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ABSTRACT

Ozone is effective in destroying molds and spores in contaminated buildings, apartments and
residences, and also is effective in removing or decreasing concentrations of certain volatile organic
chemicals (VOCs).  In this paper three case studies of mold and two case studies of VOC
remediation in contaminated homes using ozone generated by UV radiation (free of nitrogen oxides)
are described.  In each case study, the ozonation approach is similar – remove the occupants, pets,
plants and other ozone-sensitive items from the building, treat the building with sufficient UV-
generated ozone for a sufficient time period to destroy molds and/or lower levels of VOCs, then
remove the ozone-containing air before allowing reoccupancy of the building.  Finally, be sure to
correct the causes of the original mold infestation.  

Also included are results of a laboratory study conducted in a simulated home/building environment
and under reproducible laboratory conditions, to determine the fungicidal efficiency of ozone against
Stachybotrys chartarum and Aspergillus versicolor, two of the most difficult mold organisms to
remove/destroy.  Ozone successfully removed these organisms to below their detection limits.  
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INTRODUCTION

Mold Organisms 

Mold organisms find their way into homes, offices, and buildings by means of their spores, that are
carried by ambient air.  These spores lodge on and behind dry wall or sheet rock sections, then, in
the presence of high relative humidity, reproduce, causing large areas of mold growths that
contaminate and ultimately weaken the dry wall (sheet rock) sections and surrounding areas of the
building structures.  Additionally, these molds produce mycotoxins (fungal toxins) as byproducts,
some of which are toxic to humans and household pets.  Flood damage to homes often results in
severe incidents of mold contamination, in addition to damages from water itself.  

Ozone, being a gas at room temperature and a very strong oxidant/disinfectant, has been used
commercially for a number of years by fire and flood restoration firms to treat homes, offices and
buildings contaminated by smoke odors from fires and mold growths caused by flooding or simply
by high relative humidities inside the structures.  Most of these firms operate their ozone systems
based more on experience than upon theoretical chemical principles.  

One question asked nearly always by a homeowner when faced with treating severe mold
contamination is, “How can the strongly oxidizing ozone gas, a known air pollutant, be used
beneficially and safely to rid my structure of molds growths and toxins, while protecting my family,
pets, plants and possessions from the effects of ozone?”  The response of SCO-Medallion Healthy
Homes, Ltd., an established provider of ozone-home and office treatment services since 1999, has
been six-fold:  

1. Initial inspection of the mold damages, followed by routine testing and accessibility to the
contaminated areas.  

2. Recommend to the owner steps that will lower ambient relative humidity levels following
ozone treatment.  

3. Removal from the structure of the family, pets, plants, and ozone-sensitive items.
4. Expose the contaminated space(s) to concentrations of nitrogen oxide-free ozone between

5 and 20 ppm for a number of hours, depending on the degree of mold contamination and
the room/house volume to be treated.  

5. Exhaust the area of excess ozone by means of flow-through fans.  This step ensures that
ambient ozone levels within the enclosure(s) will be lowered quickly to below 0.05 ppm

6. Vacuum walls, ceilings, floor and furnishings using a HEPA (High Efficiency Particulate
Air) vacuum system to remove remaining particulates.  This step ensures that small
particulates (> 3 microns) will be removed from the surfaces and ambient air.  

Following ozone treatment and removal of excess ozone (confirmed by gas phase ozone sensors)
from the area, the family and its pets and possessions can safely reoccupy the building.  

Volatile Organic Chemicals (VOCs) 

Occupied structures can become contaminated by many volatile organic chemicals (VOCs) as these
chemicals are present in certain furnishings, and they slowly volatilize into the indoor air.  Examples



of VOCs that are found in indoor air environments include benzene, formaldehyde, methylene
chloride, hexane, toluene, trichloroethane, styrene, heptane, perchloroethylene, etc.  A number of
building and household materials can be sources of VOCs in the indoor air of a home.  New
carpeting, backing, and adhesives; draperies; wood products that use certain glues, finishes and
waxes in the manufacturing process; and vinyl-type flooring and wall coverings, all may release
VOCs into the indoor air.  

The ability of VOCs to cause adverse health effects varies greatly.  As with other chemicals, the
effects of exposure on humans depends on several factors, including the type of VOC, its
concentration, and the length of time a person is exposed to the VOC or the mixture of VOCs.  

Exposure to elevated levels of VOCs may cause irritation to the eyes, nose and throat.  Headaches,
nausea, or damage to the nervous system also can occur.  Some people do not appear to have any
kind of reaction to fairly “low” concentrations of VOCs, whereas other people can be quite sensitive
to low VOC levels.  Animal studies have indicated that breathing some types of VOCs over long
periods of time can increase the risk of developing cancers.  

Although VOCs can be found in both outdoor and indoor settings, their levels found indoors can be
much higher than those found outdoors.  This is because a house or building that does not have
sufficient ventilation does not allow potential indoor pollutants to escape.  In newly constructed
houses, the concentrations of VOCs are substantially higher because of the presence of new
materials that off-gas VOCs at a substantially higher rate than these same materials in older homes.

Depending on the following factors, VOCs can be given off for days, weeks, months, or even years:

o How long ago the item was made 
o How long it was stored or allowed to off-gas at the warehouse 
o How tightly the item was wrapped and how it was delivered 
o The amount and types of ingredients in the item 
o Where the item is used in the building 
o The amount of building ventilation 
o The amount of moisture and temperature of the air.  

Ozone, being a strong oxidizing agent, has the capability to oxidize and destroy many of the VOCs
that currently cause problems in enclosed structures, particularly those that consist of double bonds
in their chemical structures, e.g., formaldehyde, toluene, styrene.  

