. In cancer, the intracellular water is acidified.
The catholyte is alkalinized and, due to its higher surface tension and viscosity, separates the adhering erythrocytes. Free electrons have
an antioxidant effect on biomolecules. There are evidence for the improve the quality and quantity of erythrocytes. This will lead to an
improvement in immune system status.
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S U M M A R Y

Background: Outbreaks of infection associated with microbial biofilm in hospital hand
washbasin U-bends are being reported increasingly. In a previous study, the efficacy of a
prototype automated U-bend decontamination method was demonstrated for a single nonhospital pattern washbasin. It used two electrochemically activated solutions (ECA)
generated from brine: catholyte with detergent properties and anolyte with disinfectant
properties.
Aim: To develop and test a large-scale automated ECA treatment system to decontaminate 10 hospital pattern washbasin U-bends simultaneously in a busy hospital clinic.
Methods: A programmable system was developed whereby the washbasin drain outlets,
U-bends and proximal wastewater pipework automatically underwent 10-min treatments
with catholyte followed by anolyte, three times weekly, over five months. Six untreated
washbasins served as controls. Quantitative bacterial counts from U-bends were determined on Columbia blood agar, Reasoner’s 2A agar and Pseudomonas aeruginosa selective
agar following treatment and 24 h later.
Findings: The average bacterial densities in colony-forming units/swab from treated
U-bends showed a >3 log reduction compared with controls, and reductions were highly
significant (P<0.0001) on all media. There was no significant increase in average bacterial
counts from treated U-bends 24 h later on all media (P>0.1). P. aeruginosa was the most
prevalent organism recovered throughout the study. Internal examination of untreated
U-bends using electron microscopy showed dense biofilm extending to the washbasin drain
outlet junction, whereas treated U-bends were free from biofilm.
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Conclusion: Simultaneous automated treatment of multiple hospital washbasin U-bends
with ECA consistently minimizes microbial contamination and thus the associated risk of
infection.
ª 2018 The Author(s). Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Over the last two decades, many studies have reported
hospital outbreaks, due particularly to Gram-negative bacteria, associated directly or indirectly with contaminated
washbasin and sink drains [1e7]. U-bends are pieces of pipework fitted beneath washbasins that retain a volume of water,
creating a seal preventing sewer gas from entering buildings
from pipework downstream. This water may stagnate for
considerable periods, encouraging the development of biofilms. These can spread as far as the washbasin drain,
contaminating the washbasin and surrounding area [8,9].
U-bend biofilms are usually heterogenous communities
consisting of a range of opportunistic bacterial pathogens,
including Pseudomonas spp., Acinetobacter spp., Klebsiella
spp. and Enterobacter spp., which can exhibit resistance to the
major classes of antibiotics [2,4,6,10]. Furthermore, recent
reports are increasingly highlighting the importance of wastewater pipework as a reservoir for the nosocomial transmission
of
carbapenemase-producing
Enterobacteriaceae,
an
emerging global health threat [11].
A variety of approaches to U-bend decontamination have
been investigated with varying success, most of which involve
disruption to service and have financial implications, including
the replacement of fixtures and/or associated pipework
[2,6,10]. Replacement is ineffective in the long term as new
washbasins and pipework rapidly become recolonized with
micro-organisms. Disinfectants such as bleach may have diminished efficacy against dense biofilms, temporarily reducing
bioburden but necessitating regular application [2,3,10].
Another approach involves thermal disinfection and vibrational
cleaning of U-bends, but is not in widespread use [12].
Previously, the authors showed that long-term use of a pHneutral electrochemically activated solution (ECA) (anolyte)
as a disinfectant was effective to minimize microbial contamination of dental unit water and washbasin tap water [13,14].
ECA is produced by passing dilute brine through an electric field
in an electrolytic cell, which generates two solutions of
opposite charge [13,14]. The positively charged solution (anolyte) consists of a mixture of oxidants (predominantly hypochlorous acid), which is highly microbicidal [13]. The negatively
charged antioxidant solution (catholyte) has detergent-like
properties consisting predominantly of NaOH. Recently, the
authors described the development of a programmable automated prototype system for minimizing microbial contamination of a domestic pattern washbasin U-bend by treating the
system sequentially with catholyte to reduce organic material
followed by disinfection with anolyte [8]. Average bacterial
counts from the treated U-bend over 35 decontamination cycles on a variety of culture media showed a >4 log reduction
relative to controls. This pilot study established proof of
concept for automated U-bend decontamination using ECA.

The purpose of this study was to develop a large-scale
automated ECA treatment system capable of decontaminating 10 hospital pattern washbasin U-bends and drains simultaneously, and to assess the efficacy of the system in a busy
hospital clinical department.

Methods
Anolyte and catholyte
Anolyte and catholyte solutions were produced by electrochemical activation of an NaCl solution using a Qlean-Genie UL75a ECA generator (Qlean Tech Enterprises, Mendota Heights,
MI, USA) [8]. The generator was configured to produce anolyte
measured at 800 parts per million (ppm) free available chlorine
(FAC) at pH 7.0, having an oxidation-reduction potential (ORP)
of þ880 mV and consisting of approximately 632 ppm hypochlorous acid (79%) and 162 ppm OCl (20.2%). Catholyte is an
amphoteric surfactant with a surface tension of 63 mN
force and was produced at pH 12.5 with an ORP of
approximately 1000 mV, consisting of approximately 400 ppm
NaOH. Freshly generated anolyte was used undiluted. FAC
levels in anolyte were measured using a Hach Pocket Colorimeter II (Hach, Ames, IA, USA) [8]. Freshly generated catholyte
was diluted 1:5 with heated mains water with a temperature
after dilution of approximately 33 C.

Test and control washbasins
Ten new ceramic hospital pattern washbasins with an offset
drain outlet in the back wall of the basin (Armitage Shanks,
Stoke on Trent, UK) were installed at the Accident & Emergency Department of the Dublin Dental University Hospital
(DDUH) for ECA decontamination studies. Six identical washbasins located in different DDUH clinics were used as controls.
Washbasins were used solely for handwashing. Tork Extra Mild
Liquid Soap (SCA Hygiene Products Ltd, Dunstable, UK) was
used for handwashing at all washbasins. Cold water supplied to
test and control washbasin taps was provided from a 15,000-L
tank supplied with potable quality mains water. This tank
also supplied the calorifier, which provided hot water to all the
washbasin taps. Automatic temperature recording was fitted
on the out and return legs of the hot water network. Washbasin
taps are fitted with a thermostatic mixing valve and provided
output water at an average temperature of 38 C. Hot and cold
water supplied to washbasins at DDUH has been treated with
residual anolyte (2.5 ppm) for several years. Previous studies
over 54 weeks showed average bacterial densities in hot and
cold tap water of 1 [standard deviation (SD) 4] and 2 (SD 4)
colony-forming units (cfu)/mL, respectively [14]. All washbasins were in frequent daily use from Monday to Friday. Three
months prior to the study, washbasins were equipped with new
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polypropylene U-bends (McAlpine Plumbing Products, Glasgow,
UK) with two access ports (Figure 1).

Design of automated ECA treatment system for U-bends
A large-scale system was developed to decontaminate 10
washbasin U-bends, drains and proximal wastewater pipework
simultaneously (Figure 2). A vertical wastewater pipe below
each U-bend was connected to a horizontal common wastewater collection pipe. The pipes and fittings were made of
polyvinylchloride (PVC) or acrylonitrile-butadiene-styrene
(ABS), both compatible with long-term exposure to anolyte
and catholyte. All pipe connections apart from U-bends were
chemically welded to minimize the potential for leaks. ECA
reservoirs were manufactured from ultraviolet-stabilized

linear polyethylene designed for chemical storage. Each
reservoir supplied a dosing pump (Grundfos, Bjerringbro,
Denmark) connected by 25-mm ABS pipework to the common
wastewater pipe (Figure 2).
A Praher unplasticized-PVC S4 ball valve (Schwertberg,
Austria) was fitted to the common wastewater pipe downstream of the ECA pump connections to which an H-004 electric
actuator (Actuated Solutions Ltd, Bognor Regis, UK) was fitted
for automated valve operation. With the valve closed, the
volume of ECA required to completely fill the wastewater
pipework, U-bends and the washbasins to a level 5 cm above
the drain outlets was determined (approximately 220 L). The
timing, sequence of activation and duration of activation of the
actuator-controlled valve, dosing pumps and ECA reservoir
outlet valves was managed by a programmable electronic
process controller (Open System Solutions Ltd, Southampton,
UK) (Figure 2).

Automated ECA decontamination cycles
Decontamination cycles began with the process controller
activating the actuator and closing the valve on the common
wastewater pipe. After a 30-s delay, the catholyte dosing pump
was activated and dosed catholyte into the common wastewater pipe, and retro-filled this pipe, each washbasin’s
wastewater pipe, U-bend and washbasin drain outlet over a
3.5-min period. Catholyte was left in situ for 10 min and then
voided to waste by automated opening of the valve on the
common wastewater pipe. Following a further 30-s delay, the
actuator closed the valve, and after 30 s, the anolyte pump
activated and dosed anolyte into the system. Anolyte was left
in situ for 10 min and then voided to waste, completing the
cycle. Control washbasin drains and U-bends were flushed with
mains water instead of ECA.

Microbiological culture

Figure 1. (a) A longitudinal section of a U-bend following 62
cycles of electrochemically activated solution (ECA) treatment
over a five-month period. (b) A longitudinal section of a control
U-bend at the end of the study. Both U-bends were installed at
the same time. The dashed lines indicate the water level within
the U-bends. Following each ECA treatment cycle, treated and
control U-bends were swab sampled through the ports indicated. To avoid sampling the same part of each U-bend
continually, six internal sampling sites were selected and
sampled in rotation. Three of these (labelled 1e3) are shown in
(a). The additional three sites were located on the other, mirror
image half of the U-bend. The treated U-bend is noticeably free
from visible biofilm, whereas the control U-bend contains slimy
biofilm, especially above the waterline and at the junctions
connecting to the washbasin drain outlet and wastewater
discharge outlets.

Decontamination efficacy was determined by semiquantitative microbiological culture of U-bend samples
(N ¼ 620) immediately after each of 62 treatment cycles.
Additional samples (N ¼ 420) were taken 24 h after treatment
for 42 cycles to assess microbial recovery. Samples were taken
from control U-bends (N ¼ 372) following each treated U-bend
decontamination cycle. U-bends were flushed with tap water
after each decontamination cycle to void residual anolyte. The
interior surfaces of U-bends were sampled through the access
ports using sterile cotton wool swabs (Venturi, Transystem,
Copan, Italy) dipped in neutralizing solution (0.5% w/v sodium
thiosulphate) [8]. Six internal sites were sampled in rotation to
avoid sampling the same parts of the U-bends continually
(Figure 1a). One site was sampled after each treatment cycle,
and swabs were processed immediately. The tip of each swab
was cut off and vortexed for 1 min in 1 mL of sterile phosphatebuffered saline, serially diluted and plated in duplicate on to
Columbia blood agar (CBA) (Lip Diagnostic Services, Galway,
Ireland), Reasoner’s 2A (R2A) agar (Lip) and Pseudomonas
aeruginosa selective agar (PAS) (Oxoid Ltd, Basingstoke, UK).
PAS, CBA and R2A plates were incubated at 30 C for 48 h, 37 C
for 48 h and 20 C for 10 days, respectively. Colony counts were
recorded as cfu/swab [8]. The characteristics of different
colony types and their abundance were recorded, and selected
colonies of each were stored [8].
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Figure 2. A schematic of the automated system for the simultaneous decontamination of 10 washbasin U-bends, drain outlets and
wastewater pipes by sequential treatment with catholyte followed by anolyte used in the present study. Only four washbasins are shown
for clarity. Each U-bend had two ports to facilitate sampling. The lower part of the figure shows a process control schematic for automated decontamination. The programmable process controller initiates treatment cycles. At the start of each cycle, the process
controller sends a signal to the actuator to close the valve on the wastewater outflow pipe. After a 30-s delay, a signal activates the
catholyte dosing pump for 3.5 min, and catholyte is pumped into the pipework below the washbasin U-bends until the pipework and
U-bends are completely filled to a level 5 cm above the washbasin drain outlets. Catholyte is left in situ for 10 min, after which time the
process controller opens the valve, voiding catholyte to the wastewater stream. The valve is then closed, and after a 30-s delay, the
process controller activates the anolyte dosing pump for 3.5 min and the cycle proceeds as per catholyte dosing. After 10 min, the anolyte
is voided to waste, completing the cycle. ECA, electrochemically activated.

