1377
Journal of Food Protection, Vol. 67, No. 7, 2004, Pages 1377–1383
Copyright Q, International Association for Food Protection

Effects of Water Source, Dilution, Storage, and Bacterial and
Fecal Loads on the Efficacy of Electrolyzed Oxidizing Water for
the Control of Escherichia coli O157:H7
S. M. L. STEVENSON,1,2 S. R. COOK,1,2 S. J. BACH,1
1Agriculture

AND

T. A. MCALLISTER1*

and Agri-Food Canada Research Centre, Lethbridge, Alberta, Canada T1J 4B1; and 2Department of Microbiology and Infectious
Diseases, Faculty of Medicine, University of Calgary, Calgary, Alberta, Canada T2N 4N1
MS 03-373: Received 21 August 2003/Accepted 25 January 2004

ABSTRACT

Escherichia coli O157:H7 represents a threat to the
long-term sustainability of the cattle industry (41). This
pathogen can exist as an asymptomatic transient resident
within the gut of cattle (7, 19). Numerous outbreaks and
human fatalities as a result of E. coli O157:H7 infections
have been documented over the past few decades (2). Of
the 65 patients admitted to the hospital during a recent outbreak in Walkerton, Ontario, Canada, 27 developed hemolytic uremic syndrome and 6 died as a direct result of the
infection (9). This outbreak is an important case study because the source of contamination was identified as the local water supply rather than the consumption of food contaminated with E. coli O157 (9).
Cattle, especially those raised in intensive feedlot operations, have been implicated as the source of water contamination and subsequent outbreaks of E. coli O157:H7
infection in humans (13, 31). A number of environmental
niches within the feedlot environment have been identified
in which E. coli O157:H7 can remain viable for extended
periods of time (7, 30, 32, 33, 45). For example, this pathogen can survive in water troughs for up to 6 months (33,
45); thus, contaminated water may be at least partially re* Author for correspondence. Tel: 403-327-4561; Fax: 403-382-3156;
E-mail: mcallister@agr.gc.ca

sponsible for transmission of E. coli O157:H7 among feedlot cattle.
Numerous studies have been conducted on the control
of E. coli O157:H7 in the environment and how to restrict
transmission of this pathogen (7, 18, 46). Thermal inactivation, UV irradiation, and chlorine and ozone treatments
can reduce or eliminate E. coli O157:H7 in water (46).
Although useful in municipal water treatment systems,
many of these technologies are expensive and require considerable operational expertise, making their implementation in commercial feedlots impractical.
A number of studies have recently been conducted to
evaluate the bactericidal activity of electrolyzed oxidizing
(EO) water (6, 15, 17, 28). This technology was developed
in Russia (39) and was based on passing a 0.1% (wt/vol)
sodium chloride solution through an electrolyzing chamber
containing anode and cathode electrodes separated by a diaphragm. The process of electrolysis produces two distinct
solutions, anode (pH ,2.5) and cathode (pH .11.0) EO
waters. EO water has shown a strong bactericidal effect on
pathogenic bacteria such as E. coli O157:H7 (8, 12, 43)
and has potential as a water treatment strategy for commercial feedlots. Before such a practice can be recommended, however, it is important to determine how factors
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To evaluate the potential of using electrolyzed oxidizing (EO) water for controlling Escherichia coli O157:H7 in water
for livestock, the effects of water source, electrolyte concentration, dilution, storage conditions, and bacterial or fecal load on
the oxidative reduction potential (ORP) and bactericidal activity of EO water were investigated. Anode and combined (7:3
anode:cathode, vol/vol) EO waters reduced the pH and increased the ORP of deionized water, whereas cathode EO water
increased pH and lowered ORP. Minimum concentrations (vol/vol) of anode and combined EO waters required to kill 104
CFU/ml planktonic suspensions of E. coli O157:H7 strain H4420 were 0.5 and 2.0%, respectively. Cathode EO water did not
inhibit H4420 at concentrations up to 16% (vol/vol). Higher concentrations of anode or combined EO water were required to
elevate the ORP of irrigation or chlorinated tap water compared with that of deionized water. Addition of feces to EO water
products (0.5% anode or 2.0% combined, vol/vol) significantly reduced (P , 0.001) their ORP values to ,700 mV in all
water types. A relationship between ORP and bactericidal activity of EO water was observed. The dilute EO waters retained
the capacity to eliminate a 104 CFU/ml inoculation of E. coli O157:H7 H4420 for at least 70 h regardless of exposure to UV
light or storage temperature (4 versus 248C). At 95 h and beyond, UV exposure reduced ORP, significantly more so (P ,
0.05) in open than in closed containers. Bactericidal activity of EO products (anode or combined) was lost in samples in
which ORP value had fallen to #848 mV. When stored in the dark, the diluted EO waters retained an ORP of .848 mV and
bactericidal efficacy for at least 125 h; with refrigeration (48C), these conditions were retained for at least 180 h. Results
suggest that EO water may be an effective means by which to control E. coli O157:H7 in livestock water with low organic
matter content.
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such as concentration, storage, temperature, and water
source influence the bactericidal activity of EO water.
The objective of this study was to determine the antimicrobial stability of EO water produced from three water
sources under various storage conditions. The minimum
dose of anode and combined anode-cathode EO waters required to kill E. coli O157:H7 was also determined.
MATERIALS AND METHODS

