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Introduction
Disinfection procedures are an important part of preventive measures to prevent the spread 

of contagious and infectious diseases. Given what we disinfected, and the purpose (prevention, 
decontamination) should choose an effective biocide [1]. From reliable biocide performance 
demand quickly with as wide a spectrum of the microorganisms that do not harm the patient and 
staff should not be residue on the surface, should not affect the surface of materials and must be 
biodegradable [2]. Especially in recent years faced increasing number of resistant microorganisms. 
We have contributed to the resistance, both with an inappropriate choice of biocides, and their 
use (inadequate concentrations, time of performance, and the replacement of biocides). However, 
obstinate strains of microorganisms, which are becoming increasingly resistant to the procedures 
of disinfection, have emerged [3-12]. Devices for Magnetic Resonance Imaging (MRI) represent 
the specific conditions for disinfection. Among the relevant facts include the presence of electronic 
equipment in a single device that limits the possibility of selecting the appropriate biocide to 
disinfect the device. It is also not negligible exposure to the patient surface of the device, particularly 
contamination of equipment or transfer agent in the surface of the device in a patient or staff [1,10,13, 
14,15,16]. Patient couches of MRI scanners are very hard to access when it comes to cleaning and 
disinfection [17, 18,19]. Consequently, new approaches to disinfection procedures have been 
studied. Thanks to its mechanism of action, Neutral Electrolyzed Oxidizing Water (NEOW) has 
been considered as a possible biocide of the new generation [20,21,22,23]. The principle of the 
EOW production has been known for some time now. Basically, the alkaline ionized water and 
acid oxidized ionized water are generated from diluted non-iodized cooking salt (NaCl solution), 
whereby the alkaline fraction reaches a pH of 11-12, while the acid one has a pH of 1-3. While the 
alkaline ionized water is considered to have a cleaning effect, the acid one has extremely biocidal 
effect. Mostly, the effect of the NEOW action has been attributed to the pH change only. However, 
more detailed analysis has revealed that electro-oxidized water works through several mechanisms. 
Most patients with serious infections typically have some type of imaging procedure performed 
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Abstract

Introduction: Devices for Magnetic Resonance Imaging (MRI) represent the specific conditions for 
disinfection. Among the relevant facts include the presence of electronic equipment in a single device that limits 
the possibility of selecting the appropriate biocide to disinfect the device. Disinfectants of choice are therefore 
expected to possess properties such as rapid, residue-free action without any damaging effect on the sensitive 
electronic equipment. The purpose of this study was to determine the reliability of Neutral Electrolyzed Oxidizing 
Water (NEOW) using two different methods of disinfection on 3.0 T MRI Scanner.

Materials and Methods: The MRI room disinfection was completed by using the sprayer and the method of 
cold fogging. The presence of micro-organisms before and after the aerosolization was recorded with the help of 
sedimentation andanalyse the total number of Colony-Forming Units CFU. The CFU was evaluated in absolute 
and log values.

Results: After disinfection we found reduction of microbial NEOW over 90% or more than 1log10 CFU/
cm2. With cold fogging disinfection, we found a reduction in the number of microorganisms by an average of 
3.32 log10 CFU/cm2. Based on the results of the experiment we can conclude that with the model of NEOW 
Steriplant®N in practical terms we can see over 90% reduction of microorganisms (> 1log10 CFU/cm2) on MRI. 
The use of NEOW proved to be efficient and safe in all applied ways. Also, no eventual damage to exposed 
devices or staff was recorded.

Discussion: The use of the biocide aerosol Steriplant®N in practical terms in prepared space in which 
substantially reduces the burden of microorganisms. We believe that this helps to establish a bio-security 
between operational and diagnostic interventions. Considering the fact that the biocide aerosolization needs 6-8 
ml of biocide solution / 1m3 can reach very small amounts of disinfectant effects on equipment.
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during the course of their treatment. Neutral Electrolyzed Oxidizing 
Water (NEOW) is a biocide with a broad spectrum of activity, 
with immediate action on the surface leaves no residue. Because of 
its physical and chemical mode of action is not expected that the 
micro-organisms have developed resistance. Natural biocide bound 
electrons of the surroundings and thus destabilize the bacterial wall 
micro-electrolysis itself is formed and hyper-oxide ions, which are 
also disinfecting effect, quickly and without delay. Just as the biocide 
is a not necessary rinse surface [24,25]. Since the device for magnetic 
resonance imaging routinely fails to disinfect, we were interested 
in this part, how surface of the device loaded with the presence of 
microorganisms and what effect NEOW of microorganisms in 
different acceptable ways of spreading on the surface. The purpose 
of this study was to determine the reliability of NEOW using two 
different methods of disinfection on 3.0 T MRI Scanner.