Identification of bacterial isolates

Results

Bacterial identification was determined using the Vitek MS
Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass
Spectrometry system (Vitek, bioMérieux, Marcy l’Etoile,
France) according to the manufacturer’s instructions.

Automated U-bend decontamination

Electron microscopy
At the end of the study, selected U-bends were cut longitudinally and sections were examined for biofilm, without prior
fixation, by scanning electron microscopy [13].

Statistical analysis
Statistical analyses were performed using GraphPad Prism
v.5 (GraphPad Software, San Diego, CA, USA). Statistical significance was determined using unpaired, two-tailed Student’s
t-test with 95% confidence intervals. Statistical significance of
more than two sets of data was determined using one-way
analysis of variance.

A novel large-scale automated U-bend decontamination
system was developed and installed at the Accident & Emergency Department at DDUH which permitted each U-bend,
drain and associated wastewater pipes of 10 washbasins to be
completely filled sequentially with catholyte followed by
anolyte (Figure 2). Empirical experiments were undertaken
with the system to determine the optimal concentrations of
each ECA for effective decontamination of the 10 U-bends in a
relatively short time period. The previous proof of concept
study used 450 ppm of anolyte and 40 ppm of catholyte, while
for the larger system, this was increased to 800 ppm anolyte
and 80 ppm of catholyte. The contact time between the solutions and the pipework was increased from 5 min to 10 min.
Sampling was also changed from using a single access port
U-bend to U-bends with two access ports (Figure 1). This
permitted six selected sites to be sampled in rotation, reducing
mechanical removal of biofilm from repetitive sampling as ECAtreated U-bends were sampled 1040 times (Table I).
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Table I
Average quantitative bacterial counts from 10 washbasin U-bends subjected to automated treatment with electrochemically activated
solutions (ECA) and the corresponding counts from six untreated U-bends
Agar
medium

CBA
R2A
PAS

CBA
R2A
PAS

U-bend

Average bacterial counts
in cfu/swab from ECA-treated
(N ¼ 62 cycles, 620 swabs) and
control (N ¼ 372 swabs) U-bends

SD

Treated
Untreated
Treated
Untreated
Treated
Untreated

73.4
2  105
122.5
3.3  105
15.3
2.7  104
Average bacterial counts in
cfu/swab 24 h after ECA
treatment (N ¼ 42 cycles,
420 swabs) and control
(N ¼ 252 swabs) U-bendsa
53.2
2.1  105
91.7
2.9  105
15.6
2.6  104

258.2
4  105
371.3
1.1  106
184.5
1.2  105

0e4.6  103
0e4  106
0e5.8  103
0e1.8  107
0e3.4  103
0e1.4  106

<0.0001

127.6
4.3  105
277.6
6.1  105
119
1.1  105

0e1  103
500e3.2  106
0e3.5  103
1.3  103e5  106
0e1.7  103
0e1.4  106

<0.0001

Treateda
Untreated
Treateda
Untreated
Treateda
Untreated

Range of bacterial
counts in cfu/swab

P-value

<0.0001
<0.0001

<0.0001
<0.0001

CBA, Columbia blood agar; R2A, Reasoner’s 2A agar; PAS, Pseudomonas aeruginosa selective agar; SD, standard deviation; cfu, colony-forming units.
a
The average bacterial counts in cfu/swab were determined for the 10 ECA-treated U-bends and the six untreated U-bends 24 h after treatment
for 42 of 62 ECA treatment cycles.

All 10 test washbasins were exposed to three weekly
decontamination cycles (Monday, Wednesday and Friday) over
five months (62 cycles), which was almost double the number
of cycles assessed in the previous proof of concept study. Six
additional washbasins located elsewhere in DDUH were used as
controls. Swab samples were taken from the internal surfaces
of the U-bends, and semi-quantitative bacterial counts were
determined on CBA, R2A and PAS. The average bacterial density from the six untreated U-bends during the study on CBA,
R2A and PAS was 2  105 (SD 4  105), 3.3  105 (SD 1.1  106)
and 2.7  104 (SD 1.2  105) cfu/swab, respectively (Table I).
For the 10 ECA-treated U-bends over 62 cycles, the average
bacterial density on CBA, R2A and PAS was 73.4 (SD 258.2),
122.5 (SD 371.3) and 15.3 (SD 184.5) cfu/swab, respectively
(Table I). The average reduction in viable counts from ECAtreated U-bends was >3 log or a 99.9% reduction. Reductions
in average bacterial counts from treated U-bends on all media
relative to the counts from control U-bends were highly significant (P<0.0001) (Table I). There was no significant difference in average bacterial counts on all media between the 10
individual treated U-bends over the study period (P>0.4).
Additional U-bend samples taken from all 10 treated U-bends
24 h after treatment for 42 of 62 decontamination cycles
showed no significant increase (P>0.1) in average bacterial
counts on all media (Table I).

than controls, the diversity of species identified was greater
due to a greater number of Gram-positive bacterial species
comprising several species of staphylococci (Table A see online
supplementary material). Gram-negative bacterial species
identified from treated and control U-bends were similar.
P. aeruginosa was recovered from all U-bends during the study.
The average P. aeruginosa count from treated U-bend samples
was 15 (SD 185) cfu/swab (N ¼ 620 samples); however, only 12%
(74/620) of samples yielded P. aeruginosa, and of these, only
2% yielded >10 cfu/swab. In contrast, 78% (290/372) of swab
samples (N ¼ 372) from control U-bends yielded P. aeruginosa,
and of these, 58% yielded >1000 cfu/swab.

Biofilm on ECA-treated and control U-bends
Following completion of the ECA treatment phase, the
U-bends from several ECA-treated and control washbasins were
removed and cut in longitudinal sections. Visual examination of
the control U-bends revealed patchy, slimy biofilm on the inner
surfaces, which extended to the region connecting to the
washbasin drain outlet (Figure 1). In contrast, ECA-treated
U-bends were visually free from biofilm (Figure 1). Electron
microscopy of several sections of the inner surfaces of control
U-bends confirmed the presence of dense biofilm and its
absence in ECA-treated U-bends (Figure A, see online
supplementary material).

Bacterial species identified from U-bends
Biofilm on washbasin drain outlet surfaces
The range of bacterial species identified from treated and
control U-bends throughout the study is shown in Table A (see
online supplementary material). Although the bacterial density in treated U-bends was consistently significantly lower

At the end of the study period, a visual examination of
washbasin drain outlets revealed biofilm within the outlets of
all control washbasins and its absence in treated washbasin
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drain outlets (Figure B, see online supplementary material).
Neutralized swab samples taken from the drain outlets of six
treated washbasins yielded average bacterial densities of
1 cfu/swab (range 0e5) on CBA agar. No bacteria were recovered on PAS agar. The corresponding average bacterial densities from control washbasin drain outlets were 4.1  103
(range 120e5.6  103) on CBA and 874.2 (range 5e2.7  103)
cfu/swab on PAS. Additional swab samples were taken from the
surface of each washbasin immediately adjacent to the drain
outlets, and no bacteria were recovered from samples from the
six test washbasins on CBA or PAS media. In contrast, 3.6  103
(range 30e8.6  103) cfu/swab was recovered on CBA and
1.2  103 (range 0e6.2  103) on PAS from the control washbasin surface samples.

Adverse effects on washbasin wastewater network
No adverse effects were observed following regular inspection of the washbasins, U-bends or associated wastewater
pipework during and at the end of the study, and no leaks were
identified.

Discussion
Proof of concept for effective and consistent decontamination of washbasin U-bends by automated sequential treatment with catholyte followed by anolyte was demonstrated in
a previous study using a single domestic pattern washbasin
located in a hospital washroom [8]. The present study developed a novel automated ECA treatment system to decontaminate 10 hospital pattern washbasin U-bends, drain outlets and
proximal wastewater pipes simultaneously in a busy hospital
department. The results of the study demonstrate that the
large-scale system has a comparable decontamination efficacy
to the pilot system, as both resulted in a >3 log reduction in
bacterial counts in treated U-bends relative to controls
(P<0.0001). However, with the large system, >3 log reductions
were achieved simultaneously in 10 separate U-bends in a busy
hospital clinic, demonstrating that this approach has good potential for application in hospital departments and wards
equipped with multiple washbasins. In the pilot study,
P. aeruginosa was not recovered from the ECA-treated U-bend.
The finding of low densities of P. aeruginosa in some ECAtreated U-bends within the larger system is not surprising
because of its larger and more extensive network of pipes
servicing 10 washbasins. All control and ECA-treated U-bends
were positive for P. aeruginosa at some point during the study,
indicating that it is endemic within the wastewater network.
Similarly, Cholley et al. sampled 28 U-bends over eight weeks
and found that all were colonized at least once by P. aeruginosa
[1]. In the present study, and in the pilot study, bacterial
counts recovered immediately after ECA treatment and 24 h
later were similar on all media tested, which demonstrated
that biofilm within the pipework did not recover rapidly from
ECA treatment [8]. A limitation to the present study is that the
authors did not demonstrate that this approach would help to
control an actual hospital outbreak associated with contaminated U-bends.
A variety of Gram-negative bacterial species other than
P. aeruginosa were identified in ECA-treated and control
U-bends (Table A, see online supplementary material).
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However, a greater range of Gram-positive species was identified from treated U-bends due to the recovery of several
staphylococcal species that were not identified in the controls
(Table A, see online supplementary material). Staphylococci
are common skin commensals that inevitably get transferred
into U-bends during handwashing. The recovery of staphylococci from treated U-bends, albeit in low numbers, could be
due to their presence being masked by high densities of Gramnegative bacteria within the control samples.
The presence of Gram-negative bacteria in washbasin
wastewater pipework constitutes a greater risk of infection
due to their motility. A recent study using green fluorescent
protein-tagged Escherichia coli found that bacteria inoculated into a U-bend supplied with nutrients reached the
drain outlet in one week [9]. In the present study, >103 cfu
bacteria/swab was found within the visible biofilm in untreated washbasin drain outlets as well as on the washbasin
surface in front of the outlets. In contrast, ECA-treated
washbasins showed neither visible biofilm nor yielded
detectable bacterial contamination within or adjacent to the
drain outlets (Figure B, see online supplementary material).
These findings show the efficacy of ECA decontamination to
control biofilm within the drain outlet as well as the U-bend,
impeding its ability to potentially contaminate the patient
environment.
The majority of previous approaches to control hospital
outbreaks linked to contaminated U-bends and drains have
involved pouring chemicals down the drain outlets and/or
replacing the washbasin and/or associated pipework
[2,3,6,10]. Vergara-López et al. installed manual shut-off
valves into sink drainage pipes, followed by 30-min treatment
with a quaternary ammonium compound and subsequent
flushing with hot water to control a Klebsiella oxytoca hospital
outbreak [5]. A number of valves had to be manually operated
prior to manual addition of the disinfectant, which may lead to
air being trapped in the pipework, shielding some areas from
disinfection. In contrast, the ECA decontamination system
developed and tested in this study is automated and backfills
the pipework from below each U-bend, reducing the likelihood
of air being trapped. A recent study showed that sink-to-sink
transmission can occur via a common wastewater pipe [9].
The approach used in this study minimizes opportunities for
transmission of organisms between U-bends connected by
common wastewater pipework, as the system decontaminates
drains, U-bends and pipework.
In conclusion, microbial contamination of multiple hospital
washbasin U-bends and drain outlets can be consistently
minimized by automated ECA treatment.
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Abstract

