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4. Abstract. 

 

Oral Malodour can be detected when Volatile Sulphur Compounds (VSCs) 
produced by microorganisms in the oral cavity are exhaled. Oxidants are used 
to treat oral malodour by oxidising the VSCs and by disrupting microorganisms 
in oral biofilms. Ozone is a very powerful oxidant which has been used orally in 
gaseous and aqueous forms. Objectives: This double blind crossover 
randomised controlled trial aimed to measure oral odour and VSC's before and 
after rinsing with either ozonated water or a control. Methods:  Before and after 
rinsing, an assessment of the intensity of odour from the mouth of each subject, 
was measured on a visual analogue scale (Organoleptic Odour Scale) of 1-5 by 
an odour judge and a Halimeter® gas analyser (Interscan corp. Chatsworth CA) 
also measured the levels of VSCs obtained via a straw placed into the subjects 
mouth. Measurements were repeated following rinsing with solutions of 
aqueous ozone (AO) produced by a TherOzone© ozone generator 
(TherOzone©, LLC, Santa Monica CA) or a control. Adult dental patients were 
screened to detect oral malodour .A pilot study with five participants used 
increasing amounts of AO. The first rinsed with one 10ml cup increasing by an 
additional cup so that the fifth used five cups. Nine adult volunteers (5 males 4 
females mean(SD) age 59(14)) had samples used in the main study .Rinsing 
reduced the level of malodour in both groups. A clinically significant reduction 
was higher in the experimental group .Fischer’s exact test produced a two sided 
p-value of 0.153 for the primary outcome (organoleptic odour value). The Mann-
Whitney test produced a U value of 17 with a two tailed asymptotic p value of 
0.038 for the secondary outcome (VSC levels). Conclusion: rinsing with AO 
reduces oral malodour but further larger studies are required to fully investigate 
this effect. 
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5. Abbreviations. 

 

 AO      Aqueous Ozone   
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6. Introduction. 

 

 6.1. Introduction.        

 As part of the MSc in Dental Implantology, students have in their final 

year, the option to undertake a piece of original research. This Dissertation 

concerns one such piece of research. The topic was oral malodour and 

specifically the effect on oral malodour of rinsing with aqueous ozone (AO). 

 This was tested in an empirical fashion and, in order to increase the 

scientific validity, a study design modelled upon a Randomised Clinical 

controled Trial (RCT) was followed       

 6.2. Oral Malodour.       

 Oral malodour is defined simply as an unpleasant smell emanating from 

the oral cavity. This definition does not indicate any aetiology and further 

definitions (see the discussion and background sections) subdivide a malodour 

in accordance to its source. In fact the majority of oral malodour is thought to 

originate in the oral cavity (Rosenberg, Septon et al. 1991; Murata, Yamaga et 

al. 2002; Quirynen, Dadamio et al. 2009). The primary cause of oral malodour is 

the biogenic production of Volatile Compounds, particularly Volatile Sulphur 

Compounds (VSCs).These include hydrogen sulphide, di-methyl sulphide and 

mercapten,. These are breakdown products of the action of various 

microorganisms on amino acids, especially the sulphur containing cysteine, 

methionene and cystene. Being, by definition, volatile these compounds are 

capable of being ejected from the oral cavity and carried in the breath especially 

during exhalation, coughing or speaking .The human senses of smell and taste 
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are a sophisticated part of the nervous system that has evolved partly in order 

to detect putrid rotten or spoilt food and to detect early signs of dangerous 

chemicals, such as those produced by fires. The detection of VSCs thus evokes 

a response that is interpreted in higher parts of the Central Nervous System 

(CNS) as distinctly unpleasant .The prevalence of oral malodour has been 

reported as being as high as 50% of the population by some authors (Bosy 

1997) and yet no standardised form of diagnosis or treatment has been 

established . Many, if not most, people suffering from malodour self treat with 

“over the counter “(OTC) preparations, particularly mouthwashes and 

toothpastes. Oral malodour produces a social and psychological effect that, in 

the majority of cases, outweighs any pathological damage. 

Johansson(Johansson, Söderfeldt et al. 2008) indicates how oral problems 

impact on general health and how the effect and severity can , and has been , 

measured. Oral Malodour has a large negative effect on the “oral health related 

quality of life “(OHRQOL) as described by Johansson. In many ways it is a 

taboo subject. Sufferers may feel embarrassed to seek help, associates co-

workers, partners or friends often find it very difficult to talk to sufferers of 

malodour about their problem. Some people are susceptible to “psychological 

halitosis” or “halitophobia “a form of paranoia in which a strong belief is held that 

the sufferer has detectable oral malodour. These people may overuse oral 

hygiene products or perform oral hygiene treatments many times a day in a 

compulsive manner. Despite the high prevalence ,oral healthcare professionals 

are not routinely trained to detect or treat malodour , treatment is ad hoc 

.Professional treatment usually follows the route of oral hygiene instruction 

(OHI), possibly including the use of tongue scrapers , followed by the use of 
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various mouthwashes. Only very few specialised clinics attempt to record the 

level or severity of malodour and the change of that level as a result of any 

treatment .The theoretical rationale for the majority of the existing treatments of 

oral malodour is to alter the microbiological flora in the oral cavity that are , in 

the most part , the source of the problem. These microorganisms predominately 

exist in a complex biofilm than can be found on almost any surface in the oral 

cavity. The thickness and composition of this film varies from large visible 

plaques and clumps of food debris to a thin microscopic layer. The dorsum of 

the tongue , with its rough furrows and papillae is a key area. Operculum 

around partially erupted wisdom teeth and prosthesis also form reservoirs for 

plaque and debris formation. Patients with established periodontal disease may 

have pockets containing bio-film and the composition of the flora in these 

pockets is often more anaerobic in character than healthy periodontal tissues. 

However some studies (Stamou, Kozlovsky et al. 2005) have found no direct 

link between malodour and periodontal disease . 

 6.3. Ozone Background.      

 Ozone is an allotrope of oxygen in which three oxygen atoms form a 

characteristic molecule. It is an unstable molecule which tends to decompose 

rapidly. It was discovered by Schönbein (1799-1868) in 1840, several authors 

reporting this in their introductions. Hänsler (Viebahn-Hansler 2007) devotes a 

chapter in his book “The Use of Ozone in Medicine” to Schönbein , his scientific 

career and discoveries and the work of other early pioneers including, Erwin 

Payr (1871-1946) and E.A. Fisch (1899-1966). Payr was a surgeon who 

developed the use of ozone in medicine being inspired by his treatment by 

Fisch , who used ozone in his dental practice. Ozone is formed naturally in the 
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upper atmosphere by the action of high frequency electromagnetic radiation on 

diatomic oxygen. In this way the much discussed “ozone layer” is formed. This 

layer is key in attenuating the effect of the electromagnetic radiation from the 

sun , specifically absorbing radiation in the ultraviolet range. The biosphere has 

evolved under these conditions of an ozone layer altered spectrum of sunlight, 

when , as in recent years , the ozone layer is depleted , this has serious 

negative effects on biological systems. The ozone layer also plays a major role 

in the thermal dynamics of the atmosphere. Shortly after the discovery of ozone, 

it started to be used in a variety of industrial and chemical processes. The 

powerful electron accepting ability of the ozone molecule allows rapid and 

extensive interaction with other molecules , ions and atoms and this oxidising 

ability is the basis of its usefulness to man. Ozone, especially in the aqueous 

phase , also rapidly reacts with water in a chain of reactions producing other 

oxidants and reactive oxygen species (ROS) , such as the hydroxyl radical , 

super oxides and peroxides. The relative power of oxidants has been measured 

by chemists using the redox potential. This scale sets hydrogen as the standard 

and the redox potential of hydrogen is zero. Electron accepting substances are 

said to be more electronegative than hydrogen and have a positive value. The 

fluorine ion has an extremely high value of just over +3 and is the most 

electronegative element (the units are Volts but by convention are not usually 

stated), gaseous ozone has a value of just over two which compares to a value 

of + 0.94 for hypochlorite and +1.49 for hypochlorous acid. In addition it should 

be noted that in solution ,ozone rapidly undergoes reactions leading to the 

production of other Reactive Oxygen Species (ROS), including the hydroxyl 

radical ( OH - ) which has a redox potential of + 2.8.The instability of the ozone 
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molecule , which rapidly decomposes to “normal” or doublet oxygen (O2) 

combines with the high redox potential to produce an almost ideal oxidant for 

industrial processes , it is strong , with a rapid action but it quickly breaks down 

without leaving residues that are harmful or difficult to remove . This contrasts 

with the chlorine containing oxidants.  

 6.31. Industrial Uses of Ozone.     

 Water purification became one of the first processes that ozone was 

used for on a large scale. It has been used in the early stages of waste water 

treatment , including the removal of pharmaceutical residues (Wang, Loftin et al. 

2002). Wang and his co –researchers found that all traces of several common 

antibiotics were completely removed by ozonation, although the doses used in 

industrial ozonation of waste water exceed those used in my experiment, (being 

typically in the 1.3-2 mg/l for 5-10 minutes range or 1.3-2ppm for 5-10 minutes) 

the inactivation of antibiotics was therefore considered a theoretical risk and 

potential participants taking antibiotic therapy were excluded from the study. 

Another group (Ternes, Stuber et al. 2003) used a mock up of a water treatment 

plant to test the efficiency of ozonation on antibiotics as well as other 

pharmaceuticals and medical products , again ozone proved efficient at 

removed residues of drugs but was unable to completely remove some 

chemicals , particularly iodinated X-ray contrast media (ICM). In addition to to 

the treatment of waste water, sewage and industrial effluent, ozone has become 

increasingly popular in the treatment of swimming pool water. Ozonated 

swimming pools lack the familiar chlorine taste and irritation to the eyes that 

traditional chlorinated pools give. In some ways, this is a model for how ozone 

compares to other antiseptics. /disinfectants in vivo, potentially it is more 
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efficient while being less irritant or cytotoxic. To this should be added the 

important proviso; it must be used at a sufficient concentration, for an adequate 

duration and in a suitable organ or tissue. It was inevitable, that as the demands 

of food hygiene and the food industries need to sell “fresh” and pre-prepared 

food increased, the need for a powerful, non toxic method of preventing food 

from being “spoilt” or rotting also increased. Ozone in both gaseous and 

aqueous forms often is used in this role, its use being backed up by a wealth of 

scientific research detailed in the background section.    

 6.32. Medical Uses of Ozone.     

 Ozone in both its gaseous and aqueous forms has an equivocal role in 

modern healthcare. The paradox of ozone is that its most striking characteristic, 

a very powerful oxidative ability, is both the reason for the effectiveness of the 

beneficial effects it can have and for the damage it can cause. As detailed in the 

background section, the literature has numerous examples of both and this 

paradox is explored well by many including Bocci(Bocci, Borrelli et al. 2009). 

Bocci points out that ozone has a chequered recent past, it has been used by 

some “therapists” in unproven, unsafe treatment modalities and has had some 

unsubstantiated claims made for its ability to “cure “many diseases. Ozone 

therapies have come in and out of “fashion” and prominence since its early 

(successful) use to treat gangrene in soldiers in the First World War. It was easy 

to find websites championing ozone as an “alternative “or “complementary 

therapy and it is the task of methodologically and scientifically sound empirical 

studies to provide valid evidence of sufficient strength to inform proper clinical 

practice. “ Bocci is most definitely a strong advocate for the use of ozone as a 
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medical drug and his review papers include some claims arising from evidence 

which does not fit the strictest criteria for high validity.  

It may be hard for some clinicians who are in possession of the facts 

regarding ozone induced oxidative damage , the role of ozone in pollution and 

some of the more dubious claims that have in the past been made for ozone 

therapy to accept that ozone has a role in medical treatment , however in recent 

years ozone has been the subject of many well run , peer reviewed studies and 

these have shown beneficial effects and useful properties of ozone ,if used in 

the correct way at the correct dose or level and targeted at the correct pathogen 

or tissue . Resistance to new clinical treatments or methods is a normal and 

often desirable trait in Medicine and Dentistry. A fine line exists between 

becoming an overenthusiastic “early adopter” and a “stuck in the mud”. The 

topic of Ozone seems to be particularly susceptible to the generation of what 

Groves (Groves et al.2002) has described as “cognitive illusion”, an over 

simplistic view of a complex issue. More valid evidence is needed to clarify and 

justify the role of Ozone.          

