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Objective To investigate the effect of electro-chemically activated 

water on biofilm contamination in dental unit water lines. 

Design Thirteen dental units fitted with independent water systems and 

used for 12 years with distilled water were divided into two groups, A 

and B. At the start, one week later, and again four weeks later, the 

bacterial counts in water from all units were determined. Also 

specimens of tubing were taken from the units at the beginning and at 

the end of the study for SEM investigation. In Group A distilled water 

was replaced with electrochemically activated water (a Russian 

invention), and used continuously for the duration of the study. In group 

B, distilled water was used as before, until confirmed to be 

contaminated. For ethical reasons group B was treated, one week into 

the study with conventional disinfectants. 

Setting The project was carried out in a clinic of a department of 

periodontology of a faculty of dentistry during 1998. 

Results Both groups showed a marked reduction in bacterial counts. 

Under SEM Group A showed a total elimination of the biofilm and 

Group B a partial removal. 

Conclusions Distilled water was ineffective in controlling bacterial 

counts and biofilm. Electrochemically activated water was effective for 

this purpose. 

It has long been known that the water which is delivered from dental 

units handpiece and syringe outlets is highly contaminated with micro-

organisms.1-4 Initially it was thought that the main source of these 



micro-organisms were the bacterial populations in patients' mouths, 

aspirated back into waterlines, but more recently the true source has 

been identified as the biofilm present in all dental units. The origin of 

the bacteria in a biofilm is considered to be the planktonic bacteria in 

the water supply. The dental unit with its long, narrow bore appears to 

be an ideal environment for the formation of a biofilm. The water in the 

tubing remains stagnant 99% of the time and even when it moves, it 

does so at slow speed. Waterborne bacteria rapidly attach themselves to 

the surface of the tubing and express genes that code for synthesis and 

secretion of the extracellular, adhesive alginates that constitute the 

acellular content of the biofilm matrix. The bacteria proliferate and 

produce polysaccharide exopolymers which forms the framework and a 

bed for the bacteria to live and multiply in. The bacteria in a biofilm 

show higher levels of physiological activity and enhanced resistance to 

chemical antimicrobials. Although the major source of bacteria in the 

biofilms in dental units are harmless bacteria in the water source, 

several pathogens such as Pseudomonas, Mycobacterium and 

Legionella have been isolated from dental unit water lines (DUWL). 

Some of these pathogens are known to flourish in the aqueous 

environment and are a major cause of nosocomial infections, resulting 

not infrequently in death. Herein lies the danger of DUWL biofilm 

contamination. The mere presence of the bacteria in the DUWL, even in 

the very large numbers reported (more than 1 million organisms per 

millimeter), is not presently viewed as a major health threat to the 

general population. However some very real concern has been 

expressed by many about the threat that these opportunistic pathogens 

may pose to the ever increasing population of immunocompromised 

patients. Two cases of postoperative infections in cancer patients, 

caused by Pseudomonas aeruginosa apparently originating from dental 

unit water, have been reported.  

The implications of potential pathogens being iatrogenically transmitted 

to patients undergoing dental treatment are serious. For the patients 

there are the risks of disease and even death, and for the profession the 

added possibility of litigation and adverse publicity is very real. 

Dentists' health would also seem to be directly at risk. The American 

Dental Association (ADA) is concerned about these problems and 

adopted a statement on December 13, 1995, identifying it as one of the 

critical research areas in dentistry today. The ADA set a number of less 

than 200 colony forming units per millilitre as the goal to be reached by 

all members by the year 2000. 