Aim: The aim of this study was to evaluate the potential of electrochemically activated (ECA)
anolyte and catholyte solutions to clean root canals during conventional root canal preparation.
Methodology: Twenty extracted single-rooted human mature permanent teeth were allocated
randomly into four groups of five teeth. The pulp chambers were accessed and the canals prepared
by hand with conventional stainless steel endodontic instruments using a double-flared technique.
One or other of the following irrigants was used during preparation: distilled water, 3% NaOCl,
anolyte neutral cathodic (ANC) (300 mg L-1 of active chlorine), and a combination of anolyte
neutral cathodic (ANC) (300 mg L-1 of active chlorine) and catholyte. The teeth were split
longitudinally and the canal walls examined for debris and smear layer by scanning electron
microscopy. SEM photomicrographs were taken separately in the coronal, middle and apical parts
of canal at magnification of x800 to evaluate the debridement of extracellular matrix and at a
magnification of x2500 to evaluate the presence of smear layer.
Results: Irrigation with distilled water did not remove debris in the apical part of canals and left a
continuous and firm smear layer overlying compressed low-mineralized predentine. All chemically
active irrigants demonstrated improved cleaning potential compared to distilled water. The quality
of loose debris elimination was similar for NaOCl and the anolyte ANC solution. The combination of
anolyte ANC and catholyte resulted in improved cleaning, particularly in the apical third of canals.
The evaluation of smear layer demonstrated that none of the irrigants were effective in its total
removal; however, chemically active irrigants affected its surface and thickness. Compared to
NaOCl, the ECA solutions left a thinner smear layer with a smoother and more even surface. NaOCl
enhanced the opening of tubules predominantly in the coronal and middle thirds of canals, whereas
combination of ANC and catholyte resulted in more numerous open dentine tubules throughout the
whole length of canals.
Conclusions: Irrigation with electrochemically activated solutions cleaned root canal walls and may
be an alternative to NaOCl in conventional root canal treatment. Further investigation of ECA
solutions for root canal irrigation is warranted.
LinkOut - more resources
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Disinfect the Natural Way
New hypochlorous acid options are making this a viable antimicrobial solution. Here’s how to choose—and
use—it correctly.
By Paul M. Karpecki, OD

Hypochlorous acid (HOCl) has a multitude of uses in wound care, dermatology, dentistry and eye care. It is the most common
disinfectant in medical, industrial and domestic use, and has the same active ingredient of household bleach but with a
di erent chemical structure.1 Bleach, or sodium hypochlorite, is typically found in concentrations that range from 1% to 5%,
which would result in chemical burns to the eye upon contact. HOCl, however, is found in much lower concentrations and has
no such risks.
HOCl is an appealing disinfectant because it is an all-natural antimicrobial agent. Pure HOCl is produced as an element of the
human immune response.2,3 During the oxidative burst, small, highly reactive molecules such as HOCl are generated as white
blood cells respond to pathogens in the body.2,4 HOCl is released by neutrophils to kill microorganisms and neutralize toxins
released from pathogens and inflammatory mediators.5
Because it is neutralized quickly, HA is nontoxic to the ocular surface.5

Hypochlorous acid is a natural, gentle way to eradicate bacteria on and around the eyelids.

Gentle But E ective

Although HOCl is natural, it’s surprisingly potent. It has broad-spectrum antimicrobial activity and can kill microorganisms
rapidly (Table 1).6 HOCl is highly e ective in vitro against a wide range of microorganisms, helping to fight infection, reduce
inflammation, control the body’s response to injury and enhance its natural ability to heal.
In eye care, HOCl can provide e ective relief from dry eyes and hordeola. It’s a treatment option for red, itchy eyelids associated
with conditions such as blepharitis and meibomian gland dysfunction (MGD). Lid hygiene products containing HOCl are an
excellent addition to a patient’s daily wellness routine to decrease the microbial load on the lids and lashes.7
Surfactant cleaners are o en a necessary long-term therapy, but HOCl is also a safe daily use option, as it is unlikely to cause
skin irritation associated with other cleaners and scrubs containing preservatives or other additives. HOCl is also an excellent
choice following in-o ice blepharoexfoliation because it can prolong wellness a er bacterial load de-bulking.
For patients with MGD, HOCl is well paired with warm moist compress therapy to provide the dual e ect of reducing the
bacterial burden and promoting secretions.
We can also use HOCl as preoperative antisepsis, to clean instruments such as tonometry tips, and following a short course of a
topical antibiotic-corticosteroid to keep the bacterial levels at bay.8,9

Surfactants and HOCl: A One-Two Punch

While HOCl may be beneficial in severe conditions, many patients still need to use surfactant cleaners. The root cause of
anterior blepharitis is the overproduction of oils, which harbor bacteria that cause eyelid inflammation. The key to reducing
this bacteria flora is to first remove the excessive oils from the eyelids and then follow up with antimicrobials. Mild
surfactants in several eyelid cleansers act to dissolve and remove oil, debris and desquamated skin. HOCl formulas do not
contain these surfactants and are largely ine ective in debriding the oil, scales and debris o en associated with eyelid
irritation. Accordingly, in the most severe cases where HOCl might be most beneficial, clinicians should recommend a
combination therapy including both a surfactant cleanser and HOCl to achieve the best outcomes for the patient.

Protect the Microbiome, Prevent Resistance

Our bodies are home to a diverse microbiome, and eyes are no exception. Some bacteria, fungi and viruses may protect against
harmful pathogens, and full eradication is rarely beneficial.10 Thus, we o en aim to simply reduce the overall bacterial load.
Studies show that blepharitis patients, for example, harbor a bacterial load more than 14 times greater than controls, and a
HOCl solution may help reduce the number without strengthening harmful strains.2,11
Researchers also discovered that HOCl decreased the bacterial load by more than 90% without significantly altering the
diversity of the bacterial species.2 In addition, products containing HOCl generally are not antibiotics and do not contribute to
the ever-growing issue of antibiotic resistance.7,12,13

Pick the Right Product

Four factors are important when di erentiating HOCl solutions: purity, preservation, pH and prescription.
Purity. Many HOCl products contain ingredients, such as bleach byproducts and other chemicals, you may not want patients
encountering on a daily basis. For long-term use, look for solution free of additives, fragrance, chemicals or other byproducts.
All HOCl formulations are safe regardless of the purity level. Without the sodium hypochlorite (NaOCl) balance, the equilibrium
shi s and the pure products are unstable.
Preservation. The stability of HOCl solutions is generally quite limited. Although HOCl may have a shelf life of years, once a
bottle is opened, the product begins to degrade. If your patient uses the solution only occasionally, a brand with a longer shelf
life may be important to maximize e icacy and avoid waste.
pH. The properties of HOCl in solution depend strongly on the solution’s pH.14 For patients with pruritis, for example, HOCl can
either decrease or promote the condition, depending on the product’s pH.14 Research shows that a pH of 3.5 to 5 is necessary to
maintain a stable HOCl solution, maximize its antimicrobial activities and minimize undesirable degrading products.6
When pH is less than 3.5, the solution exists as a mixture of chlorine.6 When pH is higher than 5.5, NaOCl starts to form and
becomes the predominant species in the alkaline pH.6
Prescription. While in the past optometrists needed to write a prescription for most HOCl solutions marketed for ocular use,
several over-the-counter (OTC) options exist today. This is not due to an FDA decision to reclassify HOCl. Instead, the
prescription-only availability of specific HOCl solutions is a manufacturer prerogative that generally allows for more specific
claims about a product. OTC HOCl solutions can have the same concentration of active ingredient, but marketing statements
are typically more general. Several formulations are now available and marketing in eye care, including:
• Avenova (NovaBay). This prescription spray contains pure HOCl and is designed to remove microorganisms and debris on and
around the eyelid margins.
• HypoChlor (OcuSo ). This 0.02% concentration of HOCl, available without a prescription in both spray and gel formulations,
is stable opened or unopened for 18 months.
• Bruder Hygienic Eyelid Solution. This 0.02% pure HOCl solution is available OTC and may be a beneficial addition to a daily
eye care regimen for patients with mild or moderate conditions.
• Sterilid Antimicrobial (Akorn). This OTC spray is 0.01% HOCl with a 24-month shelf life open or unopened.
• HyClear (Contamac). Stable for up to 18 months a er opening, this product contains 0.01% HOCl and is available only
through ophthalmology or optometry practices.
• Zenoptiq Hypochlorous Acid Solution (Focus Laboratories). Available without a prescription, this spray maintains stability
for 18 months a er opening. Ingredients include 99.94% electrolyzed oxygenated water, 0.048% sodium chloride, 0.01% HOCl
and 0.002% NaOCl.
Because reducing the bacterial load is a useful tool for blepharitis, MGD and dry eye, more clinicians are turning to HOCl—
particularly now that so many choices are available OTC or in doctors’ o ices.
Note: Dr. Karpecki consults for companies with products and services relevant to this topic.
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DENTOALVEOLAR SURGERY

Hypochlorous Acid: A Review
Michael S. Block, DMD,* and Brian G. Rowan, DMD, MDy
The surgeon needs to have an inexpensive, available, nontoxic, and practical disinfectant that is effective
in sanitizing against the COVID-19 (Coronavirus Disease 2019) virus. The purpose of this article was to
review the evidence for using hypochlorous acid in the office setting on a daily basis. The method used
to assemble recommendations was a review of the literature including evidence for this solution when
used in different locations and industries other than the oral-maxillofacial clinic facility. The results indicate that this material can be used with a high predictability for disinfecting against the COVID-19 (Coronavirus Disease 2019) virus.
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up to 2 to 3 days on plastic and stainless steel.9,10 There
is a need to disinfect surfaces potentially exposed to
COVID-19 to prevent transmission.

