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" Ozone has been used as a germicidal agent for drinking water since
1903, and its activity in the aqueous phase is well documented. How-
ever, despite the wide use of ozone generators for indoor air treat-
ment, there is little research data on ozone’s biocidal actvity in the gas
phase. This article presents experimental data on the effect of ozone
on both vegetative and spore-forming fungi as well as a spore-form-
ing bacterum. Dried suspensions of the test organisms were exposed
to a range of ozone concentradons from 3 to 10 ppm in 50-L Teflon-
coated stainless steel chambers. A two-phase study was performed.
The first phase was an extensive series of tests on the efficacy of ozone
itself, Tests using organisms deposited on glass slides to minimize

" losses of ozone were carmied out under condidons of high (30%) and
fow (30%) relative l_humidiry (RH}. For the organisms used in this
study, ozone conc_Fhu-adons in the range of 6 to almost 10 ppm were
required for significant kill. Organisms exposed under high RH con-
difons were generally more susceptible to ozone, The second phase
of tests employed acnual building materials as the test surfaces. No
microbial kill was demonstrated on any of the building materials even
at 9 ppm ozone. Foarog, KK VanQscew, D.W,; Steger, R.S.: Iwvesncancy
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zone {O,) is an oxidizing agent and potent germicide that

has been used extensively foc the disinfection of drinking
water and muaicipal wastewater. It was first used in The
MNethedands for the wrearment of drinking water in 1893, and
has been the subject of recent studies in the United Seates as an
altermative to chlonnaton of donking water. In chis applica-
ticn, ozone has been shown to effectively inactivate bacteria,
fungi, viruses, and protozoa.!) Gas-phase ozone has long been
used as a deodorant in the remediation of smoke-damaged
buildings. As an important reactive species in the atmosphere,
the chemnistry of gas-phase ozone and volatile organic com-
pounds (VOCs) has also been widely studied.™™ While boch
the germicidal activity of vzone in aqueous phase and ozene's
role in atmospheric chemistry have been investigated at length,
there are lirtle research duta on the biocidal activity of gas-
phase ozone.

Recently there has been an upsurge of interest in using
ozone to ‘clean” or “rreat” indoor air, and room and house-
hold ozone generators are being marketed and used for indoor
air purification to destroy adors, VOCs, and microorganismis.
In addition, gas-phase ozene is currently used for some kinds
of remediation of biecontamination in buildings.®® Use of the

room devices has been controversial from the viewpeint of the
potential health effects of the ozone concentzations that can be
generated. Shaughnessey and Oatman™ reviewed the perfor-
mance of rocom-size ozone generators and the potential health
impacts of adding ozone to indoor air, concluding that safe use
requires monitoring and prudence. The threshoid limit value
(TLV} for ozone is a STEL {shori-term exposure limit)/ceiling
Lmit of 0.1 ppm.®

The actual biocidal capability of gaseous ozone with regard
to the microorganisms primardly responsible for indoor bio-
contaminant problems is largely unknown. Companies pro-
ducing ozone generators claim significant germicidal capabil-
ities.® Early literature describes differing resulis. Some studies
indicate that ozone is effective against airtbome vegetative
bacteria bur not bactedal spores or bactera associated with
organic (particulate) matter.® The Indoor Air Quality Up-
date'® recommended using ozone at concentrations of 100 to
250 ppb in cleaning interior wall surfaces for remediation
purpases,

The objective of this study was to evaluate the effect of
gaseous ozone on selected microorganisms in laboratory cham-
ber studies under controlled condidons represéntative of re-
ported ozone use in the field, The organism challenge con-
sisted of spores or cells dried on surfaces. The study was
conducted in two phases. First, a seres of tests on the efficacy
of ozone itself were conducted in which czone losses in the
chambers were minimized by using low reactivity materials
wherever possible. Second, a bref series of tests were per-
formed employing building materials as the test surfaces to
evahuate their effect on both chamber concentration and ozone
efficacy.