It would appear that the use of municipal water directly connected to 

dental units can now be considered sub-standard level of care. To 

overcome these problems the use of independent water systems and 

microfilters has been suggested. It was also advised that a strict 



maintenance regime, consisting of daily flushing and purging with 

sodium hypochlorite be followed. The use of special in-office DUWL 

monitoring technology has also been prescribed. The independent water 

system or sterile water system (SWS) consists of a container pressurised 

by compressed air, delivered from the standard dental compressor. A 

few of the disadvantages of this regimen are 

Time and energy required for daily change of filters 

Possibility of corrosive action of sodium hypochlorite 

Possibility of contamination of sterile water by unclean compressed air 

Cost of producing or buying sterile water 

A product based on a Russian invention, electro-chemically activated 

water (ECA) was developed for use in dental unit water lines. The 

original Russian inventors of the product make many claims and hold 

almost 300 Russian patents for applications in fields varying from 

agriculture, cooling towers, swimming pools, dermatology, dressing and 

cleaning of wounds and disinfection of instruments. The products have 

been widely used in Russia for many years. 

ECA is considered totally harmless to human tissue, yet highly 

microbicidal. The raw products are water and saline. These are fed into 

a special unit which then 'activates' the water. The inventors describe 

the 'activation' process as a change of the molecular state of the water 

from a stable to a metastable state. Two kinds of ECA are produced, 

anolyte and catholyte. The inventors described anolyte as having an 

oxidation-reduction potential (ORP) in the region of +1000 mV and 

catholyte an ORP of -800 mV. Current thinking centers around the 

concept that the ORP of both solutions fluctuates between these values 

at a rate too rapid to measure. It is known that some of the biocidal 

agents in the solutions are ClO2, HClO, Cl2, ClO-, H2O2, HO2
-, H2O2, 

NaOH, O2, O3, 
1O2, H, OH. The presence of the free radicals with their 

oxidising effects in the solutions are considered of great importance. 

Higher organisms possess antioxidant defence systems whereas micro-

organisms generally do not. Certain human defence cells also kill 

microbes by producing some of these very same free radicals. Anolyte 

solution is thought to have the antimicrobial effect and catholyte a 

detergent or cleaning effect. 

It is further established that ECA solutions return to a stable, inactive 

state, pure water in fact, within a period of 48 hours after production. 

Different kinds or species of ECA solutions can be produced by 

different units, each with its own application. 

The purpose of this study was to evaluate the effect of ECA on DUWL 

previously supplied with distilled water in SWS. 



Materials and Methods 

Thirteen dental units at the University of Pretoria's Department of Oral 

Medicine and Periodontology were selected for this study. Selection 

was based on the fact that these units had always, since installation 

twelve years previously, been fitted with SWS. Since installation up to 

the time of inception of the study, distilled water was used in the SWS. 

Seven of the units were placed in Group A, to be treated with ECA, and 

the six other units constituted Group B, a control group, to be treated 

with distilled water as before. 

The treatment of group A, consisted of the replacement of distilled 

water in the SWS by ECA. No installation of any filters or additional 

purging with any detergents or disinfectants was carried out. 

Immediately prior to the start of the experiment, samples of the water 

from all the units' three way syringes were collected in sterile vials for 

bacteriological culturing. Three samples of polyethylene tubing 

(internal diameter 1 mm) were also taken from each unit. One sample of 

each unit was immediately placed into a sterile vial filled with Ringers 

solution and the other two samples of tubing of each unit were 

immediately fixed in containers with glutaraldehyde solutions. The 

water taken from the three way syringes was serially diluted in sterile 

tap water. Aliquots (0.1 ml) were spread-plated onto R2A agarplates, 

and plates were incubated at 28°C for 96 hours. Similarly, specimens 

were taken from the tubing, transported in Ringers solution and cut in 

half, length-wise. One half was placed onto R2A agarplate, face down, 

and incubated at 28°C for 96 hours. The other half was fixed in 

gluteraldehyde, dried in a dustfree incubator, sputter coated with gold 

and viewed in a scanning electron microscope (SEM). 

Immediately following the taking of the samples of tubing from the 

thirteen units, the units were repaired and the experimental phase 

commenced. A member of staff was designated to monitor all thirteen 

units continuously. All SWS in Group B were treated as before. The 

containers were merely topped up with distilled water as needed. The 

seven units in Group A were henceforth filled only with ECA. At the 

beginning of each working day, all containers in this group were 

emptied and filled with fresh anolyte solution. This anolyte solution was 

prepared on a daily basis, with a special STEDS unit, at a pH of 7.4. 