COVID-19 (Coronavirus Disease 2019)
Virus Structure and Mechanism of
Infection
Coronavirus Disease 2019 (COVID-19) is a novel virus.
It causes severe acute respiratory syndrome. Severe
acute respiratory syndrome coronavirus 2 (SARSCoV-2) is the agent responsible for a surface-tosurface communicable disease that had infected
approximately 4.7 million persons as of May 17,
2020.1 Health care providers need options to limit
and control the spread of the virus between themselves and patients.
COVID-19 is an enveloped, positive-sense, singlestranded RNA virus approximately 60 to 140 nm in
diameter. The virus’s Spike glycoprotein S1 firmly
binds to the angiotensin converting enzyme 2
(ACE2) receptor, which allows entry into the host
cell.2-4 COVID-19 infection creates a cytokine storm,
severe pneumonia, multiple-organ failure, and acute
cardiac injury.5,6
Transmission occurs through touch or aerosol
spreading of the virus. A common pathway of spreading
this virus is through respiratory aerosols from an infected person.7 During speech, humans emit thousands
of oral fluid droplets per second that can remain
airborne for 8 to 14 minutes.8 COVID-19 is detectable
for up to 3 hours in surface aerosols, for up to 4 hours
on copper, for up to 24 hours on cardboard, and for

Use of Disinfectants
On contact with the virus, a disinfectant agent
changes the protective protein coat, which loses its
structure and aggregates, forming clumps of proteins
with other viruses.9,10 Currently, the US Environmental Protection Agency has recommended
numerous disinfectants against COVID-19 including
hypochlorous acid (HOCl).11 The mechanism of disinfection involves the destroying of the cell wall of microbes or viruses, allowing the disinfectant to
destroy or inactivate them.12-27 This article focuses
on HOCl.

Hypochlorous Acid
An ideal disinfectant and sanitizer must be nontoxic
to surface contact, noncorrosive, effective in various
forms, and relatively inexpensive. HOCl may be the
disinfectant of choice for coronaviruses in an oralmaxillofacial surgery (OMS) office.
HOCl is an endogenous substance in all mammals
and is effective against a broad range of microorganisms. Neutrophils, eosinophils, mononuclear phagocytes, and B lymphocytes produce HOCl in response
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to injury and infection through the mitochondrial
membrane–bound enzyme known as ‘‘respiratory
burst nicotinamide adenine dinucleotide phosphate
oxidase.’’28 HOCl selectively binds with the unsaturated lipid layer and subsequently disrupts cellular
integrity. Between pH levels of 3 and 6, the predominant species is HOCl that has maximal antimicrobial
properties.29,30
HOCl is a powerful oxidizing agent. In aqueous solution, it dissociates into H+ and OCl–, denaturing and
aggregating proteins.30 HOCl also destroys viruses by
chlorination by forming chloramines and nitrogencentered radicals, resulting in single- as well as
double-stranded DNA breaks, rendering the nucleic
acid useless and the virus harmless.31
HOW IS HOCl MADE?

HOCl can be made on-site combining non-iodinated
salt, water, and electrolysis. The system to make HOCl
on-site is a 1-L container that is filled with water, to
which 1 g of non-iodized salt and 1 teaspoon of vinegar
are added. The system has the ability to make concentrations of 50 to 200 ppm (in which 1 ppm is equal to 1 mg/
L) depending on its use, which is chosen by pressing a
button on the instrument. The electrolyzed solution is
completed in 8 minutes, when it is ready for use.
The parameters that contribute to HOCl’s efficacy as
a disinfectant include contact time and concentration.32-34 The method of application also will affect
its efficacy to disinfect.
STABILITY OF SOLUTION

Rossi-Fedele et al35 investigated the shelf life of
HOCl by being either exposed to or protected from
sunlight. When the HOCl solution was exposed to sunlight, the chlorine reduction started on day 4. When it
was sheltered from sunlight, the chlorine reduction
started after day 14. The half-life increases with
decreasing pH owing to the decreasing ratio of OCl–to
HOCl.36 The parts per million (ppm) is the concentration of the –OCl, which is the active ingredient and is
known as the available free chlorine (AFC) in the
solution. HOCl solutions are less stable when exposed
to UV radiation, sunlight, or contact with air or when
the temperature of the solution is elevated greater
than 25 C. HOCl solutions should be stored in cool,
dark places, and contact with air should be minimized.
The water for fabrication should be water that contains organic and inorganic ion concentrations that
are as small as possible.37-40
CONCENTRATION RELATED TO TIME NEEDED FOR
VIRUCIDAL ACTION

HOCl has been shown to inactivate a variety of viruses including coronaviruses in less than 1 minute.39

HYPOCHLOROUS ACID

At a concentration of 200 ppm, HOCl is effective in
decontaminating inert surfaces carrying noroviruses
and other enteric viruses in a 1-minute contact
time. When diluted 10-fold, HOCl solutions at
20 ppm were still effective in decontaminating environmental surfaces carrying viruses in a 10-minute
contact time.40

Recommendations for Office Use
IMPORTANCE OF AEROSOL SIZE TO DISINFECTION
AND APPLICATION

Individuals working in the dental and medical field
using surgical and high-speed handpieces are at risk
from aerosolization. Aerosols are defined as particles
less than 50 mm in diameter. Particles of this size are
small enough to stay airborne for an extended period
before they settle on environmental surfaces or enter
the respiratory tract.41,42 Additionally, a true aerosol
or droplet nuclei may be present in the air of the operatory for up to 30 minutes after a procedure.41
Particles are classified based on size: Coarse particles measure 2.5 to 10 mm; fine particles, 0.1 mm to
less than 2.5 mm; and ultrafine particles, less than
0.1 mm. The nose typically filters air particles larger
than 10 mm. If a particle is smaller than 10 mm, it
can enter the respiratory system. If smaller than
2.5 mm, it can enter the alveoli. A particle smaller
than 0.1 mm, or an ultrafine particle, such as the
COVID-19 virus, can enter the bloodstream or target
the lungs.
Sotiriou et al42 showed that the concentrations of
small particles (<0.5 mm) generated during dental drilling procedures were much higher than the concentrations of larger particles (>1 mm). Ultrasonic and sonic
transmission during nonsurgical procedures had the
highest incidence of particle transmission, followed
by air polishing, air-water syringe, and high-speed
handpiece aerosolization.43 One study found that ultrasonic instrumentation can transmit 100,000 microbes/ft3 with aerosolization of up to 6 ft and, if
improper air current is present, microbes can last anywhere from 35 minutes to 17 hours.44
MOUTH RINSE

If HOCl is used as a mouth rinse, one must assume
that a portion of the rinse will be swallowed. The systemic and gastrointestinal effects of ingesting HOCl,
from the perspective of its use in mouthwash, was
evaluated in an animal study.45 Seventeen mice were
given free access to HOCl water as drinking water.
No abnormal findings were observed in terms of visual
inspections of the oral cavity, histopathologic tests, or
measurements of surface enamel roughness, showing
no systemic effect.
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OTHER CLINICAL APPLICATIONS

Ophthalmology
HOCl is used in the treatment of blepharitis by
reducing the bacterial load on the surface of the periocular skin. Twenty minutes after application of a saline hygiene solution containing HOCl at 100 ppm, a
greater than 99% reduction in the staphylococcal
load was achieved.46
Biofilm
HOCl may be effective for cleaning biofilmcontaminated implant surfaces. HOCl significantly
lowered the lipopolysaccharide concentration of
Porphyromonas gingivalis when compared with sodium hypochlorite and chlorhexidine and was well
tolerated by the oral tissues.47 HOCl significantly
reduced bacteria on toothbrushes; it was effective as
a mouthwash and for toothbrush disinfection.48
Wound Care
In a clinical study on intraperitoneal wound care, patients underwent lavage of the peritoneal cavity with
100-ppm HOCl and washing of the wound with
200 ppm.49 No adverse effects were observed.
HOCl has been shown to be an effective agent in
reducing wound bacterial counts in open wounds.50
In irrigation solution in an ultrasonic system, HOCl
lowered the bacterial counts by 4 to 6 logs. By the
time of definitive closure, the bacterial counts
were back up to 105 for the saline solution–
irrigated control wounds but remained at 102 or
lower for the HOCl-irrigated wounds. Postoperative
closure failure occurred in more than 80% of patients in the saline solution group versus 25% of
those in the HOCl group.
Hand Sanitizing
Hand antiseptics are alcohol based or non–alcohol
based containing antibiotic compounds.51 Chlorinebased sanitizers, at a concentration of 50 to
100 ppm, are effective against bacteria and viruses.52
HOCl specifically used for hand sanitizers is effective
at 100- to 200-ppm strengths.53,54
Surface Application
A study looked at disinfecting outpatient surgical centers using HOCl.55 After cleaning, the
rooms in the HOCl cleaning and disinfection study
arm had significantly lower bacterial counts than
the rooms that underwent standard cleaning and
disinfection.
HOCl Applied by Spray or Fogger
A fogger takes a solution and creates a small aerosol
mist, ideally less than 20 mm in size, to disinfect an

area. HOCl fogs are highly effective in the microbial
disinfection of surfaces. The fogging process can alter
the physical and chemical properties of the disinfectant. It was found that fogging reduced the AFC concentration by approximately 70% and increased the
pH by approximately 1.3, making the solution slightly
more basic; it is speculated that the loss of chlorine resulted from evaporation of chlorine gas.56,57 Because
the changes in the properties of hypochlorous fogs
are predictable, pre-fogging adjustment of the concentration and pH of the solution makes it possible to control the concentration levels to the desirable range to
inactivate pathogens after fogging.40 When the appropriate concentrations are used, a study found 3 to 5
log10 reductions in both the infectivity and RNA titers
of all tested viruses on both vertical and horizontal surfaces, suggesting that fogging is an effective approach
to reduce viruses on surfaces.40,58
HOCl solutions appear to be virucidal based on concentrations above 50 ppm. HOCl was evaluated
against a low-pathogenic avian influenza virus (AIV),
H7N1.59 The HOCl solutions contained 50-, 100-, and
200-ppm chlorine at pH 6. Spraying with HOCl
decreased the AIV titer to an undetectable level
(<2.5 log10TCID50/mL) within 5 seconds, with the
exception of the 50-ppm solution harvested after
spraying at a distance of 30 cm. When HOCl solutions
were sprayed directly onto sheets containing the virus
for 10 seconds, the solutions of 100 and 200 ppm inactivated AIV immediately. The 50-ppm solution
required at least 3 minutes of contact time. These
data suggest that HOCl can be used in spray form to
inactivate AIV.59,60 When the aerosol was not sprayed
directly onto an inoculated surface, a lower amount of
solution had a chance to come into contact with the
AIV. It required at least 10 minutes of contact to be
effective.61
The ability of a sprayer to make smaller particles
may help a solution’s molecules to be suspended in
the air for a longer period because of their low settling
velocity rate. This may increase the solution’s chance
of coming into contact with pathogens and inactivating them. Thus, the fogger used should have an aerosol
size less than 20 mm.62