 6.4. Ozone and Oral Malodour.       

 The scientific rationale for the exploration of the effect of ozone on oral 

malodour ,is that the production of the VSCs that are strongly linked to 

malodour , is itself a reflection of the activity of microorganisms , particularly 

bacteria. Ozone , in both gaseous and aqueous forms has been shown to have 

powerful antimicrobial properties and from this might be synthesised a 

hypothesis that ozone might be able to deplete the oral flora that produce the 

VSCs , in addition to oxidising VSCs and other precursor molecules and this, in 

turn should reduce malodour .       
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 6.5. Scope and potential value of the Research.   

  It is hoped that this study  provides some evidence of whether or not 

aqueous ozone may be useful as a practical method of reducing malodour and 

concentrations of VSCs in exhaled breath.. If it can be shown to reduce 

malodour by an antibacterial or antimicrobial action this may justify further 

studies, both on the effect on malodour and on other pathologies such as 

periodontal diseases, caries or peri-implantitis and peri-implant mucocitis.  

 No other in vivo study on the effect of AO on malodour was discovered in 

the literature. In fact only a very small number of in vivo studies using AO have 

been carried out, despite the large number of in vitro studies that mostly lend 

support, having found potentially clinically useful properties of ozone. Quite 

correctly, clinical practice should only be altered when strong, valid evidence of 

significant benefits of a new treatment over an established treatment can be 

shown. It is not envisaged that this small study, by itself, will provide that 

evidence in entirety. This study only investigates the initial or very short-term 

effects of rinsing with AO compared to a control. If the results of this study are 

deemed to be significant then further studies of the persistence of any effect 

and a comparison with established treatments (e.g. mouthwashes) could be 

justified. The area of oral malodour has had a number of studies but clinical 

practice is still for the most part unorganised and not significantly evidence 

based , therefore more evidence , especially RCTs is needed . The in vivo use 

of AO in the dental field is in its infancy and an RCT that has found no adverse 

reaction or side-effects in the participants provides useful information to future 

researchers and to the ethical committees that consider approval of further 

studies. 
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7. Background. 

7.1 Introduction.  

 In reviewing the literature it was first attempted to define the borders of 

the terms of interest and the research question and objectives. The review 

focussed mainly, but not exclusively, on the terms “ozone”, “mouth rinse “ and 

“malodour “ and their most common synonyms and closely related terms. 

Ozone Mouth Rinse  Malodour 

Tri-oxygen Mouthwash Halitosis 

ActivatedOxygen Oral rinse  Fetor oris/fetor ex oris 

 Dental rinse  Foetor oris/foetor ex    oris  

 Pre-brush rinse  Ozostomia  

 Anti bacterial mouth rinse  Stomatodysodia 

 Anti-gingivitis rinse   

 Gargle   

  Table 1: A list of search terms and synonyms. 

Some of these terms are actually further sub divided in the literature, for 

example Touyz , in his review , divides halitosis into physiological , pathological 

and psychological.(Touyz and Dent 1993) Psychological halitosis has also been 

described as pseudo-halitosis or halitophobia in some classifications (Murata, 

Yamaga et al. 2002), the Authors of this paper also distinguishing between the 
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pre-treatment condition (pseudo-halitosis) and one that persists following 

treatment and/or counselling which they describe as halitophobia.  
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Term Definition 

Oral Malodour A foul smell emanating from the mouth. 

Ozostomia. (from the Greek ozo = smell 

and stoma=mouth) 

A foul smell detected in the mouth but 

originating in upper respiratory tract. 

(e.g. Rhinitis ,sinusitis,) 

Stomatodysodia. (from the Greek 

stoma=mouth and disodia= bad smell) 

A foul smell detected in the mouth but 

originating in lower respiratory tract. 

(e.g. Bronchitis ) 

Halitosis (from the 

Latin halitus= 

breath &osis = 

condition.) 

Physiological A foul smell detected in the mouth 

caused by temporary metabolic 

conditions. (e.g. from the breakdown of 

odoriferous foods)  

Pathological A foul smell detected in the mouth 

caused by pathological metabolic 

conditions. (e.g. diabetic ketosis) 

Psychological A perceived (by the sufferer) foul smell, 

when none exists. (considered a form 

of monosyptomatic hypochondria) 

Foetor oris/foetor ex oris(from the Latin 

foetor=bad smell & oris =mouth) 

A foul smell detected in the mouth 

arising from intra-oral sources. 

Table 2: Definition of Malodour and related Terms (from Touyz 1993). 
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 It would seem that the terms mouthwash and mouth rinse are used 

interchangeably and synonymously both in the scientific literature and by 

manufacturers of OHPs. Some OHP manufacturers make a distinction between 

a product used before (mouth rinse) or after brushing, (mouthwash) but this is 

by no means universal. A liquid that is introduced into the oral cavity, swilled, 

swished or gargled for a short period and then spat out seems to reasonably 

define all the terms in table 1.        

 The only common synonym for ozone currently used is Tri-oxygen. When 

the word Ozone is used by itself it is normally referring to GO. Literature that 

refers to ozone dissolved in water has used the terms Aqueous Ozone which 

can be abbreviated as AO or sometimes as O3Aq. In recent papers the use of 

AO for aqueous ozone has become more common and shall be used 

throughout this dissertation. 

7.2. Ozone Background. 

Other than as background, the role of ozone in the upper atmosphere 

(stratosphere) is outside the scope of this dissertation and this subject 

accounted for nearly half of the papers found on Ozone. Another area in which 

many articles were found was that of the role of ozone in the lower atmosphere 

(troposphere). A further large proportion of these papers were connected to the 

study of the role of ozone in smog production, pollution generally and weather 

systems. The medical effects of tropospheric GO were the subject of much of 

the research found. Increased levels of ozone at ground level have been 

correlated with an increase in respiratory disorders often interacting with other 

particulate pollutants(Bosson, Pourazar et al. 2007) and many studies have 
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shown patho-physiological effects of GO on pulmonary and respiratory tissues 

(Fakhri, Ilic et al. 2009; Vagaggini, Bartoli et al. 2010). Because of these well 

documented effects the exposure of humans to GO is considered undesirable 

and limits for acute and chronic exposure exist in many countries. Examples of 

these limits and regulations are tabulated in table 3. An attempt to clarify some 

of the units used to measure ozone concentration is set out in Appendix (v).  
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Regulatory Agency  

(Geographical Area). 

Short Term Exposure Limit  Long Term Exposure  

Health and Safety 

Executive (UK) 

Occupational Exposure 

Limit (OEL) 15minutes 

0.2ppm 0.4mg/m3 

Occupational Exposure 

Limit (OEL) 8hours 

0.1ppm 

Occupational Safety and 

Health Administration 

(USA) 

 Workplace Exposure Limit 

(WEL) 8hrs 

0.1ppm 

Food and Drugs 

Administration (USA) 

Indoor output of a medical device not to exceed 0.05ppm 

National Institute of 

Occupational Safety and 

Health(USA) 

Not to exceed 0.1ppm at any time. 

World Health Organisation 

(Worldwide) 

 Limit in Ambient air (8hr) 

120µg/m3  

   Table 3: Ozone Exposure Limits. 
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Ozone has many uses in industry. The industrial use of ozone began only a 

decade or so after its discovery and gradually became commonplace and large 

scale. Siemens opened a water purification plant using ozone in Wiesbaden in 

1901. Ozone is an extremely powerful oxidant in itself and is also known to 

enhance the oxidising potential of other agents such as hydrogen peroxide. In 

solution it is capable of producing a variety of reactive oxygen species (ROS). It 

use in drinking water purification and in the treatment of waste water is based 

on its ability to inactivate and kill bacteria, viruses and fungi and to breakdown 

organic compounds, especially pharmacological residues. Yun (Yun, Lim et al. 

1997) experimented on the effect of AO on algae in drinking water and found a 

sixty minute period at a concentration of 1ppm was sufficient to remove all 

traces of the strain of algae under investigation .Wang and his team found that 

ozonation was an efficient way to remove antibiotic residues from waste water . 

(Wang, Loftin et al. 2002) (Wang, Feng et al. 2004). This research provides 

ozone with some credentials that give a scientific rationale for a role in 

healthcare, i.e. a strong antimicrobial effect allied to non-toxicity if used 

appropriately. Ozone is widely used in the food industry and has achieved 

approval from regulatory authorities, such as the American Food and Drugs 

Administration (FDA) whose approval for the use of ozone in food preparation in 

2001 followed a public declaration made by an expert panel that ozone is 

Generally Recognized As Safe (GRAS) for contact with foods which was made 

in 1997. Selma and his co-workers, (Selma, Ibáñez et al. 2008) found that GO 

was effective at reducing bacterial contamination of freshly cut melon 

(cantaloupe) at doses between 5,000 and 20,000 parts per million (PPM) but at 
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lower doses bacteria had limited viability in what Selma described as “organic 

matrices” . These we can compare to oral bio-film, in that bacteria in an 

organised bio-film have been consistently shown to be more resistant to 

oxidants than free floating “planktonic “bacteria.  

Ozone has been adopted by many “alternative “ or “complementary “ 

therapists and many websites exist with claims that could either be described as 

optimistic or biased, one example being oxygenmedicine .com (Other 2011) In 

this website untested opinion is presented as if it were valid empirical evidence. 

Ben Goldacre (Goldacre 2011) is a prominent “crusader” against this “bad 

science” but points out the sad fact that a very large proportion of the population 

are inclined to invert the hierarchy of evidence and believe “experts” , even 

when these experts are self appointed , unqualified and liable to exaggerate or 

mislead to promote their opinions. Against this background it is not surprising 

that some scepticism about the medically beneficial properties of ozone exists. 

Bocci (Bocci 2004; Bocci, Borrelli et al. 2009),and Valacchi (Valacchi, Fortino et 

al. 2005) have produced review papers that explore the history of ozone therapy 

alongside a more up to date analysis of recent empirical evidence. Critical 

analysis of this evidence seems to support Valacchi`s conclusion; 

“ O3 can either be toxic or safe ....depending on its dosage , length of 

exposure and the antioxidant capacity of the tissue exposed” 

7.21. Ozone in Dentistry. 

Following a background look at the chemistry, history, industrial and non-dental 

use of ozone, attention was focussed on the literature that explored the use of 
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ozone in dentistry. some evidence was found to justify the research question 

scientifically along with frequent comments along the lines of Rickard (Rickard, 

Richardson et al. 2004) that there is;      

 “ a fundamental need for more evidence of appropriate rigour and  

  quality”        

 . The National Institute for Health and Clinical Excellence study in 2005 

(NICE 2005) reviewed some of the available evidence and concluded that they 

could not recommend the use of a GO generator (HealOzone© KaVo dental ltd 

Bucks) in the treatment of caries, although it is interesting that the appraisal 

committee,          

  “accepted the evidence presented in the submission that ozone  

  eliminated most microorganisms.”     

 Some experts in the field have stated that the conclusions of  the NICE 

assessment were unfairly broad and the committee should have focused more 

on the use of GO as an adjunctive therapy rather than a replacement for the 

traditional methods of treating caries (Lynch and Swift 2008). In 2007 

Azarpazhooh carried out a systematic review of the application of ozone in 

dentistry (Azarpazhooh and Limeback 2008), this review excluded non RCT 

studies. A total of 45 articles were initially discovered by the search strategy and 

a further 8 added by subsequent hand searching through cited papers. The 

Authors then divided the studies into in vivo and in vitro designs. The authors 

state early in the paper that their review was designed to answer the focused 

question “how effective is ozone gas in prevention of dental caries” so I 

consider their review title to be a little misleading ,though overall the review 

provided a very good précis of the situation at the end of 2007. The conclusions 
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were that good evidence existed for ; ozone biocompatibility and the use of 

ozone prophylactically prior to placement of sealants ; conflicting evidence of 

the antimicrobial effect of ozone and its application in endodontics and 

insufficient evidence for the application of ozone in oral surgery and 

Implantology. More recently the use of ozone as a potential treatment for peri-

implant mucositis , an important condition whose prevalence has increased 

rapidly in recent years , has been proposed by some , including Dr Dan 

McKenna who carried out an empirical study as part of his MPhil thesis 

(Mckenna 2009). This study showed a statistically significant reduction in 

plaque, bleeding and gingival indices around induced sites of peri-implant 

mucositis treated with a GO/H202 mixture compared to a control of O2/saline  in 

vivo.  

