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Abstract
The paper describes the results of a pilot study aimed at the investigation of the influence of catholyte
(electrolyzed alkaline water) on the development of tumors. In the experiments solid Graffi tumor was
transplanted subcutaneously in the back of the experimental group of Golden Syrian hamsters. Tumor
appearance and growth were registered every day. Blood parameters were measured on the 10th and 25th day
after transplantation and blood smears were prepared. Hamsters treated with catholyte developed tumor with
some delay compared to untreated (drinking tap water) ones. Also, the tumor growth was slow and the survival
rate was increased. The analysis of blood parameters and cell morphology has shown significant differences in
the value of some hematometric parameters and morphological changes of some blood cells. The obtained
results suggest about the beneficial influence of catholyte and the possible use of it as a supporting non-invasive
therapy of cancer diseases.The studies of the author show that the highest quality of Catholyte water if from
device Kangen. The research of effect on Experimental Graffi Tumor on Hamsters is with co-authors Reneta
Toshkova, Elissaveta Zvetkova and Georgi Gluhchev.
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1. Introduction
Water is a natural and necessary medium for many biological molecules. Changes in its composition and
structure can produce stimulating or inhibitory effects on the processes in the living things. Influenced by
different factors water can change its acidity pH, ORP (Oxidation Reduction Potential), and its physical structure.
When electrochemical activation or electrolysis is applied the obtained catholyte receives high level of pH and
negative ORP which leads to increased antioxidant effect. Due to this reason it could be expected that the
catholyte would have protective and positive effect for oxidative stress-related diseases like diabetes and cancer.
Clinical examinations carried out by different scientists have demonstrated positive effect in case of
diabetes type 2, telomere shortening in cancer cells and inhibition of their growth, suppression of side effects
caused by the use of anticancer medications, favorable influence on the blood cells . Along with this it was
proved that the activated water was not toxic for cells and tissues, and did not have mutagenic, cancerogenic,
embryotoxic or immunotoxic effects.
For the evaluation of the influence of some medicine or therapy on tumor malignancies different parameters
are used based on measurements of tumor development, survival rate, mortality, blood cells changes and others.
In the last decade, the main hematometric indices (biomarkers) have been evaluated as diagnostic tools and
prognostic parameters in patients with malignancies – cancer and leukemia.
Recent data from the scientific oncological literature evaluated that the NLR (neutrophil to lymphocyte
ratio) is superior for predicting the long term survival of cancer patients . E.g., lower NLR (≤ 2.0) is associated
with good prognosis for breast cancer patients; a higher peripheral blood NLR (≧5) was considered to indicate –
significantly and independently, a poor prognosis for breast cancer patients, gastric cancer patients, etc.
Simultaneously, the total WBC count, absolute neutrophil- and lymphocyte counts alone, could be also
statistically significant predictors of 5-year cancer patients’ mortality.
At present, the data about the effects of electrolyzed alkaline water (catholyte) on tumor growth and
hematological parameters in experimental tumor-bearing animals are absent.
The aim of this study is to examine the biological effects of catholyte on the tumor growth parameters,
hematometric biomarkers (including main WBC count; absolute granulocyte; lymphocyte count; granulocyte;
lymphocyte % (percent), GLR (granulocyte to lymphocyte ratio), and blood cell morphology in hamsters with
experimental Graffi myeloid tumor.
The authors have research of the project for influence with electromagnetic fields and infrared thermal
fields on Graffi tumor [15, 16].
2. Materials and Methods
2.1. Experimental animals
In the trials hamsters, breed “Golden Syrian”, aged 2-4 months, male and female, with weight around 100 g,
grown in individual plastic cages with free access to food and water were used
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2.2. Experimental tumor
The experimental Graffi solid tumor is maintained on a monthly basis in vivo in hamsters from the research team
at IEMPAM-BAS (17) via subcutaneous (s.c.) transplantation of live tumor cells ((1-2.106) in the area of the
back. Between days 7 and 15 in the spot of injection appear tumors, which grow progressively, and the hamsters
die aproximately 30-35 days after the injection of tumor cells. In such a tumor model it is observed 100%
attachment/appearance (transplantability) of umor and 100% mortality rate. Spontaneous regression, i.e.
spontaneous shrinking and disappearance of the tumor is not observed.
2.3. Catholyte water