Bacterial strain. The bactericidal effects of EO waters were
evaluated using a bovine isolate of Escherichia coli O157:H7
(kindly provided by Dr. V. P. J. Gannon, Population and Public
Health Branch, Health Canada, Lethbridge, Alberta). The bacterium, E. coli O157:H7 strain H4420, was recovered from a 20%
glycerol stock culture stored at 2808C by plating onto tryptic soy
agar (Difco, BD-Canada, Oakville, Ontario) and incubating overnight at 378C. A single colony was inoculated into 50 ml of tryptic
soy broth (TSB; Difco) and incubated for 18 h at 378C (250 rpm).
The 18-h culture was serially diluted in 50 mM phosphate-buffered saline, pH 7.0 (PBS; Sigma Chemical Co., Oakville, Ontario)
and enumerated by plating duplicate 100-ml aliquots of each dilution onto MacConkey agar (Difco) and incubating 18 to 24 h at
378C. Selected serial dilutions were used for inoculating into EO
water products.
Assessment of bactericidal effects. Routine enumerations of
18-h broth cultures of H4420 consistently revealed populations of
approximately 3 3 1010 CFU/ml. Therefore, for assessing the bactericidal effects of EO water products in studies 1 through 4, a
dilution presumed to deliver an initial bacterial load of 104 CFU/