7.22. Antimicrobial Activity of Ozone. 

 The issue of antimicrobial activity is key, as it, along with the ability to 

oxidise VSCs and other biogenic chemicals, provides the scientific rationale for 

the mode of action that this experiment investigates. The majority of studies 

were in vitro. Estrela (Estrela, Estrela et al. 2006; Estrela, Estrela et al. 2007) 

found that both AO and GO were unable to inactivate Enterococcus faecalis in 

an in vitro experimental model of human root canals. Hems (Hems, Gulabivala 

et al. 2005) conducted a experimental trial of the effect of aqueous ozone on 

planktonic Enterococcus faecalis (chosen as it is a common endodontic 

pathogen) and on the effect of GO on a biofilm model , where the bacteria were 

allowed to grow on a cellulose nitrate filter for forty eight hours. They found the 

AO had an antibacterial effect on the free floating bacteria but that gaseous 
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ozone had no effect on the “biofilm”. In this experiment sodium hypochlorite 

(NaOCl ) was used as the control at a 0.05% concentration and had a strong 

antibacterial effect. Polydorou and her group (Polydorou, Halili et al.) looked at 

the persistence of any effect of gaseous ozone on common cariogenic bacteria. 

They were surprised to find a measurable effect four and eight weeks after a 

sixty second application of 2100ppm GO to the tooth cavity model inoculated 

with Strepococcus mutans , the cavity with Lactobacillus casei showed no 

difference in colony forming units (CFU) compared to the control. From this they 

concluded that GO would not, by itself, be effective at reducing caries causing 

bacteria. This study demonstrated the differing inter-species susceptibility of 

bacteria to ozone. The authors showed a refreshingly honest appraisal of the 

limitations of the in vitro tooth cavity model they employed, which was stored in 

constantly in sucrose solution, not an accurate model of the in vivo situation 

(hopefully!). The authors could only speculate as to the mechanism of the long 

term antibacterial or bateriostatic effect. Müller et al (Müller, Guggenheim et al. 

2007) conducted an in vitro study on the efficacy of GO on a multispecies 

biofilm model. In this experiment 5% NaOCl was used as the control. The 

authors found that they “failed to demonstrate any effective reduction of 

microbiota in a multispecies biofilm....after one single application of 60 s (of 

2100ppm GO)”. These results showing no or limited antibacterial effect were 

contradicted in several other studies. Sharma and Hudson (Sharma and 

Hudson 2008), studied GO as an antibacterial agent for potential use in 

institutional settings as a general surface disinfectant. Amongst the fifteen 

species they tested were methicillin resistant staphylococcus aureus (MRSA) 

and clostridium difficile (C.Diff) both of which are important vectors of 
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nosocomial infections. The evaluation was carried out using a test chamber into 

which was placed an ozone generator and the bacterial samples at an 

approximate concentration of 6x108 cfu/ml. The concentration of ozone used 

was 25ppm for duration of 20 minutes. After this time the researchers found a 

greater than 3log10 reduction in CFUs, which lead them to conclude that ozone 

was a potentially important tool in the fight against hospital acquired infections. 

Another empirical study (Coulter, Fulton et al. 2008) investigated the activity of 

AO against MRSA and C.Diff that had been impregnated onto cotton gauze 

,they also found bacterial viability greatly reduced following the application of 

30ppm AO for five minutes. Looking at biofilms Nagayoshi (Nagayoshi, 

Fukuizumi et al. 2004) found AO to be as effective at 4mg/l as 3.3mg/ml of 

povidone iodine ,an established antibacterial agent, in another in vitro study. 

They concluded that not only did AO have a bactericidal effect but it seemed to 

inhibit plaque formation. This effect was investigated further by Knight et al 

(Knight, McIntyre et al. 2008) who looked at the effect of pretreating non carious 

dentine with GO at 2100ppm for 40 seconds. This in vitro study used optical 

density measurements and scanning electron microscopy to estimate bacterial 

viability. Biofilm was found on the control samples (sections of extracted human 

teeth) but not on the samples pretreated with ozone. The authors discount a 

direct effect either on the bacterial membranes or on the ability of the bacteria to 

secrete biofilm matrix (muco polysaccharides and glycans ) but rather postulate 

that the inhibitory effect of ozone on plaque formation is due to an effect on the 

dentine surface, decreasing “wettability” This is an example of the ubiquity of 

the ozone effect . Ozone does not “target” bacterial membranes or 

microorganisms per se but rather oxidises or reacts with any available substrate 
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, including culture medium , proteins in saliva , natural antioxidants and 

substances produced by microorganisms, for example the pyruvic and other 

organic acids excreted by cariogenic bacteria.This property was explored by 

Shenburg and fellow researchers from Queen`s University Belfast (Shenburg 

2007) who employed high resolution proton (1H) nuclear magnetic resonance 

(NMR) to determine the detailed chemical effects of AO on bio-molecules 

normally present in human saliva. This in vitro study indicated that AO 

powerfully decarboxylated salivary pyruvate, a property previously investigated 

by Silwood (Silwood, Lynch et al. 1999) and Martin Grootveld (Grootveld, 

Silwood et al. 2006). These papers seem to indicate a clear clinical pathway 

that the authors feel should lead to practical therapies for ozone in dentistry. As 

regards oral malodour, the Shenburg group( op cit.) also found evidence of the 

effect of AO on salivary amino acids and concluded: 

“Consumption of salivary methionine and cysteine by O3 is of great importance 

to oral hygiene, halitiosis and periodontology since both methyl mercaptan and 

hydrogen sulphide are generated from these amino acids via metabolic 

pathways operational in gram-negative micro-organisms. Hence our data 

indicate that Ozonated water has the capacity to alleviate oral malodour via the 

direct oxidative inactivation of VSCs and their amino acid precursors.”  

Johansson (Johansson, Claesson et al. 2009) also conducted an in vitro study 

on the effect of GO on several cariogenic bacterial species , in which the 

bacterial killing effect was reduced by the addition of human saliva. Altered 

salivary proteins were detected, leading to the reasonable conclusion that the 

ozone reacted with the “target” molecules within the saliva. As the bacterial 
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killing was delayed not arrested completely the Authors further assert that these 

“target molecules” were quickly saturated. Another good point made by this 

group is the importance of valid experimental design in in vitro bacteriological 

studies. The standard way of expressing bacterial killing is by expressing log 

reduction . A 3 log reduction is equivalent to 99.9% of CFUs being eradicated. 

Johansson points out that this figure is more easily achieved if the initial 

numbers of CFU are low. In their experiment CFUs were in the order of 1.0 x 

108/ml. 

 Huth and her team from Munich have looked at the effect of AO and GO 

on endodotopathogenic microorganisms (Huth, Quirling et al. 2009), and more 

recently on periodontal pathogens(Huth, Quirling et al. 2011). In the earlier 

paper a multi-species root canal biofilm model was used in vitro . The dose of 

AO used in this paper ranged from 1.25 to 20 µg/ml. At 20µg/ml bacterial killing 

was complete after a contact time of one minute. Huth concludes: 

“Aqueous ozone was dose, strain and time dependently effective vs the 

tested microorganisms in the suspension and the biofilm test model” 

The more recent paper compared the bacterial killing ability of AO and GO with 

the established antiseptic chlorhexidine digluconate (CHX).Again an 

interspecies variation in susceptibility was discovered. AO was more effective at 

reducing colony forming units (CFUs) than CHX in three out of the four bacterial 

species in planktonic culture but the results seem to show less penetration of 

the AO into the test biofilm than CHX with reduced effect of CFU counts in two 

of the test species. The researchers used what they considered a clinically 

relevant exposure time of one minute. This could be considered to be quite 
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short if the clinical procedure simulated in this in vitro study was ultrasonic 

cleaning using AO as the irrigant . In fact in the recent in vivo study by Kshitish 

and Laxman(Kshitish and Laxman 2010) which did use ultrasonic cleaning with 

an AO irrigant, the procedures took between five and ten minutes . When faced 

with conflicting evidence, a critical analysis of the research is required. The 

methodology and methods of many of the in vitro bacteriological studies was 

extremely complex and perhaps only a trained worker in the field could detect 

faulty study design liable to produce invalid evidence. The issue that could be 

analysed, albeit with a little difficulty, was the concentration of ozone used. It 

has been pointed out by Lynch (Lynch and Swift Jr 2008) that : 

“To be effective, ozone must be prescribed in sufficient concentration for an 

adequate time”   

In the case of the study by Hems on enterococcous faecalis (op.cit.) it seems 

that the effective concentration of ozone was only 0.68ppm (being compared 

with 3% NaOCl ). This concentration is much lower than in the studies that have 

shown significant antimicrobial activity. The paper by Estrela et al. (op.cit.) also 

showed very limited antimicrobial activity by AO but at the same time their 

results also showed the same outcome for CHX and NaOcl , both proven , 

clinically utilised , antimicrobials. The implication is that the in vitro root canal 

model failed in somehow to accurately replicate the complex conditions in an 

infected root canal.  
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 7.23. Immune system modulation and Biocompatibility of Ozone. 

 It was important for the approval of an in vivo study like this one that 

adequate evidence could be found to support the safety of the proposed 

intervention as well as efficacy. Huth looked at the biocompatibility of AO 

compared to other commonly used antimicrobials (Huth, Jakob et al. 2006) the 

tested substances were: chlorhexidine digluconate (CHX) at a concentration of 

0.2 to 2 % , sodium hypochlorite (NaOCL) 2.25-5.25%, hydrogen peroxide ( 

H2O2) at 3%, gaseous ozone at 02-53 x 106 µg/m3 and aqueous ozone at a 

concentration range of 1.25-20 µg/ml. In vitro cultures of human oral epithelial 

cells and human gingival fibroblasts were exposed to these agents for one 

minute. Following this cell viability and metabolic activity were accessed using 

several independent measures and the results statistically analysed using 

appropriate tests. AO was accessed as having no actual or statistically 

significant cytotoxicity to either cell type. CHX had cytotoxic effects on the 

epithelial cells and the GO,NaOCL and H2O2 groups showed cytotoxic effects to 

both cell lines. Dr Huth concluded that AO , “ showed less cytotoxicity than 

gaseous ozone or established antimicrobials .....” and “.....fulfils optimal cell 

biological characteristics in terms of biocompatibility for oral application”. 

Nagayoshi and the group from the Kyushu Dental College investigated the 

antimicrobial effect of ozonated water on bacteria invading bovine dentinal 

tubules and in the same study looked at cytotoxicity of AO and NaOCl on 

mouse fibroblasts in vitro(Nagayoshi, Kitamura et al. 2004). .The effect of AO at 

a concentration of 4mg/l on the tested bacteria ( E.faecalis and S.mutans) was 

found by this group to be comparable to 2.5% NaOCL , furthermore the 
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cytotoxicity of AO was markedly less. Further investigations have indicated that 

not only is AO non toxic ( at the concentration required to show antimicrobial 

activity) , but it may modulate beneficial cellular responses. The group from the 

University of Munich studied the effect of aqueous ozone on the NF-κB system , 

part of the cellular level inflammatory response (Huth, Saugel et al. 2007). 

Again an in vitro study on human oral epithelial cells and human gingival 

fibroblasts was carried out and a dose dependant inhibitory effect on the NF-κB 

system was elucidated. Huth postulated that this anti- inflammatory effect was 

caused indirectly by the action of ozonated amino acid residues on intracellular 

signalling mechanisms and concluded that their now exists:   

 “...an experimental basis for a comprehensive clinical study on the use of 

aqueous ozone in the oral cavity”.     

 Noguchi(Noguchi, Kitamura et al. 2009) carried out an experimental in 

vitro study on a rat odontoblast like cell line and the responses of those cells to 

bacterial lipopolysaccharides ( LPS) either in an unaltered state (control) or 

following pretreatment with differing volumes of 2mg/l AO. The outcomes 

measured included expression of pro-inflammatory agents: cyclo-oxyganase 2 

(COX-2), interleukin 6 (IL 6) and tumour necrosis factor α (TNF-α). This was 

determined using reverse-transcriptase polymerase chain reaction (RT-PCR) 

.The details of these and other techniques used were clearly explained in the 

methods section but without specialist knowledge, proper critical analysis was 

difficult. The statistical analysis section of this paper was very brief, stating the 

method used to analyse data was the protected Fischer least-significant 

difference test. This test should only be used once analysis of variance 

(ANOVA) has already found a probability value (P) which indicates significant 
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differences between the tested groups. For bio-medical studies P is normally 

0.05. Without details it cannot be assumed that this was the case and further 

details were unobtainable. The physiological mechanisms underlying the effect 

of AO on human cells and tissues was brilliantly and thought provokingly 

explained in the online lecture series edited by Professor Davis (Davis and 

Kelvin 2007). His view on the duality of the effects of “oxidative stress” echoes 

those of Bocci and Valacchi (op.cit.) and provide a rational model for the 

findings of many of the previously described empirical studies. Davis described 

a dose dependant response to “oxidative stress”, low levels of which seem to 

increase cellular metabolism and growth, as the levels of oxidative stress 

increase metabolism is temporarily slowed, before, as the levels increase , the 

growth arrest becomes permanent , finally high levels lead to cellular apotosis 

and eventually necrosis group from South Africa (Mokoena, Brink et al.) 

conducted a review of the biomedical effects of ozone as well as describing an 

ozone inhalation animal experiment . They describe how ozone mediated 

adaption to oxidative stress involves anti-apoptotoic gene upregulation and 

postulate that the medically useful properties of ozone are linked to this 

.Wentworth and his team found evidence that ozone was actually used in a 

physiological process as part of the immune systems antibacterial defences 

(Wentworth, McDunn et al. 2002). In this in vitro paper Wentworth proposes that 

Antibodies have a previously unknown function to generate ROS including 

hydrogen peroxide (H2O2 ) and ozone to destroy antigenic targets independently 

. Wentworth goes on to contradict Huth (op.cit.) asserting that ozone can 

function as a signalling molecule to amplify the inflammatory response via the 

NF-κB system.   
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7.24. In Vivo Aqueous Ozone Studies.     