During the experiment catholyte water was produced every day using the Actvator-2 device, developed in the
Institute of Information and Communication Technologies at the Bulgarian Academy of Sciences. In this way
acidity pH of the water was kept between 9.0 and 9.5.
2.4. Experimental design.
All the animals were divided into 4 groups each of 6 animals, as follows.
Gr.1 The hamsters from this group started drinking catholyte water 10 days before the injection with 5х104
Graffi tumor cells per hamster in the back area, and continued drinking it until the end of the experiment.
Gr.2. This group was used as a control. The hamsters from it were s.c. injected with the same amount of tumor
cells on the 10th day of the experiment as the hamsters from Gr.1, and were receiving tap water all the time.
Gr.3 consisted of healthy hamsters drinking catholyte water during the experiment.
Gr.4 consisted of healthy hamsters drinking tap water all the time.
The first two groups have to reveal the influence of the catholyte water on the appearance and
growth of transplanted tumor compared to the tap water, as well as for evaluation of haematological parameters
and peripheral blood cell morphology.
The last two groups were used as control for hematological research.
Measured parameters
The following parameters of tumor development are determined:
- tumor transplantability success (% of hamsters with tumor to the total number of injected ones),
- tumor size (the average diameter of tumor measured with caliper in mm),
- survival and average survival (calculated for the respective group in days),
- lethality (% of dead animals in the group).
Animals from each group were sacrificed preserving the ethical aspects of the European convention for
protection of vertebrate animals, used for experimental and other scientific purposes (OJ L 222), and approved
by the National Veterinary Medical Office in Bulgaria, and blood samples have been prepared at different time
periods: on days 10 and 25 after Graffi tumor implantation. Hematological/hematometric parameters and indices
as shown in Fig.1 were measured on the automated hematological analyzer BC-2800 Vet (Mindray, China).
The WBC/LR (White blood cells to Lymphocyte ratio and NLR (Neutrophil to lymphocyte ratio) were
calculated.
2.5. Statistical analysis
For the evaluation of the significance of the differences between the average values of a specific parameter t-test
was used at levels of significance α = 0.10 and α = 0.05, respectively.
2.6. Research with spectral analyses with methods DNES and NES and chemical compositions of
Catholyte water with different types of Catholyte water
The device for DNES spectral analysis based on an optical principle was designed by A. Antonov. For this, a
hermetic camera for evaporation of water drops under stable temperature (+22–24 0С) conditions was used. The
water drops were placed on a water-proof transparent pad, which consisted of thin maylar folio and a glass plate.
The light was monochromatic with filter for yellow color with wavelength at  = 580±7 nm. The device
measures the angle of evaporation of water drops from 72.30 to 00. The DNES-spectrum was measured in the
range of -0.08– -0.1387 eV or  = 8.9–13.8 µm using a specially designed computer program. The main
estimation criterion in these studies was the average energy (∆EH...O) of hydrogen O...H-bonds between H2O
molecules in water samples with waters Catholyte,
3. Results
3.1. Parameters of tumor growth for Gr.1 and Gr.2.
Catholyte water was used as experimental therapy during two months. Animals have been examined every day
until tumor detection and 2 times per week until 30 days after tumor transplantation. The tumor growth
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parameters have been registered regularly. The differences between the two groups are shown on (Figure.1).
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Figure 1. Biometric parameters of tumor growth for the hamsters from Gr.1 and Gr.2: А-transplantability in %;
В- tumor size in mm; C- lethality in %; D- average survival time (AST) in days; E - Survival rate.
As can be seen from the graph on (Figure 1A) the tumor transplantation was delayed for the hamsters taking
catholyte. While all the hamsters from Gr.2 developed tumor on the 12th day this happened only for 1/3 of
hamsters from Gr.1. In the hamsters receiving catholite, tumors were detected at 100% on day 20.
Similar effect is observed for the tumor size (Figure 1B). Until the 10th day was not established
subcutaneous firmness in none of the hamsters drinking catholyte. This group showed an inhibition in tumor
growth rate as compared to control throughout the study period.
The increased lethality for the hamsters (Figure.1C) shows from Gr.2 after 35 days, compared with the
hamsters from Gr.1. The control group (Gr.2) had a 100% mortality on day 41, while in the group 1 - on the 53rd day of the study.
The evaluated average survival for Gr.1 is 43.4±6.9 days, while it is 37.5±4.5 days for Gr.2. Same
conclusion could be taken from (Figure.1E).
These data suggest that the catholyte water slows down tumor development and as a result increases
survival rate.

