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Abstract
The use of reclaimed water systems is increasing the need for easy-to-use and cost
effective disinfectants available for consumer application. This study looked at efficacy of three
disinfectants, trichloromelamine (TCM), ozone, and acetic acid, and their ability to reduce
number of pathogens. Four samples of TCM were tested in a 10mL contaminated water to 1mL
TCM solution ratio, plated for both total plate counts and to check for generic E.coli. It was
observed that TCM 3 was able to give a 92.54 percent reduction of E.coli and was the only
sample able to kill the E.coli that was present in the water. The other TCM solutions had percent
reductions of, TCM1: 98.77, TCM2: 97.34, and TCM4: 87.64. Similar tests were conducted with
ozone and mixtures. Ozonated brine water, and ozone mixed with acetic acid were both 100%
effective at reducing bacterial load in the water samples (99.98 and 100%, respectively). The
ozone was not as effective, with 85.7% reduction. These results indicate that TCM and ozone
could be effective tools for consumer use to disinfect water holding tanks. More testing needs to
be done in order to find out exactly how effective the disinfectants are in the long term.
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Introduction and Significance
Water decontamination, while not a widely talked about endeavor, is one that is a
constant concern. Despite the United States’ best efforts to eradicate waterborne diseases, in the
time period from 1991 to 2002 there were 183 cases of disease stemming from contaminated
drinking water (Reynolds, 2008). Also, because more people want to be “planet friendly”, water
reclamation and reuse is becoming more popular, leading to questions about the associated health
risks (Toze, 2006). Many of the outbreaks associated with waterborne disease are caused by
noncommunity water systems, but the outbreaks with the most impact are those stemming from
an issue with a community water system (Reynolds, 2008). Even beyond government controlled
water purification systems and their issues is the fact that many people travel using recreational
vehicles, and there is no government oversight or control over the water contained in those
holding tanks.
In 1989 there was an outbreak of gastroenteritis at a caravan park (RV park) in New
South Wales, Australia. While the source of water contamination was found and fixed, it was
still a number of days before the water was clean of contamination, and because of that many
people got sick even after the source of contamination was removed (McAnulty, 1993). On top
of the inherent risk that comes from using water from community (or noncommunity) water
systems, there are a good number of people who, while traveling in their RVs or trailers, do not
clean out their tanks as often as they should, and run the risk of getting sick because they are
using potentially contaminated water to bathe, or wash their dishes in (Marchello, 2012).
The question now stands, with more people moving towards using recycled or reclaimed
water, how can the public health sector keep personal stores of water as safe and decontaminated
as possible? This is a real concern; about 39% of outbreaks associated with drinking water
during 2001-2002 were caused by water systems not regulated by the USEPA (Reynolds, 2008).
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The intent of this study was to test the efficacy of different consumer-friendly
disinfectants as opposed to bleach in killing waterborne pathogens, thereby rendering personal
water holding and transportation systems safe and uncontaminated. Trichloromelamine (TCM),
acetic acid and ozone were the disinfectants used, mainly because of their effectiveness in
previous trials against pathogens, their relative safety to consumers, and their potential ease to
get from manufacturer to consumer.
TCM has been shown to be consumer friendly and less costly than other chlorinated
products, while maintaining effective killing. Acetic acid is effective as a disinfectant, and is
readily accessible to the consumer, in the form of vinegar. Ozone, while the hardest to get to the
consumer and potentially the most expensive, is the most promising disinfectant, due to its
ability to kill pathogens as well as its short half-life. Results from this study could help point
developers in the right direction to develop a consumer friendly product to sanitize water
reclamation and storage systems.
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Literature Review
Trichloromelamine
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Trichloromelamine (TCM) is a chemical disinfectant used to chemically clean food and
hard surfaces (Iofina, 2009). The EPA lists TCM as an algicide, disinfectant, microbiocide,
bactericide and a sanitizer. This means that TCM has the capabilities to disinfect, sanitize, kill
off algae, kill off ‘average’ bacteria, as well as slime-forming bacteria (EPA, 2005). Normal uses
for TCM do not include sanitization of water storage or distribution systems, but because it has
been approved for use as a hard surface sanitizer, the parallels are clear. The EPA performed
health hazard tests on TCM, including determining the amount of TCM needed to generate an
acute response (acute risk) and a chronic response (chronic risk). The EPA found that, when
properly prepared, the exposure risks for children, the group most at risk, were 31.6% of the
acute risk dose and 53.7% of the chronic dose (EPA, 2005). In order to come up with these
numbers, the EPA did the acute tests on double the dose of TCM, because the directions state
that TCM can be made double strength, bringing it up from 100 ppm to 200 ppm. This change in
concentration (from 100 ppm to 200 ppm) is only allowed when sterilizing food utensils,
however. Even with this double strength dose, the health hazard tests still both showed that the
toxic effect of TCM is well under the EPA’s risk concerns (EPA, 2005). TCM comes to
consumers as a cream-colored powder that is water soluble. It is stable for approximately one
year after it has been created (Iofina, 2009).
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Ozone
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Ozone has the potential to be a popular and powerful disinfectant. It has high oxidizing
power, which, in conjunction with its short half-life, makes it a very attractive potential
disinfectant. Ozone inactivates both gram-negative and gram-positive bacterial species, as well
as vegetative and spore forms of the same bacteria. The effectiveness of ozone as a disinfectant
is linked mainly to how it decomposes. In the process of decomposition, three different radical
species are created, each one allowing for a huge amount of oxidizing power. The stability of
these radical species increases as the pH of the liquid media in which the ozone is suspended
decreases, as well as when in the presence of a solubilized salt. This is because, in both cases,
there are positively charged molecules in solution to balance out the negative charge on the
radical species. Studies show that ozone is a more effective disinfectant than chlorine based
chemical disinfectants, such as TCM (Kim, 1999). One of the issues with ozone, however, is also
one of its benefits. The fact that ozone has such a short half-life means that people will have to
work harder to obtain it in order to use it as a disinfectant. Also, the method by which ozone is
made is, at this point, complicated, so steps must be made to increase the ease with which ozone
is created, and to stabilize it in solution (Marchello, 2012).
Studies have shown that ozone is efficient in significantly reducing the bacterial load on
the hide of a cattle before it goes into slaughter, thereby reducing the amount of contamination
that can get onto the carcass from the hide (Bosilevac, 2005). Another study showed that an
exposure time of 30 seconds was more than enough time for ozone to reduce cell growth count
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by over log 5 (Bialoszewski, 2010). Ozone has also been shown to be effective against biofilms
as well as merely effective against suspended bacteria (Bialoszewski, 2011). One study even
showed that ozone’s effectiveness at decontamination of fresh produce also carried over to
decontaminating the waste water, allowing it to be reused for other produce baths (Rosenblum,
2012).