 Although a number of in vivo studies have been carried out regarding the 

use of GO in clinical dental applications , particularly in the treatment of caries 

(Abu-Naba'a, Al Shorman et al. 2003; Holmes 2003; Baysan and Lynch 2007) 

regarding AO only a small number of recent in vivo studies have been carried 

out. Huth (op.cit) cites a German study in 1991 by Brauner(Brauner 1991) this 

two page article was only published in German .In 2005 an Egyptian 

group(Ramzy, Gomaa et al. 2005) used AO as a subgingival irrigant. The in 

vivo outcomes that were measured and compared were: plaque index (PI), 

gingival index (GI) and periodontal pocket depth(PPD) , measured at six points 

around each tooth.. Additionally plaque samples from participants were taken 

and subjected to microbiological assessment .The population under study were 

adolescents and young adults diagnosed as suffering from “aggressive 

periodontal disease”. The study design called for different interventions in each 

quadrant , this “multi-split mouth” design is open to criticism as it cannot be 

certain that the interventions have effects strictly confined to the quadrant under 

study .It was not specified how the AO was generated but the dose was quoted 

as 2000-3000µg per treatment repeated once a week for four weeks. No 

mention is given to any blinding of assessors. The results show significant 

reduction in PI and GI for all groups , maximally for the quadrant undergoing 

scaling with AO but the scaling alone quadrant showed more reduction than the 

quadrant that received AO alone. The author`s conclusion that they recommend 

a combination of AO , oral hygiene instruction and scaling for the treatment of 

aggressive periodontal disease cannot be supported from this single small 

study. The paper published in the Indian Journal of Dental Research by Kshitish 



39 
 

 

and Laxman (Kshitish and Laxman 2010) used AO as a periodontal irrigant in a 

randomised double blinded clinical trial using CHX sample size was small 

(N=16).The outcomes measured were very similar to the Ramzy paper with PI, 

GI along with gingival bleeding index ( GBI) and a microbiological investigation 

of samples The flora studied included recognised periodontal pathogens : 

Aggregatibacter actinomycetemcomitans ,Porpphyromonas gingivalis and 

Tannerella forsythensis; viral strains observed included Herpes simplex (HSV-1 

and HSV-2) , Human Cytomegalo-virus ( HCMV) and the Epstein Baar virus 

(EBV) and the fungal strain Candida Albicans. The AO was generated by a 

“Kent ozone Dental Jet TY-820”(Kent Dental Care Products, Noida, Uttar 

Pradesh, India) a device with an output of AO stated at 0.082mg/hr, the flow 

rate was said to be around 450ml. This figure was not quantified but was 

assumed to be a flow rate per minute. The results state a larger improvement in 

the measured indices for the AO group than the CHX group but not all the 

results reach the stated level of significance that the authors set (P<0.05 = 

significance). No mention of statistical methods appeared in the text but the 

tables were clearly annotated and indicated the appropriate methods seemed to 

be used, viz paired and unpaired t-tests. The authors` conclusions and 

appraisal of the limitations of the study seem reasonable ; “ ...local ozone 

application can serve as a potential agent to treat periodontal disease” and “ 

Further long term studies are required to adequately assess the efficacy of 

ozone in vivo and to evaluate the frequency and duration of the application of 

ozone”.          

 Dhingra and Vandana(Dhingra and Vandana 2011) conducted a recent 

in vivo pilot study in which a small number (N=15) of orthodontic patients 
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received a single subgingival irrigation of AO at a concentration of 0.01mg/l. 

The primary outcomes were again the measurement of the common indices 

GI,PI and GBI and in, in addition , probing pocket depth. This study also 

measured a “biomarker” , lactate dehydrogenase (LDH) levels in gingival 

crevicular fluid (GCF).LDH is a human intracellular enzyme.Its presence in GCF 

indicates inflammatory tissue destruction and has been empirically correlated 

with gingivitis and periodontitis. The investigators used the same AO generator 

as the previous paper,“Kent ozone Dental Jet TY-820”(Kent Dental Care 

Products, Noida, Uttar Pradesh, India ) and participants received a 15 second 

irrigation per tooth with the total treatment time recorded as taking between 5 to 

10 minutes. The results showed a significant reduction in all indices, the effect 

of which was sustained over the study period of 28 days. At the end of the study 

the LDH activity was reduced by 82% compared to the baseline and the LDH 

reduction correlated well with the other indices. The authors postulate that this 

long-term effect of a single application of AO must rely on a mechanism other 

than simple bacterial killing and postulate that an alteration in plaque biofilm 

properties (as investigated by Knight op.cit. ) and /or an antinflammatory effect 

(as proposed by Huth and others op.cit.) may be responsible. The validity of this 

evidence is hampered by a lack of a control group but a conclusion that further 

studies of an RCT design are needed, is fair. None of these in vivo studies 

reported any adverse reactions or side –effects.  

7.3. Oral Malodour.       

 In comparison with the results for ozone , the literature review for 

malodour and mouthwashes produced more focused , less equivocal results. 

An awareness of the problem of bad breath seems to have existed since 
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ancient times ,Bosy (Bosy 1997) quoted Spouge (Spouge 1964)recounting a 

remedy for bad breathe suggested by Hippocrates of ; “ unadulterated wine, 

anise , dill seed and myrtle”.        

 7.31. Measurement of Malodour.     

 More recently classification and standardisation of diagnosis has been 

attempted. A common test for malodour is the “organoleptic odour score”(OOS), 

this is a qualitative assessment of exhaled breath made by a human “odour 

judge” who assigns a ranking value of the strength of the odour on a scale. This 

scale is adapted from one proposed for use in the mining industry by Allison 

and Katz (Allison and Katz 1919). In their classification of what they called 

“stenches “ the following scale was used ;     

  

1 Detectable  

2 Faint  

3 Quite noticeable  

4 Strong 

5 Very Strong. 

  Table 4: Original “Odour Scale” as proposed by Allison and Katz. 

With the addition of 0 as “undetectable “, this becomes the six point scale in use 

today .This scale has also been referred to as the Rosenburg Scale in some 

publications and should be distinguished from scales which attempt to measure 

the quality of an odour , hedonic scales, these are not as widely used in 

research. Although some consider gas chromatography as the “gold standard” , 
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(Murata, Yamaga et al. 2002)its expense and complication lead the majority in 

this field to consider the organoleptic odour score as the gold standard. In most 

recent studies levels of VSCs have also been recorded using a portable 

sulphide monitor and good correlation between these two measurements has 

been demonstrated in several papers, notably by Mel Rosenburg (Rosenberg, 

Kulkarni et al. 1991; Rosenberg, Septon et al. 1991). Rosenburg has advocated 

increasing the sensitivity of the OOS by allowing fractional scores (ie 1.5, 3.5 

etc), in effect creating a 12 point scale. Problems exist with both the OOS and 

sulphide monitors, and this has been well explored in the literature. Malodour is 

a bad smell detected, so the OOS is highly specific, but reproducibility, 

consistency and inter-operator calibration is difficult to achieve.  

 7.32. Chemical & Physiological Basis of Malodour.   

  Greenman (Greenman, EL-Maaytah et al. 2005)and a large group of 

eminent fellow researchers published a thorough review in the Journal of the 

American Dental Association analysing the relationship between the OOS and 

the chemical composition and concentration of the odorant molecules thought to 

be responsible for malodour. The methods section does not clarify the type of 

study this is , implying that it is empirical but relying on the results and data from 

previous studies . Nevertheless, as a scientific explanation of the olfactory 

process it provided insightful reading. The authors published a table 

representing the current organoleptic scale alongside the assumed 

physiological process involving olfactory receptors.    
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Score Description  Assumption in organoleptic 

Model 

0 No odour detectable  Below threshold 

concentration  

1 Barely noticeable Odour Increasing occupancy of 

receptor binding sites by 

odorant molecules  
2 Slight odour  

3 Moderate odour  

4 Strong odour  

5 Extremely strong odour  Close to saturation (full 

occupancy of binding sites 

) 

   Table 5: The “Organoleptic” Odour Scale. 

This paper and others have tried to establish a clear relationship between the 

concentration of the various species of VSCs and the OOS, in this way standard 

chemical “kits “ can be manufactured to calibrate odour judges . Saad 

investigated the use of n-butanol as a standard odorant (Saad, Greenman et al. 

2005). Saad and colleagues used one previously trained judge who was 

presented with universal bottles with varying concentrations of n-butanol from 0 

-90,000 ppm over a period of twelve weeks. The odour judge was blinded to the 

concentrations used. A plot of the log gas concentration against the OOS 

revealed a linear relationship when analysed by linear regression, confidence 
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interval of slope and data scatter. However the gas was found to be irritant and 

important data on gas concentrations used for calibration were found to be 

given different values in publications used in the United States and Europe. 

Another paper from the University of the West of England group ,(Greenman, 

EL-Maaytah et al. 2005) again found a logarithmic relationship between gas 

concentration and perceived odour intensity . They further explored the different 

threshold concentrations and the odour power of many of the VSC compounds 

that are important in my research. Calibration and standardisation of odour 

judges remains a difficult issue, with inter cultural and ethnic variations in sense 

perception amongst the problems. A Japanese group proposed a “stick-type” 

odour presentation kit for smell identification and proposed that different kits 

needed to be developed for different populations as their results showed that 

standard odours in Japanese kits were not recognised by westerners and vice 

versa (Saito, Ayabe-Kanamura et al. 2006). Murata provided a succinct 

summation of the issue (op.cit.) when he described the OOS as; “practical …” 

but “..a non-objective sensory test”.       

 7.33. The Halimeter® and Malodour.     

 A portable sulphide monitor, such as the “Halimeter® ®” used in this 

experiment (Interscan corp , Chatsworth, California , USA), is capable of 

accurately measuring gas concentrations but it can also detect non odorous 

volatile chemicals such as ethanol , methanol and acetone leading to a potential 

for false positive results. Additionally the Halimeter® demonstrates differing 

sensitivity to the main VSC species, being very sensitive to hydrogen sulphide 

and less so to dimethyl disulphide and methyl mercaptan. By means of a 

experimental study in which seven blinded odour judges were presented with 
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differing concentrations of seven volatile chemicals thought to be the major 

components of malodorous breath , Greenman (Greenman, Duffield et al. 2004) 

was able to tabulate the gas phase concentration at which each chemical was 

detected , which was correlated to an OOS score of zero , saturation level was 

deemed to be equivalent to an OOS score of five. I reproduce some of the 

results below;          

Chemical Compound Gas Phase Concentration 

at Threshold mol/dm3 

(OOS score= 0 ) 

Gas Phase Concentration 

at Saturation mol/dm3 

(OOS score= 5 ) 

Butyrate 2.3 x10-10 2.2 x10-5 

Isovalerate 1.8x 10-11 2.1x10-3 

Skatole 7.2x10-13 4.2x10-8 

Trimethylamine 6.9x10-13 5.8x10-3 

Dimethyl Disulphide  5.9x10-8 1.1x10-3 

Putrescine 9.1x10-10 1.3x10-2 

Hydrogen Sulphide 6.4x10-10 4.7x10-7 

Mercaptan 1.0x10-11 1.9x10-7 

Table 6: Gas Concentrations at Threshold & Saturation (adapted from 

Greenman et al 2004).        