Discussion
The coronavirus pandemic has caused both a
massive health care and economic disruption across
the world. The current unavailability of an effective
antiviral drug or approved vaccine means that the implementation of effective preventive measures is
necessary to counteract COVID-19. Oral-maxillofacial
surgeons are high-risk providers providing needed
care to patients. As more OMS and surgical offices
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open during reopening in the United States and elsewhere in the world, the need to reduce the risk of
transmission of COVID-19 between patients and providers is necessary. It is widely believed that with
proper screening and discretion, along with adequate
personal protective equipment, there is a low probability of becoming infected. The goal of this article is
to provide information regarding disinfection in the
clinical office setting using HOCl, a relatively inexpensive,
nontoxic,
noncorrosive,
and
wellstudied compound.
HOCl has uses in many industries from farming and
restaurants, regarding food, to health care applications, including chronic wound care and disinfection.34,36,43,45,46,63 In addition to the use of HOCl as a
liquid-based disinfectant, fogging with hypochlorous
vapor has shown virucidal activity against numerous
types of viruses and bacteria.40,56,57 This is of potential
benefit to disinfect large spaces such as medical and
dental offices where aerosols can be airborne for
extended periods.42,44,64 In terms of particle size,
oral-maxillofacial surgeons may be at a slightly lower
risk than their dental counterparts because ultrasonic
scaling and high-speed handpieces create smaller particles that remain airborne longer.42 However, aerosols
are still created with surgical handpieces. Additionally,
the COVID-19 virus can be present on some surfaces
for days, and the disinfection of all surfaces of an operatory is important to reduce transmission.9,10
Many properties of HOCl contribute to why it may
be the disinfectant of choice in the OMS setting.
Although the shelf life of HOCl is relatively short, it
is effective for up to 2 weeks under ideal conditions.35
It can be made on-site inexpensively. A gallon of HOCl
can be purchased from manufacturers but it is far more
economical for an oral-maxillofacial surgeon to produce the solution on-site in the office.65 A variety of
HOCl systems costing less than $275 are available on
the market.66 By combining non-iodinated salt, water,
and electricity,33 1 L of HOCl can be made in 8 minutes
and the process can be repeated many times
throughout the day. By comparison, a pack of common
disinfecting wipes containing quaternary ammonium
compounds costs between $4 and $15 for a pack containing 80 sheets. These wipes may only last a day or
two depending the size of the office and area to clean.
Shortages of these products can occur, making sourcing them difficult as well.67
In addition to using HOCl in the form of wipes for
disinfecting, using HOCl vapors through a fogging machine is an economical way to disinfect a large operating room or suite in which aerosols were produced
during surgery. Foggers or misting machines are handheld machines and can be purchased for a reasonable
cost.68 The aerosol mist ideally should be less than
20 mm in size to maximally disinfect an area. It is

HYPOCHLOROUS ACID

important to note that the fogging process can alter
the physical and chemical properties of the disinfectant, making it more dilute and basic. As mentioned
before, the AFC concentration can be reduced by
approximately 70% and the pH can increase by about
1.3.40 To make a vapor as effective as a solution containing 100 ppm of HOCl, the solution would need
to be concentrated. The fine mist can be left in the
empty surgical room without thought regarding harmful chemical effects; the surfaces are then wiped clean
and dry after a few minutes and, for a more dilute solution, after 10 minutes.
HOCl is one disinfectant that, when combined with
adequate personal protective equipment, screening
and social-distancing techniques, hand washing, and
high-volume evacuation suction, may help reduce
the transmission of COVID-19 in the outpatient OMS
setting. It comprises many of the desired effects of
the ideal disinfectant: It is easy to use, is inexpensive,
has a good safety profile, and can be used to disinfect
large areas quickly and with a broad range of bactericidal and virucidal effects.
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Children Are Consuming Hand Sanitizer. Hereʼs How to Keep Them
Safe.
During the pandemic, there was a dramatic increase in exposures to hand sanitizer reported among kids under 6, U.S.
poison center data shows.
By Christina Caron
Published Feb. 25, 2021

Updated Feb. 26, 2021, 9:25 a.m. ET

Alcohol-based hand sanitizer became a must-have item during the pandemic. But as sales jumped and families stocked up,
poison control centers started getting more calls about little children who had accidentally ingested it.
Even now, about a year after the frenzy to stock up on sanitizer ﬁrst began, hand sanitizer remains within easy reach in
many homes, and calls to the nation’s poison control centers are on pace to continue trending higher than before the
pandemic.
Last year, there were more than 20,000 exposures to hand sanitizer among children under 6, an increase of 40 percent from
2019, according to data from the American Association of Poison Control Centers that was obtained by The New York
Times.
Most of these exposures involved children 2 and younger who had ingested the sanitizer. In many cases, no symptoms
were recorded, which means that the child might have only taken a brief taste or lick, something that will not typically
cause signiﬁcant health effects, said Dr. Justin Arnold, the medical director of Florida Poison Information Center Tampa.
But in other instances, children experienced vomiting, cough and mouth irritation.
Even though most cases are mild, by storing sanitizer properly and supervising young kids while they use it, parents can
avoid the stress of having to call poison control or taking an unnecessary trip to the emergency room.
The uptick in exposures has continued in recent months. In January, for example, there were nearly 34 percent more hand
sanitizer exposures reported among children under 6 than there were the year before.
We'll send you the latest data for
places you care about each day.
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Exposure to household cleaners like liquid laundry detergent packets, bleach, all-purpose cleaners, drain cleaners and oven
cleaners also increased, rising by 10 percent among children under 6 during the ﬁrst few months of the pandemic,
according to a report released in August by the American Association of Poison Control Centers.
But when it comes to hand sanitizer, something we regularly reach for when we’re outside and slather all over our hands,
it’s easy to let your guard down, experts said. Especially because hand sanitizer does not come with a child-resistant
closure.
“People don’t recognize how toxic it is if ingested, what the effects are and what they need to do for safe storage,” said
William Eggleston, a clinical toxicologist at the Upstate New York Poison Center in Syracuse, N.Y., and an assistant
professor at the Binghamton University School of Pharmacy.

What will happen if my child ingests hand sanitizer?
It depends how much is swallowed.
If children ingest enough alcohol-based hand sanitizer, they can get “dangerously drunk,” said Dr. Diane Calello, a pediatric
toxicologist and the executive and medical director of the New Jersey Poison Center.

Last spring, Dr. Calello co-authored a Centers for Disease Control and Prevention report about the rise in calls to poison
centers that warned parents to keep hand sanitizers, cleaners and disinfectants away from kids. The report highlighted the
case of a preschooler who was found unresponsive at her home near a 64-ounce bottle of ethanol-based hand sanitizer. Her
blood alcohol level was at .27 percent, more than three times the federal legal limit over which an adult is not permitted to
drive.
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Updated 29 minutes ago

South Carolinaʼs governor rolls back restrictions, but cases away from the coast remain stubbornly high.
People in the U.S. are less hesitant than before about getting vaccinated, according to a new survey.
U.S. health ofﬁcials caution governors against easing restrictions, warning that a recent plunge in virus cases ʻmay be stalling.ʼ

Hand sanitizer is 60 to 95 percent alcohol, a much stronger concentration than you would ﬁnd in beer, wine or most hard
liquors. A child weighing 20 pounds who drank a tablespoon or two could become intoxicated, Dr. Calello said, and appear
“a little drunk.”
“As a dose gets higher they can get very sleepy and have trouble breathing, just as we see with severe adult alcohol
intoxication,” she added.
After drinking even a modest amount of alcohol, children are more likely than adults to experience a dangerous drop in
blood sugar, which can make them lethargic starting about six to 10 hours after consumption, Dr. Calello said.
Ingesting sanitizer can also irritate the throat or stomach, especially if they are formulated with isopropyl alcohol, which is
an ingredient often found in rubbing alcohol, the experts said.

How can I prevent an accidental ingestion?
Keep all hand sanitizers out of children’s reach — and also out of sight, even if all you have is a small bottle that you keep
tucked away in a handbag or a backpack.
“It’s important for parents to treat it like medications in the household,” Dr. Eggleston said.
You may be wondering if your family ought to avoid hand sanitizer entirely. While washing your hands is the most effective
way to get rid of germs, the C.D.C. still recommends using hand sanitizer with at least 60 percent alcohol to help prevent
the spread of the coronavirus if soap and water aren’t readily available.
If you have children under 6 at home, supervise them while they’re using it, Dr. Arnold said.
“You don’t want the child to pump their own and start to taste it,” he added.

Should I worry about contaminated sanitizer?
There was a spike in calls to U.S. poison control centers in July and August after the Food and Drug Administration warned
of hand sanitizers that may contain methanol, which can be toxic if ingested. Hand sanitizers should never contain
methanol.
“You can die from drinking methanol — and people do,” Dr. Calello said.
The absorption of methanol in the skin, however, is “pretty minimal,” she added.
You can visit the F.D.A.’s website to search for the list of sanitizer products that should not be used (including several
brands imported from Mexico that contain methanol). If you discover that you have one of these products in your home,
the F.D.A. advises putting the hand sanitizer bottle in a hazardous waste container, if available, and seeking guidance from

your local waste management center about the safest way to dispose of it. Do not ﬂush or pour it down the drain or mix it
with other liquids.

What should I do if my child tastes sanitizer or gets it in their eyes?
If your child swallowed hand sanitizer, don’t try to induce vomiting, the experts said. Call poison control at 1-800-222-1222
so that you can get quick guidance on the best course of action.
If your child is unconscious, acting abnormal, is difﬁcult to wake up or has trouble breathing, call 911.
“Fortunately, the milder cases are much more common,” Dr. Calello said. “More likely we’re going to say, ʻStay home, watch
him, I’m going to call you back in an hour or half-hour.’ We keep a lot of people out of hospital that way, by providing them
with real-time phone guidance.”
You should also call poison control if your child gets hand sanitizer in their eyes. In the United States, there were about 900
reports of ocular exposure in children under 6 in 2020, an increase of 54 percent from 2019. A recent JAMA Ophthalmology
study out of France that reviewed data from poison control centers there found that eye-related hand sanitizer exposures in
children increased sevenfold in 2020 compared to 2019, and an increase in surgeries required to manage the resulting
chemical injuries.
“In an emergency, any clean liquid can be used to irrigate the eye following chemical exposure,” Dr. Kathryn Colby,
chairwoman of the department of ophthalmology at the N.Y.U. Grossman School of Medicine, wrote in a commentary
published in JAMA Ophthalmology last month. “Finally,” she added, “parents need to understand the importance of an eye
examination if any exposure occurs in children,” because early diagnosis and treatment is crucial.
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Fungal Infections Following Boston Type 1 Keratoprosthesis
Implantation: Literature Review and In Vitro Antifungal Activity
of Hypochlorous Acid
Silvia Odorcic, MD, FRCSC, Wolfgang Haas, PhD, Michael S. Gilmore, PhD, and Claes H.
Dohlman, MD, PhD
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Abstract
Purpose—To review the current literature describing cases of fungal keratitis and
endophthalmitis following Boston Keratoprosthesis (KPro) implantation, and characterize the
antifungal activity of 0.01% hypochlorous acid against medically relevant fungi.
Methods—A literature review of fungal keratitis or endophthalmitis in KPro patients from
January 2001 to April 2015, and an in vitro time kill assay characterizing the fungicidal activity of
0.01% hypochlorous acid against fungi causing ocular infections.
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Results—Fifteen publications, predominantly retrospective case series, were identified. Infection
rates following KPro implantation ranged from 0.009–0.02 fungal infections per patient-year of
follow-up. The largest single surgeon series reported an incidence of 2.4% for fungal
endophthalmitis during a 10-year period. Causative organisms included both yeasts and molds.
Outcomes were favorable if infections were caught early and treated appropriately; less favorable
outcomes were reported in developing countries where fungal species are endemic and resources
limited.
0.01% hypochlorous acid is rapidly fungicidal, reducing the number of viable yeast cells or mold
conidia by at least 99.99% within 60 seconds. The antifungal activity extended to all molds
(Acremonium kiliense, Aspergillus flavus, Aspergillus fumigatus, Fusarium solani, Mucor indicus)
and yeast species (Candida albicans, Candida parapsilosis) tested.

Author Manuscript

Conclusions—Fungal infections remain a lifelong concern in patients following KPro
implantation. There is a growing need for a standard antifungal prophylaxis regimen, especially in
the developing world. The rapid broad-spectrum in vitro fungicidal activity of 0.01%
hypochlorous acid against all fungi tested makes it an attractive candidate as an antifungal
prophylaxis in KPro patients.

