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Summary 
Despite years of field evidence demonstrating that mixed oxidant solution (MOS) is more effective than bleach in a 
variety of applications, identifying the specific oxidants in addition to free chlorine in MOS has been limited by the 
availability of analytical techniques capable of differentiating oxidant species.  Now, however, recent laboratory data 
using a light-emitting analytical technique, chemiluminescence, strongly indicate the presence of both free available 
chlorine and trace amounts of hydrogen peroxide (H2O2) in freshly generated MOS.  

- - - - - - 
 
Mixed oxidant solution is made from brine (salt) and energy.  
The MIOX® mixed-oxidant solution (MOS) is produced by electrolysis of sodium chloride (NaCl) brine in an 
electrolytic cell that has been optimized for disinfection efficacy.  This solution exhibits microbial inactivation 
properties that are superior to bleach alone.  In MOS, free available chlorine (FAC) is the primary analyzable oxidant 
constituent.  However, the chemical 
produced from MIOX MOS generators 
shows demonstrable differences from 
bleach in both field and laboratory 
studies, indicating the presence of 
other oxidant species beyond FAC 
alone.  The additional oxidant species 
in MOS are r

Figure 1: MOS is more effective than bleach.  
Bacillus subtilis var. atrophaeus spores (ATCC No.: 51189) exposed to 5 mg/L FAC 
of MOS and NaOCl at pH 7.5. Exposure times: 15, 30, 45, 60 min 

esponsible for enhanced 
biocidal efficacy (demonstrated on a 

S is the lack of analytical techniques for differentiating oxidants.  Researchers continually 
improve oxidant analyses for FAC, ozone (O3), hydrogen peroxide (H2O2) and chlorine dioxide (ClO2).3  Almost 

luded standard amperometric titration for FAC at pH 7 and a modification of the iodometric method at pH 
 in glacial acetic acid for total oxidants.  While the nature and composition of the oxidants other than FAC was not 

variety of microorganisms), as well as 
enhanced behavior in several 
chemical processes important in water 
treatment.  Figure 1 shows one 
example of the superior biocidal 
efficacy of MOS compared to sodium 
hypochlorite/bleach (NaOCl).  There 
are several results published in the 
peer-reviewed literature that have 
demonstrated this superior efficacy.1 
Years of compiled field data also show 
differences.2 

Analytical method limitations include FAC interference. A major obstacle to determining additional oxidant 
species present in MO

invariably, however, each of the methods is based on the total oxidizing capacity of the solution being analyzed and 
is readily subject to interferences from the presence of other potential oxidizing agents or intermediates from 
associated chemical reactions.4  This is especially the case for analyzing additional oxidants in the presence of FAC.  

Speciation research – ClO2 and O3 discounted and a growing body of evidence for H2O2 and/or 
other reactive oxygen species emerges.  In 1994, Dowd5 demonstrated the presence of a substantial 
systematic excess of oxidants over FAC alone in freshly-generated MOS produced at different brine flow rates.  
Methods inc
2
identified, the method for total oxidants analysis suggested ClO2, O3, and H2O2 as possible components.  The 
presence of ClO2 and O3 as analyzable components of the bulk produced MOS was discounted by subsequent 
research.6 
 
By the 2000s, a growing body of evidence for H2O2 and/or other reactive oxygen species in MOS had emerged.  The 
chemical and biocidal behavior of MOS, coupled with potentials measured at the anode of the electrolytic cell, 

  



suggest the presence of other oxidants including reactive oxygen species (ROS).  ROS are present in solutions of 
non-chloride brines electrolyzed under electrolytic conditions similar to those for producing MOS.7  More recent 
research on the chemical species present in MOS using non-chloride brines has provided evidence that stronger 
oxidants than chlorine (likely ROS) are
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 present in the solution.  O3, H2O2, and hydroxyl free radicals ( OH) were 
etected at the point of generation.   The longevity of each of these species in MOS is still not established, although 

to seconds, explaining why no O3 is detected in the bulk 
h as those found in produced MOS, H2O2 has the potential to 

-mediated chemiluminescent 
roperties of MOS become gradually similar to 

ne defense system 
tilizes a similar strategy in which immune cells 
roduce ROS at the sites of infection to kill bacteria.  

s achieved when a chemical reaction occurs 
10

d
that of O3 and OH is expected to be short – milliseconds 
MOS.  Literature data suggests that at higher pHs, suc
last hours to days in a chlorine matrix.  
 
MIOX has applied this commonly-understood 
principle that is observed in nature to analyzing the 
mixed oxidant solution.  Laboratory data using 
chemiluminescence analytical techniques indicate 
the presence of H2O2 in MOS.  Certain 
chemiluminescent reagents are known to emit light 
in reaction with NaOCl, but not with H2O2.  Very 
strong chemiluminescence is produced, however, in 
reactions when bleach and H2O2 are present 
simultaneously.10  The comparison of the reagent-
mediated chemiluminescence of bleach and MOS 
in the pH range between 7.5 and 9 strongly 
suggests the presence of H2O2 and/or other 
reactive oxygen species in addition to FAC as 
hypochlorite (OCl-) in MOS (see Figure 2).9   Upon 
aging, the reagent
p
those of bleach, which is also reflected in 
decreased biocidal efficacy compared to freshly 
generated MOS. 
 
Interestingly, the human immu

Figure 2: MOS in the presence of a chemiluminescence agent 
strongly suggests the presence of H2O2 and/or other reactive oxygen 
species not present in Clorox bleach.  
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