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(approximately 500 times larger than the size of an ozone 
molecule). 

Ozone oxidation of the S-proteins could, therefore, prevent the 
infection process. Ozone and its Reactive Oxygen Species 
(ROS) could also attack the envelope of the virus and if ozone 
and its ROS are able to penetrate the envelope, they could 
attack the genome capsid and its RNA making the virus unable 
to reproduce (Figure 1) 

 

 

 

 

Figure-1. Ozone reaction with SARS-CoV-2 Virus: a) 
Structure of SARS-CoV-2; (b) Potential sites for ozone attack 
to inactive virus, Tizaui, 2020. 

Biofresh Cubo3 XL 

A portable generator with inbuilt ozone destruction cycle to 
remove ozone after use, the Cubo3 Deluxe XL can be 
controlled remotely with a wireless connection from 
smartphone or tablet so that the operator does not need to be 

present (rooms will be unoccupied) in the room at any point 
during the treatment cycle. 

An integrated safety sensor ensures that the ozone destruct 
cycle is not concluded until the treated area is within Health 
and Safety limits. The unit is easily portable, and so is suitable 
for sanitization of small to medium size rooms and can be used 
when multiple rooms require treatment.  The unit has a highly 
effective fan to ensure that the ozone is thoroughly distributed 
throughout the treated area. The unit uses no chemicals, leaves 
no residues. 

A highly effective surface sanitizer, with a weight of only 
14.5kg unit with wheels providing easy mobility. Security 
sensor is provided to extend destruct cycle until health and 
safety levels are achieved (Figure 2). 

 

 

 

 

 

 

Figure 2.  Cobo3 XL Unit  
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Bromate toxicity assessment 
 

The classification of bromate in category 1B for 
carcinogenicity, meaning that it is “presumed to have 
carcinogenic potential for humans”, is largely based on 
animal evidence [1]. In fact, there is a lack of 
epidemiological studies on noncarcinogenic or 
carcinogenic effects of bromate exposure in humans. The 
available scientific literature shows that species differ 
substantially in their sensitivity to bromate, and the target 
tissues also depend on the animal species and the results 
of various toxicology tests are inconsistent.  
 
Humans can be exposed to bromate via drinking water, 
because it may be formed if water treated with ozone 
contains bromide (Br-). The current bromate limit 
concentration in drinking water is 10 µg/L [2]. The 
limited knowledge on the effect of small concentrations 
of bromate in human health may concern health 
authorities. 
 

Risk estimation based on toxicity studies in 
mammals 

 
Several authors have studied the effects of oral exposure 
to bromate via drinking water on rats, mice, and 

hamsters. Carcinogenic effects were mainly observed in 
kidneys, testes and thyroid gland. Typically, bromate 
concentrations used in the studies ranged between 5 and 
800 mg/L (in drinking water). 
  
In 2005, the World Health Organization (WHO) has 
estimated cancer risks based on low-dose linear 
extrapolation, starting from the results of one study from 
1998 [3,4]. The upper-bound estimate of the cancer 
potency for bromate is 0.19 mg/kg of body weight per 
day and the concentrations in drinking water associated 
with upper-bound excess lifetime cancer risks of  10-4, 
10-5 and 10-6 are 20, 2 and 0.2 µg/L, respectively.  
 
Because of lacking information on the mode of 
carcinogenic action of bromate, a Tolerable Daily Intake 
(TDI) was also calculated based on a No Observable 
Effect Level (NOEL) for the formation of renal cell 
tumors in rats at 1.3 mg/kg of body weight per day. The 
calculation of a TDI for humans is based on a non-linear 
approach, and the obtained value is 1 µg/kg of body 
weight. This derivation considers an uncertainty factor of 
1000, that comprises two 10-fold factors for each intra- 
and interspecies variation and 10 for possible 
carcinogenicity [5]. Using this value, and assuming a 60-
kg person, drinking 2 litres of water per day and an 
allocation factor of 20% of the TDI to drinking water, a 
value of 6 µg/L is obtained for bromate concentration in 
drinking water. 
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Abstract 
 

Ozone is a highly effective oxidant and has a strong ability to inactivate a wide range of pathogens, including viruses. 
The treatment, incl. disinfection, of drinking water and wastewater with ozone is associated with the formation of 
disinfection by-products (DBP). Among the possible DBPs, bromate (BrO3

-) is of increased concern because it is 
considered a potential carcinogenic to humans. The limit concentration established assumes, with the present risk 
calculations, that there might be some risk for human health. However, it is approved to consider technical and 
analytical feasibilities when implementing new limit concentrations. A lower limit concentration may have some 
impact on the use of ozone in disinfection or oxidation processes, which would trigger further sincere and undesirable 
consequences. 
 
In this paper, EurO3zon ivzw addresses recent proposals to alter the bromate limit concentration in drinking water. 
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with the virus, with increasing evidence of aerosol 
transmission. Potential gaseous ozone applications include, but 
not limited to; decontamination of air and surfaces in 
classrooms, hospital rooms, long term care facilities, 
workplaces, or any indoor environment which may suffer from 
a lack of proper ventilation design. 