Materials and Methods

Test Organisms

" Candidate organisms were sclected based on two criterda. First,

they had to be commonly isolated fom the indoor environ-
ment; and second, reports of adverse health efects associated
with the organism had to be documented in the literature. The
four organisms selected for testng in this study were
Rhodotorula glitinis, Penicilliwn chrysogenwm, Penicillinm glabrum,
and Streptomyces sp.

Penicillivm glabrus, purchased from the American Type Cul-
ture Collection (ATCC) as P. aragonense (F+228), was reiden-
tified by R.A. Samson of the Centraalbureau voor Schimmel-
cultures, Baarn, The MNetherlands, Rhodotonila ghutinis (#6273)
was also purchased from ATCC. P. chrysogenusm, isolated froem
contaminated building maiedal, is being maintained in the
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University of Texas Medical Branch Fungus Culture Collec-
tion as UTMB349!(. The actinomycete was isolated from a
problem environment and identified as a member of the genus
Streptomyces,

Preparation of Organisms for Testing and
Inoculation of Substrates

The test organisms were first inoculated onto solid media:
trypticase soy agar (TSA) for the actinomycete and Sabouraud
dexreose agar {SDA) for the fungi. The cultures were allowed
to gtow for 5 to 10 days, unul mature confluent growth
covered the surface of the plate. A stedle swab wetted with

sterile distilled deionized water was manually rubbed across the'

surface of the pet dish to collect cthe growth. The materal
collected on the swab was eluted into sterile water. The
procedure was repeated unt] a reading of 80 percent transmit-
tance at 520 am (Milton-Roy Spec 20D) was achieved cn a
1:100 dilution of the suspension, and then 50 pL of the
organism suspension was pipetred onto a glass microscope
slide, for a final concentradon berween 1 X 105 and 1 X 106
colony-forming unmits (CFUs)/ml. The concentration of the
ino¢ulum was determined by dilution and plating on TSA or
SDA. The inoculated slides were dried under sterle condi-
tions. These shides supported the test organisms during the
0ZOne eXposure.

’

Test Substrates

Each test for each organism at each exposure level included
eight glass microscope slides. Seven slides were inoculated as
described above. Four of the inoculated slides and one urnin-
oculated slide were placed in the chamber and exposed to
ozone. Three of the inoculated slides served as unexposed
conerol slides. The conwrol slides (inoculated, positive conrrels)
not exposed to ozone were retained to serve as a baseline and
for measurement of inoculum vizbility. During the experi-
ments they were maintained in the appropriate constant rela-
tve humidity (RH) chambers. Uninoculated slides (negative
controls}, exposed simultaneously with the inoculated slides,
were employed as a measurement of possible contamination.
None was detected. Following exposure, all of the slides were
processed simultaneously.,

Slides were processed for recovery and gquantitation of sur-
viving test organisms by suspending the entire slide in 10 ml
stenle phosphate-buffered saline containing 0.1-percent Tween
80 and agitaung on a wrist-action shaker for at least 13 min-
utes, All necessary diludons were made in the same buffer, and
aliquots of the suspension were plated in duplicate, SDA was
employed foc tests with P, glabrum, P. chrysogenuns, and R,
ghuinis, and TSA for the actinomycete. The plates were incu-
bated at 23°C for at least 7 davs for the fungi and 32°C for the
bacterium. The mimmum number of detectable CFUs per
shde was approximately 100 (1 colony/plate + 0.1 ml plated X
10 md suspension = 100 CFUs).