Ozone Generation and Application

Of the two readily available commercial methods for generating ozone in the gas phase (corona
discharge and UV-radiation), ultraviolet radiation is used by SCO-Medallion Healthy Homes.
Special proprietary ozone-generating UV bulbs are employed, and the equipment is sized to develop
ambient levels of ozone in an average size room of between 5 and 20 ppm within an hour or so.
UV-generated ozone was selected over corona discharge techniques in order to eliminate any co-
production of nitrogen oxides along with ozone in case air drying (for corona discharge ozone
generation) might become inefficient.  Ambient air used to generate ozone by UV radiation does not



have to be dried, as is the case with corona discharge.  Some nitrogen oxides combine quickly with
atmospheric water, producing nitric acid, which is quite corrosive to household items and to
equipment operators.  Nitrogen oxides are not produced when ozone is generated by UV radiation.

The amount of ozone applied to a contaminated building depends on the number of rooms to be
treated.  A sufficient number of generators is used to ensure total saturation of ozone throughout the
entire home or building, with all rooms being treated concurrently.  Ozone is applied through the
ceiling, floor or furnace air intakes, with the air intake filters removed.  In this manner, not only are
the rooms treated, but also the air conditioning ducts.  When treatment is complete, new air intake
filters are installed.  Figure 1 shows a typical setup for treatment, using one MHH Model 03-09-14
ozone generator (12x12x24 inches) containing nine 14-inch UV bulbs, and operating at a maximum
air flow of 550 ft /min.  Various size units are positioned throughout the building according to3

varying room sizes and ozone concentrations of up to 10-20 ppm (by weight) can be achieved in a
few hours.  

Figure 1. Photo of MHH technician setting up Model 03-09-14 ozone generator on a ladder
and support box to feed UV-generated ozone into ceiling air duct.  

Following ozone treatment, any excess ozone-containing air is exhausted from the treated building
by means of purging fans.  These are positioned at the front door (facing inward) and back door
(facing outward) (Figure 2), and sometimes at other air exit points, with all doors and windows
opened.   A 3100 ft  home typically requires purging for about 45 minutes after ozone treatment, to2

reduce the ozone levels inside the home to 0.03 ppm or less, 0.02 ppm below the current FDA (U.S.
Food and Drug Administration) and ASHRAE (American Society of Heating, Refrigeration and Air-
conditioning Engineers) indoor air ozone standards.  

PURPOSE OF THIS STUDY

Three mold- and two VOC-contaminated homes and buildings in the Vancouver, BC (Canada) area
were treated according to the recommended operating procedures of SCO-Medallion Healthy Homes
(outlined above).  The treatment was observed and monitored by M.L. Lowen of Lowen and
Associates, a consultant to SCO-MHH, who also took samples of materials from the spaces involved
before and after treatment.  

MHH Model 03-09-14 ozone generator



Figure 2.  Positioning purge fans at front and back doors prior to ozone treatment.  

CASE #1 - MOLD-CONTAMINATED HOME IN MAPLE RIDGE, BC, CANADA 

Visual inspection was made of the interior of this house and surface samples were collected for
laboratory analysis of the molds involved, before and after ozone treatment.  Residents of this home
had complained of the presence of “Black Mold” in the home, which they felt was making them feel
ill.  

Site Description

The subject site is a one-story bungalow, single family home located in a residential area in Maple
Ridge, British Columbia.  It is of wood frame construction built on a concrete perimeter unsealed
crawlspace foundation.  It is heated by means of a forced air furnace located in an alcove fitted with
bi-folding doors located in the main hallway between the living room and the two bedrooms at the
north side of the home.  An attached unheated garage is located on the north side of the home.  The
exterior finish is wood siding.  The exterior showed signs of water damage, and the possibility exists
of water entering the interior of the house.  

Site Visit (Feb. 23, 2001) 

A visual site inspection was conducted targeting obvious areas of mold contamination.  The visual
inspection of the home revealed large areas (over 32 ft ) of active mold growth on the lower portions2

of the exterior walls of the two bedrooms.  Microscopic examination of contact samples taken from
the walls confirmed the presence of fungal material.  

Ozone Treatment 

A technician from SCO-Medallion Healthy Homes prepared the home for ozonation following their
prescribed methodology (remove people, pets, plants, and other items that may be sensitive to ozone
and open all inside doors, drawers, etc., to ensure that the ozone can reach all areas of concern).
Ozone is created on-site by several ozone generators dispersed throughout the home (approximately
8 generators per 2500 ft ) to ensure that the entire indoor areas are saturated and exposed to the2

ozone.  Medallion technicians install a sufficient number of generators of various sizes to produce



their nitrogen oxide-free ozone and attain levels up to 20 ppm ozone throughout the entire indoor
environment.  This ozone application began at 09:15 am and continued until 14:00 pm.  During this
time period (4.5 hours) the highest ozone concentration recorded (using an Eco Sensor AZ21X
ozone sensor) was 12 ppm.  In order to ensure that satisfactory levels are achieved, the technician
makes periodic visits inside the home wearing the required safety equipment and breathing
apparatus and measures the ozone levels with hand held sensors.  

At 14:00 pm, exhaust fans installed outside of windows at the opposite end of the house from where
ozone was added were started up and residual ozone in the home was exhausted.  The ozone level
had dropped to 0.05 ppm after15 minutes.  The relative humidity during the test was recorded as:
interior of home 34%, exterior 57%.   

Sampling and Analysis 

Two 10 cm  sterile templates were applied to the wall that exhibited visible signs of mold2

infestation.  The template labeled MHH-003 was swabbed prior to the application of ozone to the
residence at 09:07 am.  The template labeled MHH 006 was swabbed at 14:15 pm (the ozone was
introduced at 09:15 am and terminated at 14:00 pm).  

Samples were taken, packaged, and transported by a person (M.L. Lowen) having Transportation
of Dangerous Goods (TDG) certification, and the samples were transported in accordance with the
TDG regulations as a diagnostic specimen as required in Appendix B of the “Recommended Interim
Health & Safety Guidelines for Protection of Workers During Mould Remediation and Clean-up in
Residential Homes” (Health Canada, May 1988).  

Sampling Materials  –  Starswab Microorganism Collection and Transport System, Ice
pack bag for transport, and Personal Protective Equipment.  