Acetic Acid
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Weak organic acids have been used in the American food industry as effective
disinfectants for years, even receiving GRAS (generally recognized as safe) status from the
FDA. Organic acids, a classification that acetic acid falls under, generally function using one of
two mechanisms. It is interesting to note that these two mechanisms are not acid specific, but
rather that different organic acids have different mechanisms of attack when working against
different pathogens (In, 2013). Acetic acid has uses as an antimicrobial agent in many fields: in
medicine it is used against two of the main bacterial agents causing nosocomial infections,
treatment against otitis externa, is being tested as being an effective intracanal medical treatment,
and is being widely used in the food safety industry for its antimicrobial properties against
foodborne pathogens (Kany, 2012; Rhee, 2003). Typically only a 5% solution of acetic acid is
needed to be pathogenic to most bacterial species, but there has been research that shows that
lower concentrations work just as well against pathogens (Luttrell, 2012; Kany, 2012).
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Bacterial Pathogens
Bacteria are the most common pathogens found in water (Toze, 2006). Microbes
generally do not live long in the environment, but despite that, they caused the highest
percentage of documented water-associated outbreaks from 1991-2002 (Reynolds, 2008).
Normally a large number of bacteria are needed in order to cause infection, though there are
some bacterial species that need relatively few cells to get the same effect (Toze, 2006). Some of
the main bacterial pathogens that are associated with waterborne diseases are: Salmonella,
Shigella, Campylobacter, Vibrio cholerae and Escherichia coli. Each of these species of bacteria
are enteric in nature, meaning they colonize in the human gastrointestinal tract, therefore a
symptom of each of these pathogens is diarrhea (Reynolds, 2008).