INTRODUCTION
The Boston Keratoprosthesis (B-KPro) has been used in the management of patients with
severe corneal disease where success with traditional penetrating keratoplasty is unlikely.1

Corresponding Author: Silvia Odorcic, Massachusetts Eye and Ear Infirmary, 243 Charles Street, Boston, MA 02114, UNITED
STATES, 18579991221, silvia.odorcic@gmail.com.
Conflict of Interest: All authors are full time employees of Massachusetts Eye and Ear Infirmary (a not-for-profit organization)
which is the manufacturer of the Boston Keratoprosthesis.

Odorcic et al.

Page 2

Author Manuscript

Prophylactic use of broad-spectrum antibiotics, such as the combination of polymyxin B and
trimethroprim or a fluoroquinolone, with the addition of vancomycin (14 mg/ml with
0.005% benzalkonium chloride) in high risk patients, has dramatically reduced the incidence
of bacterial endophthalmitis.2 However, it has also increased the risk of fungal colonization
and infections.3 Fungal colonization of the soft contact lens presents as small, white,
mulberry shaped deposits (Fig. 1A). Culture and replacement of the lens is advisable in
addition to a course of topical antifungal, for example, amphotericin B 0.15% twice daily for
several weeks. When an active fungal keratitis (white sheen around optic stem, Fig. 1B) or
endophthalmitis is identified clinically or confirmed with corneal or vitreous cultures, a
combination of topical and systemic/intravitreal antifungal is indicated and adjusted
according to fungal Gram staining and culture results.
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Despite the lifelong risk of fungal infections in KPro patients, an optimal fungal prophylaxis
agent and regime has not yet been defined. Long-term success of the KPro depends on both
the choice of antimicrobial prophylaxis as well as patient compliance. An ideal agent should
be widely available, inexpensive, and highly efficacious while minimizing ocular surface
irritation and toxicity. Fungal prophylaxis is not routinely administered but may benefit atrisk patients, such as those living in endemic areas, agricultural workers, or patients with a
history of fungal infection or recurrent culture proven colonization of their soft contact lens.
Current recommendations for fungal prophylaxis include brief periodic bursts of topical
antifungal agents although these are not evidence based. Amphotericin B 0.15%, or
natamycin 5%, twice daily for 1–2 weeks every 3 months are options, although high cost
and lack of availability remain barriers to patient compliance, especially in developing
countries where the need for prevention of fungal infections is most pressing.4 Monthly
administration of 5% povidone-iodine at each clinic visit or during contact lens exchange to
prevent fungal colonization has also been described, but corneal toxicity and patient
discomfort with more frequent administration limits its long term use.5–6 There is an unmet
need for novel antimicrobial prophylaxis agents to prevent fungal colonization and
infections in KPro patients.
In this study, we review the literature to summarize reported cases of fungal infections
(keratitis and endophthalmitis) in KPro patients and characterize infection rates, causative
organisms, treatments and outcomes. We also report on the in vitro antifungal activity of
0.01% hypochlorous acid against representative mold and yeast species known to cause
ocular infections.

MATERIALS AND METHODS
Author Manuscript

Literature review
A review of the literature from January 2001 to April 2015 was performed using PubMed
and the search terms “Boston Keratoprosthesis” as well as “fungal”, “bacterial”, or
“infectious” in combination with “keratitis”, or “endophthalmitis”. Cases of fungal keratitis
or endophthalmitis following KPro surgery were identified by review of title and abstracts of
search results. Infection rates were recorded as fungal infections per patient-year of followup if cumulative follow-up months were reported.
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In vitro antifungal activity of 0.01% hypochlorous acid
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A time kill assay based on the Clinical and Laboratory Standards Institute method for testing
fungal species was performed at the Massachusetts Eye and Ear Infirmary microbiology
laboratory.7 Fungal species tested included 5 mold (Acremonium kiliense Strain ATCC
14491, Aspergillus flavus Strain ATCC 204304, Aspergillus fumigatus Strain ATCC
MYA-3626, Fusarium solani Strain ATCC MYA-3636, Mucor indicus Strain ATCC
MYA-4678) and 2 yeast species (Candida albicans Strain ATCC 24433, Candida
parapsilosis Strain ATCC 22019).
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Fungal inocula were prepared as follows: fungi were grown on Sabouraud Dextrose Agar
(SDA) plates for 48–72 hours at 30°C. Plates growing molds were flooded with 2 ml normal
saline (0.9% NaCl in water) and a suspension of conidia was prepared by scrubbing the plate
with an inoculation loop. Hyphae and other large fragments were allowed to settle, and
conidia were transferred to a new tube and serial-diluted in normal saline to obtain a final
concentration of 5 × 106 – 5 × 107 CFU/ml. For yeasts, a loop-full of cells was suspended in
0.5 ml normal saline and serial-diluted as described above. All work with yeasts and molds
was performed in a class II biosafety cabinet.
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The in vitro time kill assay was performed by exposing 2 μl of the conidia or cell suspension
to 18 μl of normal saline (negative control) or 18 μl of 0.01% hypochlorous acid
(Avenova™, NovaBay Pharmaceuticals, Emeryville, CA). After 1 minute, 180 μl of DeyEngley neutralizing broth (D/E broth, Fluka) was added to inactivate the hypochlorous acid.
Twenty microliters of sample was 10-fold serially diluted in 180 μl of D/E broth up to a final
dilution of 1:10,000,000. Plates were incubated at 30°C for 2–4 days, depending on the
growth rate of the organism. Each species was tested in triplicate by using three independent
cell or conidia suspensions. Tests with hypochlorous acid were performed in duplicate
(technical duplicates). After 2–4 days at 30°C, each well of the microtiter dish was scored
for the presence of fungal growth. D/E broth without fungal growth was clear and purple
due to the presence of a pH indicator dye. Wells were scored as positive for fungal growth if
they showed visual turbidity or fungal mycelia. Depending on the species, a change in media
color from purple to yellow was indicative of metabolic activity and aided in scoring.
Samples that were exposed to saline served as a negative control and were used to calculate
the concentration of cells or conidia in the initial inoculum. A reduction in viable cells or
conidia by four log10 units was reported as a 99.99% kill rate.

RESULTS
Literature review

Author Manuscript

Fifteen publications, consisting predominantly of retrospective case series, were identified.
Table 1 summarizes cases of published fungal keratitis or endophthalmitis in KPro patients
between January 2001 and April 2015.3,5,8–20 Rates of infection vary from 0.009 to 0.02
fungal infections per patient-year of follow-up.3,15 In the largest single surgeon series
reported (291 eyes), the incidence of fungal endophthalmitis was 2.4% during a 10-year
period.19 Fungal organisms are responsible for approximately 10% of all reported KPro
endophthalmitis cases in the literature.17 Reports originating from developing countries
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were scarce and consisted mostly of case series from Brazil and India.13–14, 20 Causative
organisms included both yeasts (Candida albicans, Candida parapsilosis, Candida glabrata,
Candida famata) and molds (Fusarium spp., Aspergillus spp., Alternaria spp.). Reported
antibiotic prophylaxis at the time of diagnosis included predominantly 4th generation
fluoroquinolone or vancomycin mono-prophylaxis, or a combination of fluoroquinolone and
vancomycin. Vancomycin use and contact lens wear were identified as significant risk
factors for development of fungal infections in some series 3 but not in others.15 Treatment
regimes included stopping steroids, increasing antibiotic frequency, and the addition of
topical antifungal agents, amphotericin B, natamycin, or voriconazole, for fungal keratitis.
An advancing fungal keratitis or endophthalmitis was supplemented with intravitreal and/or
systemic antifungals including oral voriconazole, itraconazole, and fluconazole. KPro
exchange or explantation was required in progressive cases despite maximal medical
therapy.3,14–15 If caught early and treated appropriately, the majority of patients retained
good vision following cases of fungal infection.3,15 This was not the case with reports from
developing countries, including India and Brazil, where outcomes were poor, often resulting
in phthisis with no useful vision or evisceration.14, 20
A search for a potential novel antimicrobial agent to prevent fungal infections in KPro
patients identified hypochlorous acid (HOCl), whose application in wound treatment was
described 100 years ago.21 While HOCl’s antibacterial spectrum has been well characterized
previously, its activity against fungal species frequently isolated from ocular infections
remains to be determined.
In vitro antifungal activity of 0.01% hypochlorous acid

Author Manuscript

Preliminary results showed that 0.01% hypochlorous acid reduced the number of viable
conidia of Acremonium kiliense, Aspergillus flavus, Aspergillus fumigatus, Fusarium solani,
and Mucor indicus by at least 99% within 15 seconds. After a 1 minute incubation period,
antifungal activity was 99.9% or better, which did not change when the exposure time was
extended to 4 minutes. Therefore, all fungal isolates were tested for 1 minute in the presence
of 0.01% hypochlorous acid.

Author Manuscript

Table 2 shows the kill rate or percent reduction of viable cells or conidia (spores) of mold
and yeast species tested after exposure to 0.01% hypochlorous acid for 1 minute. At an
inoculum concentration of 5 × 106 – 5 × 107 CFU/ml, the minimal fold reductions in viable
cells or conidia was 99.99% or better for all mold and yeast species tested. In some species,
kill rates of ≥99.999% were observed. These results highlight the substantial fungicidal
activity of 0.01% hypochlorous acid that takes place within 60 seconds. When 0.01%
hypochlorous acid was tested at a cell or conidia density exceeding the recommended
concentration, the reduction in viable cells ranged from 90% to 99.9999% (data not shown).

DISCUSSION
While bacterial endophthalmitis has dramatically declined since the introduction of
vancomycin to the prophylactic antibiotic regimen in 1999, the rate of fungal colonization
and infections in KPro patients have subsequently increased. The prolonged use of broadspectrum antibiotics, steroids, and therapeutic contact lenses has led to increased rates of
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fungal infections. Treatment and prophylaxis of fungal infections in KPro patients is
complicated by the fact that fungal colonization fluctuates over time, positive cultures
cannot predict infection, and there is no consensus on long-term antifungal prophylaxis.3
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From our review of the literature, we found that the proportion of eyes developing fungal
infections varies greatly among published reports and is difficult to compare across studies
given inconsistent reporting of follow-up periods. The best estimate is obtained from a
single surgeon series spanning over 20 years, where fungal endophthalmitis increased from
0% between 1990–1999 to 2.4% from 2000–2010.19 This shift was coincident with the
introduction of vancomycin and therapeutic soft contact lens wear. Although there are few
case reports14, 20 originating from developing countries, given the endemic nature of fungal
organisms in these tropical, humid environments, we surmise the true incidence of fungal
infections would be higher than those reported in the United States. Reported outcomes for
KPro patients in the Western hemisphere are good, as early recognition and treatment of
indolent fungal infections can limit visual loss. However, a subset of these patients will have
carrier corneal tissue that remains prone to melting and cure often involves months of
antifungal treatment.15 In contrast, for patients in the developing world outcomes are
uniformly poor and often related to limited medical and economic resources coupled with
patient non-compliance. An effective, safe, and inexpensive antifungal prophylaxis is
needed in this setting.
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In our study, we addressed this need by testing the in vitro activity of hypochlorous acid
against mold and yeast species known to cause ocular infections and which also pose a
threat to KPro patients as identified in our literature review. Avenova™ (NovaBay®
Pharmaceuticals) is a solution of 0.01% hypochlorous acid (HOCl) in unbuffered saline that
has been FDA cleared as an adjunct treatment for blepharitis. In an in vitro time kill assay,
the solution was rapidly fungicidal and sporicidal within 60 seconds for all mold and yeast
species tested. In temperate climates, yeasts predominate, while in hot and humid
environments, such as India, molds are more common. This pattern was reflected in the
fungal species isolated from KPro patients with Candida spp., including C. parapsilosis,
being among the most common causative organisms responsible for fungal infections in the
Western hemisphere (Table 1). C. parapsilosis characteristically adheres to prosthetic
materials with a particular propensity to cause infections in KPro patients. In our in vitro
assay, hypochlorous acid reduced all viable cells of C. parapsilosis by more than 4 log10
units (>99.99% kill rate) in 60 seconds. Mold species, such as Aspergillus and Fusarium,
were also frequent causes of ocular infections, especially in tropical climates, and
hypochlorous acid was shown to reduce viable conidia by ≥99.99% as well.