Sampling Method – Surface Settle Plates 

1. Attach and label a sterile 100 cm  template to the surface to be sampled.  2

2. Peel open sterile swab pack. 
3. Remove and discard plug from tube.  
4. Remove swab from the tube and gently swab the template area thoroughly, using a rolling

motion with the swab.  
5. Replace swab in the tube and push in plug to seal.  
6. Record sample information on the label and Chain of Custody sheet.  
7. Place tube in ice pack bag for transport to laboratory.  

Analysis 

Table 1 shows results of analyses conducted for Case #1 according to The Canadian Health
Protection Branch Method MFHPB-22:  



 The recommended procedure by SCO-Medallion Healthy Homes in a real-world home1

involves the use of a Miele Vacuum system, the Solaris 519 Model, that has HEPA filters.  The
ozone-treated air is exhausted directly to the outside with no HEPA filters in use, after which
SCO-MHH personnel vacuum the furnishings, walls, ceilings, and floors with the Solaris HEPA
vacuum to pick up the “dead mold bodies”, so to speak.  

TABLE 1.  CASE #1 YEAST AND MOLD RESULTS

Sample Identification Yeast (CFUs) Mold (CFUs) 

MHH-003 (swab) 01/02/23
@ 09:02 am, before
ozonation

900 40

MHH-006 (swab) 01/02/23
@ 14:15 pm, after ozonation

6 < 1

< = less than; CFU = colony forming unit

Findings and Recommendations (Case #1) 

The consultant who conducted this study (M.L. Lowen) concluded that the significant reduction in
mold CFUs (< 1 found after ozonation) and reductions in yeast counts indicate that the home was
sufficiently decontaminated to be adequate for the owners to reoccupy the home.  It was
recommended that the interior of the home be vacuumed and cleaned using a HEPA (High
Efficiency Particulate Air) type vacuum to ensure the complete removal of microscopic debris (dead
mold spores) that might still be allergenic to the occupants .  1

It was also recommended that although the home might be considered to be “decontaminated”, the
following three steps should be taken to ensure prevention of future microbial contamination:  

1. Avoidance of conditions that led to the past contamination.  
2. Use materials that are not susceptible to biodeterioration.  
3. Apply compounds that suppress vegetative bacterial and fungal growths.  

CASE #2 - TWO MOLD-CONTAMINATED HOUSES IN
KATZIE FIRST NATION COMMUNITY, BC, CANADA 

Site Description 

The subject sites were one-story bungalow-type single family homes located in a residential area
in the Katzie First Nation community near Maple Ridge in British Columbia, Canada.  Both homes
are of wood frame construction.  The first house was built on a concrete perimeter sealed crawlspace
foundation.  The second house had an unsealed crawlspace which the owner described as having a
severe water problem.  The first house is heated with a forced air furnace located off the kitchen.



 NOTE:  Microbial growth on building materials is easily aerosolized by physical2

activity.  All surface sampling should be done subsequent to any air sampling.  Any air samples
collected after surface sampling likely will be skewed due to bioaerosols that become
aerosolized during the sampling event.  Caution also should be exercised when collecting bulk or
surface samples in occupied areas.  If this type of sampling is to be done, potential exposures to
occupants should be addressed and appropriate controls provided, if necessary.  

The second house has electric heat.  The roof of house #2 showed signs of water damage and was
considered to be leaking.  Therefore, the roof leak combined with the water in the crawlspace
increases the possibility of water entering the interior of the home.  

Site Visit (May 1, 2001) 

Visual inspection of the first home did not reveal any apparent areas of active mold growth,
however, in home #2, numerous areas (totaling over 32 ft ) of active mold growth were found.2

Microscopic examination of contact samples taken from the walls confirmed the presence of fungal
material.  Surface swabs and air samples were taken prior to ozone treatment.  

Ozone Treatment 

Ozonation (as described for the home in Maple Ridge) was applied over four hours, followed by
venting excess ozone from the home by means of exhaust fans.  When the interior ozone level had
dropped to 0.05 ppm (ca 15 minutes), the second sets of surface swabs and air samples were taken.

The relative humidity during the test was recorded as:  

House #1 interior 37%, exterior 56% 
House #2 interior 76%, exterior 79% 

Sampling Materials (Surface)  

Starswab Microorganism Collection and Transport System, Ice pack bag for transport, and Personal
Protective Equipment.  

Sampling Materials (Air)  2

Prepared culture media settle plates, zip-lock plastic bags, ice pack bag for transport, and personal
protective equipment.  

Sampling Methods – Air 

1. Record sample information and start time on lid of settle plate. 
2. Take lid off settle plate and expose to atmosphere. 
3. After allotted time, replace lid, tape shut, and record time.  
4. Record information on Chain of Custody sheet.  
5. Place settle plate in zip-lock bag and place in ice pack bag for transport to laboratory.  



Sampling Methods – Surface 

Same as for Maple Ridge Home (Case #1).  

Analysis – Total Fungal Counts 

Table 2 shows results of analyses for Case #2 conducted according to The Canadian Health
Protection Branch Method MFHPB-22:  

TABLE 2.  CASE #2 – YEAST AND MOLD DATA (FIRST NATION HOMES)

Sample Identification Yeast (CFUs) Mold (CFUs)

HOUSE #1 

#1001 - Outside (Pre-ozone), 01/05/01 Settle Plate 6 15

#1002 - Inside (Pre-ozone), 01/05/01 Settle Plate < 1 20

#1003 - Crawlspace (Pre-ozone),  01/05/01 Settle
Plate

< 1 360

#1004 - Interior wall (Pre-ozone),  01/05/01 < 1 120

#1005 - Outside (Final) 01/05/01 Settle Plate < 1 52

#1006 - Inside (Final) 01/05/01 Settle Plate < 1 14

#1007 - Crawlspace (Final) 01/05/01 Settle Plate < 1 75

#1008 - Interior Wall (Final) < 1 2

HOUSE #2 

#2001 - Outside (Pre-ozone), 01/05/01 Settle Plate 4 38

#2002 - Inside (Pre-ozone), 01/05/01 Settle Plate 3 9

#2003 - Attic (Pre-ozone), 01/05/01 Settle Plate 2 24

#2004 - Bedroom Wall (Pre-ozone) 01/05/01 Swab 30 < 1

#2005 - Attic (Final) 01/05/01 Settle Plate < 1 8

#2006 - Inside (Final) 01/05/01 Settle Plate < 1 12 - see note

#2007 - Outside (Final) 01/05/01 Settle Plate < 1 42

#2008 - Bedroom Wall (Final) < 1 < 1

Note: The number of 12 CFUs most likely could be attributed to the introduction of outside
air when ventilating to evacuate the high concentrations of ozone from the home.  