Some of the benefits of ozone, when compared with other 
disinfectants, include ease of onsite generation and 
decomposition to oxygen. 

Routine disinfection practices have evolved during the ongoing 
pandemic, and several sectors have required enhanced 
disinfection of contact surfaces. SARS-CoV-2 has shown to 
persist on surfaces up to 72 hours, whereas other coronaviruses 
have persisted up to 9 days on surfaces. 

While surface contact is not considered to be the primary 
SARS-CoV-2 transmission route, it should not be entirely 
ignored. Current practices to reduce indirect transmission 
through this route include the use of biocidal surfactants, 
however, this can present various ecological concerns in 
addition to formation of treatment by-products. 

SARS-CoV-2 is reported to belong to the β-B group of 
coronaviruses and has a diameter in the range 50 to 200 nm 

ozone can be utilized for disinfection of viruses in both air and 
surfaces, increasing its potential for use in the fight against 
environmental SARS-CoV-2 transmission. 

Ozone has received increased attention for use against viruses 
due to its strong disinfection abilities. In general, viruses 
consist of a nucleic acid genome (DNA or RNA) coated by a 
protein comprised nucleocapsid. Some viruses, such as SARS-
CoV-2, additionally maintain a viral envelope comprised lipids 
and proteins from its host cell membrane as its outermost layer. 
Enveloped viruses have long been assumed to exhibit 
decreased environmental persistence when compared to 
nonenveloped viruses, which has resulted in their omission in 
many environmental-related disinfection studies. 

Ozone can be applied in its gaseous form to achieve 
disinfection of pathogens, such as SARS-CoV-2, which have 
become aerosolized or airborne. One of the major SARS-CoV-
2 transmission routes is assumed to be through inhalation of 
respiratory droplets and/or aerosols.  

The primary transmission route for SARS-CoV-2 is likely 
direct exposure to droplets produced by individuals infected 

IOA News (Cont’d)
The WHO considered that, due to analytical and 
technological limitations, the health-based value of 2 
µg/L (related to the upper-bound excess lifetime cancer 
risk of 10-5) should be raised to 10 µg/L. This provisional 
value is deemed to be associated with an upper-bound 
excess lifetime cancer risk of 5 × 10-5.  
 
Since then, the guidelines have been revised by WHO 
and other entities, and authorities worldwide maintain the 
same limit of 10 µg/L, including the EU Directive on 
drinking water quality published in 2020 [2]. 
 

Recent studies on bromate toxicity 
 
The present guidelines for bromate limit concentrations 
are based on high-dose studies in experimental animals 
performed 20 or more years ago. 
 
A more recent (2015) thorough evaluation and 
toxicological assessment of bromate was done with ICR 
mice and Wistar rats, based on acute and cumulative 
toxicity test, Ames test, bone marrow cell micronucleus 
test, sperm aberration test and 30-day animal oral toxicity 
study (including body weight, vital organ weight, food 
intake, haematology, and blood biochemistry) [6]. The 
acute oral toxicity LD50 dosage of potassium bromate 
found was 215 mg/kg in rats and 464 mg/kg in mice, and 
it did not differ by gender. The cumulative toxicity of 
bromate is not obvious because increasing its cumulative 
dose (up to 5.3 times the LD50) did not induce animal 
death during the 20-days test period. The results of the 
Ames test indicated that bromate had no mutagenic effect 
on the Salmonella strains (TA98 and TA100). In this 
study, it was also demonstrated that bromate had no bone 
marrow toxicity in mice, and that it did not cause sperm 
shape abnormality when administered orally. For a 
systematic estimation of the toxicity of bromate, a 30-day 
feeding study was conducted, with dose levels based on 
the standards for drinking water. During the 30-days 
study in rats, no abnormal behaviors, physical signs of 
toxicity, nor mortalities were observed. The clinical blood 
biochemistry analysis showed that albumin, creatinine, 
total cholesterol, triglycerides, and glucose levels 
increased with bromate ingestion. After the 30-days 
testing period, no significant changes in the color, shape 
and size of liver, kidney, spleen, stomach, heart, lung, 
duodenum, gonads, and brain were observed, and 
bromate did not affect the organ weight and the organ-to-
body weight ratios either. Regarding hematology, 
however, it was noted that white blood cell counts in rats 

significantly decreased with the increase of bromate 
concentration, with a more notorious effect in male 
animals. The authors regarded this as the most sensitive 
indicator of the bromate toxicity and suggest to further 
investigate the underlying mechanisms. 
 