The effects of the ozone on the organisms were evaluated by
comparing the number of spores recovered from the exposed
slides and those recovered from the unexposed slides. CFUs
were counted, numbers per plass slide computed, and the dara
transformed to their logarithmic (base,,) value. The mean log
CFUs of the inplicate inoculated, unexposed controls and of
the four replicate inoculated exposed slides were computed
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TABLE . Composition of Test Materials

Material Composition

70 to 99% iron, <1 0 30% zinc

>44 1o 98% Lbrous glass, 1o 187
urea—-palymer of phenol and
formaldehyde or urea extended
phenol-melamine~formaldehyde
resin, <<0.1% formaldehyde

Galvanized stes]
Fiberglass duct
liners

Fiberboard duct
cured binder, <1% formaldehyde

0 ro 90% mineral fiber, 10 o 159
gvpsum, 10 to 13% starch, 10 to
15% paper fiber, 0 to 23% clay, 0
to 30% perlite, 0 to 12% silica, 0
o {2% styrene acrylic polymer, 0
tc 8% phenolic resin

20w 60% mineral wool fiber, 4 o
10% hydrous aluminum silicate

Class C ceiling tile

Class A ceiling dle

and standard deviations calculated. The log reducton was
calculated as follows:

log reduction = log CFUse. — log CFUs; {1)
where:
log CFUse = mean log CFUs of exposed samples
o = 4
log CFUsc = mean log CFUs of control samples
{n =7

Since the imtial target concenrration on the test substrates was
approximately 5 logs (10%) and the minimum detection Lmit 2
logs (10%, the maximum reductdon in CFUs that could be
detected was 3 logs (or one thousandfold).

In addition ta the tests on glass slides, the two Peniciflinm
species were inoculated onco replicate samples of actual build-
ing marerials. Smal] blocks of the materials measuring 3.8 X
3.8 em were used. The same sample inoculation, processing
protocol, and controls were performed as descrbed for the
glass slides.

The matenals tested included three different types of heat-
ing, ventiltion, and air conditioning duct-associated materials
and two differenc types of ceiling tile. All duct matedals were
purchased new from a local commercial vendor. Specifically,
they included fiberglass duct liner from rwvo different manu-
facturers, fiberboard duct, and glvanized steel. Alcthough fi-
berglass duct liners manufactured by two different companies
were used as test surfaces. the compositions of both were
similar and one description encompasses both materals. Two
tvpes of suspended ceiling tiles were used: class C and class A.
Both were berween 5 and 10 years old and had been collected
from building offices. The cliss C tile was fire retardane,
washable, standard white, and textured faced. The class A tile
was a fire-resistant acoustical dle. A summary of the compo-
sitions of the matenals compiled from the material safery data
sheets is presented in Table 1,

Experimental Apparats

Figure 1 provides a schenuatic overview of the experimental
apparatus used (0 muntun smble ozone exposare emviron-

83 10 96% fiberglass wool, 4 to 15%
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FIGURE 1.

Schematic of ozene apparatus.

ments. Two identical chambers were used either in series or in
parallel for these expenments. Their design was a modification
of those chambers employed in small-scale chamber determi-
nations of organic emissions from indoor materials and prod-
ucts. 9 Each was constructed of stainless steel and was TeHon-
coated on the inside of the chamber and the inside of che lid.
The chamber resembled a deep, marrow, seamless, stainless
stee sink with rounded corners. A flat stainless stes! cover was
bolted to the dm to seal the chamber. The fm-top seal was
made by an engineered Teflon over Viton gasket held in a
groove in the chamber cover. The inside of each chamber was
approximately 51 X 25 X 41 ¢m, with the caver being on one
51 X 25-cmend. The toral volume was ~503 L. For use as an
nzone exposure chamber, the chamber was placed on its side as
shown in Figure 1. The ozone-laden air fAowed generally
horizontally within the chamber, and the test subscrates inoc-
ulared with microorganisms were placed near the center of the
31 X 41-cm rectangular foar of the chamber.