Materials and Methods 
The experiment was performed at the University Medical Centre 

Maribor Slovenia in the Department of Radiology. The disinfection 
of the 3.0 T MRI GE Signa HDxt Scanner was completed by the 
procedure indicated by the manufacturer in the technical instructions 
(sodium hypochlorite solution). Ethical Commission of the Republic 
of Slovenia approved the study under the serial number 110/05/11. 
The disinfection was completed by using the sprayer and the method 
of cold fogging. NEOW with redox potential value of 830-850 mV 
(Steriplant®N, Obisan Institute, Slovenia) was used as a biocide. The 
experiment tested the number of colony-forming units on the model 
of Staphylococcus aureus ATCC 25923.Test colony of S. aureus was 
applied to test surfaces in the concentration of 1,5x106.Cold fogging 
was performed with the OptiJet CSMD R1 system (Swiss Steriplant 
AG, Switzerland, and the modification Obisan, Slovenia), using the 
nozzle model 0/2 with the compressed air flow of 600 l/min. Test 
surfaces were set vertically, horizontally, and on the ceiling. After 15 
minutes the swabs were taken to analyze the total number of colony-
forming units in CFU/cm2 on 20cm2 of surface. The experiment was 
conducted in two stages. We disinfected 3.0 T GE Signa MRI HDxt by 
the procedure of the manufacturer in the technical guidance (sodium 
hypochlorite).Swabs for determining the total number of micro 
organisms were taken to 12 cities before and after disinfection. To 
determine the presence of micro organisms on surfaces, swabs were 
taken on the surface of 20 cm2. As a biocide was used NEOW redox 
potential of 830-850 mV (Steriplant®N, Obisan, Slovenia). Biocide 
was given by hand sprayer until the surface was visibly wet and waits 
5 minutes. Then we took swabs from the surfaces. The second stage of 
the experiment was carried out by the modified method of testing the 
model of biocides Staphylococcus aureus ATCC 25923. Test culture 
S. aureus was application on the test surface at a concentration of 1.5 
x106 CFU/cm2. Then the task is a system of cold fogging OptiJet CS 
MDR 1(Swiss Steriplant AG, Switzerland and modification Obisan, 
Slovenia). Biocide for application in areas as cold fogging nozzle, 
we used the model 0/2 at a rate of 600 l/min of compressed air. Test 
plates were placed vertically, horizontally and ceiling as location areas 
has an impact on the performance disinfection. After a time of 15 
minutes, we took the swabs to test tile and check the count in CFU/
cm2.

Results
On the basis of the results of the experiments we have determined 

efficiency of neutral electrolyzed oxidizing water Steriplant®N with 
small amounts of biocide in in vivo conditions for manual surface 
disinfection, and in cold fogging. Based on the results of the experiment 
we can conclude that with the model of NEOW Steriplant®N in 
practical terms we can see over 90%reduction of microorganisms 
(> 1log10 CFU/cm2) on MRI. The model test microorganism S. 
aureus shows a decrease of 3.32 log102 (P<0.001), which exceeds the 
required reduction of micro-organisms in the testing of biocides, 
even in laboratory conditions. For efficient operation we recommend 
to apply biocide in a significant amount to the surface for efficient 
operation. It is not necessary to remove the Biocide from the surface 
after application; you can just wipe it or leave it to dry. NEOW is 
not corrosive and is effective even when on the surface creates a 
biofilm. The research has shown that the use of NEOW for the hard 
surface disinfection can considerably reduce the presence of micro-
organisms and consequently the possibility of hospital infections. 