Findings and Recommendations (Case #2)

The consultant who conducted this study (M.L. Lowen) concluded that the significant reduction in
mold CFUs (< 1 found after ozonation) and reductions in yeast indicate that the home was
sufficiently decontaminated to be adequate for the owners to reoccupy the home.  It was
recommended that the interior of the home be vacuumed and cleaned using a HEPA (High
Efficiency Particulate Air) type vacuum to ensure the complete removal of microscopic debris (dead
mold spores) that might still be allergenic to the occupants.  

It was also recommended that although the home might be considered to be “decontaminated”, the
following three steps should be taken to ensure prevention of future microbial contamination:  

1. Avoidance of conditions that led to the past contamination.  
2. Use materials that are not susceptible to biodeterioration.  
3. Apply compounds that suppress vegetative bacterial and fungal growths.  

CASE #3  - INSPECTION AND TESTING OF A MOLD CONTAMINATED HOUSE
AT 2611 UPLANDS DRIVE, COQUITLAM, BC, CANADA UNDERGOING

OZONE DECONTAMINATION  

Background 

A site inspection was conducted December 21, 2002 on a mold-contaminated house located at 2611
Uplands Drive in a residential area of Coquitlam, BC.  A follow-up inspection was conducted on
January 2, 2003 (after ozonation).  The purpose of these two inspections was to evaluate the effect
of ozone as a biocide in the mold contaminated house.  Ozone treatment was administered by a
technician of SCO-Medallion Healthy Homes according to their methodology described earlier.  

Visual Inspections were conducted in the interior of the house.  Surface and air samples were
collected before and after ozonation in the house and submitted to an accredited laboratory for
analysis.  The results were then evaluated.  This group of tests indicated a relatively higher
concentration of mold (256 CFUs) in the air sample taken on the lower basement area as compared
with a high reading of 16 CFUs in the rest of the house.  

The ozone application was repeated, concentrating on the lower floor where the higher readings had
been found.  Following this, air sampling was conducted on January 2, 2003.  The test results
indicated that after the second treatment, the reading in the lower floor was 16 CFUs, bringing it into
line with the remainder of the house. 

The results noted in this report would indicate that the samples taken after ozonation show a relative
absence of active fungal spores present and the home was considered sufficiently decontaminated
to be adequate for restoration and for the occupants to reoccupy the home. 



Site Description

The subject house is a three level wood-frame house with a concrete basement.  The home has a
forced air gas fired heating system.  The presence of a built in vacuum system was also noted.  

Site Visit

The initial site visit and inspection was conducted on December 21, 2002.  There were no signs
encountered of any areas of active fungal growth.  The subject site was observed to be clean with
very little signs of dirt, dust, or debris in the remediated areas.  

At the time of the initial inspection, all mold-contaminated material had evidently been stripped and
removed from the building.  Watermarks were observed that would indicate that sections of the
home had been subject to flooding and/or water damage.  It was verbally communicated to the
consultant (M.L. Lowen) that a water line on the top floor had ruptured and had continued
undetected for a period of time.  Air and Surface samples were taken during this initial visit and are
identified as COQ-001 through to COQ-007.  

A second or follow-up site visit was conducted on January 2, 2003 and further air samples were
taken and are identified as COQ-008 and COQ-009.  

During both visits there was no sign of visible water problems in the home.  The inside temperature
was noted during both visits to be 65EF.  The inside relative humidity (RH) was recorded as 41%.
At the time of the first visit the outside temperature was 54EF. and the RH was 43%.  At the time
of the second visit the outside temperature was 48EF and the RH was 57%.  

A third inspection and sampling was conducted on March 9, 2003; results were greater than those
found in the January 2, 2003 inspection.  

Sampling Methods – Surface and Air – As described above for other tests.  

Analysis – Total Fungal Counts 

Table 3 shows results of analyses of the Coquitlam home conducted according to The Canadian
Health Protection Branch Method MFHPB-22, as reported by I.G. Micromed Environmental, Inc.:

Findings and Recommendations 

In the report presented after the second site visit it was the opinion of the consultant (M.L. Lowen)
that the results noted in the report indicated that the areas and locations sampled were sufficiently
decontaminated to warrant restoration and re-occupation of the subject property.  It was further
concluded at that time, that restoration and re-occupation of the subject property could commence
following the recommendations of the report and upon the concurrence of the contractors and
representatives of the parties concerned.  It was further recommended that a High Efficiency
Particulate Air (HEPA) filter be placed in the return air ducts of the forced air furnace and that the
built-in vacuum system be vented outdoors.  