When these containers became empty through the course of the day, 

they were topped up with the supply of anolyte. At the end of the 

working day, all containers were emptied of anolyte solution and half 

filled with catholyte solution, pH 9.0, produced by the same STEDS 

unit. All these waterlines were then purged for 20 seconds allowing the 



catholyte to neutralize the anolyte and also, presumably, to carry out its 

cleaning effect. The anolyte is regarded as a strong oxidant and this may 

have some corrosive effect. The catholyte solution is considered to 

counter this effect. 

One week after inception of the study, samples of water were again 

taken from all units' three way syringes and cultured as described 

above. 

Five weeks after inception another series of water samples was taken 

and also two specimens of tubing were again taken from each unit, 

fixed in glutaraldehyde, and prepared and viewed in the SEM. Results 

were computed and analyzed using paired t-tests. 

Results 

At the start of the study the water samples taken from the three way 

syringes of all thirteen units produced counts of 3 104-2 105 colony 

forming units per millilitre (CFU/ml). The water (anolyte) from the 

three way syringes in Group A gave a count of <1 CFU/ml at one week 

after inception and Group B counts of 3 104-2.5 105CFU/ml. Group A 

were significantly less contaminated than Group B (p=0.000). This 

information gave rise to a serious ethical and moral dilemma which led 

to the demise of the control group (Group B) in certain respects. All 

thirteen units were in daily use with patients being treated with them. 

The continued use of these units represented an intolerable situation and 

the authorities decided to take immediate action to disinfect these units. 

The SWS were filled with a 0.5% sodium hypochlorite solution and the 

lines purged once daily for a week. Henceforth, only double distilled 

de-ionised water was used in these units (Group B). Group A was 

allowed to be used as described. Five weeks after inception of the 

experiment the water (anolyte) from all units in Group A again gave 

counts of <1 CFU/ml. Group B also gave counts of <1 CFU/ml. It was 

not attempted to carry out taxonomic identification of the micro-

organisms present in the DUWL, because of the mammoth dimensions 

of an undertaking of this nature. 

SEM studies of the samples taken at the start of the experiment clearly 

showed the presence of a well developed biofilm on all inner surfaces 

of tubing with several rods, cocci and spirochaetes present. The biofilm 

in Group A was effectively destroyed and removed after five weeks of 

use of ECA. The biofilm was still present, although in a 'cracked' or 

desquamated form, after five weeks in Group B. 

 



Discussion 

The use of R2A agar plates and the incubation temperature of 28°C was 

based on the techniques described by others. They showed that many 

more bacteria can be cultured from water samples using this technique 

than using standard plate counts (SPC) and incubation at 37°C, and this 

is considered a more reliable method. Other investigators also made use 

of low nutrient media (dilute peptone) and reduced temperatures when 

studying biofilm contamination in DUWL. However a few also used 

enriched agar and 37°C (refs 7,40). It is thought that some opportunistic 

pathogens might be missed by the use of 37°C and enriched agar and 

therefore the use of these techniques should not be encouraged. This 

was highlighted in one study specifically directed at non-tuberculous 

mycobacteria using highly sophisticated techniques. They were able to 

show that dental treatment may be associated with heavy exposure to 

non-tuberculous mycobacteria. This is definitely not possible using SPC 

or the techniques employed by ourselves. In the same vein it can be 

argued that many other pathogens can be missed, because of the wide 

variety of micro organisms and techniques needed to identify them. 

At the start of our study all DUWL proved to be heavily contaminated 

with micro-organisms. A well developed biofilm was also seen on the 

inner surfaces of all sections of tubing. The tubing containing water is 

an ideal habitat for a host of micro-organisms, to the extent of a thick 

biofilm forming. The water in the tubing only moves for a few hours 

every working day and is enriched with organics and contaminated 

during operation. This ensures the growth of bacteria in the system, 

especially at the surfaces, leading to the establishment of a stable source 

of innoculum for sterile water following replacement. 