Discussion
In the first part of the experiment was determined performance 

NEOW directly on the surface MRI. Control swabs from surfaces 
MRI showed a relatively low number of microorganisms, which was 
also the reason for the observed relatively low reduction. However, 
after disinfection we found reduction of microorganism NEOW 
over 90% or more than 1log10 CFU/cm2.In the second part of the 
experiment we test the surface with S. aureus ATCC 25923 were 
placed on the surface of the MRI. Test surfaces were exposed to 
cold fogging disinfection. When we used in a quantity NEOW 8 ml/
m2 we found a reduction in the number of microorganisms by an 
average of 3.32 log10 CFU/cm2. The results showed a fairly uniform 
load of microorganisms. We believe that the reason of an identified 
microbial presence in the way of forced air ventilation spaces of the 
entire hospital (central ventilation system with air prior preparation). 
Recommendations of some authors are that the diagnostic and 
operational spaces achieve the presence of microorganisms of less 
than 10 CFU/m3 air. The use of the biocide aerosol Steriplant®N in 
practical terms in prepared space in which substantially reduces the 
burden of microorganisms. We believe that this helps to establish 
a bio-security between operational and diagnostic interventions. 
Considering the fact that the biocide aerosolization needs 6-8 ml of 
biocide solution/1m3can reach very small amounts of disinfectant 
effects on equipment. Important features of the biocide Steriplant®N 
hospital environment is a broad spectrum of activity mainly in the 
form of resistant microorganisms (metycillin resist with S. aureus, E. 
coli) uncorrosivity, security for operators disinfection, medical staff 
and patients, and that does not remain on the surfaces of the biocide 
residues (not required disposal of residues). We also wish to highlight 
the importance of the choice of the methodology air sampling for 
the presence of microorganisms. We believe that the compulsory 
cyclone method of air sampling in the liquid medium is appropriate 
to identify the presence of micro-organisms. 

Competing Interests
The authors declare that they have no competing interests.

phil
Highlight

phil
Highlight

phil
Highlight

phil
Highlight



Citation: Pintaric R, Matela J and Pintaric S. The Use of Neutral Electrolyzed Oxidizing 
Water forDisinfection of 3.0T MRI Scanner. SM J Public Health Epidemiol. 2015; 1(1) :1003.

Page 3/3

Gr   upSM Copyright  Balmert L et al.

Authors’ Contributions
All authors participated in conception and design, generation, 

analysis and interpretation of data also revision of manuscript. All 
authors read and approved the final manuscript.

Acknowledgement
This research was supported by University Medical Centre 

Maribor and Institute Obisan.

References

1.	 Fraise AP. De contamination of the environment and medical equipment 
in hospitals. Fraise AP, Lambert PA, Maillard JY, editors. In: Principles 
and practice of disinfection, preservation and sterilization, 4th edn. Oxford: 
Blackwell Sci. 2004; 563-585.

2.	 Maillard JY. Antibacterial mechanisms of action of biocides. J Appl Microbiol. 
2002; 92:16-27.

3.	 Maillard JY. Viricidal activity of biocides. Fraise AP, Lambert PA, Maillard 
JY, editors. In: Principles and practice of disinfection, preservation and 
sterilization, 4th edn. Oxford: Blackwell Sci. 2004; 272-323.

4.	 Russell AD. Bacterial adaptation and resistance to antiseptics, disinfectants 
and preservatives is not a new phenomenon. J Hosp Infect. 2004; 57: 97-104.

5.	 Chapman JS. Disinfectant resistance mechanisms, cross-resistance, and co-
resistance. Int Biodeterior Biodegrad. 2003; 51: 271-276.

6.	 Thomas L, Russell AD, Maillard JY. Antimicrobial activity of 
chlorhexidinediacetate and benzalkonium chloride against 
Pseudomonasaeruginosa and its response to biocide residues. J 
ApplMicrobiol. 2005; 98: 533-543.

7.	 Pajkos A, Vickery K, Cossart Y. Is biofilm accumulation on endoscopetubing 
a contributor to the failure of cleaning and decontamination? J HospInfect. 
2004; 58: 224-229.

8.	 Noguchi N, Tamura M, Narui K, Wakasugi K, Sasatsu M. Frequency and 
genetic characterization of multidrug-resistant mutants of Staphylococcus 
aureus after selection with individual antiseptics and fluoro quinolones. Biol 
Pharm Bull. 2002; 25: 1129-1132.

9.	 Dettenkofer M, Wenzler S, Amthor S, Antes G, Motschall E, Daschner FD. 
Does disinfection of environmental surfaces influence nosocomial infection 
rates? A systematic review. Am J Infect Control. 2004; 32: 84-89.