 The wide variation in concentration at threshold and saturation level lead 

the researchers to conclude that it was likely that changes in levels of “high 

odour power” molecules , particularly Hydrogen Sulphide ,that were more 
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important in variation of OOS scores. Leading on from this ,Greenman 

concluded that this justified the” role of sulphide monitors in breath odor 

research.” I think a caveat could have been added regarding the problems of 

specificity of this test. Although this study used several trained judges, who 

were blinded to the chemical tested and its concentration, I don’t think true 

blinding was possible as not all the chemicals were presented to the testers in 

the same form. I was also unable to understand why the “threshold “level was 

correlated to an OOS score of 0 (no odour ) as opposed to 1 ( barely noticeable 

odour ). The relationship between organoleptic scores and sulphide monitor 

scores have been shown to agree well (Furne, Majerus et al. 2002; 

Vandekerckhove, Van den Velde et al. 2009) leading Vandekerckhove to 

suggest that; “the measurement of the level of VSCs can be used as an adjunct 

to the organoleptic assessment “.       

 7.34. Malodour Prevalence and Classification Studies.  

  Quirynen undertook retrospective analysis of the characteristics of two 

thousand consecutive patients at a clinic specialising in the treatment of bad 

breath(Quirynen, Dadamio et al. 2009), also finding a good correlation between 

OOS and Halimeter® scores. The subjects were tested at least two hours after 

eating and oral hygiene was limited to tooth brushing with water. This was an 

attempt to reduce confounding factors but as discussed elsewhere no clear 

consensus is agreed as to the issue of participant oral hygiene in malodour 

studies. In this study a large proportion (76%) of participants were judged to 

have an intra-oral aetiology for their malodour while in a significant number who 

claimed to be sufferers (15.7%) no malodour was detected. As all participants 

were referred or self referred this group was described as suffering from 
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pseudo-halitosis or halitophobia. Two thirds of those participants with 

halitophobia were female. Quirynen stressed that a multidisciplinary approach 

was required with respect to the correct diagnosis of the small proportion of 

cases where a non oral pathology was suspected and Touyz (Op.cit.) details 

many of the potential diseases. It is not in the scope of general dental practice 

to diagnose these medical conditions but it is an important professional 

responsibility to arrange appropriate referral. In other studies participants have 

been asked to complete questionnaires following which they were tested for 

malodour . In a study of patients attending a Polish dental school the 

participant`s opinions were found to correlate well with OOS and Halimeter® 

scores (Iwanicka Grzegorek, Michalik et al. 2005). Iwanicka found a prevelance 

( incorrectly described as an incidence in the paper) of 29.68% amongst 25-34 

year olds and of 24.52% in an older age range (45-54). Halitophobia was 

diagnosed in four out of the total of 295 participants, a much smaller proportion 

than in the Quirynen study. The clinical diagnosis of “halitosis” was made if a 

OOS score of 2 or more AND a Halimeter® score of over 125ppb was found. 

Although most studies have found some disproportion, with more female 

participants , the Iwanicka study had a very low ( 93/295) number of male 

participants. Another study that used a self administered questionnaire followed 

by examination and testing was carried out by Mel Rosenburg and his team and 

published in 2007 (Rosenberg, Knaan et al. 2007). The aim of this study was to 

find predictive factors for bad breath in the general adult population. The group 

under study was described as a “convenience sample” and was recruited from 

adults (over 20 years of age) undergoing routine medical checkups at a Tel Aviv 

medical centre. Unlike the Iwanicka study a similar number of males(n= 46) and 



48 
 

 

females (n=42) participated . Self perception of malodour was compared to 

clinical measurement of malodour organoleptically , with a sulphide monitor ( 

Halimeter®) and also with the measurement of salivary β-galactosidase. The 

text results were supplemented with three tables, while it is more than feasible 

that this author is not representative of academic readers, I could not 

understand the presentation of data in these tables at all. The author`s 

concluded by analysis of the questionnaire and the clinical assessment that 

body mass index (BMI) and alcohol intake were positively associated with bad 

breath. They also found a good correlation between the three methods of 

malodour assessment and from the relatively small sample they estimated a 

prevalence of between 20-40 %. None of the tests used showed a particularly 

high sensitivity or specificity and this should be taken into consideration when 

assessing the strength of the evidence and the conclusions drawn from it. As 

mentioned in the introduction, a conclusive link between periodontal disease 

and malodour has not been found, however evidence of the pathological effect 

of VSCs has been investigated.       

 7.35. Pathological Effects of Volatile Sulphur Compounds. 

  Calenic and his team from Tokyo found an in vitro effect on human 

gingival epithelial cells when exposed to H2S(Calenic, Yaegaki et al. 2010). The 

introduction to this paper cites several previous studies apparently showing the 

ability of VSCs to increase the permeability of gingival epithelial cells, allowing 

easier penetration of bacterial lipo-polysaccharides; to increase the production 

of tissue damaging enzymes such as collagenase and prostaglandin E2 ; to 

inhibit collagen and other protein synthesis and to inhibit basal membrane and 

epithelial cell proliferation. In this study the researchers exposed cultures of 
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human gingival epithelial cells to H2S , several sophisticated microbiological 

techniques were then used to ascertain the metabolic effects of this exposure . 

The exposure was set at a clinically relevant level , stated at 50ng/ml.This was 

calculated this to be equivalent to 50ppb, levels of this and above being 

frequently detected in participants in this study. The researchers think they 

demonstrated a significant increase in apoptosis in the cell cultures. They also 

presented evidence that this apoptosis was modulated via the mitochondrial 

pathway and was maximal after 48hrs. The materials and method section of this 

paper included detailed descriptions of the techniques used and the statistical 

analysis , results and conclusions seem valid , with the aforementioned proviso 

that this author is not qualified to appraise cutting edge microbiological 

techniques .The same team also recently published research which found 

similar results in cultures of human pulpal stem cells (Kobayashi, Yaegaki et al. 

2011). Bearing in mind the impracticality of GC in a dental practice setting the 

literature seems to support a combination of OOS and Halimeter® 

measurements as being capable of producing valid research data.   

 7.36. Oral Hygiene and Malodour Measurement Studies.  

 The inclusion and exclusion criteria and the exact methodology of many 

of the research papers in which oral malodour and mouthwashes are studied 

varies to the extent that no clear exact protocol for my own study could be 

determined from previous research. Particular heterogeneity was found in the 

timing of malodour measurement and the policy regarding which oral hygiene 

measures were allowed. In my view a clear dilemma exists as oral hygiene 

procedures such as tooth brushing and using mouthwash is very likely to effect 

data and therefore results, at the same time oral hygiene procedures are so 
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ubiquitous that non oral hygiene using participants cannot be said to be 

representative of the population as a whole .      

 7.4. The Effect of Oral Hygiene Measures on Malodour.  

 The Cochrane review by Fedorowicz (Fedorowicz, Aljufairi et al. 2008) , 

which investigated the effect of    mouth rinses on halitosis illustrates this point ; 

in this systematic review, studies that excluded OHI were not included as 

Fedorowicz felt that participants had “induced halitosis” . Further, the authors 

felt that the five RCTs included in the review did not produce results that were 

homogenous enough to allow any statistical meta-analysis. Evidence was found 

to support the ability of mouth rinses containing CHX or cetylpyridinium chloride 

(CPC) to reduce VSC producing bacteria and for the ability of mouth rinses with 

chlorine dioxide and zinc to neutralise sulphur odours. The abstract of the 

Fedorowicz paper refers to Halitosis as an “unpleasant odour emanating from 

the oral cavity “, this is unfortunately very similar to the definition of Oral 

Malodour by Touyz (op.cit.) who defined Halitosis precisely as a “stench on the 

breath stemming from systemic metabolic conditions ….” . In my view the 

Fedorowicz paper is incorrectly titled and really examines the more broad issue 

of oral malodour, an example of the “..lack of clarity , confusion or ambiguity “ in 

the use of terms in this field that Touyz refers to . A number of papers (including 

the Fedorowicz paper in the first paragraph of the background section) switch 

between the terms “halitosis” and “oral malodour” without clarification or 

explanation. Another example of this can be found in the abstract section of the 

Murata paper (op.cit.) which is a shame as one of the objectives of this paper 

was to provide a systematic, clinically useful, classification! The fact that the 

Fedorowicz paper produced quite limited results is a reflection of the need for 
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further well designed research with clearly defined and explained research 

questions and terms of reference, however some of the exclusion and inclusion 

criteria seemed to lack justification and my view is that some studies with valid 

data and results were excluded. An example is that studies with participants 

suffering from chronic periodontal conditions were excluded but no explanation 

was offered. None of the papers included in this review used exactly the same 

definition of halitosis or malodour ; some stating that halitosis existed if the 

Halimeter® score was more that 80ppb , some more than 170ppb , yet others 

relied on the OOS, with a score of over 2 generally being regarded as indicating 

malodour. Another Cochrane review by Outhouse, (Outhouse, Al-Alawi et al. 

2006) analysed the effectiveness of the use of tongue scrapers to reduce 

“halitosis”. This paper again raised the issue of inclusion and exclusion criteria; 

both in the primary studies and in the selection of studies for analysis in the 

systematic review. The exclusion of “regular “mouthwash users could be 

supported logically but I failed to see the justification of excluding denture 

wearers in any malodour study, as occurred in the Outhouse paper. The 

Outhouse review only included two RCTs which perhaps indicate further 

justification for research in this field. Although no meta analysis of the data was 

carried out the Authors found enough valid evidence to support a conclusion 

that tongue scraping could reduce halitosis compared to tooth brushing, 

however, this evidence was accessed as “weak”. The effect of tongue scrapers 

or cleaners was not found to be long-lasting and some evidence of adverse 

outcomes was found with some trauma to the tongue and nausea. A significant 

amount of research is carried out by OHP manufacturers or sponsored by them. 

Although a risk of bias obviously exists in these papers, several are published in 
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peer-reviewed journals. The presentation can be misleading as précises of 

these papers are often given alongside unpublished “data on file” or abstracts 

provided in information packs given to oral health professionals. An example of 

a good quality paper sponsored by a manufacturer is the study by Saad (Saad, 

Greenman et al. 2010) which compared the effect of different commercially 

available mouth rinses or washes on oral malodour . Any potential to bias was 

reduced by a randomised double blind trial design, albeit we must accept that 

the distinctive colours and tastes of the different formulations make the 

realisation of the blinding intention very difficult. This paper also introduced the 

use of a novel portable GC system, OralChroma (OralChroma, Abimedical Corp 

Osaka, Japan) which unlike the Halimeter®, is able to analyse breath samples 

giving the relative concentrations of H2 S, Methyl Mercaptan and Di-methyl 

Sulphide. The short sample time, faster production of results , portability and 

ease of use are advantages of the OralChroma device over conventional GC 

techniques , although the process would seem to be slower than using 

Halimeter® readings. One of the research objectives was to show correlation 

(or not ) of OralChroma readings with Sulphide monitor (Halimeter®) and OOS 

measurements. As five mouth rinses or washes and a control were tested the 

statistical analysis of the results was complicated. The methods section 

described the use of Bonferroni`s multiple comparison post test following 

ANOVA, unfortunately, this has an effect of reducing the statistical power of the 

results and as the sample size was only quite small (n=14)  the results do not  

entirely justify completely the authors conclusions or the deductions on the 

possible modes of actions that they allude to in the discussion section. The 

study design being valid, it would be expected that further research with a larger 
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sample size could be justified. The Saad paper included, in the materials and 

methods section, a very informative table which listed the ingredients of the 

tested rinses. These could be considered representative of most of the available 

commercial products at the time of the research (2010); active ingredients 

included CHX, triclosan and CPC along with other metal ion compounds such 

as zinc acetate and zinc chloride. This year one of the major OHP 

manufacturers has launched a range of products with an stannous fluoride 

(SnF2) active agent.         

 7.41. Alcohol containing mouthwash.     

  Only one of the products tested contained alcohol, alcohol containing 

mouth rinses becoming less readily available as OHP manufacturers respond to 

public disquiet and unease. This is in response to some studies ,for example 

research by Winn (Winn, Blot et al. 1991), which linked the use of alcohol 

containing mouth rinses with higher rates of oral pharyngeal cancers ( OPCs),. 

In the Winn paper, a case-control epidemiological study by interview of over 

eight hundred patients, the risk of developing OPC was deemed to be 

substantially elevated, by 40% in males and 60 % in females. Other studies 

have disputed the link , some , with Shapiro (Shapiro, Castellana et al. 1996) 

finding strong confounding factors , mainly the higher use of mouthwashes in 

the groups already at high risk , i.e. , heavy smokers those consuming high 

levels of alcoholic drinks. Elmore (Elmore and Horwitz 1995) directly criticised 

the epidemiological methodology of the Winn paper which they claim lead to an 

inflated odds ratio . Cole recently conducted a systematic review (Cole, Rodu et 

al. 2003) which concluded that no association existed .   
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 7.5. Overview of Background Section.     