The visual inspection conducted on March 9, 2003 gave no indication of moisture problems or the
presence of fungal amplifiers.  The following conditions were noted, however:  

TABLE 3.  CASE #3 – COQUITLAM HOUSE YEAST AND MOLD DATA

Sample Identification Yeast (CFUs) Mold (CFUs)

December 21-02 Site Visit 

COQ-001 Settle Plate - (Outside) < 1 2

COQ-002 Settle Plate - (Main Floor) < 1 16

COQ-003 Settle Plate - (Basement) 8 256

COQ-004 Settle Plate - (Upstairs) < 1 14

COQ-005 Swab - (Living Room) < 1 2

COQ-006 Swab - (Upstairs) < 1 7

COQ-007 Swab - (Basement) < 1 < 1

January 2/03 Site Visit

COQ-008 Settle Plate (Basement) < 1 18

COQ-009 Settle Plate (Main Floor) < 1 16

March 09, 2003 Site Visit 

COQ-010 Settle Plate (Main Floor) < 1 161

COQ-011 Settle Plate (Basement) < 1 236

COQ-012 Settle Plate (Upstairs) 2 176

COQ-013 Settle Plate (Outside) 2 55

ALL PLATES WERE EXPOSED FOR 52 MINUTES EACH

o Numerous windows in the house were open to alleviate the high concentrations of Volatile
Organic Contaminants originating from the large amount of new furnishings, painting,
cabinets, carpet etc. installed in the home.  

o The activity in the home was greatly increased over the previous visits by the presence of
at least four people moving about the house.  

o The home had reportedly undergone “Duct Cleaning” after ozone treatment and the
subsequent second site visit.  

o The furnace filter was almost completely clogged with dirt, drywall dust and debris and
apparently had not been replaced as previously recommended.  Later microscopic
examination of collected debris from the filter noted the presence of a large number of mold
spores.  



o The recommended HEPA filters had not been installed.  
o The built-in vacuum system had not been vented outdoors and evidence showed that it had

been discharging its exhaust into the basement furnace room.  

Analysis of the air samples taken during the third site visit showed a substantially higher count than
that encountered in the previous two site visits.  There are a number of possible reasons for this (It
is important to note that the outside values were also much higher).  

1. Air samples are in fact a “snapshot” of the indoor air quality of the premises at the precise
time the samples are taken.  They show what viable mold spores are circulating in the air at the time
of sampling.  The samples taken each time are correct at that time.  The samples taken at the time
of the second visit showed that the air was relatively clean and that the high counts in the basement
that had shown up in the first samples had been corrected.  The third set of results shows that a
larger amount of viable fungi spores were now circulating in the air.  

2. It was obvious to the inspector that since the successful ozonation decontamination
procedures undertaken before the second visit, that viable mold spores have entered the indoor air
of the home.  

3. Settle plates operate on a gravity system.  Increased activity in premises can increase the
number of viable spores falling on the plate.  This condition certainly existed during the third visit.
Increased air movement from open windows can increase the count.  This condition also existed.

4. Cleaning of furnace air ducts after ozone treatment can increase spore counts by disturbing
spores adhering to the walls of the ducts.  

5. By not replacing the furnace filter as recommended, the spores contained on the filter could
have reinfected the air of the home.  

6. In the remediation of water damaged homes, some restoration companies use fans and
heaters to dry out the building.  In the case of mold infestation, this is definitely not a good
procedure.  When active mold colonies dry out, they release clouds of spores.  The fans drive these
spores into the air and they can become lodged and embedded in cracks and crevasses where the
ozone cannot contact and kill them.   After the decontamination and during the restoration when
fiberglass insulation and other building materials are installed, these spores can be dislodged and
enter the indoor air of the house.  

All things considered, mold cannot exist or grow without a sufficient supply of moisture.  If the
house is kept dry and the indoor relative humidity (RH) is kept below 50%, there is very little
likelihood of mold growth.  It was the opinion of the consultant (M.L. Lowen) that if his
recommendations are followed and there are no more water leaks, there is very little risk of the mold
reoccurring at a concentration that would be a health concern to the occupants.  



CASE #4 - THE EFFECTIVENESS OF OZONE IN REDUCING CONCENTRATIONS
OF VOCs IN A NEW DISPLAY HOUSE 

Background 

Tests were conducted on a newly constructed display house to assess and evaluate the effectiveness
of using ozone to reduce the levels of indoor air concentrations of formaldehyde and other VOCs.
Occupants of homes having high concentrations of these chemicals can experience problems and
discomfort.  The tests were conducted before and after the application of ozone administered by
SCO-Medallion Healthy Homes in accordance with their standard methodology, described earlier.

All samples were taken from the interior of the display house prior to the application of ozone to
determine the pre-ozonation concentrations of formaldehyde and VOCs.  Ozone was applied to the
display house for 12 hours.  After this time, the ozone-treated air was exhausted from the home and
air samples were again obtained to determine the post-ozonation concentrations of formaldehyde
and VOCs.  

Site Description 

The subject site was a newly constructed house used at the time as a “Display Home” situated at
24103 - 102  Street, Maple Ridge, B.C., Canada.  It is a 2-story wood frame house with a full-sizednd

poured concrete basement.  It has a forced air gas-fired furnace located in the basement.  The house
contained new furniture and appliances.  

Site Visit (May 1, 2001) 

The subject site was visited on May 1, 2001 for the purpose of setting up and running air testing
apparatus.  Air sampling was conducted to ascertain the concentrations of formaldehyde and VOCs
in the home prior to the house being treated with ozone according to the recommended procedures
of SCO-Medallion Healthy Homes, described earlier.  The subject property was again visited on
May 2, 2001 for the purpose of air sampling and testing subsequent to the application of ozone by
the MHH procedures.  

Ozone Treatment 

Ozone was applied to the display house for 12 hours.  After this time, the ozone-treated air was
exhausted from the home and air samples were again obtained to determine the post-ozonation
concentrations of formaldehyde and VOCs.  

Sampling and Analyses 

Formaldehyde - Sampling for formaldehyde was conducted using portable battery
operated air pumps supplied and calibrated by CANTEST Ltd.  The air being sampled was drawn
through a glass impinger containing approximately 20 mL of a solution of 1% solution of sodium
bisulfite in deionized water.  



VOCs – Sampling for VOCs was conducted using portable battery operated air pumps
supplied and calibrated by CANTEST Ltd.  The air being sampled was drawn through a standard
SKC glass tube containing two sections of granular activated (600/C) coconut shell charcoal (front
= 100 mg, back = 50 mg).  Sampling times were set for approximately four hours to ensure that
adequate and representative samples were obtained.  