“Test gas was introduced into and removed from the cham-
bers through 1.25-cm diamerer Teflon distrbutor tubes that
penetrated the cover and reached almost ra the back of the
chamber. The disiributer tubes were straight and plugged at
the back ends. Holes were drilled along the hanzonal center-
line of the rubes in the side away from the chamber center so
the entering gas was required to make a 180° turn as it left the
distributar. The hole size varied along the length of the dis-
tributor tube o encourage even distnbution. For all tests, the
test gas was injecred oo the chamber ar 3.0 L/min.
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Test Air Conditicning

The test air for the experiments was conditioned using the
apparatus shown in Figure 1. Dry compressed air was treated in
an activared carbon capsulc filter for removal of hydrocarbons
prior to mixing with the ozone. The cleaned air stream was
split inro two streams using rorameters and needte valves. The
wet air stream was bubbled into heated water and mixed with
the dry air, and the now humidified air entered the mixing
chamber. The sensor for the temperature/humidicy controller
was positioned in the mixing chamber and the concroller
operated the heater on the warer reservoir. Temperature was
monitored but not contrelled directly. The test gas was con-
trolled to within %1 percent RH once the system was stabi-
lized az a particular operating condidon. The humidified aic
was passed through a high efficiency particulate air filter as it
lefr the mixing chamber.

Qzane Generation and Concentration Measurement

Following humidification, the test gas was passed into the
ozone generator, which was a steel chamber o which a com-
mercially avalable in-duct coroma-type ozone generator
{model D-100A; Kleen-Air Co. Inc., Carmel, Indiana) had
been ficced. This unit is designed o mount on the side of a duct
with the power supply and contrals on the outside and the
high voltage section inside the duct exposed to the moving air.
The unit was controlled by manually increasing the volrage to
obtain the desired concentration within the test chambers.
The air leaving the ozone generator was spliv into two
3-L/min streams using the rotamecers shown in Figure 1 and
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TABLE 2. Runge of Ozone Exposure Levels in Parts per Million

30 Percent 90 Percent
Test Organism RH RH
Penicillinm chrysogestin 3-99 4,2-9
Penicillinnn glabmin 399 0.5-6.2
Riwdotorula ghitinis 2599 1.5-9.9
Streploiyces 2.5-9.9 28-73

routed to the test chambers. All tubing downstream of the
czone generator was G.64-cm diamerer Tefloa to minimize
transport losses. The air leaving the chambers was discharged
into an exhaust heod for dispesal.

The ozone concentration in the chamber was measured by
extracting a sample stream and analyzing that stream wich 2
model 5360 pormble ozane analyzer (Thermo Environmental
[nstruments, Inc.). The analyzer was operated in accordance
with the manufacturer’s operating manual, [ had a minimum
detection capability of 1 ppb and 2 maximum concentration of
10 ppmi. The instrument was calibrated prior to beginning the
experiments and the calibration was checked periodically
througheut the study. -

As shown in Figure 1, the air sample for ozene concentra-
tion measurenicnt was extracted near the horzontal center of
the chamber ibout 2.5 ¢m above the borrom of the chamber
using a 0.64-cm dismeter stainless steel tube, and drawn from
this sample tube to the analyzer through 140 cm of 0.64-cm
diameter Tefon wbing. Excepr for this 30-cm length of stain-
less steel tubing, all surfaces in contact with the test gus were
Teflon. For all tesss, the sample extracdon rate was | L/min for

T
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the ozone concentration measurement. The sampling fre<
quency varied. Sumples were normally extracted fram the
chambers for approximately 5 minutes every 2 to 4 hours
during the day. This diversion of abour one third of the
chamber flow to the sample line for short peniods was not
found o significantly alter the chamber concenrraticn.

Preliminary. Chamber Mixing Characterization

Pdor to beginning the ozone exposure expeniments in the
chambers, their mixing characteristics were evaluated to ensure
that all test samples were exposed to the same ozone concen-
trations. The samples were contained in 100-cm diameter glass
petd dishes, and for all expenments the petn dishes were
clustered in the center of the boom of the chamber. The
maximum number of samiples in a chamber ar one time was 12,
which occupied abous half the total focr area of a chamber.
The ozone samples were drawn from the center of the cham-
ber about 2 ¢ above the Hoor,