 The literature review spanned a number of fields .The industrial use of 

ozone is very well established and the evidence base for this is large and 

uncontroversial. In many of these applications it is the pure oxidising power of 

the ozone molecule that is being utilised .Evidence is less clear once this 

oxidative potential is interacting with biological systems. Strong evidence exists 

that gaseous ozone is damaging to susceptible human tissues and in particular 

it seems to have a role in several respiratory diseases where it is also linked to 

pollution. Whereas some evidence demonstrates an ability of gaseous or 

aqueous ozone to act as antimicrobial other research refutes this and a solid 

evidence base for the clinical use of ozone in dentistry has not been fully 

established. A low number of in vivo studies have been undertaken. Oral 

malodour has been the subject of a large number of studies and evidence has 

repeatedly demonstrated the role of biogenic volatile sulphur compounds. 

Although the method of measuring oral malodour is generally consistent across 

these papers, the methodology is not. No consensus was found as to the exact 

definition of the condition of oral malodour, treatment for it or the prevalence of 

the condition in the general population. Some evidence pointed to the success 

of mouth washes as a treatment for oral malodour being due to an oxidant 

based antimicrobial effect. Thus the evidence supports the construction of the 

hypothesis, while doubt exists as to the outcome of the empirical tests and 

following on, any possible clinical application. 
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8. The Research Question.  

 

 8.1 Aims and Objectives of the Study.     

 The aim of this study was to research, by means of an interventional 

empirical trial, the effect of an aqueous ozone mouth rinse on oral malodour.

 The objectives were to measure parameters that have been used to 

quantify the level of oral malodour before and after rinsing with a solution of 

aqueous ozone. A further objective was to use recognised statistical analytical 

techniques to produce valid results that would disprove or prove the null 

hypothesis.           

 8.2 Scope and Potential Value of the Study.    

  The scope of this study is limited to establishing a possible effect that 

may justify further research, rather than informing a clear clinical protocol for the 

treatment of malodour. This study has not been designed to measure the 

duration of any effect, nor to compare aqueous ozone to any established 

treatments for malodour. The use of aqueous ozone in dental treatments is not 

widespread and the evidence base, particularly of in vitro studies, is very small. 

This is despite the clear theoretical potential of aqueous ozone as a strong 

antimicrobial or disinfectant. As well as providing some evidence in the field of 

malodour, it is hoped that this experiment may contribute to the evidence base 

about the effects and possible utility of aqueous ozone in the oral cavity.  
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9. Methodology 

 

9.1. Introduction, Inclusion and Exclusion Criteria.   

 The study was justified following a literature review. The population of 

interest was adult patients at a private dental clinic. Inclusion and exclusion 

criteria were applied. 

Inclusion Criteria  Exclusion Criteria 

Adult ( > 18 years at start of study) Child (<18 years at start of study )  

Private Patient at Dental Clinic Undergoing any other research 

Not undergoing any current research  Current Antibiotic Therapy  

OOS ≥1 AND Halimeter® measured VSC 

level ≥ 100 ppb 

 

  Table 7: Inclusion and Exclusion Criteria.   

           

 9.2. Sample Size Calculation.      

 A sample size calculation was carried out to attempt to ensure that 

number of participants was sufficient to provide data that could be statistically 

analysed to answer the research question with sufficient power and significance 

level. The desired power was between 80-90 % and the significance level of 

probability was < 0.05. The sample size calculation was carried out by an 

independent statistician at the University of Warwick.     
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 9.3. Clinically Important Effect Calculation.    

 The clinically important effect size was deemed to be a 1 or more point 

reduction in the OOS or a 40% reduction in VSC levels. No clear consensus in 

the research supported these figures but it was held that any reduction in the 

OOS would be deemed by a patient or clinician as significant. Any reduction 

less than one point on the OOS would not be detected. From earlier research 

by Greenman , Rosenburg and Saad ( Op.cit.) correlating the VSC levels with 

the OOS, a 40% reduction in VSCs would ,in most cases, produce at least a 

one point reduction in the OOS.        

 9.4. Study Design.        

 It was though that the research question was best answered by means of 

a randomised clinical trial. The hypothetico- deductive model was applied to 

construct a null hypothesis. The null hypothesis was that no difference would be 

found in primary and secondary outcome measurements between intervention 

and control groups. The primary outcome measure was the organoleptic odour 

score (OOS) and the secondary outcome measurement was the detected levels 

of volatile sulphur compounds (VSCs). The intervention was rinsing with an 

aqueous ozone (AO) solution or an equal amount of distilled water. The study 

was split into a pilot and a main part of the study. The rationale for a pilot study 

was to minimise the risk of adverse effects in the participants by using the 

smallest amount of AO that would be consistent with producing a clinically 

significant change. The Biomedical Research Ethics Subcommittee ( BREC) 

were rightly concerned with the paucity of other in vivo studies in dentistry .It 

was felt that a pilot study would best maintain the principles of the declaration of 

Helsinki in terms of protecting participants while enabling the possibility of a 
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wider benefit of the research.        

 9.5. Allocation and Blinding Process.    

 Following the consent process and after meeting inclusion criteria 

participants were allocated to the control or intervention group by means of a 

random number table produced by an independent statistician from the 

University of Warwick. To reduce selection bias a crossover design was utilised 

with each participant being tested in both control and intervention groups 

following a two week “washout “period. Assessment bias was minimised by a 

double blind trial design.        

 9.6. Recruitment.        

 The participants were recruited from patients attending a dental clinic. As 

part of their routine annual or bi-annual examinations, tests were carried out for 

malodour, using both the Halimeter® and an organoleptic odour test. Those 

meeting inclusion criteria were given letters of invitation to the study (appendix 

(i)) and participant information sheets (appendix (ii)). The aim was to recruit 

twenty five participants for both a pilot and a main study. From previous studies 

on the prevalence of oral malodour it was calculated that about 75-100 patients 

would need to be screened.        

 9.7. Methodology of Literature Search Strategy.   

 The search strategy for the literature review was devised applying 

information and techniques taught at the University of Warwick during the 

preceding three years of the MSc course and attempted to mirror the well 

established practices of groups such as the Cochrane Collaboration. One of the 

problems facing the student conducting a literature review is one of extracting 

relevant data from the enormous amount available. Arif Jinha from the 
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University of Ottawa recently researched the history and dynamics of the 

publication of “scholarly research articles” he estimated that from the first 

journals published in 1665 to sometime during 2009 , 50 million separate 

articles had been published (Jinha 2010).The issue is also not only one of 

enormous volume , not all articles or journals are freely available to read or print 

out. Despite the excellent resources of the library of the University of Warwick , I 

did come across many articles or journals that I did not have institutional access 

to immediately, although some could be obtained through the document supply 

service , this process is , compared to electronic methods , slow and laborious . 

The academic community is still some way from the ideal of Harnad quoted by 

Jinha “for free ,for all , forever”.(Harnad 2003; Jinha 2010)In recent years the 

academic activity of, in particular, China and Russia has increased to the point 

where more journals and papers are published in Chinese and Russian than in 

English. This increases the difficulty of conducting a truly comprehensive 

literature review, the practice of limiting searches to papers just published in the 

English language must be now considered dubious. The majority of the 

literature was found through targeted searches of electronic databases 

accessed through the Warwick University library “key electronic resources for 

medicine and dentistry”. Searches were made of the Cochrane Database of 

Systematic Reviews, the Cochrane Central Register of Controlled Trails 

(CENTRAL) and the Database of Abstracts of Reviews of Effects (DARE). In 

addition the EMBASE (OvidSP version 1980 to June 2011) and MEDLINE 

(OvidSP version 1948-June 2011) were used along with the Google Scholar 

search engine and the CINAHL (Cumulative index to Nursing and Allied Health 

Literature) medical database. The Henry Stewart series of multi-media talks 
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provided very useful background , especially on the physiology and patho-

physiology of oxidative stress (Davis and Kelvin 2007). The bibliographies of 

papers I identified as being particularly important were used to find other 

sources and the papers by authors frequently cited were identified and studied. 

This was found to be a good way of locating pertinent work in closely related 

fields that perhaps would not have been discovered using the Medical Subject 

Headings (MESH) terms in the medical databases. I used the advantage of 

having an academic supervisor who is a key published author in the field to help 

with suggestions of references to locate and study , as well as facilitating direct 

contact with some of the other published experts in the field(Rosenburg 2011; 

Yaegaki 2011) . I was also able to gather solid scientific background by referring 

to textbooks in particular, “The use of Ozone in Medicine”(Viebahn-Hansler 

2007) and “Ozone: the Revolution in Dentistry”(Lynch 2004). I found more 

general guidance from two excellent text books on evidence based medicine 

and on dissertation writing by Trisha Greenhahgh (Greenhalgh 2010) and John 

Biggam (Biggam 2009), respectively. Although wary of a higher risk of bias , I 

was able to retrieve some useful data from literature provided directly by the 

manufacturers of OHPs.Throughout the literature review process I strived to 

maintain an awareness of the hierarchy of evidence but the majority of the 

results were not RCTs or systematic reviews , in fact while researching Ozone 

using CINAHL medical database I found over fifty two thousand articles of 

which was reduced to roughly thirteen thousand when filtering out non peer-

reviewed publications. This indicates the general level of interest outside the 

strictly refereed scientific domain that exists about Ozone.
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10. Method. 

 

10.1. Data Collection.       

 The study required collecting two pieces of data from each participant 

four times. Measurements of the OOS and Halimeter® scores were taken 

before rinsing with AO or the control of distilled water, retaken immediately 

following the rinsing and the process was repeated for each participant as they 

“crossed” into the other group, the first instance being referred to as “Period 1”, 

the second as “Period 2”. Thus for both the intervention and the control groups 

data is divided into “pre-rinse” and “post-rinse” measurements.   

 10.2. Primary Outcome Measurement.     

 The primary outcome measurement was the Organoleptic Odour Score 

(OOS) which yields a numerical quantity between zero and five. The OOS is a 

form of ranking scale and the data produced is qualitative. Some slight variation 

in technique is found in descriptions of this measurement in the literature. The 

protocol used by Rosenburg (Op.cit.) was followed. In this method the 

participant was seated with the odour judge positioned approximately 10cm 

away positioned face to face. The participant was asked to open their mouth 

and count out loud to eleven. The participant was instructed not to consciously 

breathe out, the action of talking out loud being deemed sufficient to expel 

enough oral breath to allow an odour judgement. .The highest OOS was 

recorded. Scoring between integers was not undertaken, as in some malodour 

studies, due to the relative inexperience of the odour judge.    
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 10.3. Secondary Outcome Measurement.    

 The secondary outcome measured was the level of volatile sulphur 

compounds (VSCs). A portable sulphide monitor, the Halimeter® (Interscan 

corp, Chatsworth, California, U.S.A) was used in accordance with the 

manufacturer’s operating protocol. The Halimeter® is an electrochemical gas 

detector which contains a a voltammetric sensor which draws a sample of oral 

gas across an electrocatalytic sensing electrode operating at a potential of 

+0.50 V, a value sufficient to ensure the complete oxidation of electron-donating 

thiols such as mercapten , di-methylsulphide and hydrogen sulphide . Such 

electrochemical reactions generate an electric current, the magnitude of which 

is directly proportional to the total chemically-reducing, gaseous VSC 

concentration. This current is converted to a voltage which, in turn, is 

transferred to a meter which gives VSC levels in parts-per-billion (ppb) 

throughout a range of 0 – 1000 ppb. Previous studies by researchers in oral 

malodour  have shown the accuracy of the Halimeter® over repeated readings 

on the same subjects(Rosenburg 1991,Furne et al. 2002) and thus a single 

measurement was considered to be capable of providing accuracy at the level 

considered relevant for this study       
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  Figure 1: Halimeter®, Portable Sulphide Monitor.  

 The process of obtaining an accurate measurement is divided into a pre-

measurement protocol and a protocol for the actual process of taking a 

Halimeter® reading. Residual vapours from alcoholic or chlorinated 

mouthwashes can damage the sensor and for this reason participants were 

requesting not to use any mouthwash for a period of two to four hours prior to 

the first reading and to continue to abstain from using mouthwash for the 

duration of the trial. Participants were similarly instructed not to eat, drink (other 

than water), smoke or undertake any oral health procedures (i.e. tooth brushing 

or flossing) for two hours prior to a Halimeter® reading. At least five minutes 

prior to any Halimeter® reading the machine was powered up and following the 

manufacturer’s operating instructions the sensor was “zeroed”. A new standard 
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sized straw was fully inserted into the orifice of the inlet tubing. Once the 

participant had been reminded of the procedure and given final instructions the 

“sample” button” was pressed. This begins a three minute countdown during 

which the participant breathes through the nose with the mouth closed. This 

incubation period allows a build up of volatile gases in the oral cavity and has 

been a standard operating procedure in all studies using the Halimeter®. At the 

end of the incubation countdown the straw would be inserted into the oral cavity 

with the participant’s lips forming a seal around the straw. To attempt to 

increase accuracy the straw was inserted into, as far as possible, an identical 

position two to three inches into the oral cavity, not in contact with the tongue or 

the palate. The sampling procedure starts automatically at the end of the three 

minute incubation with a pump drawing the sample of breath through the straw 

and over the sensor. The Halimeter displays a continuous reading of VSC levels 

during the sampling procedure and the peak level is displayed at the end of the 

automatic recording period. This “pre-rinse “level was recorded on the data 

sheet (appendix (iv)).         