3

Journal of Medicine, Physiology and Biophysics
ISSN 2422-8427 An International Peer-reviewed Journal
Vol.59, 2019

www.iiste.org
DOI: 10.7176/JMPB

The illustrations on (Figure.2) give visual impresion for the tumor development in Gr.1 and Gr.2.

Figure 2. Images of hamsters from Gr.1 (upper line) and Gr.2 (bottom line) taken on the 25th day after the tumor
transplantation.
3.2. Hematological parameters
Hamsters from the trial and control groups were euthanised after the application of deep anaesthesia on the 10th
and 25th day after tumor transplanting. The obtained blood was used to report hematological parameters, for
serum and preparation of blood smears.
The evaluated parameters for all groups are displayed in (Table 1).

Table 1. Blood parameters of 10th/25th day of study
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The developing experimental Graffi myloid tumor in hamsters influenced diversely the two main WBC
subpopulations – neutrophil granulocytes and lymphocytes (column 4). Significantly elevated WBC, granulocyte
count and granulocyte number (%) as well as significant reduction of absolute lymphocyte count and lymphocyte
number (%) were observed in the Graffi myeloid tumor-bearing hamsters (Gr.2, column 4) and (Figure 3). These
effects are well expressed on the day 15-th, and are profound on the 25-th day in our experimental model. The
treatment of tumor bearing animals with catholyte as drinking water improved the values of same parameters
during the investigation (Gr.1, column 3) and (Figure 3).
The mean values and standard deviations of some parameters are shown in Table 2.
Parameter Lymp%
Mon%
Gran%
RBC
MCHC
PDW
m
s
m
s
m
s
m
s
m
s
m
s
Gr.1
68.9
14.9 5.48 0.78 25.65 14.17 3
0.07 406
0
19.8 0
Gr.2
14.65 2.61 7.9
0.85 77.45 1.76
5.18 0.57 333
18.33 18.1 0.28
Table 2. Mean values and standard deviations of blood parameters of Gr.1 and Gr.2
Table 3 contains the blood parameters for which significant difference between Gr.1 and Gr.2 was obtained
at the corresponding confidence level.
Parameter
Lymp%
Mon%
Gran%
RBC
MCHC
PDW
α
0.05
0.10
0.05
0.05
0.05
0.05
Table 3. Significant difference between blood parameters of Gr.1 and Gr.2
Based on haematological values the WBCs/LR (White blood cells to Lymphocyte ratio) and NLR
(Neutrophil to Lymphocyte ratio) hematometric indices were calculated. The both WBCs/LR and NLR indices
are strongly elevated in tumor hamsters taking tap water and highly reduced in hamsters taking catholyte water.
The values are similar to healthy hamsters (Figure 3).
Differences in some of the hematological parameters (WBCs, Ly) and WBCs/LR, and NLR hematometric
index for groups are shown in (Figure 3).

Figure3. WBCs (leukocytes) and Lymphocytes total count (x 109 /L), and WBCs/Lymphocytes Ratio (at the 10th
day); 1) Controls; 2) -Untreated tumor-bearing hamsters; 3)-Healthy hamsters drinking catholyte; 4)-Tumorbearing hamsters drinking catholyte.
Significantly elevated WBC count and total granulocyte/neutrophil ratio were obtained in the untreated
Graffi myeloid tumor-bearing hamsters (Gr.2).
Simultaneously, a significant reduction of the lymphocyte number was evaluated in the same animals.
Additionally, we obtained that catolyte water influenced (elevated) some main PLT-hematometric values in
both - control and experimental animals (Table 1, PLT, MPV and and PDW). The hematometric results obtained
were confirmed by our cytological studies on PLTs (thrombocytes) in the peripheral blood smears of hamsters
where one could see clusters of activated thrombocytes – more pronounced in the blood of tumor-bearing
animals (Fig.4 -i).
3.3. Cytological study
Images from blood smears are shown on (Figure. 4).
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Figure 4. Images of blood smears as follows: upper line - healthy hamster treated with catholyte, middle line tumor-bearing hamster (control) drinking tap water, and bottom line -tumor- bearing hamster treated with
catholyte. May Gruenwald Giemza staining. Objective X 100.
In the peripheral blood of healthy hamster, taking electrolyzed alkaline water (catholyte) activated
lymphocytes with a large cytoplasmic pseudopode (ptotrusion), monocytes and platelets were observed (Figure 4
–a,b,c) upper line.
Atypical myeloid cells and blast-like cells from the peripheral blood of Graffi myeloid tumor-bearing
hamsters, at the day 10th from tumor inoculation were observed. One could see atypical immature granulocyte
with peripherally localized ring-shaped nucleus and eosinophile granules - in the central part of cytoplasm
(Figure 4 –d,e,f). middle line
In Graffi tumor bearing hamsters, treated with electrolyzed alkaline water (catholyte) atypical activated
lymphocytes and cluster of PLTs in the peripheral blood smear were noticed. Lymphocytes from these hamsters,
although atypical, show characteristic signs of activation as in healthy ones (Figure 4 –g,h,i) bottom line.
3.4. Electrolyzer for Catholyte water and Electrolyzer for Kangen Water
3.4.1. Electrolyzer for Catholyte water
The main stage of electrochemical treatment of water is the electrolysis of water or aqueous solutions with low
mineralization as aqueous solutions of 0,5–1,0 % sodium chloride (NaCl), which occurs in the electrolysis cell,
consisting of a cathode and an anode separated by a special semipermeable membrane (diaphragm) which
separates water to alkaline fraction – the catholyte and acidic fraction – the anolyte (Figure 5). When the electric
current is passing through the water, the flow of electrons from the cathode as well as the removal of electrons
from the water at the anode is accompanied by series of redox reactions on the surface of the electrodes. As a
result, new elements are being formed, the system of intermolecular interactions, as well as the composition of
water and the water structure are changed.