Author Manuscript

An ideal antifungal prophylaxis agent would be rapidly fungicidal and sporicidal, broad
spectrum, and relatively inexpensive with proven in vitro and in vivo efficacy and a
favourable side effect profile. In our study, hypochlorous acid, 0.01%, effectively eliminated
all molds (including Fusarium and Aspergillus) and yeasts (Candida spp.) tested, with
fungicidal activity observed in as little as 15 seconds. This rapid fungicidal and sporicidal
activity is a significant advantage over traditional antifungal treatments that require hours or
even days to show activity and may not be active against conidia (spores). Unlike some
antifungal agents that are active against certain species but not others, hypochlorous acid
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showed rapid and potent activity against all species tested, including the genera
Acremonium, Aspergillus, Fusarium, Mucor, and Candida. This broad spectrum of activity
makes hypochlorous acid an attractive candidate for a global antifungal prophylaxis agent,
especially in developing countries. However, in order to confirm the candidacy of
hypochlorous acid as a topical prophylactic antifungal, concerns regarding its ocular surface
and potential intraocular toxicity must be addressed. In addition, a subset of KPro patients,
such as those with Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TENS),
mucous membrane pemphigoid (MMP) and chemical burn patients have already
compromised ocular surfaces with increased risk of corneal melting; therefore, we must
ensure that topical agents cannot diffuse into the eye around the KPro stem.22 Hypochlorous
acid is a naturally occurring antimicrobial produced by neutrophils and monocytes as part of
our body’s innate immune response. In vitro testing of HOCl against mouse dermal
fibroblasts showed that a single 10-fold dilution was comparable to the cytotoxicity
observed in unexposed control fibroblasts.23 In addition, its topical use as a wound cleanser
in humans has been reported without adverse events or systemic toxicity.24 Because the
active ingredient in HOCl is reactive, not persistent, and even further diluted by the tear
film, we believe the potential for ocular surface and intraocular toxicity are low. To address
these questions, we are currently planning a clinical trial in KPro patients to monitor the
effects of daily application of 0.01% hypochlorous acid to the eyelid margin on both the
ocular surface and intraocular environment. In the long run, prophylactic therapy should be
tailored with both patient and regional factors in mind. Precisely which patients should
receive chronic prophylaxis, as well as prophylaxis dosing and duration will require further
evaluation.
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Figure 1.

Figure 1A. Fungal colonization: white, mulberry shaped deposits on the soft contact lens.
Figure 1B. Active fungal keratitis: white sheen around the optic stem.
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0.009 fungal K
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5 K+E /202 =
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4 SC/36 = 11%
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3 SC/30 = 10%

Rate of Fungal
Infection* or
Positive
Surveillance
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Aspergillus fumigatus (CC
+ VC) (1)
“septate fungal mold” (1)

Aerobasidium pullalans (1)

C. parapsilosis (1)

C. parapsilosis (2)

Fusarium spp. (1)

C. glabrata (1E)
C. parapsilosis (1E)
C. albicans (1E)
Alternaria (1K)
Fusarium (1E)
SC: Candida spp. (4)
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Yeast, species
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Causative Organisms

Graft rejection (1)
PBK/graft failure
(1)

Limbal stem cell
failure secondary
to dry eye
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Repeat graft failure
(1)
NR (1)

HSV keratitis

OCP (2)
Graft failure (3)

NR

NR

Baseline Diagnosis

Ofloxacin 0.3% BID or
moxifloxacin 0.5% QD

Moxifloxacin 0.5%

Vancomycin (50 mg/ml)

Gatifloxacin QID

Moxifloxacin BID

Ofloxacin 0.3%,
vancomycin 14 mg/ml
(since 1999)

NR

Gentamicin, ofloxacin,
or polymyxin Btrimethoprim

Antibiotic Prophylaxis

Topical natamycin 5%
or amphotericin B
0.15%, IV or IC
amphotericin B, oral
itraconazole

Amphotericin B 0.15%
QID

NR

Topical antifungal with
resolution (1)
Repeat KPro (1)

“complete infection
control,” antifungal
treatment NR

Topical/IV
amphotericin B, oral
fluconazole,
itraconazole and
voriconazole

Topical amphotericin B

NR

Treatment†

Cases of Published Fungal Keratitis or Endophthalmitis in Boston Keratoprosthesis Patients Between January 2001 and April 2015.

Lost to FU/
eviscerated (1)
KPro removal, graft
with phthisis and
“no useful vision” at
6 months (1)

2 weeks prior to
keratitis,
Aerobasidium
pullalans was
cultured from CL.

NR

PEDs are risk
factors for fungal
infection.
NR (1), 20/80 at 13
months post repeat
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Post repeat KPro:
20/60 at 14 months

Vancomycin and CL
wear are risk factors
for fungal
infections.
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post repeat KPro.
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No patients with
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C. parapsilosis (3)
Acremonium spp. (1)
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Alternaria (1)
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Fusarium spp. (1)
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Causative Organisms

Failed graft for
microbial keratitis
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50% of patients
were “nonautoimmune, nonburn”

Graft failure (6)
Chemical burn (8)

SJS (1)
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KPro melt from
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Acid injury (2)
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Topical antibiotic, name
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4-FQ, vancomycin (14
mg/ml)

Moxifloxacin 0.5 % QD
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vancomycin (25 mg/ml)
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Topical amphotericin B
0.5%, natamycin 5% or
voriconazole 1 % QID
+/voriconazole 200 mg
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NR

Topical amphotericin
B, oral fluconazole (1)
Oral fluconazole, IV
amphotericin B (1)

Topical amphotericin B
0.15%, voriconazole
1%, natamycin; oral
fluconazole or
voriconazole

Treatment†

Outcome/Comment

Both eyes phthisical
and NLP

4/7 cases cured with
“minimal visual
loss”

Culture positive
patient did not
develop infection,
became culture
negative after 5%
monthly PI

Vancomycin and
PEDs are risk
factors for fungal
infections.

NR

20/60, LP

Vancomycin and CL
wear are not risk
factors for fungal
infections.
20/300, 20/60 (after
KPro exchange),
CF, 20/40, 20/60

Includes cases reported by Barnes et al.3 and Greiner et al.12

***

Includes KProI (n=148) and KPro2 (n=54)
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Rates of fungal infection are reported as a percentage (number of patients developing fungal keratitis or endophthalmitis divided by total patients) and additionally as fungal infections per patient-year of
follow-up if specified.

*

126 (105)

Chan16 2012
USA
R review

126 (105)
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retrospective; SC, surveillance cultures; SJS, Stephen-Johnson Syndrome; spp., species; SR, systematic review; SS, surveillance survey; SSS, single surgeon series; VC, vitreous culture; 4-FQ, 4th
generation fluoroquinolone

BID, twice daily; CC, corneal culture; CF, count fingers; CL, contact lens; CS, cohort study; E, endophthalmitis; FU, follow-up; HM, hand motion; HSV, herpes simplex virus; IC, intracameral; IV,
intravitreal; K, keratitis; KPro, Keratoprosthesis; LP, light perception; NLP, no light perception; NR, not reported; OCP, ocular cicatricial pemphigoid; P, prospective; PBK, pseudophakic bullous
keratopathy; PEDs, persistent epithelial defects; PI, 5% povidone iodine; PK, penetrating keratoplasty; PO, by mouth, PSC, prospective surveillance cultures; QD, once daily; QID, four times daily; R,
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Drug, route, frequency and/or dosing reported if specified in study.
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Kill Rate after Exposure of Select Fungal Species to 0.01% Hypochlorous Acid for 1 Minute Using a 96-well
Microtiter Time Kill Assay.
Kill rate*

Fungal Species
Acremonium kiliense

Mold

≥ 99.999%

Aspergillus flavus

Mold

≥ 99.99%

Aspergillus fumigatus

Mold

≥ 99.999%

Fusarium solani

Mold

≥ 99.99%

Mucor indicus

Mold

≥ 99.99%

Candida albicans

Yeast

≥ 99.999%

Candida parapsilosis

Yeast

≥ 99.99%

*

A reduction in viable cells or conidia by four log10 units is reported as a 99.99% kill rate. Results represent the median value of three independent
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experiments.
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patients.5 In this study we examined the disinfection eﬃciency of
AEW pH 5 against spores of C diﬃcile. Bacteria were isolated from
patients diagnosed as suffering from C diﬃcile infection. Thirty suspensions of C diﬃcile spores were prepared at a concentration of
106 spores per milliliter; these spores were grown in AEW prepared with the aid of the Super Oxide Water Ionizer Batch System
(BionTech, Gyeonggi-do, Korea). We also compared the disinfection eﬃciency of AEW and Septadine (chlorhexidine gluconate 0.5
wt/vol and alcohol 70%), which is the customary disinfectant for
hands and surfaces.
The survival of spores was monitored every 15 minutes for an
hour, using semi-quantitative culture containing CHROMagar C.
diﬃcile (bioMérieux, Durham, NC) under anaerobic conditions. Under
exposure to AEW, there was a gradual decline after 30 minutes in
the quantity of surviving spores, and at the end of the trial there
were 103 spores per milliliter. Exposure to Septadine led to a sharp
drop in the percentage of living spores after 15 minutes, and within
60 minutes there was complete destruction of all spores. From these
results we can conclude that the potential of AEW to destruct C
diﬃcile spores exists, but the water quality has to be improved, by
means of lowering the pH or changing the ORP concentration. AEW’s
advantage is that it does not cause damage to the environment or
to expensive medical infrastructure. In addition, when in contact
with water or with any other organic solution, it is neutralized and
loses its activity.
References

Destruction of Clostridium
diﬃcile spores colitis using
acidic electrolyzed water
To the Editor:
Acidic electrolyzed water (AEW) is a product of an inexpensive
electrolysis process. It can be easily synthesized using a simple and
relatively inexpensive technology. The use of AEW as a disinfectant has been previously described in the literature, most often in
the context of food disinfection, including fruit, vegetables, and eggs.
It reduces the morbidity rate caused by bacteria that can be transmitted through these food products, such as Salmonella spp, Listeria
monocytogenes, Yersinia spp, and Escherichia coli.1,2 In addition to disinfection of food products, it has also been reported that AEW can
disinfect medical equipment, such as endoscopes and hemodialysis systems.3
The antimicrobial mechanism of AEW is still not fully understood. Some researchers believe that the antimicrobial activity can
be attributed to the high oxidation reduction potential (ORP) of AEW.
High ORP causes a change in bacterial metabolism and adenosine
triphosphate production, probably because of changes in the electron current ﬂow into bacterial cells. Low pH also destabilizes the
bacterial outer membrane, resulting in entry of hypochlorous acid
into bacteria. Hypochlorous acid, which is very active and contains chlorine compounds, kills bacteria by inhibiting glucose
oxidation by certain enzymes that are important in carbohydrate
metabolism.2,4
The bacterium Clostridium diﬃcile has become a major epidemiologic challenge in recent years. One of the most diﬃcult problems
concerning this bacterium is that we do not have an eﬃcient disinfectant for eradication of the bacterial spores found in patients’
feces that constitute a source of transferring the infection to other

1. Cao W, Zhu ZW, Shi ZX, Wang CY, Li BM. Eﬃciency of slightly acidic electrolyzed
water for inactivation of Salmonella enteritidis and its contaminated shell eggs.
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4. Huang YR, Hung YC, Hsu SY, Huang YW, Hwang DF. Application of electrolyzed
water in the food industry. Food Control 2008;19:329-45.
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FEATURES:
• Eco-Friendly: HOCl is made from salt and once deactivated, it
turns back into saline
• Safe on most fabrics: HOCl is less aggressive on fabrics than
chlorine bleach
• 100 times more powerful than bleach
• No rinse required, even on food contact surfaces

THE PROBLEM:
• Many disinfectants include cleaning agents which require that
surfaces be wiped and, in some cases, rinsed after application
thus causing extra labor, especially in large areas like stadiums,
classrooms, and lobbies.
• Many disinfectants contain quaternary ammonium compounds
(quats) or phenolics which can be harmful to the user and the
environment. In fact, per the Safety Data Sheets (SDS), many
quats and phenolics contain warnings regarding protection of
eyes, skin, and lungs and therefore require extensive personal
protective equipment (PPE) as a precaution. And should there
be an inadvertent spill, those SDSs outline the multiple steps
that must be taken for proper cleanup.
• Given the high demand for disinfectants and virucides, many
quats and phenolic-based products are in short supply.