Chamber mixing was evaluated by {1) comparing measure-
ments made at different locations within the chamber, and (2)
conducting ozone buildup and decay experiments. An ozone
sample probe having approximately 40 ¢m of possible free
movement from the charmber lid to 4 position near the back of
the chamber was used for raking measuremnents ac different
locations. Movement of this probe from near the lid to the
back of the chamber, once the chamber had stabilized at the
target concentmation, did ner reveal significant concentration
pradients near the central plane of che chamber,

A static decay experiment was used to evaluare losses to the
walls of the chamber. Wall losses were found o be below |
percent of the ozone charge rate. The chamber decay and
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FIGURE 3. Penicillitm glabrism exposed to gas-phase ozone.

buildup concentration curves were close to those expected of
a completely mixed tank, and the ozone concenrtration reached
its fina! value within 1 hour or less from the beginning of the
experiment. Insertion of empty glass petri dishes as surrogate
test materials did not appreciably affect the ozone concentra-
tion.

Results

Table 2 shows the overall mage of ozone levels between which
each test organism was exposed at each of the rwo RHs
scudied. The considerably lower levels at which testing was
iniviared for the P. glebmim reflect the early study design.
Individual runs at specific levels of ozone are shown as the
points ploted in Figures 2 through 5.

Ozone Activity Against Spores on Glass Slides

Figures 2 through 5 show the concentration of the organisms
and the log reduction of CFUs at the difierent ozone exposure
levels in parts per mitlion for each of the test organisms. Fer
each figure, the x axis is the range of ozone levels in parts per
million. The log reduction, calculatzd using Equation 1, is on
the left, and normalized concentration ranges from 10° to 107
CEUs are on the right. As discussed earlier, a 3 log reduction,
the maximum reduction detectable given the minimum de-
tection limit, translates to 100 CFUs,

Figure 2 presents the data for the yeast, R. glurinis. Ac 90
percent RH, a decline in the number of CFUs began with an
exposure of 4 ppm, and by 5.5 ppm a 3 log reduction in CFUs
was attained. In other words, at 5.3 ppm thers were =100
survivors, or a decrease of at least one thousandtold berween
the control and the exposed samples. The samples exposed to

ozone at 30 percent RH never attained a 1 log decrease. If a
full 1 log decrease had been achieved, it would have been
equivalent to a 90 pereent kill, or 1 X 10* CFUs remaining.

Figures 3 and 4 show the data from the two Peniallium
species, P. glabrum and P. chrysegenum, respecﬁfcly. For P.
glabrum, there was a gradual decrease in the numbers of CFUs
at both R Hs. Ar 90 percent RH, no survivors (3 log reducton)
were detectable starting at 6.2 ppm, while at 30 percent RH,
9.8 ppm were required for the CFU levels to fall below the
minimum detection Emit, As seen in Figure 5, similar results
were obtained for P. cirysogenum at both 30 and 90 percent
RH.

Figure 3 presents the data for the Swepromyces isolate. Al-
though some reducton in CFUs was demonstrated, at all
ozane levels tested for both the high and low RH test condi-
tions, organisms were always recoverable. At none of the
ozone levels tested was a full 3 log reduction achieved. This
indicates that actinomycete spores may be even more resistant
to the effects of gaseous ozone than the fungal spores.

Efficacy of Ozone Against Spores on Building Materials

All exposures on building materials were at 90 percent RH,
and the ozone generator was set to mainein a level of 9 ppm
in the chambers. Only the nwo species of Peniallim were
tested.

Table 3 presents the results for three duct materials tnocu-
lated with 1 X 10% P. glabnun spores and expesed to 9 ppm
ozone for 23 hours compared with controls prepared at the
same time. No decrease in CFUs was detected.

Table 4 shows the data for three other materals inoculated
with 1 X 107 P. dirysogemm: spores. Once agamn the desired
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FIGURE 4. Pentcittium chrysogenum exposed to gas-phase azane,

experimental conditions were 90 percent RH and 23 hours
exposure te 9 ppm ozone. As can be seen from Table 4, 2 level
of 9 ppm ozone was never attained in the chambers during the
ceiling rile sample exposure. The generatar was set to provide
9 ppm and the chambers were precondidoned to that level, but
when the material was added to the chambers, levels of 9 ppm
could not be reached. The highest level ataained was 5 ppm.
Evidenty the ozone reacted with the denser ceiling dle ac a
faster rate than it did with the duct maredals, for which the
9-ppm exposure was reached at the center of the chamber.