It is a fact that DUWL come into direct contact with patients' mouths 

every day and there is a real possibility of retrograde contamination of 

these lines from these rich sources, despite the presence of anti-

retraction valves and devices. There has been no certain way in which 

these DUWL can be effectively sterilised, thereby preventing cross-

contamination between patients. The fact that all thirteen dental units in 

this study, which had for years been used with distilled water in their 

SWS, proved to have well developed biofilms and to have unacceptably 

high levels of bacterial counts (3 x 104-2 x 105 CFU/ml), was quite 

alarming. The drastic reduction in contamination achieved by ECA on 

the other hand was cautiously considered as a breakthrough. 

The presence of biofilm in dental units connected to municipal water 

supply is well documented. As mentioned above, the source of bacteria 

is thought to be the planktonic bacteria in the water supply, yet in our 

study these units had always, supposedly, been used with distilled 



water. In spite of this a biofilm had developed in all the units. Two 

explanations are offered for this phenomenon. The biofilm could be the 

result of retograde infection from oral cavities of patients through the 

lack of efficient anti-retraction valves in the equipment. Alternatively 

the possibility of unsupervised members of staff or students, through the 

years occasionally using tap water instead of distilled water, can not be 

ruled out. The use of tap water, with only a few hundred micro-

organisms present in it, only once, is enough for the development of a 

biofilm. A biofilm consists of single bacterial cells embedded in a 

highly hydrated, predominately anionic matrix of bacterial 

expoloymers. This gel like matrix limits the access of anti-bacterial 

agents such as surfactants, biocides and antibiotics and is one of the 

reasons why biofilm bacteria do not respond in the same way as 

planktonic bacteria to the aforementioned agents. 

Conventional disinfectants are ineffective against non-tuberculous 

mycobacteria (NTM) when used in DUWL. In that study the presence 

of NTM in DUWL of a series of 21 dental units, was found to exceed 

that of drinking water by a factor of 400. Five of these units were 

subjected daily to a routine of automatic disinfecion, using either a 

proprietary disinfectant or a process of anodic oxidation and the levels 

of contamination in these units were similar to that of the untreated 

units. The authors were of the opinion that dental treatment may be 

associated with heavy exposure to NTM. 

Neutralization, removal or destruction of the matrix would render 

bacteria more vulnerable to the action of anti-bacterial agents. It is 

possible that the highly hydrated matrix's integrity could be injured by 

the action of free radicals such as the hydroxyl radicals, the strongest 

oxydising agent known to man, in the anolyte solution. The hydroxyl 

radicals would take hydroxen ions from the matrix, leading to a collapse 

of the matrix and exposure of the bacteria to the actions of more 

hydroxyl and other radicals. This could explain the dramatic drop in the 

numbers of bacteria and the removal of the biofilm in our study 

following the introduction of ECA. 

From a purely technical point of view the demise of the control group, 

through the use of conventional disinfectants, was regrettable. There 

was, however, no other option. It was considered unethical to continue 

treating patients in units which were so heavily contaminated. The 

control group, group B, had served its initial purpose, having proven to 

be contaminated at one week, while group A, treated with ECA, gave a 

remarkable result of <1 CFU/ml at the same time. At the end of the 

study, both groups gave similar counts of <1 CFU/ml, proving the 

efficacy of both ECA and conventional disinfectants combined with 

sterile water in reducing the bacterial counts in DUWL. Bacterial counts 



of <1 CFU/ml are well below the 200 CFU/ml, set by the American 

Dental Association, for the year 2000. The problem with conventional 

disinfectants (sodium hypochlorite in this case) remains. It is highly 

corrosive and the taste and smell are unacceptable. Furthermore, a once 

daily, or worse once weekly flush with sodium hypochlorite does not 

provide round the clock protection as sterile water is easily 

contaminated in the SWS. This problem would seem to be overcome 

with ECA, because it can be used continually in DUWL. 

