
Ozone kills tested

microorganisms,

has limited effect

on selected linen

Oone is a powerful and effective bac-
tericide/fungicide, according to a lab study
funded by 1RSA. Commissioned by the asso-
ciation's Research and Development Com-
mittee, the study is useful for operators con-
cerned with eliminating bacteria and fungi;
it showed that ozone, at concentrations
greater than 0.023 grams/liter, kills micro-
organisms commonly found on fabric. How-
ever, the washing method had a limited
effect on the four linen stains selected for the
study. The results of the lab study mirror those of earlier plant

studies.

stains.

Ozone study materials and methods

The following materials were used to study the effectiveness of
ozone:
~QzQne ~eneratQrs: Two ozone generators-a UV-type generator
capable of generating 0.023 g of ozone/L of water, and a corona-
type capable of generating 0.5 g ozone/L of water-were used.
They provided a range of ozone generating capacity. In all cases,
the generators were run with pure oxygen, which is recommended
by manufacturers to maximize ozone output.

Exhibits 1 and 2 show the grams of ozone generated per liter

from the two generators. Exhibit 1 shows
the UV generator is capable of producing a
sustainable concentration ofO.023± 0.0010
g ozone/L of water at 20QC for 40 minutes.
Exhibit 2 shows the corona generator is
capable of producing a sustainable con-
centration of 0.50 g ozone/L of water at
20QC for 30 min. The amounts generated are
2.l % and 48% of the expected maximum
ozone concentration, respectively. This in-
dicates the corona generator is more efficient

than the UV generator.
« MicrQQr~anisms: The fungi used in the study was Aspergillus
niger; the bacteria used were Staphylococcus aureus, Bacillus mega-
terium, and Escherichia coli. These were the most common micro-
organisms found on linen napkins in a similar study eight years ago.

Fabric: 100% cotton duck (exposed to ozone for various periods
of time).

Stains: Chocolate, mustard, Russian dressing, and ox blood.

Vegetable oil was used early in the study but was too difficult to
visually detect.

Surfactant: A commercially available nonionic surfactant was
used at a concentration of 10%. This concentration was found
effective in previous studies.

Exhibit 1shows the ability of the UV generator toproduce sustainable
amounts of ozone over a period of time. The amount generated
equals 0.023± 0.0010 g ozonell: of water at 20QC for 40 min.
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Exhibit 2 shows the ability of the corona generator to produce
sustainable amounts of ozone. The amount generated equals 0.05
g of ozone/L of water at 20QC for 30 min.
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Shows Mixed
Exhibit 3 contains the results from ozonation offabric using the
corona generator. The fabric was inoculated with one of four
microorganisms. The organisms used were three bacteria-
Staphylococcus aureus, Bacillus megaterium, and E. coli--and a

fungi, Aspergillus niger. The control had air only bubbled through
the solution. The generator produced 0.53 g ozonetl: of water.
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Time Staphylococcus Bacillus Escherichia Aspergillus
(min.) aureus megaterium coli niger

0 110,000 38,000,000 830,000 370,000

30 3 0 0 0

60 2 0 0 0
'~lf"'';'';';:,.';;'~,~.fu.." .','I'",' C~m!r:!1P,oR,ul'!t:,~otq,.r,g,an!~mS/ml>"Jf. ~

0 240,000 2,700,000 3,500,000 50,000

60 210,000 1,230,000 9,600,000 60,000

Tensile stren~h: Tensile strength was tested using a Scot Tester.
Here are the methods used in the study:

Staininl:: The stains were applied to the fabric according to
AATCC Method 130-1990. The fabric swatches were 2 inches in
diameter. One milliliter of the stain was added to the fabric swatches.
The stained fabric then was placed on a piece of blotter paper. A piece
of glycine paper was placed over the stain, and a 5-pound weight was
added. The weight remained on the stain for 1 min. The stained
swatches then were dried at 37rlC for 24 hours. After washing, the
swatches were evaluated on a scale that's explained later.
f Bacteria preparation: Each bacterium was grown in a liquid
medium for 24 hours, and then 1 ml of the suspension was added to
a swatch. The inoculated swatches then dried at 37QC for several
hours, or until they no longer appeared damp.