As with the P. glabrion, no reducdon in CFUs was attained.
These resubts indicate that not only was the matedial probably
protecting the spores on the surfice, but in the case of the
ceihng tles, reacring with the ozone to the extenc thar the
desired test levels could not be reached.

Discussion

The experimental design was to select a number of commonly
isolated organisms representing the different groups of com-
mon microbial biocontaminant sources, conduct tests at a
range of ozone concentrations, and evaluate the effect of dif-
ferent RHs. Iniually, experiments were conducted ar a series of
relatively low ozone concentrations with two exposure times:
90 minutes and 23 hours. This design was abandoaed when it
became clear that there was no effect at the low ozone con-
centrations even at 23 hours exposure, and expeniments were
redesigned to go to higher exposures for 23 hours.

P. chrysogemin and P. glabrion were selected because they are
frequendy isolated indoor molds. '™ P. dirysogeriun has fre-
quently been isolated from problem environmenss and has
been shown to be a cause of allergc alveolitis. U 2. glabnim has

been associated with asthma in occupational environments. 19

R. glutinis, a yeast, was chosen because it has been isolated from

problem environments and associated with adverse health ef-

fects.!'¥ Mesophilic acdnomycetes, such as Strepromyces, have

also been isolated from problem indoor environments, 3 The

thermophilic actinomycetes have besn suggested as the caus-

ative agent in hypersensitivity pneumonits and have produced

serious lung disease in farmers {farmer’s lung disease) and sugar
cane workers (bagossis). ('

The chamber RHs during the exposures were important.
Many factors, including temperarure, pH, RH, and organic
toad affect the suscepubility of microorganisms o ozone '7
Increasing RH increases the biccidal capability of ozone, (18
and marterials in buildings are exposed to a tange of RHs. Two
RHs were selected for use in this study: 30 = 3and 90 %= 5
percent. These two levels bracketed the use conditions for
ozone in most buildings. ~

The form of the challenge was considersd to be a criticat
elemene in the design of the study. Tvpically, biocides are
evaluated employing the most dificull test condidons under
which they may be expected to function. The method of
ozone application during remediation was also a facror. Or-
ganisms dried on surfaces were selected because this challenge
met both of the ¢ritena: it was a sufficienty difiiculr challenge,
and building surfaces are frequent trgess of ozone during
remediation. The number of challenge organisms was based on
levels of contamination that have bezn repored on surfaces in
buildings. Levels ranging from 10% ro 107 CFU/em? have been
isolated from surfices of contaminated buildings ranging from
ceiling tile to wallboard '™

An extended series of expenments were performed using
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FIGURE 5. Streptomryces sp. exposed ta gas-phase ozone.

glass slides as the test surface to minimize the loss of the ozone
at the surface where the spores were deposited, thereby max-
imizing the probability of detecting an effecc. Te evaluare
ozone under more realistic use conditions, spores were inoc-
ulated onto surfices of actual building materials. The materals
tested included two different fiberglass duct liners, fiberboard
ducr, galvanized steel, and twa different rypes of ceiling tiles.
The duct materials were all newly purchased from commercial
vendors and the ceiling tiles were removed from offices.

A key issue in evaluating the efficacy of any biocide, includ-
ing ozone, is to determine what would be an acceprable
number of CFUs remaining after treatment. For example, if
the initial concencration was 1 X 10° CFUs/sample, a 1 log
reduction (90% kill) would mean that 1 X 10* CFUs remained
after exposure; or if a 3 log reduction (99.9% kall} was artained,
there would be 100 CFUs. However, if the initial concentra-
tion of organisms was 1 X 107 CFUs/sample, a 3 log reduction
(99.9% kill) would be equivalent to 1 % 10* CFUs/sample.
For these studies a 3 log reduction in CFUs was considered
substantial.