ECA appeared to eliminate the biofilm more completely than did the 

conventional disinfectant. ECA produced smooth clean surfaces of 

tubing, whereas the biofilm in the control group, treated with sodium 

hypochlorite, still had the cracked, desquamating appearance. With time 

this biofilm may also disappear. The significance of these observations 

may be important for the control of biofilm in other areas (outside 

dentistry) as well. 

The continuous supply of ECA as a coolant, directly onto burs, can be 

of value in the disinfection of cavities, as these are being prepared. 

Similarly the disinfection of root canals, as they are being prepared with 

rotary instruments, can be of considerable benefit. Another advantage 

may be the reduction in aerosol formed by the turbine handpiece. 

The single greatest area of concern regarding ECA technology is the 

issue of safety to humans. There exists no published scientific evidence 

which can confirm or deny the safety of the product. However, 

circumstantial and anecdotal evidence intimates that the product may be 

safe, at least for use in DUWL. 

Firstly, ECA is nothing but electrolyzed water, with a little salt added. 

Logic and common sense dictate that no noxious chemical compounds 

can be synthesized by such a device. 

Secondly, it is reported from Russia that for many years, ECA has been 

used directly on open wounds and on purulent areas. It is used there to 

wash eyes and patients also drink large quantities of it. Obviously these 

reports need to be corroborated by scientific investigation. 

Thirdly, it is salient to remember that dental patients are only exposed 

to very small volumes of water from DUWL. Most of the water is also 

immediately removed by the vacuum lines. The resultant exposure 

under normal circumstances is minimal. 

Fourthly, there exists some concern about the dangers of free radicals in 

general. It is thought that continuous exposure to free radicals over 

many years might predispose to cancer, ageing and ischaemic heart 



diseases. The limited exposure of dental patients to the small quantities 

of free radicals in ECA and DUWL should pose no real health hazard, 

but until proven safe dental personnel should be advised to handle ECA 

with due care and caution, in the same ways as with röntgen rays, 

mercury and resins. 

Fifthly, chemical compounds such as chlorhexidine gluconate, 

chlorhexidine acetate, sodium hypochlorite, povidone iodine (10%), and 

listerine, have been advocated for use in DUWL. These are all complex 

molecules with varying degrees of toxicity. ECA does not consist of a 

similar complex chemical compound. It is derived from pure water and 

saline and can only consist of different ions, radicals, atoms and 

molecules of hydrogen, oxygen, sodium and chloride. It is hard to 

imagine that substances in whatever form, derived from these atoms and 

molecules by the simple process of electrolysis, can be as toxic as 

sodium hypochlorite or chlorhexidine acetate or gluconate or povidone 

iodine. 

Finally, a very similar system, the Moggod (Mixed oxidant gas 

generated on demand), which is also an electrolytic membrane cell 

which produces an oxidising gas by passing an electrical current 

through a saturated sodium chloride solution, has been recommended 

for use in potable water disinfection in small communities in 

developing countries. The authors of those studies, associated with the 

Imperial College of Science, Technology and Medicine, The Robens 

Institute of Health and Safety, University of Surrey and the Centre for 

Environmental Health and Engineering, University of Surrey expressed 

no concern whatsoever about the safety of the technology to humans. 

The important point is that this technology (Moggod) was invented for 

drinking water, whereas the Steds system, which uses the same raw 

products as the Moggod, is intended for use in DUWL. Thus the 

exposure of patients to the solutions produced by the Steds system 

would be minimal in comparison with that of people drinking water 

disinfected by the Moggod System. 

Notwithstanding these arguments there exists an urgent need for the 

testing of ECA on experimental animals and on cell cultures before the 

widespread use of the product in DUWL can be recommended. Studies 

of this nature have been initiated and the results will be published as 

soon as they become available. 

 

 

 



Conclusion 

The use of distilled water in independent water systems offers no 

protection against bacterial contamination. However, Electro-

chemically Activated Water effectively reduces bacterial counts and 

removes biofilm in dental unit water lines. 
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