ml upon introduction into predispensed EO product was selected
for use as inoculum. This initial bacterial load was confirmed in
each study by enumeration of the dilution series. Each study was
replicated two times.
Where indicated, the viability of H4420 following exposure
to EO water preparations was determined by plating duplicate
100-ml aliquots of inoculated EO test sample onto MacConkey
agar and incubating for 18 to 24 h at 378C. This method produced
a limit of detection of 10 CFU/ml viable H4420 in inoculated EO
products. In the absence of bactericidal effects of EO waters, the
initial bacterial load of 104 CFU/ml was expected to yield colony
counts of approximately 103 colonies per plate. As a non-EO control, tubes of predispensed dH2O were similarly inoculated with
H4420 and plated as described.
Reductions in viability of H4420 were expressed as estimated
log increments. Uninhibited growth was observed as a lawn
(1,0001 colonies). A colony count reduced to 1001 colonies was
interpreted as a 1-log reduction (104 → 103 CFU/ml); 10 to 99
colonies 5 2-log reduction (104 → 102 CFU/ml); 1 to 9 colonies
5 3-log reduction (104 → 10 CFU/ml). Absence of colonies represented viability reduced to below detectable limits, i.e., 104 →
,10 CFU/ml.
Study 1—MICs of EO water treatments and effect of dilution on pH and ORP. Freshly produced A0.1, C0.1, and AC0.1
were diluted with dH2O to seven concentrations calculated to
yield 0, 0.5, 1, 2, 4, 8, and 16% (vol/vol) EO product after addition of inoculum, and the pH and ORP of each dilution were
recorded. Triplicate 9-ml volumes of each dilution (and of dH2O)
were dispensed into test tubes, and each tube was inoculated with
1 ml of serially diluted 18-h culture of H4420 containing 105
CFU/ml. The tubes were vortexed immediately (5 s) and then
allowed to stand for 2 to 5 min. After remixing (vortex, 5 s),
duplicate 100-ml aliquots were plated immediately onto MacConkey agar, and H4420 colonies were counted after 18 to 24 h
of incubation at 378C.
On the basis of results obtained in study 1, the concentrations
of Ax and ACx selected for further study were 0.5 and 2.0% (vol/
vol), respectively (except when studying effects of dilution). Because of its low bactericidal effect, no further investigation of Cx
was conducted.
Study 2—Effect of water source and electrolyte concentration on ORP of EO waters. Waters from three sources (tap
water from the City of Lethbridge municipal water supply, irrigation water drawn from the canal system of the St. Mary River
Irrigation District, and dH2O) were used in this study. Each water
type was analyzed (Table 1) using APHA methods (3) at an accredited commercial laboratory.
The three water types were each used to prepare four concentrations of Biostel electrolytes (0.1, 0.15, 0.2, and 0.25%, wt/
vol) for processing in the electrolysis unit. The same three water
types were then used to dilute their respective anode (A0.1, A0.15,
A0.2, and A0.25) and combined (AC0.1, AC0.15, AC0.2, and AC0.25)
EO water products to concentrations of 0, 0.5, 1, 2, 4, 8, 16, 25,
50, and 100% (vol/vol). Triplicate 10-ml volumes of each dilution
were dispensed into test tubes, and their ORP values were determined 10 min after dilution.
Study 3—Effect of fecal contamination on ORP of EO
waters. Fresh fecal material (total wet weight 3 kg) from six yearling steers housed at the Lethbridge Research Centre was collected
from the pen floors. The steers were fed a corn silage-based diet
and were cared for in accordance with the guidelines set out by
the Canadian Council on Animal Care (1). The fecal samples were
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Production of EO waters. EO waters (anode EO and cathode EO) were produced using a lab model membrane-cell electrolysis system (Biostel North America, Inc., Innisfail, Alberta)
and aqueous solutions of electrolyte salts (Biostel). Products from
the anode stream and the cathode stream were studied individually
(i.e., as anode EO water or as cathode EO water) or as a manually
produced 7:3 (vol/vol) combination of anode and cathode EO waters, as recommended by the manufacturer. These preparations
were denoted Ax, Cx, and ACx, respectively, where x is the concentration (%, wt/vol) of electrolyte solution used to generate the
EO products.
Unless otherwise specified, deionized water (dH2O) was used
for preparing the electrolyte solution and for diluting the Ax, Cx,
and ACx products. The dH2O was produced on site at the Lethbridge Research Centre by charcoal filtration of chemically softened municipal water to remove chlorine followed by reverse osmosis and passage through deionization tanks. When water sources other than dH2O were tested, the water type being studied (e.g.,
tap water, irrigation water) was used both for preparation of the
electrolyte solution and for diluting the EO products.
The Biostel unit was flushed with 7 to 10 liters of sterile
dH2O between production cycles. A minimum of 5 liters of electrolyte solution was processed in any given cycle, which ensured
stabilization of electrical current in the system prior to collection
of EO products. Anode and cathode EO waters were produced
within 2 h of beginning a study and were collected separately into
sterile screw-cap 1-liter glass medium bottles. Upon completion
of each cycle, the cycle amperage (as indicated on the production
unit gauge) and the pH and oxidative reduction potential (ORP)
of the Ax, Cx, and ACx were recorded. Product pH was measured
with a pH meter (model 310, Orion Research, Inc., Boston,
Mass.), and ORP was determined with a pH/redox meter (Aqua/
Lytic MeBgerat, Langen, Germany).
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TABLE 1. Analyses of water from three sources used for preparation of electrolyte solution and for dilution of EO water product in study 2
Values for each water sourcea
Characteristic