Test Methods  

Total or light hydrocarbons (HC) in air analyses were performed by CANTEST Ltd. using
procedures based on WCB (Workers’ Compensation Board of British Columbia) Method 2901.  The
procedure involves air sampling using a standard SKC glass sampler tube containing two sections
of granular activated (600 C)coconut shell charcoal (front = 100 mg, back = 50 mg),  desorption of
analytes from the charcoal using carbon disulfide, followed by analysis using gas chromatography
with flame ionization detection.  

Formaldehyde in air samples were collected in impingers.  Analysis was performed using procedures
based on NIOSH (National Institute of Occupational Safety and Health) Method 3500 using
chromotropic acid and sulfuric acid reagents and UV-visible spectrophotometry.  

Analytical Results of Air Samples

Volatile Organic Compounds (VOCs) in Air – Table 4 shows the pre- and post-
ozonation results for VOCs.  

TABLE 4.  TOTAL HYDROCARBONS IN AIR – CASE #5 DISPLAY HOUSE

Sample Identification Sample Date CANTEST
ID

Total Hydrocarbons - mg/m3

002 VOC (pre-ozone) May 1, 2001 105040286 4.98

004 VOC (post-ozone) May 2, 2001 105040289 0.53

Detection Limit - 0.09 mg/m3

According to these figures, the concentrations of Total Hydrocarbons in air after ozonation were
10.64% of the original (pre-ozonation) concentrations.  This represents a significant (almost 90%)
reduction.  

Formaldehyde in Air – Table 5 shows the pre- and post-ozonation results for
formaldehyde.  According to these figures, the concentrations of formaldehyde after ozonation were
18.9% of the original (pre-ozonation) concentrations.  This also represents a significant reduction.

Discussion of VOC Results – Case #4 

At the time of this work (May, 2001), no Canadian national or provincial standards existed that are
specific to schools, offices, or homes regarding the concentrations of VOCs in indoor air.  (No



changes to this position are known to have been made as of the data of this submission, September,
2005).  However Health Canada produced a Technical Guide in 1995 (Health Canada, 1995), which
drew the following recommendations:   

TABLE 5.  FORMALDEHYDE (HCHO)  IN AIR – CASE #4 DISPLAY HOUSE

Sample Identification Sample Date CANTEST
ID

Formaldehyde, in air - mL/m3

001 HCHO (pre-ozone) May 1, 2001 105040285 0.270

003 HCHO (post-ozone) May 2, 2001 105040288 0.051

Detection Limit - 0.001 mL/m3

“Although there are at present no Canadian or US standards for Total Volatile Organic Compounds
(TVOCs), target and action limits of 1.0 and 5.0 mg/m , respectively, are being discussed.  The3

European Community has prepared a target guideline value for TVOC of 0.3 mg/m , wherein no3

individual VOC should exceed 10% of the TVOC concentration.”  

“In an exposure range of 0.3 - 3.0 mg/m , odors, irritation and discomfort may appear in response3

to the presence of Total VOCs together with thermal comfort factors and stressors.  Above 3.0
mg/m , one may expect complaints; above 25 mg/m , temporary discomfort and respiratory irritation3 3

have been demonstrated for a common mix of chemicals in an office building.  Typical office levels
cover a range from below to above the amounts found to cause discomfort.”  

“Hypersensitive individuals can have severe reactions to a variety of VOCs at very low
concentrations.”  

“Because the available knowledge of toxicological and sensory effects of VOCs and their mixtures
is incomplete, reduction of overall exposure is desirable.”  

Additionally, the State of California Air Resources Board (Sept. 1991) has recommended that
homeowners take action if the formaldehyde concentrations are above 0.10 part per million (ppm
= mg/m ) even if occupants do not show adverse symptoms, and that concentrations be reduced to3

a “target level” of 0.5 ppm or less.    

Summary of Findings and Recommendations – Case #4

It was concluded by the consultant (M.L. Lowen) that the ozonation procedure by the MHH process
showed a substantial reduction in formaldehyde and VOC concentrations in the indoor air of the
display house.  While no relative quantitative standards were known to exist at the time (May 2001),
it was generally agreed in the Indoor Air Quality Field that the reduction of overall exposure to
VOCs is desirable for the good health and comfort of building occupants.  



It was recommended by the consultant that homes having high concentrations of formaldehyde and
VOCs, wherein the occupants are experiencing symptoms of discomfort, could benefit in large
measure from the application of ozone as administered by the MHH techniques.  

CASE #5 – THE EFFECTIVENESS OF OZONE IN REDUCING CONCENTRATIONS
OF VOCs IN A NEW DISPLAY HOUSE, MAPLE RIDGE, B.C., CANADA 

Site Description 

The subject site was a newly constructed house then being used as a “Display House” situated at
24129 - 102  Avenue, Maple Ridge, British Columbia, Canada.  It was a 2-story wood frame housend

with a full-sized poured concrete basement.  The house had a forced air gas-fired furnace located
in the basement.  It contained new furniture and appliances.  

Tests were conducted on July 29, 2003, immediately before the application of ozone in accordance
with MHH methodologies.  Follow up tests were conducted one day after treatment (July 30, 2003)
and again 16 days later, on August 15, 2003.  

Sampling and Analysis 

Sampling and testing for formaldehyde and for total VOCs (total hydrocarbons) was conducted as
described earlier.  

Table 6 shows results for Volatile Organic Compounds in Air.  Table 7 shows results for
formaldehyde in air.  

TABLE 6.  VOCs IN AIR – CASE #6 DISPLAY HOUSE

Sample Identification Sample Date CANTEST ID Total Hydrocarbons, in
air, mL/m  *3

001 Blank July 29, 2003 307310284 --

002 VOC (pre-ozone) July 29, 2003 307310285 0.6

004 VOC (1-day post-
ozone)

July 30, 2003 307310295 < 0.2

007 VOC (16-day post-
ozone)

August 15,
2003

308150600 < 0.2

* Detection Limit = 0.2 mL/m  3

Table 6 shows concentrations of VOCs in the air of 0.6 mL/m  before and < 0.2 mL/m  one day after3 3

ozonation.  This lowered value remained < 0.2 mL/m  for at least 16 days following ozonation.3

According to these figures, the VOC concentrations after ozonation were less than 33.3% of the
original concentrations.  This represents a significant reduction in VOC levels.  