The ozone exposure experiments, during which ozone loss
was minimized, demonstrated some distines differences be-

TABLE 3. log CFU {Meon = Standard Deviation) far Penicillium
glabrum Spores

ppm Ozone

tween the various test organisms. R. glwtinis, P. clirysogenum,
and P. glabmum are fungi, while the Streptomyces sp. is a bacte-
rium. Although the Riodotornla and the two penicillia are all
fungi, the Rhodotorula is a yeast and the other two are melds.
Molds (filamentous fungi) repraoduce by forming spores, which
are resistant to unfivorable environmentl conditions and can
remain dormant for long periods of time, while yeasts are
single-celled crganisms that reproduce by budding and do not
form spores. The fourth test organism, Streptosmyees sp., belongs
to a group of gram-positive, spore-forming bactenia called
actinomycetes, They are referred to as “fungus-like bactera”
because they are slow growing and form branching filaments
leading to the development of mycehial colonies. In this study,
the vegerative phase of the molds and actinomycete was not
examined; therefore, the veast represented the vegetative or-
ganisms. Since vegetative organisms are generally more sus-
ceptible to the efect of biocides than spore-forming organisms
and bacterial spores are ‘usually more resistant than fungal®
spores, the anticipated order of increasing resistance to a bio-
cide for these organisms would be expected ro be the yeast
{maost susceptlb[e) the fungal spores (less susceprible), and the
actinomycete spores (least SusceptlblE) (2

TABLE 4. tog CFU {Mean + Standard Devigtien) for Penicillium
chrysogenum Spares

O,, ppm Material Control Exposed 0, Material Control Exposed
9 Fiberglass duct liner 1 60 *0.2 6.2 =01 5.0 Used class A ceiling tile 7.0 =03 J0+02
9 Fiberboard duct 68202 60 >0.1 50 Used class C ceiling tile 6404 70x01
9 Galvanized steel 59 =01 69+ 002 5.0 Fiberglass duce liner 2 6.8 0.2 H7x 00
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Gaseous gzone concentrations of 6 to 10 ppm were required
to obrain the full 3 log reduction for the three fung tested. The
full recuction was never achieved for the actinomycete. At 90
percent RH, significant kill of the only vegetative organism in
the study, the yeast R, glhueinis, was attained wich only slighdy
lower levels of ozone than those required for the Penicillivm
spores. Across the range of ozone levels used, the impact of
R.H on the spore-forming erganisnis was not notable except
when determining attainment of 3 log reductions. For the
Peniciliinm spores, over 9 ppm ozone was required at 30 per-
cent RH, while approximately 6 ppm was required ar %0
percent RH. The impact of RH on R. glutinis was dramatic.
While significanc kill was achieved with 5.8 ppm at 90 percent
R.H, 2t 30 percent RH levels as high as 9.9 ppm did not resule
in even a 1 log reducrion.

‘The resules from the second phase of the study, where spores
of the two Penicillium species were deposited on actual building
materisl surfaces, showed no reductdonr in CFUs after a 23-
hour exposure to 9 ppm of ozone. This result differs from those
when the inoculated surface was the glass slide, and ar 90
percent RH a 3 log reduction was attained with exposures
greater than 6 ppm. Direct measures of ozone concentration at
the exact site of a spore are not possible. However, it is
reasonable to assume that the difference in ozone efficacy
berween the materials was due at least in part to the ability of
the building matedal surfaces to react with the ozone and thus
to pratect the spores deposited on its surface. For the denser
materials {ceiling tiles), test levels of ozone were not atrainable.

Conclusions

These results show that at concentrations below 6 to 10 ppm
gas-phase ozone would not be likely to achieve a significant
reduction of surface biocontamination. Such concentrations
are high relative to the TLV for ozone. These experiments
show that 5 to 10 ppm ozone would be difficult to maintain

near or at the surface of several commonly contaminared

building materals.
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