Deionized

Tap

Irrigation

Fecal coliform bacteria
(CFU/100 ml)
Total E. coli (CFU/100 ml)
pH
Calcium (ppm)
Magnesium (ppm)
Sodium (ppm)
Ammonia N (ppm)
Total organic carbon (ppm)

,1b
,1b
6.68
,0.05b
,0.05b
5.0
,0.05b
0.31

,1b
,1b
8.14
41.8
12.8
12.0
,0.05b
2.10

24
16
8.24
34.8
13.2
9.1
0.4
8.9

a

transported in sealed plastic bags to the laboratory (0.5 km), where
they were combined into a single homogenate, and aliquots (1 6
0.1 g) were dispensed into 360 sterile test tubes.
EO water products A0.2, A0.25, AC0.2, and AC0.25 were prepared and diluted as described for study 2 using tap, distilled, and
irrigation water, and 10-ml volumes were added to triplicate tubes
of fecal homogenate. The tubes were vortexed for 10 s, and the
ORP of each fecal suspension was determined.
Study 4—Effect of storage variables on ORP and bactericidal efficacy of EO waters. The effects of exposure to UV
light, storage temperature (4 versus 248C), and storage in open
versus closed vessels were investigated using 0.5% A0.3 and 2.0%
AC0.3. The diluted EO products and dH2O as a control were each
dispensed in 10-ml volumes into 180 test tubes (six storage conditions 3 10 sampling times 3 triplicate samples). Half of the
tubes were capped with standard friction fit test tube caps (closed
storage) and half were left open. The capped and uncapped tubes
were further divided into three groups. One group was placed in
a 248C cabinet equipped with a 91-cm 30-W blacklight bulb
(Model G30T8, GE Lighting North America, Oakville, Ontario)
that provided 60 mW/cm2 of UV exposure. The second group was
boxed (for darkness) and kept at room temperature (248C), and
the third group was placed in a refrigerated (48C) cabinet, also in
the dark.
After 2, 5, 10, 25, 50, 70, 95, 125, 150, and 180 h of storage,
triplicate tubes of each sample type were retrieved from storage,
and the ORP was measured and recorded. Each tube was inoculated with 0.1 ml of serially diluted 18-h culture of H4420 containing 106 CFU/ml (for an initial bacterial load of 104 CFU/ml)
and processed as described for study 1.
Study 5—Effect of bacterial load on the bactericidal efficacy of EO waters. An 18-h culture of H4420 in TSB was
serially diluted in PBS, and 0.1 ml of dilutions 1021 to 1027 were
used to inoculate triplicate predispensed 10-ml volumes of 0.5% A0.2,
2.0% AC0.2, and dH2O (as a 0% EO water control). Following
inoculation, the samples were processed as described for study 1.
Statistical analysis. Comparison of treatments was performed utilizing variance components for compound symmetry

FIGURE 1. Effect of dilution on the pH (A) and oxidative reduction potential (ORP) (B) of the electrolyzed oxidizing (EO) products of membrane-cell electrolysis of a 0.1% (wt/vol) solution of
electrolytes in reverse osmosis/deionized water (dH2O). Dilutions
of the anode and cathode EO waters and of the 7:3 (vol/vol)
combination of the two (combined) were prepared with dH2O and
tested for pH and ORP within 2 h of production. Mean values are
shown (n 5 6).
using SAS Proc Mixed (34). Means were separated using
LSMEANS.