Absorption and degradation of bromate upon ingestion 
were analyzed by administering orally doses of bromate 
ranging from 0.077 to 3.8 mg/kg body weight [7]. The 
plasma concentrations of bromate were reduced to one 
third of their peak after 60 minutes. In the same study, it 
was also observed that, probably, there is endogenous 
formation of bromate. The plasma half-life following oral 
administration was estimated as 37 min, and the major 
product of bromate degradation was bromide ion. The 
rapid reduction of bromate was confirmed by the 
observation of a rapid increase in plasma bromide 10 min 
after oral administration of bromate. The results indicated 
that, at low doses (i.e., ≤ 0.077 mg/kg), gastric and 
plasma degradation seemed to be a significant barrier to 
absorption of orally administered bromate. 
 
Dutch bromate limit concentration in drinking 

water 
 
Very recently (2021), the National Institute for Public 
Health and the Environment (RIVM) of The Netherlands 
published a report on the risk limits for bromate in 
surface waters. A Dutch limit of 1 µg/L is set as the 
maximum concentration for bromate in drinking water, 
with the exception that a maximum limit of 5 µg/L is 
allowed in case bromate is formed during the disinfection 
process of drinking water (as 90 percentile value, with a 
maximum of 10 µg/L). The report proposes to set a more 
stringent limit of 1 µg/L for bromate in surface waters at 
drinking water intake points. However, the RIVM does 
not advise to lower the bromate limit for drinking water, 
currently set at 1 µg/L and 5 µg/L in case of disinfection.  
 

Future regulations based on new data 
 
The Water Research Foundation (WRF) has prepared a 
report of a project to investigate the mode of action of 
bromate-induced carcinogenesis, based on molecular 
toxicology studies [8]. The obtained data constitutes 
adequate evidence that bromate acts primarily through 
non-genotoxic mechanisms. Therefore, the risk of 
bromate-induced cancer can be addressed by establishing 
a non-zero Maximum Contaminant Level Goal (MCLG) 
rather than by low-dose linear extrapolation. 
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Model 480: The Next Generation of Ozone Monitors

‣ Mercury-free UV LED source for long life
and increased stability

‣ Speed controlled pump for enhanced life
and increased efficiency

‣ Modular design for easier serviceability
and quick-swap capability

‣ State-of-the-art electronics with new
intuitive user interface
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WEBINAR: “OZONE-FOR SAFE & EFFECTIVE SANITIZER IN THE 
FIGHT AGAINST COVID-19” 

On December 6, 2021, a webinar titled “OZONE-FOR SAFE 
& EFFICTIVE SANITIZER IN THE FIGHT AGAINST 
COVID-19” was the result of a joint effort by members of the 
IOA-PAG and the IOA-EA3G Ozone Groups to address the 
importance of addressing the concerns related to the transfer of 
the SARS-CoV-2 virus in the work place, long term care 
homes, hospitals, schools, gyms, restaurants and many other 
facilities. The webinar speakers were; Dr. Saad Jasim, 
President, International Ozone Association, Canada (IOA-
PAG), Mr. Jonathan Caisley, Managing Director, Biofresh 
Group Ltd., UK (IOA-EA3G), and Dr. Cristian Carboni, Light 
Industries Manager, Industrie, DeNora SPA, Italy (IOA-
EA3G).  

The link for the webinar is: 
https://www.youtube.com/watch?v=DyNKbEdaOOk 
 
The presentation addressed the use of Ozone as a sanitizer to 
inactivate viruses and bacteria in the work place;  

Ozone has proven to be greatly effective in disinfection of 
viruses, particularly during water treatment. Additionally, 

website.  Behind the scenes, Jen has helped with establishing 
new bank accounts, tax preparation services, customer service 
with members, and conference planning.  With all this growth 
and added responsibilities, the demands of the organization 
now require additional support services.  Thank you, Jen, for a 
job well done and helping IOA to reach new heights!! 
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Additionally, the results also suggest that human risk 
assessment should consider the lesser sensitivity of 
humans compared to rats. The authors conclude that the 
rationale for lowering the bromate Maximum 
Contaminant Level (MCL) below 10 µg/L (that 
corresponds to a TDI of 1.67 µg/kg of body weight) 
should be removed, and further restrictions on the use of 
ozone as drinking water disinfectant should be prevented. 
 

Conclusion 
 
Health authorities, such as the WHO, in future revisions 
of drinking water quality standards, should develop 
appropriate toxicology-based limits for bromate. For 
decades, guideline values for bromate were derived 
through linear extrapolation, considering, by default, that 
the carcinogenic effects develop from genotoxic events. 
However, the most recent scientific information brings a 
better understanding on the mode of action of bromate 
and endorses the non-genotoxic mechanisms.  
 
Consequently, linear extrapolation (that leads to a 
maximum contaminant level goal of zero) for risk 
estimation is no longer required. If the cancer arises from 
non-genotoxic effects, a non-zero limit must be adopted 
by establishing a point of departure (i.e., NOAEL, 
LOAEL) and applying uncertainty factors.  
 
Despite the existence of proposals to lower the limit for 
bromate concentration in drinking water, there is 
evidence now that the current level of 10 µg/L is safe. 
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