Table 7 shows formaldehyde concentrations in the air before ozonation of 0.749 mL/m , 0.04 mL/m3 3

one day following ozonation, and 0.45 mL/m  16 days after ozonation.  The slight increase of 0.053

mL/m  of formaldehyde by day 16 following ozonation might be attributed to the continued3

outgasing of formaldehyde from building materials.  This is a normal occurrence, and because of
its low concentration, should not be considered an indication of lack of efficiency in the action of
the ozone.  According to the resulting figures of this set of samples, the concentrations of
formaldehyde in the air after ozonation were 5.34% (after one day) and 6.0% (after 16 days) of the
original concentrations.  This again represents a significant reduction in formaldehyde levels.  

TABLE 7.  FORMALDEHYDE IN AIR – CASE #6 DISPLAY HOUSE

Sample Identification Sample Date CANTEST ID HCHO in Air, mL/m3

*

003 Formaldehyde
(pre-ozone)

July 29, 2003 307310286 0.740

005 Formaldehyde
(1-day post-ozone)

July 30, 2003 307310298 0.04

006 Formaldehyde
(16-day post-ozone)

August 15, 2003 308150597 0.045

* Detection Limit - 0.005 mL/m3

It was the recommendation of the consultant (M.L. Lowen) at the time that “homes having high
concentrations of formaldehyde and VOCs, and where the occupants are experiencing symptoms
of discomfort, could benefit in large measure from the application of ozone, when administered by
the Medallion Healthy Homes of Canada Inc. methodology.”  

FUNGICIDAL EFFICACY OF UV-GENERATED OZONE AGAINST STACHYBOTRYS
CHARTARUM AND ASPERGILLUS VERSICOLOR MOLDS

Purpose of This Study

The objective of this study (Schmidt and Rice, 2005) was to determine, in a simulated
home/building environment and under reproducible laboratory conditions, the fungicidal efficiency
of the Medallion proprietary ozone generation system against viable Stachybotrys chartarum and
Aspergillus versicolor.  These two organisms are ubiquitous in the environment and are the most
difficult to remove/destroy, once established in a building structure.  The study (Schmidt and Rice,
2005) was intended to provide quantitative ozone performance data under simulated operating
conditions that would bracket those used during full-scale home/-office/building treatment.  

Materials

Stachybotrys chartarum (UAMH 6417) and Aspergillus versicolor (NRRL 238) 
Potato Dextrose Agar (PDA), from Kalmar Laboratories, 
Butterfield’s Buffer (BFB), from Kalmar Laboratories, 



Methanol 
Dry wall sections, 3 x 1.5 x 0.5 inch 

Equipment

ARTI HHPC6 Particle counter 
Gas Phase Ozone Meter, ECO-Sensors, Santa Fe, NM, Model A21ZX 
SCO Medallion Healthy Homes Ltd. Model 03-04-14 Ozone Generator System  
Humidifier, 2-gallon capacity, capable of maintaining relative humidity above 55%
Incubator, 25°C 
Microbial Test Chamber (11 x 9.5 x 8 feet), custom built from non-porous, non-reactive construction
materials and equipped with negative displacement ventilation and HEPA filtration (Solaris model
S514).  
Spiral Biotech Autoplater 
High Performance Liquid Chromatography (HPLC) with Diode Array Detector (DAD) 
Fluorescence Detector (FLD)

Methods

The challenge organisms (Stachybotrys chartarum and Aspergillus versicolor) were cultivated on
Potato Dextrose Agar (PDA) at 25/C until confluent growth was obtained.  Subsequently, the
organisms were harvested with a moistened sterile swab and inoculated on to drywall test sections.
Each inoculated drywall section was placed into a sealable plastic bin on top of moistened paper
towels and incubated at room temperature until confluent growth was observed.  

On the day of the experiment, the microbial test chamber was placed under negative pressure and
purged with HEPA-filtered air to ensure that no residual particulates were present.  The inoculated
drywall was positioned vertically inside the chamber with the side containing fungal growth facing
outward.  Representative 100 cm  areas of the drywall were sampled for viable fungi and2

mycotoxins using a sterile swab pre-moistened with Butterfield’s Buffer and methanol, respectively.
SCO-Medallion Healthy Homes personnel treated the chamber with ozone for 24 hours. Test
chamber conditions were monitored for particulates, humidity, and temperature during the 24 hour
treatment interval using the ARTI HHPC6 Particle Counter.  Once the ozone application was
complete and safe ozone concentrations within the chamber were confirmed, the chamber was
opened and representative 100 cm  areas of the drywall section were sampled in the same manner2

as the “before-Ozone” samples.  

All samples were tested for viable fungi and mycotoxins.  Swabs that were tested for fungal growth
were cultured via the Spiral Biotech Autoplater and incubated for 7 days at 25/C.  All analytical
procedures met criteria set forth in Aerotech’s Standard Operating Procedure for the Preparation of
Swab, Bulk, CarpetChek, and Water Samples for Viable Fungal Analysis, 20-0096.00.  Mycotoxin
surface samples were analyzed via High Performance Liquid Chromatography (HPLC) with Diode
Array Detector (DAD) and Fluorescence Detector (FLD).  All analytical procedures met criteria set
forth in Aerotech’s Standard Operating Procedure for the Determination of Mycotoxins using HPLC
with DAD and FLD Detectors, 05-012.00.   



The test chamber conditions during treatment were as follows:  average relative humidity - 56%;
average temperature -92/F.  Four ozone measurements were collected over the 24 hour period; the
average ozone concentration was 14.65 parts per million (ppm).   