RESULTS
Study 1—MICs of EO water treatments and effect
of dilution on pH and ORP. At production (across studies), undiluted Ax had a pH of 2.02 to 2.24 and an ORP of
1,020 to 1,410 mV. The undiluted Cx had a pH of 11.11 to
12.57 and an ORP of 2800 to 2936 mV, and ACx had a
pH of 2.60 to 2.83 and an ORP of 1,176 to 1,329 mV. In
solution, A0.1 and AC0.1 markedly reduced the pH of dH2O
and increased its ORP at concentrations as low as 0.5%
(vol/vol), whereas cathode EO water (C0.1) increased pH
and reduced ORP (Fig. 1).
The pattern of effects of EO products on H4420 viability was reflective of pH and ORP observations (i.e., Cx
differed from Ax and ACx). Growth of H4420 on MacConkey agar following exposure to dH2O (i.e., 0% A0.1 and
AC0.1) was consistent with uninhibited populations enumerated in the culture used as inoculum (3 3 108 CFU/
ml). Viability of H4420 was reduced to below detectable
limits (,10 CFU/ml) by exposure to AC0.1 at concentrations of $2% (vol/vol). At 0.5 or 1.0%, no inhibition of
H4420 by AC0.1 relative to exposure to dH2O was observed. All of the A0.1 concentrations tested (0.5 to 16%,
vol/vol) reduced H4420 viability to ,10 CFU/ml (no
growth observed). In contrast, only the highest concentrations of C0.1 (8 and 16%) affected viability of H4420, and
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Deionized water is produced on site at the Lethbridge Research
Centre from chemically softened municipal water. Tap water is
the treated (chlorinated) municipal water supply for the City of
Lethbridge. Irrigation water is surface water drawn from the St.
Mary River Irrigation District canal system.
b Below detectable limit.
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they exerted only a single log reduction (i.e., ,1,000 colonies per plate were observed).
On the basis of these observations, the EO preparations
selected for further study were the MICs of A0.1 and AC0.1
(0.5% and 2.0%, vol/vol, respectively).
Study 2—Effect of water source and electrolyte concentration on ORP of EO waters. Responses of ORP to
dilution of Ax or ACx prepared using a given water source
(dH2O, tap, or irrigation) were similar across concentrations
of electrolyte solutions. Thus, representative data (from the
0.2 and 0.25% electrolyte concentrations) are presented in
Figure 2.
Regardless of water source, increasing the concentration of Ax and ACx increased the ORP of the diluted EO
preparation, although at concentrations #25% (vol/vol), the
ORP of tap and irrigation EO waters remained lower (P ,
0.001) than that of EO deionized water. The ORP of tap
and irrigation EO products were similar (P . 0.05) across
the range of concentrations studied for both Ax and ACx.
Elevation of the ORP of deionized water with increasing

concentrations of Ax and ACx (prepared with dH2O) was
more rapid than that observed with tap or irrigation water.
Study 3—Effect of fecal contamination on ORP of
EO waters. The presence of fecal material significantly reduced (P , 0.001) the ORP of all samples, irrespective of
water source or type or concentration of EO product (Fig.
2). Values .700 mV were not observed. In anode EO solutions, the depressive effect of fecal material on ORP was
more pronounced with irrigation water than with tap or deionized water.
Study 4—Effect of storage variables on ORP and
bactericidal efficacy of EO waters. For the first 70 h of
storage, the ORP of 0.5% A0.3 and 2.0% AC0.3 remained
relatively constant (850 to 917 mV) under all conditions
studied (Fig. 3). At 95 h and beyond, however, ORP values
were lower (P , 0.05) in samples exposed to UV light
than in samples stored in the dark. With AC0.3, the decline
in ORP was more pronounced (P , 0.05) in open storage
vessels than in closed vessels. Among samples stored in the
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FIGURE 2. Effect of the concentration of electrolyte solutions (0.2 or 0.25%, wt/vol) used to generate EO water products and of the
concentration (vol/vol) of the anode (Ax) and combined (ACx) EO waters so generated on their oxidative reduction potential (ORP) in
the absence (open symbols) or presence (closed symbols) of fecal contamination. Combined EO water (ACx) is a 7:3 (vol/vol) mixture
of undiluted anode and cathode EO waters. Electrolyte solutions and dilutions of Ax and ACx were prepared using deionized, tap, or
irrigation water. Mean values are shown (n 5 6).
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DISCUSSION