10.	Rutala WA, Weber DJ. The benefits of surface disinfection. Am J Infect 
Control. 2004; 32: 226-231.

11.	Makris AT, Morgan L, Gaber DJ, Richter A, Rubino JR. Effect of a 
comprehensiveinfection control program on the incidence of infections in 
long-term carefacilities. Am J Infect Control. 2000; 28: 3-7.

12.	Sofou A, Larsen T, Fiehn NE, Owall B. Contamination level of alginate 
impressions arriving at dental laboratory.Clin Oral Invest. 2002; 6: 161-165.

13.	Bloomfield SF. Significance of biocide usage and antimicrobial resistance in 
domiciliary environments. J Appl Microbiol. 2002; 92: 144-157.

14.	Russell AD. Antibiotic and biocide resistance in bacteria: comments and 
conclusion. J Appl Microbiol. 2002;  92: 171-173.

15.	Russell AD. Bacterial adaptation and resistance to antiseptics, disinfectants 
and preservatives is not a new phenomenon. J Hosp Infect. 2004; 57: 97-104.

16.	Pintaric R, Matela J, Pintaric S. Suitability of electrolyzed oxidizing water 
for the disinfection of hard surfaces and equipment in radiology. Journal of 
Environmental Health Science & Engineering. 2015; 13: 6. 

17.	Cabanis EA, Chouard CH: Good practices for disinfection of endo-vaginal 
and endorectal ultrasonic probes. Bulletin de l Academie Nationale de 
Medecine. 2009; 193: 2121-2126.

18.	Dietze B, Rath A, Wendt C, Martiny H. Survival of MRSA on sterile goods 
packaging. J Hosp Infect. 2001; 49: 255-61.

19.	Ramli MF, Hussin AS, Yusoff A. Microbial Contamination of Dental Radiology 
Equipment. International Medical Journal. 2009; 16: 169-173.

20.	Rahman SME, Park JH, Oh DH. The bactericidal and fungicidal effects of 
salicid on pathogenic organisms involved in hospital infections. African 
Journal of Microbiology Research. 2011; 5: 2773-2778.

21.	Garcin F, Bergeaud Y, Joly B. Study of the antimicrobial efficacy of ultraviolet 
rays for the disinfection of radiology cassettes. Pathologie Biologie. 1998; 
46: 325-329.

22.	Landa-Solis C, Gonzalez-Espinosa D, Guzman-Soriano B, Snyder M, Reyes-
Teran G, Torres K, et al. Microcyn (TM): a novel super-oxidized water with 
neutral pH and disinfectant activity. Journal of Hospital Infection. 2005; 61: 
291-299.

23.	Vorobjeva NV, Vorobjeva LI, Khodjaev EY: The bactericidal effects of 
electrolyzed oxidizing water on bacterial strains involved in hospital infections. 
Artificial Organs. 2004; 28: 590-592.

24.	Babb JR, Bradley CR. A review of glutaraldehyde alternatives. Br J Theat 
Nurs. 1995; 5: 20-21.

25.	Xinping Zeng, Tang W, Ye G, Ouyang T, Tian L, Ni Y, et al. Studies on 
Disinfection Mechanism of Electrolyzed Oxidizing Water on E. coli and 
Staphilococcusaureus. J FoodSci. 2010; 75: 253-260.