• Very effective disinfecting large areas using ultra low fogger,
electrostatic foggers, or drum mounted foggers: Formulated
for use with mechanical, manual, or battery/power operated
sprayers
• Given the abundance of salt, water and electricity, there are
never shortages of HOCl products
• Effective against a wide range of bacteria and viruses
including human Corona Virus (see EPA claims)
• Extremely safe to use: SDS typically indicates:
* Safe for eyes, skin, ingestion, or inhalation
* Non-Flammable – No Harmful Chemicals
* No signal words or warnings needed on SDS
* No Personal Protective Equipment (PPE) Needed
* HMIS ratings of 0-0-0-0 which is the same as WATER

• And finally, many disinfectants sold are NOT properly registered
with the Federal or state agency putting the user at risk of
a fine.

• Included on the USDA Generally Regarded As Safe (GRAS) list
of edible substances

BACKGROUND ON HOCl:

• Safe for humans: HOCl is safe enough to disinfect personal
items for a baby

• Made in white blood cells of every mammal to kill germs
• Made outside of body using salt, water and electricity.
• Available for purchase pre-packaged in bottles, pails, drums,
and totes
• Made on-the-fly using HOCl generators (use as it’s produced in
drinking water and for swimming pools)

• Can be used in the eyes, mouth and on the skin for medicinal
purposes

• Free from chlorine and phosphates
• Safe for everyday use
• Very low to no odor.
• Used as a surface disinfectant/sanitizer which does not need
to be rinsed (Save time: no need to spray, rinse and wipe)
• Kills odor causing bacteria
• Kills bacteria that can cause food poisoning
• Non-abrasive and non-corrosive

PUBLICATIONS
New! June 2020 Hypochlorous Acid: A Review
Block MS, Rowan BG. Hypochlorous Acid: A Review. J Oral Maxillofac Surg. 2020;78(9):1461-1466
doi:10.1016/j.joms.2020.06.029

Hypochlorous Acid (HOCl): Summary of United States Regulation
FDA Food Contact Notification 1811

Hypochlorous Acid at up to 60 ppm for Produce, Fish & Seafood, Meat and Poultry Sanitation
Hypochlorous acid may be used in processing facilities at up to 60 ppm for use in process water or ice
which comes into contact with food as a spray, wash, rinse, dip, chiller water,
and scalding water for whole or cut meat and poultry, including carcasses, parts, trim,
and organs; in process water, ice, or brine used for washing, rinsing, or cooling of processed and
pre-formed meat and poultry products as defined in 21 CFR 170.3(n)(29) and 21 CFR 170.3(n)(34),
respectively; in process water or ice for washing, rinsing or cooling fruits, vegetables, whole or cut fish
and seafood; and in process water for washing or rinsing shell eggs. Visit https://www.fda.gov/food.

FDA Guidance for Industry

Guide to Minimize Microbial Food Safety Hazards of Fresh-cut Fruits and Vegetables
The antimicrobial activity of a chlorine-based disinfectant depends on the amount of hypochlorous
acid (also called “free chlorine”) present in the water. The amount of hypochlorous acid in the
water depends upon the pH of the water, the amount of organic material in the water, and, to some
extent, the temperature of the water. If the amount of hypochlorous acid is not maintained when the
amount of organic material increases, the antimicrobial agent may lose effectiveness in maintaining
water quality. If a fresh-cut processor uses a chlorine-containing compound as a disinfectant, it is
recommended that the processor monitor the processing water for free chlorine or hypochlorous acid
concentrations. Visit https://www.fda.gov/food.

EPA Food-Contact Surface Sanitizing Solutions
Allowance of Hypochlorous Acid at up to 200 ppm

The following chemical substances when used as ingredients in an antimicrobial pesticide formulation
may be applied to food-contact surfaces in public eating places, dairy-processing equipment, and foodprocessing equipment and utensils. When ready for use, the end-use concentration of all hypochlorous
acid chemicals in the solution is not to exceed 200 ppm determined as total available chlorine. Visit
https://www.epa.gov/.

FDA
FCN 1811 - Hypochlorous acid
October 13, 2017
Chapter V. Methods to Reduce/Eliminate
Pathogens from Produce and Fresh-Cut
Produce - Dec. 16,2014 C
Guide to Minimize Microbial Food Safety
Hazards of Fresh-cut Fruits and Vegetables February 2008

Applications

Produce Processing
Seafood Processing
Meat Processing
Poultry Processing
Food Contact Surfaces
Beverage Manufacturing
Biofilm Control
Livestock Health
Agriculture
Water Treatment
Medical

Dental
Hospital Sanitation

Where Used

Attics
Basements
Crawl Spaces
Public Buildings
Common Areas
Automotive
Public Transportation
Multi-Family Housing

USDA

EPA

Memorandum updates the status of
electrolyzed water (hypochlorous acid)
under the U.S. Department of Agriculture
(USDA) organic regulations at 7 CFR Part 205

National Primary Drinking Water Regulations Hypochlorous Acid at up to 4 ppm

USDA FSIS Directive: Safe and Suitable
Ingredients used in the Production of Meat,
Poultry, and Egg Products
USDA National Organic Program Hypochlorous Acid Updates
Residential Housing
Commercial Real Estate
Hotels and Motels
Institutional Facilities
Correctional Facilities
Military Installation Offices
Athletic Facilities
Retail Stores
Churches
Colleges
Kitchens
Veterinary Premises

Images courtesy FreeImages.com. Created for educational purposes only as a public service – Sept 2020.

Food-Contact Surface Sanitizing Solutions:
Allowance of Hypochlorous Acid at up to
200 ppm.
Substance Registry Services (SRS) Hypochlorous Acid

Barber Shops
Farms
Airports
Cruise Ships
Schools
Day Care Centers
Nurseries
Hospitals
Aging Care Facilities
Nursing Homes
Ambulances
Surgery Centers

Health Care Facilities
Clinics
Medical and Dental Offices
Restaurants
Cafeterias
Institutional Kitchens
Food Processing Plants
Dormitories
Classrooms
Bathrooms
Public Restrooms
Tanning Salons

Hypochlorous Acid (HOCl): Summary of United States Regulation
EPA CERTIFIED CLAIMS FOR HOCl (pH-neutral Hypochlorous Acid) AS ACTIVE INGREDIENT
SANITIZER FOR FOOD-CONTACT SURFACES
Efficacy >100PPM HOCl - 1 Minute
Escherichia coli – ATCC 11229
Klebsiella pneumoniae – ATCC 10031
Proteus mirabilis – ATCC 7002
Salmonella Enterica – (Subspecies Enterica Serovar Typhi) –
ATCC 6539
Salmonella typhi – ATCC 19430
Salmonella enterica (tested as Salmonella choleraesuis) –
ATCC 14028
Staphylococcus Aureus – ATCC 6538
Streptococcus pneumoniae – ATCC 6305
SANITIZER FOR FOOD-CONTACT SURFACES
Efficacy <200PPM HOCl – 2 Minutes
Escherichia coli – ATCC 11229
Salmonella typhi – ATCC 6539
SANITIZER FOR FOOD-CONTACT SURFACES
Efficacy <200PPM HOCl – 5 Minutes
Enterobacter aerogenes – ATCC13048
Escherichia coli – ATCC 11229
Salmonella entérica – ATCC 10708
Staphylococcus aureus – ATCC 6538
Staphylococcus aureus (HA-MRSA) – ATCC 33591
Streptococcus pneumoniae – ATCC 19615
Vancomycin Resistant Enterococcus Faecalis (VRE) –
ATCC 51575

Educational information
on Hypochlorous Acid
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www.hypochlorousacidinfo.com

DISINFECTANT FOR HARD NON-POROUS SURFACES
Efficacy >250PPM HOCl – 10 Minutes
Acinobacter baumannii – ATCC 19606
Escherichia coli O157: H7 – ATCC 35150
Escheria Coli – ATCC 11229
Escherichia coli (NDM) – ATCC BAA-2469
Clostridium difficile spore (C. Diff) – ATCC 43598
Herpes Simplex virus Type 1 – ATCC VR-733
Herpes Simplex virus Type 2 – ATCC VR-734
HIV Type 1 (HIV) – Strain HTLV-IIIb
Human Immunodeficiency Virus Type 1 (HIV-1), strain IIIB
(clade B); ZeptoMetrix
Human corona virus – ATCC VR-740, stain 229E
Influenza A (H1N1) – ATCC VR-1469
Klebsiella pneumonia New Delhi MetalloBeta Lactamase
(NDM-1) Carbapenem Resistant, CDC 10002
Listeria monocytogenes – ATCC 19111
Listeria monocytogenes – ATCC 7644
Mycobacterium bovis, BCG (Tuberculosis or TB) –
ATCC 35734
Propionibacterium acnes – ATCC 6919
Pseudomonas aeruginosa – ATCC 15442
Rhinovirus Type 37 – ATCC VR1147, Strain 151-1
Respiratory Syncytial Virus (RSV) – ATCC VR-26
Salmonella entérica – ATCC 10708
Staphylococcus aureus – ATCC 6538
Staphylococcus aureus (HA-MRSA) – ATCC 33591
Staphylococcus aureus (HA-MRSA) – ATCC 33592
Serratia marcesens – ATC 14756
Streptococcus pyogenes – ATCC 19615
Trichophyton mentogrophytes – ATCC 9533
Swine influenza Virus (H1N1) – ATCC VR 99
Vancomycin Resistant Enterococcus feacalis (VRE) –
ATCC 700221
Vancomycin Resistant Enterococcus faecalis (VRE)ATCC 51229

Disclaimer:
Although every reasonable effort has been made to insure the accuracy of the information contained in this document, absolute accuracy
cannot be guaranteed. All information are presented to the user “as is” without warranty of any kind, either express or implied. Not
responsible for typographical or data errors. See EPA (https://www.epa.gov/pesticides) for accurate and updated information.
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