FIGURE 3. Changes in the oxidative reduction potential (ORP)
of 0.5% (vol/vol) A0.3 and 2.0% (vol/vol) AC0.3 during 180 h of
storage in open or closed containers exposed to UV light at room
temperature (A), in the dark at room temperature (B), or in the
dark with refrigeration (C). Samples with ORP .848 mV (i.e.,
those above the dotted line) reduced E. coli O157:H7 strain
H4420 inoculated at 104 CFU/ml to below detectable limits (,10
CFU/ml), whereas uninhibited growth of H4420 was observed in
those samples with ORP #848 mV (at or below the dotted line).
Mean values are shown (n 5 6).

dark, ORP values did not differ (P . 0.05) between open
and closed storage vessels or between A0.3 and AC0.3, although AC0.3 retained numerically higher ORP than did
A0.3, particularly when stored at 48C as compared with
248C.
Full bactericidal efficacy was retained by the A0.3 and
AC0.3 samples in which ORP remained .848 mV, as indicated by a reduction in viability of H4420 from 104 CFU/
ml initial load to ,10 CFU/ml (i.e., no detectable growth)
upon exposure to the EO products. Without exception, however, bactericidal effects were lost completely once ORP
decreased to #848 mV. No difference in H4420 viability
(.1,000 colonies/plate) was detectable between inoculated
dH2O controls and inoculated EO products in which ORP
was reduced to #848 mV.