Tables 8 and 9 show the effects of ozone treatment on Stachybotrys chartarum and Aspergillus
versicolor, and associated mycotoxins, respectively.  Data of Table 8 show that the inoculated
drywall section contained 2,700 viable Stachybotrys chartarum per square centimeter prior to ozone
treatment.  Following ozone treatment, the Stachybotrys chartarum was non-detectable at a detection
limit of 18 colony forming units per square centimeter, indicating a 99% reduction (Figure 3).  

    Figure 3. Stachybotrys chartarum culture plates, before and after ozone treatment.  

Data of Table 9 shows that the inoculated drywall section contained 3,400 viable Aspergillus
versicolor per square centimeter prior to ozone treatment.  Following ozone treatment, the
Aspergillus versicolor  was non-detectable at a detection limit of 18 colony forming units per square
centimeter, indicating a 99% reduction.  

A phenylspirodrimane mycotoxin was detected in the before ozone treatment sample of Stachybotrys
chartarum at an estimated concentration of 0.015 micrograms per square centimeter.  This
mycotoxin was non-detectable at an estimated detection limit of 0.001 micrograms per square
centimeter following ozone treatment.  Due to the discrete nature of the samples collected and the
complex nature of mycotoxins production, it is not possible to definitively ascertain from this data
set whether the absence of the mycotoxins in the treated sample is attributable to the ozone or is
coincidental.  Further testing is indicated.  

SUMMARY AND CONCLUSIONS

From Case Studies of Mold and VOC Treatment of Contaminated Homes

Mold- and/or VOC-contaminated homes can be treated successfully by UV-generated ozone, in the
absence of humans, pets, plants, and other ozone-sensitive items, whereby the concentration of



ozone in the air is raised to and maintained at about 10-20 ppm for periods of time of from four to
24 hours, and the treated air exhausted from the building.  

Under these conditions, mold and yeast levels in four homes so treated were reduced by
approximately 79% to 97 %.   Similarly, VOC and formaldehyde levels can be reduced by 67-90%
by ozone treatment.  

In one test (Case #5), the low formaldehyde and VOC concentrations found one day after ozonation
remained at that level for 16-days following the single ozonation treatment, indicating the
effectiveness of ozone in oxidizing these contaminants.  

From Laboratory Study of UV-Generated Ozone vs. Two Mold Species

Ozone, free of nitrogen oxides (generated by UV radiation) at 14.65 ppm (av) over 24 hrs, at 56%
av R.H. and 92°F (av) reduces levels of the two challenge mold microorganisms (Stachybotrys
chartarum and Aspergillus versicolor) by 150- to 170-fold.  

Low levels of a mycotoxin generated by Stachybotrys chartarum appeared to be eliminated in one
sample. However, the before-ozone level of this mycotoxin was low, and further testing is indicated
to confirm ozone's effects on mycotoxins.  

It is important that the interior of the ozone-treated home be vacuumed and cleaned using a HEPA
(High Efficiency Particulate Air) type vacuum to ensure the complete removal of microscopic debris
(dead mold spores) that might still be allergenic to the occupants.  Where mold is concerned, it is
also important that the conditions causing mold infestations be addressed and corrected prior to
applying ozone.  
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Table 8. Effects of Ozone Treatment on Stachybotrys chartarum and Associated Mycotoxins

Parameter Before Ozone After Ozone Units

Viable Fungi 2,700 < 18 CFU/cm2

Aflatoxin B1 < 0.0010 < 0.0010 µg/cm2

Aflatoxin G1 < 0.0010 < 0.0010 µg/cm2

Citrinin < 0.0050 < 0.0050 µg/cm2

Gliotoxin < 0.025 < 0.025 µg/cm2

Grieseofulvin < 0.00050 < 0.00050 µg/cm2

iso-Satratoxin < 0.0010 < 0.0010 µg/cm2

Ochratoxin A < 0.0025 < 0.0025 µg/cm2

Ochratoxin B < 0.0025 < 0.0025 µg/cm2

Patulin < 0.0020 < 0.0020 µg/cm2

Penitrem A < 0.0050 < 0.0050 µg/cm2

Roridin A < 0.0020 < 0.0020 µg/cm2

Roridin E < 0.0020 < 0.0020 µg/cm2

Roridin L-2 < 0.0010 < 0.0010 µg/cm2

Satratoxin G < 0.0020 < 0.0020 µg/cm2

Satratoxin H < 0.0020 < 0.0020 µg/cm2

Sterigmatocystin < 0.00050 < 0.00050 µg/cm2

Verrucarin A < 0.00050 < 0.00050 µg/cm2

Verrucarin J < 0.0010 < 0.0010 µg/cm2

Zearalenone < 0.0010 < 0.0010 µg/cm2

Phenylspirodrimane
Compounds

0.015 * < 0.001 * µg/cm2

* Estimated Detection Limits 
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Table 9. Effects of Ozone Treatment on Aspergillus versicolor and Associated Mycotoxins

Parameter Before Ozone After Ozone Units

Viable Fungi 3,400 < 18 CFU/cm2

Aflatoxin B1 < 0.0010  * µg/cm2

Aflatoxin G1 < 0.0010  * µg/cm2

Citrinin < 0.0050  * µg/cm2

Gliotoxin < 0.025  * µg/cm2

Grieseofulvin < 0.00050  * µg/cm2

iso-Satratoxin < 0.0010  * µg/cm2

Ochratoxin A < 0.0025  * µg/cm2

Ochratoxin B < 0.0025  * µg/cm2

Patulin < 0.0020  * µg/cm2

Penitrem A < 0.0050  * µg/cm2

Roridin A < 0.0020  * µg/cm2

Roridin E < 0.0020  * µg/cm2

Roridin L-2 < 0.0010  * µg/cm2

Satratoxin G < 0.0020  * µg/cm2

Satratoxin H < 0.0020  * µg/cm2

Sterigmatocystin < 0.00050  * µg/cm2

Verrucarin A < 0.00050  * µg/cm2

Verrucarin J < 0.0010  * µg/cm2

Zearalenone < 0.0010  * µg/cm2

* Not Determined 
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