 10.4. Participant Allocation.       

 Following the pre-rinse reading the participant received the intervention 

or control. Allocation to groups was carried out by a research assistant using 

the random number table that had been produced by an Independent 

statistician from the University of Warwick. The research assistant was not 

involved in any of the recruitment or screening processes   

 10.5. Intervention.        

 The intervention was an amount of AO used as a mouth rinse or an the 

same amount of distilled water presented identically. For the five participants in 
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the pilot study the amount increased from 10ml presented in one cup for the first 

participant, increasing by an additional cup for the next participant, up to a total 

of five cups for the fifth and final participant in the pilot study. The control in 

each case being an identical amount of distilled water presented in the same 

manner, standard dental mouth rinse plastic cups. The research assistant was 

responsible for producing the AO using the TherOzone© machine and for 

presenting both the AO and the control rinse in an identical way such as to 

maintain blinding. This was achieved by:      

 a) the location of the TherOzone© machine and distilled water (control) in 

a physically separate room.       

 b) an identical amount of time being used to produce either AO or 

control.          

 c) Identical temperature of solutions.     

 The AO was produced using a specialised aqueous ozone generator, the 

TherOzone© (TherOzone© LLC, Santa Monica, California , USA).    
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  Figure 2: TherOzone© Aqueous Ozone Generator.   

           

 The TherOzone© unit uses an electrical discharge method to generate 

gaseous ozone from atmospheric oxygen. This is then bubbled through chilled 

distilled water and educted via a special venturi, designed with microscopic 

pores which promote the dissolution of the gaseous ozone into the aqueous 
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phase. The process is automatic, takes about five minutes , and produces a 

solution of AO that has a concentration of around four to five parts per million. 

No gaseous ozone is released from the machine during the process and the 

procedure does not require exact measurement of the water placed into the 

TherOzone© bottle as excess gaseous ozone is removed before the release 

mechanism is activated. The half life of the resultant solution is around 40 to 45 

minutes, depending on the temperature of the water used, it’s purity and the 

ambient temperature. In this experiment the solution was used within one to two 

minutes of production. Water from the same source and stored at the same 

temperature was used for every participant. Following the manufacturer’s 

instructions chilled distilled water was placed into the TherOzone© bottle , 

attached to the coupling of the machine and the automatic AO generation 

process was commenced by pressing the “start “ button on the control panel. 

Once the light indicating that the process had completed illuminated, the 

assistant de-coupled the bottle and decanted about 10ml of AO into each of the 

required number of cups. The process of AO generation takes five minutes and 

in the case of control participants chilled distilled water from the same source 

was decanted into identical cups after the same amount of time. Once the 

assistant had delivered the cups of mouth-rinse to the room where the study 

was taking place, the participant was instructed to take a mouthful of the 

solution into their mouth and to swill it around for ten seconds in the familiar 

manner of mouthwash or mouth-rinse. The participants were instructed not to 

gargle or to swallow any of the solution and after ten seconds they were told to 

spit out the solution into a spittoon. In the case of those participants who had 

more than one cup the process was repeated in immediate consecutive fashion 
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until all the rinse was used.       

           

 10.6. Post Rinse Data Collection.     

  The primary and secondary measurements were then retaken in an 

identical fashion yielding a set of “post-rinse” measurements. The participant 

was questioned as to any adverse reaction felt in the immediate aftermath of 

the procedures undertaken and reminded to contact the researcher should any 

occur after they have left.        

 10.7. Method of Data Analysis.      

 This empirical study yielded eight data from each participant. The 

primary and secondary outcomes both produced numerical quantities and these 

outcomes were measured before the intervention or control, (pre-rinse 

measurements), and after, (post rinse measurements). The process for each 

participant was repeated with them being allocated to a different group as the 

“crossover “design dictated and the separate data was designated as being 

measured during “period 1” or “period 2”. A significant heterogeneity between 

intervention and control groups with respect to the magnitude of pre and post 

rinse outcomes would disprove the null hypothesis. This required statistical 

analysis of the data from the experiment .Data were analysed using specialised 

computer software (SPSS Statistics 19, IBM©, IBM© UK, Portsmouth, 

Hampshire).  First the distribution was analysed to classify the data as 

parametric or non parametric. This normality testing was carried out by initially 

by the Author before being checked by an independent statistician from the 

University of Warwick, and consisted of analysis of the mean and variance data 

to ascertain if a central theorem model was appropriate. Further hypothesis 
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testing analyses were carried out to discover the probability value (p). For the 

primary outcome measurement, although a numerical quantity was produced, 

the values were not precisely separated parameters, but rather ranking grades. 

The primary outcome data were therefore regarded as qualitative. Fischer’s 

Exact two sided test was used to produce the p value. This test was appropriate 

because of; the qualitative nature of the initial data, its distribution and the small 

number of samples. In contrast the secondary outcome data were considered to 

be quantitative and the difference of the means in each arm of the study was 

analysed by using the Mann Whitney U Test. This test was used because of; 

the quantitative nature of the data, the non-parametric distribution of this data 

and the small sample size. For this experiment if the p value was <0.05 the 

difference between the groups was considered to be significant.
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11. Results. 

 

 11.1 Results of Participant Screening.     

 The population under study in this trial was dental patients with oral 

malodour. Participants were drawn and recruited from a pool of dental patients 

who attended a private dental practice in Kent, in the south of England. A 

screening process was carried out during routine dental examinations. This 

consisted of a Halimeter® reading and an organoleptic odour test. As discussed 

previously there is some variability in the clinical definition of oral malodour. The 

range of Halimeter® scores which have been used as a threshold for the 

existence of oral malodour varies from 50 ppb to 170ppb. Organoleptic scores 

of one, two or more than two have also been used. This may be a partial 

explanation for the differing prevalence levels that have been reported .Bosy 

(op.cit.) quotes some studies stating a prevalence of 50 %.. The majority of 

studies indicate prevalence levels of between 25-40 %. From these figures, 

taking into account a proportion of potential participants who would decline the 

invitation to take part in the study, it was estimated that around sixty to seventy 

five potential participants would have to be screened. The prevalence that was 

found in the potential participants was far lower than quoted in the literature. A 

significant proportion of potential participants could not be screened at all, 

predominately because they had either; used mouthwash or toothpaste in the 

preceding hour or two before their appointment, or because they had been 

treated by a dental hygienist prior to their appointment. In either case, alcoholic 

or chlorinated residues would be likely to be present in breath samples 
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distorting and invalidating any assessment of oral malodour. Table eight shows 

the percentage of participants in the screening process who would met the 

initial inclusion criteria in previous studies.     

Author. VSC level 

described as 

Malodorous. 

Prevalence 

in 1st 100 

potential 

participants 

screened.  

OOS level 

described as 

Malodorous 

Prevalence 

in 1st 100 

potential 

participants 

screened. 

Wigger-

Alberti(2010) 

>50 17%   

Codipilly(2004) in 

Fedorowicz(2008) 

>80 10%   

Iwanicka 

Grzegorek(2005) 

>125 3%   

Winkel(2003)in 

Fedorowicz(2008) 

>170 1%   

Rosenburg 

(2007) 

  2 4% 

  Table 8: Prevalence of Oral Malodour in the Screening Process. 
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  Figure 3: Graphical Results of Screening Process.  

           

 A Pearson correlation value of 0.845 was found between the OOS and 

the Halimeter® measured VSC levels taken during the screening process. This 

strong correlation agrees well with other odour studies and supports the 

previously quoted opinion of Vandekerckhove (op.cit.) that the use of the 

Halimeter® in odour studies is justified. 
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  Figure 4: Distribution of the Screening Results.  

           

 The lower than anticipated prevalence of oral malodour (between 1 and 

17% compared with published data indicating 25-50%) resulted in a prolonged 

screening process. In the context of a year long dissertation , from concept, 

through an exacting ethical approval process , to final write up , this had an 

unfortunate influence on the final number of participants tested. In turn the small 

number of participants reduced the power and validity of the inferential 

statistics.          
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   11.2. Results of the Pilot Study.     

 Approval for the study was granted on condition of a preliminary pilot 

study. The aims of the pilot study were to; ascertain if AO reduced oral 

malodour compared to simple rinsing with water and to find the lowest level of 

AO that would have this effect. The results of the pilot study were used to 

ensure that the risk to participants was minimised in line with the principles of 

the declaration of Helsinki. Although some in-vivo studies have used large 

amounts of AO for up to ten minutes intra-orally (e.g. Kshitish and Laxman 

op.cit.) it was thought prudent to initialise the experiment with only a small 

amount of AO. Hence the first participant of the study rinsed with one cup 

containing approximately 10ml of either AO or the distilled water placebo. This 

was increased by one cup per participant so that the fifth and final participant of 

the pilot study rinsed with five cups, each containing about 10ml of the AO or 

distilled water placebo. As far as was practical the tests were carried out 

consecutively so that, should an adverse reaction have had occurred, the 

smallest number of participants were exposed to the intervention. Once the data 

collection had been completed it was possible to divide the data into control and 

intervention groups. The figures were then analysed statistically to calculate the 

mean and from this using the “variance cascade” the standard error and 

standard deviation were found. A confidence interval was derived from the 

standard deviation In simple terms rinsing with either the control or the AO 

reduced oral malodour as measured organoleptically and by the Halimeter® 

measured reduction in VSCs. This reduction was increased in the AO group 

and was increased in the participants given more cups of AO to rinse with 
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consecutively. No side effects or adverse events were seen either during the 

experiment or reported afterwards. The main study was therefore deemed to be 

justified and not to pose unacceptable risks to the participants. Five cups of AO 

were used for the intervention group during the main study.   

           

          

 Control Group Experimental Group  

Participant   Pre 

rinse 

OOS 

. Pre 

rinse 

VSC 

Post 

rinse 

OOS 

.Post 

rinse 

VSC 

 Pre 

rinse 

OOS 

. Pre 

rinse 

VSC 

.Post 

rinse 

OOS 

.Post 

rinse 

VSC 

1 0 36 0 18 1 78 0 30 

2 0 42 0 8 3 183 1 99 

3 0 7 0 4 0 6 0 0 

4 3 202 1 145 3 196 0 0 

5 0 25 0 12 1 47 0 11 

   Table 9: Pilot Study Data.    
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OOS Control Experimental 

 Pre rinse  Post rinse  Pre Rinse  Post Rinse  

n 5 5 5 5 

Range  0-3 0-1 0-3 0-1 

Mean 0.6 0.2 1.6 0.20 

Standard Dev 1.34 0.447 1.34 0.447 

Table 10: Pilot Study Primary Outcome Descriptive Statistics. 

            

VSC Control Experimental 

 Pre rinse  Post rinse  Pre Rinse  Post Rinse  

n 5 5 5 5 

Range  7-202 4-145 6-196 0-99 

Mean 62.4 37.4 102 28 

Standard Dev 79.1 60.3 83.9 41.5 

Table 11: Pilot Study Secondary Outcome Descriptive Statistics. 
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 11.3. Results of the Main Study.     

  The main study was carried out on nine adult volunteers. Five 

were male, four female, with a mean age of fifty nine years(Standard deviation 

14). The data collected is tabulated below. 

 

Control Group Experimental Group 

Participant 

 Pre 

rinse 

OOS 

. Pre 

rinse 

VSC 

Post 

rinse 

OOS 

Post 

rinse 

VSC 

 Pre 

rinse 

OOS 

 Pre 

rinse 

VSC 

Post 

rinse 

OOS 

Post 

rinse 

VSC 

1 0 36 0 18 1 78 0 30 

2 0 42 0 8 3 183 1 99 

3 0 7 0 4 0 6 0 0 

4 3 202 1 145 3 196 0 0 

5 0 25 0 12 1 47 0 11 

6 3 211 2 160 3 220 0 18 

7 2 175 2 111 3 240 0 2 

8 0 60 0 29 0 68 0 0 

9 2 156 2 89 2 158 0 19 

    Table 12: Main Study Data. 
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OOS Control Experimental 

 Pre rinse  Post rinse  Pre Rinse  Post Rinse  

n 9 9 9 9 

Range  0-3 0-2 0-3 0-1 

Mean 1.11 0.667 1.78 .111 

Standard Dev 1.364 0.866 1.301 .333 

 Table 13: Main Study Primary Outcome Descriptive Statistics. 