Figure 5. The diaphragm electrolysis method for the preparation of acid (anolyte) and alkali (catholyte)
solutions via the electrochemical activation of sodium chloride
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The products of electrode reactions are the neutralized aqueous admixtures, gaseous hydrogen and oxygen
generated during the electrolytic destruction of H2O molecules, metal cations (Al3+, Fe2+, Fe3+) in the case of
metal anodes made of aluminum and steel, and molecular chlorine. The gaseous hydrogen is generated at the
cathode while the oxygen is produced at the anode. Water also contains a certain amount of hydronium ions
(Н3О+) depolarizing at the cathode with formation of the atomic hydrogen:
Н3О+ + е- → Н + Н2О,
(1)
In an alkaline environment a disruption of Н2О molecules, accompanied by formation of atomic hydrogen and
hydroxide ion (OH-) occurs:
Н2О + е- → Н + ОН-,
(2)
The reactive hydrogen atoms are adsorbed on the surface of the cathode, and molecular hydrogen H2, released in
the gaseous form after recombination are formed:
Н + Н → Н 2,
(3)
At the same time atomic oxygen is released at the anode. In an acidic environment, this process is accompanied
by the destruction of H2O molecules:
2Н2О – 4е- → О2 + 4Н+,
(4)
In an alkaline environment the OH ions moving under the electrophoresis from the cathode to the anode are a
source of oxygen:
4ОН- → О2 + 2Н2О + 4е-,
(5)
The normal redox potentials of these reactions compiles +1,23 V and +0,403 V, respectively, but the
process takes place in certain conditions of electric overload.
The cathodes are made of metals that require high electrical voltage (lead, cadmium) allowing for the
generateion of reactive free radicals as Cl*, O*, OH*, HO2*, which react chemically with other radicals and ions.
In bulk oxidative processes products of electrolysis of water – oxygen (O2), hydrogen peroxide (Н2О) and
hydrochlorine acid (HClO) play a special role. During the electrolysis, an extremely reactive compound Н2О2 is
formed. Its formation occurs due to the hydroxyl radicals (OH*) which are products of the discharge of hydroxyl
ions (OH-) at the anode:
2ОН- → 2OH* → Н2О2 + 2е-,
(6)
where ОН* is the hydroxyl radical.
The chlorine-anion is transformed to Cl2:
2Cl- → Cl2 + 2e-,
(7)
3.4.2. Device for Kangen water
The device for Kangen water is applying with tap water. Kangen devices produce catholyte water with pH 8.5;
9.0 and 9.5 with negative oxidation reduction potential (ORP) with values from (-500 to -250) mV, The figure 6
shows one type of Kangen device.