Numerous studies have examined the ability of EO water to kill food-related pathogens (14, 15, 42). Anode EO
water is currently being used in a number of dental and
medical applications (10, 11, 24–27, 35–38). In the majority of these situations either concentrated anode EO water
or a 50:50 mixture of anode and cathode water is employed
(16, 43, 44). Use of similar solutions in commercial beef
production facilities is impractical because of the large volumes of water consumed (25 to 65 liters per animal per
day) and the detrimental effects that concentrated solutions
may have on the intestinal microbial populations that are
essential for feed digestion (22). The present study demonstrated that anode and a mixture of anode-cathode EO
water at concentrations as low as 0.5 and 2%, respectively,
could effectively kill E. coli O157:H7 in laboratory culture.
The bactericidal activity of EO water has been attributed to free chlorine in the form of hypochlorous acid
(HOCl) (14, 15, 20). Hypochlorous acid penetrates the bacterial cell wall and inhibits key metabolic systems, including the action of membrane transport proteins and ATP synthesis (20, 28). Several researchers have examined the stability of bactericidal activity in concentrated EO water (16,
20, 21). In the present study, exposure to UV light dramatically reduced ORP and the bactericidal activity of both
dilute anode and a mixture of anode-cathode EO water,
more so with open than with closed storage vessels. UV
light enhances photodecomposition of chlorine (4) and thus
probably reduces the effective concentration of the bactericidal agent, HOCl. Len et al. (20) reported that atmospheric exposure of EO water reduced its effectiveness as
a result of the loss of chlorine by evaporation. To optimize
the effectiveness of EO water in commercial livestock production facilities, the EO water must be protected from long
periods of exposure to the atmosphere or UV light.
The acidic nature of anode water undoubtedly contributes to its antimicrobial properties. Acid treatment has been
and is currently being employed as a pathogen control
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Study 5—Effect of bacterial load on the bactericidal
efficacy of EO waters. Enumeration of the serially diluted
H4420 culture confirmed that using the 1021 to 1027 dilutions as inoculum resulted in initial bacterial loads of 107
to 101 CFU/ml, respectively, in the dH2O, 0.5% A0.2, or
2.0% AC0.2. Colonies developed on all of the control
(dH2O) plates in numbers consistent with uninhibited
growth. Exposure to A0.2 reduced the viability of H4420 to
,10 CFU/ml (no growth observed) at all initial bacterial
loads #104 CFU/ml, but at initial loads of 105 CFU/ml (or
higher) no bactericidal effect was observed (.1,000 colonies per plate). The AC0.2 also eradicated H4420 (,10
CFU/ml) at initial loads of #104 CFU/ml and reduced the
viability of the 105 CFU/ml H4420 challenge by approximately 2 log (,100 colonies per plate). Other than with 8
and 16% cathode EO water in study 1, this was the only
instance in which H4420 was not either completely uninhibited (.103 colonies per plate, indistinguishable from
dH2O controls) or eradicated to below detectable levels (i.e,
,10 CFU/ml, no growth observed).
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10% (wt/vol). The effectiveness of chlorine as a bactericidal
agent is reduced in the presence of organic matter because
of the formation of monochloramines (23). This finding is
consistent with the role of chlorine in the bactericidal activity of EO water. Others have proposed that contamination
of drinking water contributes to the transfer of E. coli
O157:H7 among cattle in feedlots (5, 29). This contamination is often due to animals defecating in the water bowl.
Hygienic practices such as daily cleaning of water bowls
would still have to be practiced even if EO water were
included in drinking water.
Relatively low concentrations of electrolyzed water (2
to 5%) have the potential to reduce the water-mediated
transmission of pathogens in the livestock environment.
The efficacy of this approach will be substantially improved
when high-quality water with a low concentration of mineral and organic matter is used in the electrolysis process.
Accumulation of organic matter in water troughs is likely
to eliminate the bactericidal activity of EO water. Consequently, use of EO water is not a substitute for regular
hygienic practices such as the cleaning of water bowls. The
relative simplicity of the electrolysis process and the ease
with which it can be installed into livestock production systems may make it an effective method of reducing the prevalence of bacteria in livestock water.
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mechanism in slaughterhouses (40). In a related study (data
not shown), the pH of undiluted anode, cathode, and combined EO water treatments remained stable for at least 2
months when stored sealed in the dark. Nonetheless, in the
present study, the bactericidal activity of 0.5% anode EO
water was no longer evident 95 h after production. Furthermore, at the MICs determined in study 1, combined EO
water was as effective as anode EO water at killing E. coli
O157:H7, even though the pH of the ACx was substantially
higher.
The ORP was correlated closely with the bactericidal
activity of EO water. Kim et al. (15) also suggested that
ORP is a greater determinant than pH for bactericidal activity in EO water. When chlorine is added to water, HOCl
is formed in addition to free hydrogen and the hypochlorite
ion (ClO2). Because HOCl has no charge, it can penetrate
microbial cell walls more easily. It is hypothesized that high
(.1,100 mV) ORP is related to the concentration of HOCl
(23). ORP values of .650 mV are recommended for the
disinfection of drinking water (23). Data from the present
study suggest that ORP values $850 mV are necessary to
kill E. coli O157:H7 strain H4420.
Combined (2.0%, vol/vol) and anode (0.5%, vol/vol)
EO waters exerted little or no effect on E. coli O157:H7
when cell density exceeded 104 CFU/ml. Although E. coli
O157:H7 contamination would not commonly reach this
level in livestock water, defecation by an animal shedding
E. coli O157:H7 into the water source could result in similar bacterial loads. Combined EO water (2.0%, vol/vol)
exerted a moderate bactericidal effect (2-log reduction)
against an E. coli O157:H7 challenge of 105 CFU/ml,
whereas anode EO water did not. In our laboratory, bactericidal activity of anode water was lost 180 h after production whereas the combined EO water remained effective
for at least 180 h at room temperature. The apparent greater
stability of the combined EO water may account for its
greater bactericidal activity as compared with anode EO
water.
In previous studies using EO water treatments for the
control of foodborne and waterborne pathogens, deionized
water has been used for the electrolyzing process (6, 14,
15, 28, 43, 44). The use of deionized water in livestock
production facilities is impractical, and application of electrolyzed water in agricultural systems would require the use
of either surface or ground water. In the present study, increased concentrations of anode and combined EO water
were required to achieve ORP levels similar to those needed to maintain bactericidal activity. If irrigation water is
used in electrolysis, the concentration of combined EO water may have to be at least doubled to achieve the same
ORP level as that obtained with deionized water. The concentration of EO water would also likely have to be adjusted with seasonal changes in the quality, e.g., organic
matter content, of irrigation water.
Introduction of feces (1 g/10 ml) immediately reduced
the ORP of solutions of anode EO or combined EO waters.
The decline of ORP to ,700 mV even in undiluted EO
water suggests that no bactericidal activity would remain in
water troughs with fecal contamination levels approaching
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