           

VSC Control Experimental 

 Pre rinse  Post rinse  Pre Rinse  Post Rinse  

n 9 9 9 9 

Range  7-211 4-160 6-240 0-99 

Mean 101.5 64.00 132.88 19.89 

Standard Dev 82.76 62.64 84.33 31.52 

 Table 14: Main Study Secondary Outcome Descriptive Statistics.
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Primary statistical analysis of the data produced descriptive values for the 

primary and secondary outcomes as tabulated in tables thirteen and fourteen. 

The distribution of this data was found to be non-parametric. The primary 

outcome data was tabulated in the form of a binary table    

  

Control Group  Experimental Group 
0 1 
0 1 
0 0 
1 1 
0 1 
1 1 
0 1 
0 0 
1 1 
  Table 15: Primary Outcome Binary Data. 

In table 15 a zero represents no change in primary outcome between pre-

rinse and post-rinse measurements. A figure of 1 was ascribed to the 

participants in whom there was a change in primary outcome between pre and 

post rinse measurements. Thus in three participants in the control group and 

seven in the experimental group a change was detected. This data was 

converted into a 2x2 table.        
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 Control Experimental 

Change in Primary 

Outcome Measurement 

3 7 

No Change in Primary 

Outcome Measurement 

6 2 

  Table 16: 2x2 Binary Table for Primary Outcome.  

           

           

  This table was used to perform Fischer’s Exact test using the 

SPSS computer software. This produced a two sided p value of 0.153. This was 

higher than the p value of 0.05 that was deemed to be at the significance level 

at which the null hypothesis would have been rejected.   

 For the secondary outcome a plot of post-rinse reduction in VSC levels 

could be made.

.   Figure 5: Reduction in VSC Level.   
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 This reduction was also tabulated. 

Control Group  Experimental Group 
18 48 
34 84 
3 6 
57 196 
13 36 
50 202 
64 238 
31 68 
70 139 
 Table 17: Reduction in VSCs (ppb) between pre and post rinse 

measurements.         

 This data in the above table was again analysed using the SPSS 

software and a Mann Whitney U test performed. This test produced a U value of 

17 and a two tailed p value of 0.038. This was smaller than the p value of 0.05 

that was set as the level of significance, therefore for the secondary outcome 

measurement the null hypothesis of no difference between control and 

experimental groups was rejected.       

 The difference between pre-rinse and post-rinse Halimeter® readings 

was calculated for both the control and experimental groups. Using SPSS 

statistic computer software a “box and whisker” plot was produced graphically 

displaying the range, median and upper and lower quartile values.  
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 VSC          

 (ppb)          

           

           

           

           

           

           

           

   Figure 6: Reduction in VSCs “Box Plot”.  

           

 For the secondary outcome measurement the percentage change 

between pre and post rinse scores for the control and experimental groups was 

also tabulated and compared to the clinically important effect size previously 

calculated.          

           

           

           

  

 

         Control   Experimental 
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Control Experimental 

% reduction in 

VSC  

Clinically 

Important Effect? 

% reduction in 

VSC 

Clinically 

Important Effect? 

50.00 Y 61.00 Y 

81 Y 46 Y 

43 Y 100 Y 

28 N 100 Y 

52 Y 77 Y 

24 N 92 Y 

36 N 99 Y 

52 Y 100 Y 

42 y 88 y 

  Table 18: Clinically Important Effect for the Secondary Outcome. 
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12. Discussion. 

 12.1. Interpretation of results.      

 This study was designed to answer a focused research question; does 

rinsing with aqueous ozone reduce oral malodour? Further, is any effect 

significantly greater than rinsing with plain water? Are there any problems, 

drawbacks or side effects related to rinsing with aqueous ozone? The synthesis 

of these questions was supported by previous work from several fields, 

chemical, industrial and biomedical. The oxidative properties of aqueous ozone 

are well known and AO is used daily on an industrial scale. Previous studies 

had showed strong evidence of biocompatibility compared to currently used 

antimicrobial agents used in mouthwashes or rinses. The statistical analysis of 

the data was carried out in a standard manner, commonly used in biomedical 

research. This analysis produced a Probability value. Simply put this determines 

how likely it is than any differences between the data captured from the control 

group and the intervention group could be due to random” chance”. It is not 

often stated in biomedical research that this Probability relies on several large 

assumptions and is only one model reducing vastly complex “real world” events 

to a mathematical picture. A probability value at the level previously stated as 

significant does not necessarily signify a clinically significant result and some 

interpretation is needed at this point. Thus even if the study has an objective 

empirical design, some subjectivity is involved if the researcher wants to infer 

further meaning from the results. As far as answering the research question, 

this study provides some evidence that rinsing with AO reduces malodour, 

conflicting evidence that this reduction is greater than a control and some 

evidence of an absence of side effects relating to oral rinsing with AO. The 
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small sample size resulted in a statistical result of low power.   

 12.2. Points of Interest.       

 A significant point of interest was the lower than expected prevalence of 

oral malodour discovered during the screening process compared to that 

reported in the literature. This may indicate that the population investigated may 

not be a representative sample of the population as a whole. As the population 

on which the research question was focused was indicated in the title as “dental 

patients” this issue is somewhat dealt with by the design of the study. The effect 

of this lower prevalence was to make the completion of the study within the time 

initially allocated very difficult.      

 Another issue raised during the screening process was the effect that the 

screening itself had on potential participants The screening was carried out by 

the author as a special test that formed part of a routine dental examination 

.Patients therefore expected and were given an explanation of the test, its 

clinical relevance and , if the result indicated malodour, advice as to how to 

lower their levels of oral malodour. To withhold to any competent patient the 

results of any test carried out on them is unethical and unprofessional and may 

be considered misconduct by regulatory authorities. Some of the potential 

participants who were initially judged to have met the inclusion criteria were 

found to have lower levels of malodour at the data collection stage. This may be 

a result of changes to their oral hygiene, particularly the use of tongue 

scrappers or brushing of the dorsum of the tongue. In other words potential 

participants were not withheld treatment or advice that would otherwise have 

been given to them as a result of the screening process. Data collection did not 

commence at the same visit as the screening, as for valid consent to be 
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obtained, as per the recommendations of BREC, potential participants were 

given a period of at least a day to reflect on their participation. In this situation 

the professional responsibilities of a healthcare provider overrode those of a 

researcher striving for the optimum conditions, repeatability and validity of the 

testing process.         

 12.3. Success of the Study.      

 The main criterion of success of an experimental study is the resolution 

of the research question. This cannot be said to have been fully achieved as 

although a difference was found between the control and experimental arms of 

the study this difference was not found to be statistically significant for the 

primary outcome measurement but statistically significant for the secondary 

outcome measurement. The initial results provide justification for a fuller study 

with more participants as the differences between the groups were clinically 

significant and the result for the secondary outcome was statistically significant 

.The experimental design of this study did not allow a full inference of why a 

clinically significant difference was found between the groups other than a lower 

level of VSCs. A less limited future study could include microbiological 

assessment. A clear success of the study was fact this interventional 

experiment did not find any side effects or adverse reactions following intra-oral 

application of aqueous ozone and this may aid justification of further studies. 

The prevalence of oral malodour was found to be much lower than has been 

reported in other literature .As the number of in vivo studies has been so few a 

large evidence base has  not  been generated with which to compare the results 

of this study with the results of other studies. 
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13. Conclusions. 

 13.1. Summary of Findings.      

 The principle findings of this study were; a lower than expected 

prevalence of oral malodour in the population under investigation and a 

clinically significant reduction in oral malodour immediately following rinsing with 

AO compared to a control of distilled water. This was not found to be statistically 

significant for the primary outcome measure. The null hypothesis of no 

difference in primary outcome between the control and experimental groups 

was not rejected. For the secondary outcome measurement the result was 

found to be statistically significant and the null hypothesis was rejected. No side 

effects were reported or observed following oral rinsing with AO. The magnitude 

of the reduction in malodour as measured by the number of instances of 

reduction vs. non reduction in primary outcome; the mean and percentage 

reduction in secondary outcome and the differences in the number of clinically 

important effects detected in the experimental and control groups justify further 

investigations.         

 13.2. Conclusions.        

 Rinsing with distilled water can reduce measured levels of oral malodour. 

The mechanism of this reduction may be related to a direct displacement of the 

plaque, biofilm or food debris that harbour the microorganisms that generate 

VSCs. Rinsing will also moisten mucosal surfaces reducing volatility of organic 

molecules from those surfaces. A mouthwash of ozonated distilled water  at a 

concentration of between 4-5ppm is able to further reduce the levels of oral 

malodour compared to the control of distilled water.. The mechanism is 

presumed to be related to the oxidative nature of the rinse acting upon VSCs 
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and their precursors directly and indirectly by disrupting the microflora 

responsible for their production.       

           

 13.3. Recommendations for further Research and Clinical Practice.

 No changes to clinical practice can be recommended from this 

preliminary study. The prevalence of oral malodour within the population as a 

whole and in subsections of the population needs further investigation by 

means of well designed RCTs preferably with large numbers of participants. A 

consensus on the clinical definition of the condition , on the protocol for its 

measurement (particularly with regard to oral hygiene measures allowed or 

disallowed during testing periods) and on the training and calibration of odour 

judges would be very helpful for future researchers. Due to a lower than 

predicted prevalence, combined with strict time constraints, the main part of    

the study was not carried out with the number of participants that had been 

calculated to produce a statistically powerful result. It is hoped that the study be 

completed with the full complement of participants, if the results of the 

completed study were found to be statistically significant it may be suitable for 

publication. Huth, Lynch and other workers (all previously cited) have expressed 

a need for in vivo studies of AO on the basis of it’s theoretical suitability and on 

the basis of in vitro studies providing evidence of it’s biocompatibility, 

antimicrobial action and oxidative ability. Other studies mentioned in the 

background section have not found AO to be an effective antimicrobial in vitro.. 

This study has produced some further evidence of    biocompatibility in vivo, in 

that during the study, no side effects or adverse events were found or reported. 

The reduction in oral malodour found between the control and experimental 
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groups may provide indirect evidence of antibacterial or antimicrobial activity. 

The study did provide some evidence that biogenic compounds (VSCs) were 

reduced and further studies could be designed to investigate this effect, 

focusing on measuring levels of oral flora in addition to oral malodour or VSCs. 

The penetration or duration of any effect could be investigated along with a 

comparison with other mouth washes or rinses currently in therapeutic use. 

Although blinding in these comparative studies would be difficult, a double blind 

RCT study design would be most likely to produce valid evidence.   

 The value of a biocompatible , fast acting ,strong antimicrobial in 

dentistry would be very high , some have advocated the use of AO as an 

irrigant in ultrasonic scalers used in periodontology, similarly as a root canal 

irrigant in endodontic practice or used to attempt to disinfect the surface of 

failing implants in peri-implantitis . Outside the mouth AO has been suggested 

as having potential to disinfect dental unit water lines (DUWL) or as a surface 

cleaner. The evidence base for all of these indications is small; in particular, 

very few in vivo studies have been published in which AO was used intra-orally. 

It is hoped that even though this experiment was carried out on a small scale at 

one centre by only one researcher the evidence produced will be deemed 

interesting enough to help in the justification of further research into oral 

malodour and the other potential indications and uses of aqueous ozone. It 

would be this further research that could possibly produce evidence justifying 

changes to clinical practice that may benefit future patients. This benefit is the 

ultimate goal of clinical research and it is hoped this .study might be considered 

a small step towards that goal.
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Appendix (v): Ozone Concentration Units.    

  The concentration of Ozone has been expressed in the literature 

in several different ways. Aqueous Ozone has been measured in units as PPM 

,mg/l, µg/ml and in fractions of mol. Gaseous Ozone has been described in 

units of PPM , g/m3 and µg/m3.Conversion between these units is approximate 

and assumes “normal” temperature and pressure (20 degrees Celsius and 1 

atmosphere)           

      

Gaseous Ozone Aqueous Ozone 

1 PPM = 1 PPM 1 PPM = 1PPM 

1 g /m3 = 699 PPM by weight 1 mg/l = 1PPM 

1 µg/m3 = 0.000699 PPM by weight 1 µg/ml = 1PPM 

 1 µmol/ml = 48µg/ml = 48PPM 

    Table 17: Ozone Concentration Units. 
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