Figure 6. Kangen device
Kangen device has system for cleaning of tap water. The structure is on figure 7.
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Figure 7. Kangen device with system for cleaning of tap water
Acknowledgement: The author expresses thankful for the support for the project with Catholyte water from
Kangen device of Gergana Genova.
Conclusion
The influence of catholyte water on the development of Graffi tumor implanted in hamsters was assessed. Some
delay in tumor growth and increased survival rate were observed. Significant differences in some of the blood
parameters were noticed.
We obtained activated (small and medium-size) lymphocytes in the peripheral blood smears of healthy
hamsters - treated with catholyte, instead of tap-water (Figure 4 - a,b,c). The same biological phenomenon was
also evaluated partially in the peripheral blood of tumor-bearing animals, under the influence of catholyte
(Figure 4-g,h). But in comparison to the activated immunocytes in healthy hamsters, the tumor-infiltration cells
(TILs) in the tumor-bearing animals are soon atypical and insufficiently activated (or deactivated - in the
preapoptotic or apoptotic states).
The appearance of the so-called blast-like cells (Figure 4 -f) has been related to dissemination of the
neoplastic disease and could be earlier obtained in the peripheral blood smears of untreated tumor-bearing
animals. The results correlated also with changes in WBCs/LR and NLR hematometric indices obtained in the
two experimental groups of treated and untreated tumor-bearing hamsters.
The elevated thrombocytes total count could be unfavorable predictor in cancer patients, having in view
high risk of thrombogenesis and embolism. On the other hand, the catholyte water could be useful in cases with
thrombocytopenia, but not in thrombocytoses, when application of electrolyzed water would be not
recommended.
This study also further strengthens the role of WBC-hematometric indices in diagnosis and prognosis of
cancer.
Catholyte water (investigated in vivo - in our experimental model of Graffi tumor-bearing hamsters), could
improve TILs cellular immunity (immunomodulating, immunostimulating influence).
The first conclusion is that the developing experimental Graffi myeloid tumor in hamsters influenced
diversely the two main WBC subpopulations (predominantly neutrophils) and lymphocytes. These diverse
effects – well expressed on the 10th day, are profound on the last (25th) day in our experimental model.
Our experimental results suggested that in the same model, the treatment of tumor-bearing animals with
catholyte, as drinking water, improved the same hematometric indices to the normal values.
Thus, our second conclusion is that the catholyte water – employed instead of tap water in our experimental
model with tumor-bearing hamsters, has a positive impact on the main hematometric indices e.g. WBCs/LR and
NLR - neutrophil to lymphocyte ratio on 10th day (Table 1) was: for WBCs/LR- 1.71 for a healthy hamster,
1.72 for a tumor-bearing, treated with catholyte and 8.14 for a tumor-bearing, untreated animal, and for NRL 0.64 for a healthy hamster, 0.64 for a tumor-bearing, treated with catholyte and 6.42 for a tumor-bearing,
untreated animal, respectively.
All these points at a favorable influence of catholyte on the hematopoiesis both in case of tumor–bearing
animals, and healthy ones.
The obtained results although promising are not definite. The two major shortcomings are as follows.
1) Small number of experimental animals. This could lead to deviation in the tendency of some parameters.
Also, the increased number of observations could increase or decrease the obtained differences, thus changing
the significance of the influence of catholyte on some of the blood parameters.
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2) Impossibility for drunken water control. This does not allow evaluating the proper relationship between
the quantity of water and the observed differences.
Their overcoming will be the goal of our future work.
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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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[5] Vergara-López S, Domı́nguez MC, Conejo MC, Pascual Á, Rodrı́guezBaño J. Wastewater drainage system as an occult reservoir in a
protracted clonal outbreak due to metallo-b-lactamase-producing
Klebsiella oxytoca. Clin Microbiol Infect 2013;19:E490e8.
[6] Leitner E, Zarfel G, Luxner J, Herzog K, Pekard-Amenitsch S,
Hoenigl M, et al. Contaminated handwashing sinks as the source
of a clonal outbreak of KPC-2-producing Klebsiella oxytoca on a
hematology ward. Antimicrob Agents Chemother 2015;59:714e6.
[7] Chapuis A, Amoureux L, Bador J, Gavalas A, Siebor E, Chrétien ML,
et al. Outbreak of extended-spectrum beta-lactamase producing

[9]

[10]

[11]

[12]

[13]

[14]

Enterobacter cloacae with high MICs of quaternary ammonium
compounds in a hematology ward associated with contaminated
sinks. Front Microbiol 2016;7:1070.
Swan JS, Deasy EC, Boyle MA, Russell RJ, O’Donnell MJ,
Coleman DC. Elimination of biofilm and microbial contamination
reservoirs in hospital washbasin U-bends by automated cleaning
and disinfection with electrochemically activated solutions.
J Hosp Infect 2016;94:169e74.
Kotay S, Chai W, Guilford W, Barry K, Mathers AJ. Spread from the
sink to the patient: in situ study using green fluorescent protein
(GFP)-expressing Escherichia coli to model bacterial dispersion
from hand-washing sink-trap reservoirs. Appl Environ Microbiol
2017;83:pii:e03327e16.
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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