Funl:i preparation: Aspergillus niger was first grown on Sabou-

raud Dextrose Agar slants.The spores were removed by pouring
10 ml of a pH 7 phosphate buffer into the tube. The buffer contained
the surfactant Trition X-loo. The agar surface was scraped with a
sterile inoculation loop to suspend the spores, which were counted
using a hemicytometer. The figures in Exhibits 3,4, and 5 represent
the numbers of spores per milliliter applied to the fabric pieces before
they were exposed to ozone. (Spores are used because they are more

resistant than the vegetative cells and easier to enumerate.)
e Washin~ procedure: Washing was done in a shaker water bath. To
prevent ozone from escaping into the room, the water bath was placed
inside of a cabinet attached to one of the laboratory exhaust hoods.
This elaborate setup was necessary because of the large amount of
ozone generated relative to the amount consumed in the experiment;
ozone is hazardous at high concentrations, and the hoods minimized
the risk. The washing process was done in 250 ml Ery lenmyer flasks
containing 100 ml of water. The flasks had screw-cap lids with two
side ports--one near the top of the flask, the other near the bottom.
The ozone was pumped into the bottom of the flask and vented
through the top port. During the washing process, the flasks were
shaken at 180 oscillations/min. Washing times were 30 min. and 60
min.; wash temperatures were 100QF and 120QF.

Ozone test method: Several methods can be used to analyze ozone.
The simplest uses the reduction of tetrazolium, where the amount of
reduction is relative to the amount of ozone in the solution. This
procedure was tried, but the results were unreliable. Anotherprocedure,
which is time consuming but reliable, uses the titration of iodine. In
this procedure, ozone is measured indirectly by titrating formed
iodine with sodium thiosulfate. The amount of thiosulfate required is

Exhibit 4 contains the results from ozonation offabric using the
UV generator. The fabric was inoculated with one of four
microorganisms. The organisms used were three bacteria-
Staphylococcus aureus, Bacillus megaterium, and E. coli--and a

fungi, Aspergillus niger. The control had air only bubbled through
the solution. The generator produced 0.023 g ozone/L of water.
Aspergillus niger is not included below because it mimicked the
bacteria data.

Time Staphylococcus Bacillus Escherichia
(min.) au reus megaterium coli

0 800,000 26,000,000 49,000,000

30 530,000 280,000 4,200,000

60 210,000 11,000 7,000

0 8,800,000 23,000,000

60 10,800,000 63,000,000
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Exhibit 5 shows the results from testing ozone's ability to kill
Aspergillus niger. This experiment was done at three different
pHs, two different temperatures, and two different times.

Ozone Air (control)

o Min. 30 Min. 60Min. o Min. 30 Min. 60 Min.

pH4 90,000 500 120 80,000 40,000 5,000

pH7 20,000 10 0 60,000 80,000 6,000

pH 10 20,000 10 0 150,000 60,000 7,000

I
pH4 50,000 400 0 50,000 40,000 4,000

pH7 27,000 10 0 20,000 60,000 8,000

pH 10 37,000 0 0 50,000 90,000 6,000

proportional to the ozone dissolved in the test solution.
The reaction solution contains iodide plus starch, and when ozone

is added, the iodide is converted to iodine that reacts with the starch
and forms a blue to black color; the change in the color is relative to
the amount of ozone. The iodine then is converted back to iodide
using the sodium thiosulfate. Using this information, the output of
each of the generators is determined, and the amount of ozone added
to the solution during the various time intervals is predicted. This was
carried a step further: An attempt was made to determine the amount
of "outgassing"--ozone that escapes the water-that was occurring.
The results were questionable because of the rapid decay of ozone .
•••Tensile strength: To determine the impact of ozone on fabric,
1"x 6" swatches of cotton duck were repeatedly exposed to ozone
generated by the corona generator. The exposure time was 5, 10,
and 20 wash cycles. Five different swatches in each wash cycle
were exposed to ozone for either 30 min. or one hour. Within the
five cycles, fabric sets were exposed to ozone for a total of either
21/2or 5 hours. Within the 10 cycles, fabric sets were exposed to
a total of 5 or 10 hours. Within the 20 cycles, fabric sets were
exposed to a total of 10 or 20 hours. The fabric was allowed to
"rest" 24 hours between each wash cycle. The break strength was
determined using a Scot Tester.