http://onlinelibrary.wiley.com/doi/10.1002/9780470755884.ch18/summary
http://onlinelibrary.wiley.com/doi/10.1002/9780470755884.ch18/summary
http://onlinelibrary.wiley.com/doi/10.1002/9780470755884.ch18/summary
http://onlinelibrary.wiley.com/doi/10.1002/9780470755884.ch18/summary
http://www.ncbi.nlm.nih.gov/pubmed/12000609
http://www.ncbi.nlm.nih.gov/pubmed/12000609
http://www.ncbi.nlm.nih.gov/pubmed/15183238
http://www.ncbi.nlm.nih.gov/pubmed/15183238
http://www.sciencedirect.com/science/article/pii/S0964830503000441
http://www.sciencedirect.com/science/article/pii/S0964830503000441
http://www.ncbi.nlm.nih.gov/pubmed/15715855
http://www.ncbi.nlm.nih.gov/pubmed/15715855
http://www.ncbi.nlm.nih.gov/pubmed/15715855
http://www.ncbi.nlm.nih.gov/pubmed/15715855
http://www.ncbi.nlm.nih.gov/pubmed/15501338
http://www.ncbi.nlm.nih.gov/pubmed/15501338
http://www.ncbi.nlm.nih.gov/pubmed/15501338
http://www.ncbi.nlm.nih.gov/pubmed/12230102
http://www.ncbi.nlm.nih.gov/pubmed/12230102
http://www.ncbi.nlm.nih.gov/pubmed/12230102
http://www.ncbi.nlm.nih.gov/pubmed/12230102
http://www.ncbi.nlm.nih.gov/pubmed/15057199
http://www.ncbi.nlm.nih.gov/pubmed/15057199
http://www.ncbi.nlm.nih.gov/pubmed/15057199
http://www.ncbi.nlm.nih.gov/pubmed/15175619
http://www.ncbi.nlm.nih.gov/pubmed/15175619
http://www.ncbi.nlm.nih.gov/pubmed/10679130
http://www.ncbi.nlm.nih.gov/pubmed/10679130
http://www.ncbi.nlm.nih.gov/pubmed/10679130
http://www.ncbi.nlm.nih.gov/pubmed/12271349
http://www.ncbi.nlm.nih.gov/pubmed/12271349
http://www.ncbi.nlm.nih.gov/pubmed/12000623
http://www.ncbi.nlm.nih.gov/pubmed/12000623
http://www.ncbi.nlm.nih.gov/pubmed/12000626
http://www.ncbi.nlm.nih.gov/pubmed/12000626
http://www.ncbi.nlm.nih.gov/pubmed/15183238
http://www.ncbi.nlm.nih.gov/pubmed/15183238
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4311484/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4311484/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4311484/
http://cat.inist.fr/?aModele=afficheN&cpsidt=22943505
http://cat.inist.fr/?aModele=afficheN&cpsidt=22943505
http://cat.inist.fr/?aModele=afficheN&cpsidt=22943505
http://www.ncbi.nlm.nih.gov/pubmed/11740873
http://www.ncbi.nlm.nih.gov/pubmed/11740873
http://www.library.nhs.uk/booksandjournals/details.aspx?t=*Microbial+Contamination&stfo=True&sc=bnj.ebs.cinahl,bnj.pub.MED,bnj.ovi.psyh&p=1&sf=srt.unspecified&sfld=fld.title&sr=bnj.ebs&did=2010403346&pc=18&id=23
http://www.library.nhs.uk/booksandjournals/details.aspx?t=*Microbial+Contamination&stfo=True&sc=bnj.ebs.cinahl,bnj.pub.MED,bnj.ovi.psyh&p=1&sf=srt.unspecified&sfld=fld.title&sr=bnj.ebs&did=2010403346&pc=18&id=23
http://www.academicjournals.org/journal/AJMR/article-abstract/6F7671F12853
http://www.academicjournals.org/journal/AJMR/article-abstract/6F7671F12853
http://www.academicjournals.org/journal/AJMR/article-abstract/6F7671F12853
https://www.infona.pl/resource/bwmeta1.element.elsevier-f056466d-f09b-3f2a-96f0-702cd3e320e1/tab/contributors
https://www.infona.pl/resource/bwmeta1.element.elsevier-f056466d-f09b-3f2a-96f0-702cd3e320e1/tab/contributors
https://www.infona.pl/resource/bwmeta1.element.elsevier-f056466d-f09b-3f2a-96f0-702cd3e320e1/tab/contributors
https://www.infona.pl/resource/bwmeta1.element.elsevier-f056466d-f09b-3f2a-96f0-702cd3e320e1/tab/contributors
http://www.ncbi.nlm.nih.gov/pubmed/15153153
http://www.ncbi.nlm.nih.gov/pubmed/15153153
http://www.ncbi.nlm.nih.gov/pubmed/15153153
http://www.ncbi.nlm.nih.gov/pubmed/8695944
http://www.ncbi.nlm.nih.gov/pubmed/8695944
http://www.ncbi.nlm.nih.gov/pubmed/20629881
http://www.ncbi.nlm.nih.gov/pubmed/20629881
http://www.ncbi.nlm.nih.gov/pubmed/20629881

	Title
	Abstract
	Introduction
	Materials and Methods  
	Results
	Discussion
	Competing Interests
	Acknowledgement
	References