Number of organisms killed affected by amount
of ozone generated
Exhibits 3, 4, and 5 contain the results from experiments using
ozone as a biocide; the pH level was 10, the temperature 100QF.
Exhibits 3 and 4 show the data collected using three different
bacteria as the target organisms. In Exhibit 3, which also includes
the fungi, the corona generator was used to generate the ozone. In
Exhibit 4, the UV generator produced the ozone. In Exhibit 5, the
effect of ozone on Aspergillus niger spores is shown. The data
were collected using the corona generator at three different pHs
for two different time intervals. The results from using air as a
control also are given. The first set of numbers represents the
number of organisms first applied to the fabric. The other numbers
represent the population found in the water. The number of
organisms found on the fabric after treatment was always zero
and, therefore, not included in the exhibits. The populations on the

66 TEXTILE RENTAL APRIL 1996

fabric and in the wash solution were determined to eliminate the
possibility that the organisms remain on the fabric but are not
killed on exposure to ozone. The data suggest that the organisms
are killed by the ozone; however, the number of organisms killed
relative to the amount of ozone generated is noticeable. The UV
generator's small capacity had less killing power per unit of time
than the corona.

The small generator took longer to reduce the populations of
bacteria, but the one-hour exposure demonstrated a reduction in
the population of Bacillus megaterium andE. coli. The population
of Staphylococcus aureus remained high. It also was noted that
even after an hour's exposure using the corona generator, two
Staphylococcus cells remained. This indicates the bacteria may
have limited resistance to ozone (only one bacteria cell is needed
to start a new population).

Exhibit 5 gives results for killing Aspergillus niger using ozone
generated by the corona generator at three different pHs and at two
different temperatures. At pH 4, the killing ability of the ozone
was reduced. Increased killing ability was seen at higher
temperatures. The two were not observed in the controls, indicating
they were caused by ozone. IkF

Exhibit 6 shows the results from the ozonation of various types
of stains for different periods of time. Washing was done at
different pHs and in the presence and absence of a surfactant. The
ozone was generated by the corona generator. In all cases, a
control was run using air. The control data is not included in this
table because there was no change in the stains.

Time Choco· Russian Ox
Treatment (min.) late Dressing Mustard Blood

pH 4 wlo surfactant 15 4 4 4 4*

30 4 4 4 4*

60 3.5 4 4 4*

pH 7 wlo surfactant 15 4 4 4 4

30 4 4 4 4

60 3.5 4 4 4

pH 10 wlo surfactant 15 4 4 4 4

30 3 3.5 4 3.5

60 3 3 4 3

pH 4 with surfactant 15 4 4 4 4

30 4 4 4 4

60 4 4 4 4

pH 7 with surfactant 15 4 4 4 4

30 4 4 4 4

60 4 4 4 4

pH 10 with surfactant 15 4* 4 4* 3

30 4* 4 4* 3

60 4* 4 4* 3

*-stain became much darker than originals



To prevent ozone from escaping into the room, the
water bath was placed inside of a cabinet attached
to one of the laboratory exhaust hoods. The cover
for the front of the cabinet is not shown. The out-
gassed ozone was vented outside of the building
through the gray tube on top of the cabinet.

Data: Ozone is limited mechanism
for stain removal
Exhibit 6 shows the impact of ozone on
stains. The numbers represent a subjective
evaluation of stain removal from each fabric.
They are based on a scale of one (l) to four
(4). Four represents less than a 25% removal
of the stains, and one indicates the fabric no
longer contains any visible stain. All
evaluations used a standard set of conditions
outlined in the AATCC Method 130-1990. The data demonstrate
that ozone is a limited mechanism for stain removal. In several
cases, the stain changed colors. For example, mustard at pH 4 in
the presence of ozone changed to a greenish color. The color
change did not happen when air was substituted for the ozone.

Ozone has impact on tensile strength
Ozone has an impact on the break strength of the fabrics, according
to the results from exposing fabrics to ozone over a period of time.
In fact, after accumulated exposure time of 20 hours, the fabric
swatches were so weak, they could be pulled apart. The study was
done using only the corona generator, which produces 21.7 times

as much ozone per unit of time as the UV
generator. This amount of ozone may be
greater than what the fabric would be exposed
to in a washwheel. Nevertheless, the results
indicate that ozone causes destruction of fabric
similar to the impact of chlorine.

Lab results consistent with previous
studies
The lab study suggests that ozone has mixed
results under various circumstances. At con-
centrations greater than 0.023 g/L, ozone kills
microorganisms commonly found on fabric;
if textiles are exposed to the right amount of
ozone, the washing method is powerful and
effective as a bactericide/fungicide. However,

ozone had a limited effect on tough linen stains selected for this lab
study. In fact, chocolate, mustard, and beef blood stains got darker,
depending on the pH level. Additionally, the
process may affect thetextile' s tensile strength.
These results are consistent with other studies
conducted in the industry. TRSA

Dr. Jack Turner is an industrial microbiologist
who teaches at the University of South Carolina in
Spartanburg.
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