All of the current literature on the antimicrobials selected for this project,
trichloromelamine, ozone, and acetic acid, is lacking on how effective each compound is against
waterborne pathogens. Because of the changing dynamics of water use in everyday society,
finding safe, effective, and cheap disinfectants for water holding tanks is gaining importance.
These three antimicrobials are good choices for this project because each of them has been
shown to be safe for use in systems that humans are around. These are all user-friendly in that
they do not require many steps in order to create and they are fairly self-explanatory in how they
are applied. In the case of acetic acid, they are also cheap for the consumer to get. Both TCM and
ozone are not, as of yet, readily available to the consumer, but with testing showing how
effective they both are for multiple uses in and around the house, it is the hope of the Food
Product and Safety Lab (FPSL) that they become more accessible in the near future.
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Materials and Methods
Water Samples:
At the beginning of the study, water from two different recreational vehicle tanks was
obtained and tested as positive controls. Later in the study as additional water samples were
needed, potable water was contaminated with either blood/hide contaminants or fecal material
and then tested in order to be used as the positive control.
The water samples called “Doc’s water”, “Doc’s #2” and “Doc’s #3” were all water
samples taken from camper-trailer A. The water sample called “Aqua F-Wheel” was taken from
camper-trailer B. The samples called “Blood #1” and “Blood #2” were both created at the FPSL:
a few gallons of distilled water were put into the bucket and the workers in the abattoir were
asked to rinse their knives in the water before they sanitized them, so that the contamination on
them could be measured and used in the study. There is a difference in contamination levels of
the two samples due to sample #1 being left in the abattoir longer than sample #2. The samples
labeled “Fecal #1”, “Fecal #2” and “Fecal #3” were all created by taking 500mL of water and
mixing 2g of animal fecal material into them.

Disinfectant 1:
One disinfectant tested was TCM. The TCM samples used in this study were obtained
from two companies, LK6 or DBK. Two of LK6’s TCM samples came with instructions stating
that 2.36g of TCM would create a 100ppm solution when mixed with 1 gallon (3600mL) of
water. Three of the four samples of TCM were kept at the FPSL and have all been stored for
approximately two years, though in different manners and locations. The first sample, hereafter
referred to as TCM1, was stored inside the lab, in a temperature controlled setting, and is
packaged in individual bags containing 2.36g, enough to make a 1 gallon solution of TCM.
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TCM2 was just sent to the lab from LK6, and while packaged in bags like TCM1, TCM2 comes
in packages of 7.06 grams, enough to make a 3 gallon solution. A barrel full of unpackaged
(loose powder) LK6 TCM, TCM3, was stored in the storage unit outside of the FPSL, a nonclimate controlled storage system. TCM4 is from the second TCM company, DBK.
Preparation Methods:
Each TCM sample was initially created in solutions that followed the directions that LK6
lists on their packaging: 2.36g of powdered TCM for every gallon (3600mL) of distilled water.
Other samples were created by adding 2, 3, 4 or 6 times the recommended amount to a gallon of
water. This was done because it is allowable to increase the amount of TCM so that the ppm of
the solution reaches 200 rather than 100.
TCM1

Weight of TCM

Amount of De-ionized Water

A

2.36g

1 gallon

B

4.72g

1 gallon

C

7.09g

1 gallon

D

14.18g

1 gallon

TCM2

Weight of TCM

Amount of De-ionized Water

A

2.3605g

1 gallon

B

4.7210g

1 gallon

C

7.0944g

1 gallon

D

9.4511g

1 gallon
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TCM3

Weight of TCM

Amount of De-ionized Water

A

2.3618g

1 gallon

B

4.7262g

1 gallon

C

7.0923g

1 gallon

D

9.4551g

1 gallon

E

236

100 gallons

TCM4

Weight of TCM

Amount of De-ionized Water

A

2.3622g

1 gallon

Testing Procedure:
All of the varieties of TCM were mixed with contaminated water in differing
concentrations, though, the most common was a 1mL TCM:10mL H 2O mixture. Though
sometimes the ratio was 2mL TCM:10mL H2O. In the case of the last experiment with TCM3,
the 236g of TCM was added directly to the 100 gallons of contaminated water, so the
concentration was higher.

Image 1:
From top left to right:
Image of package
of TCM2
TCM before water
is added
Creating the TCM
solution
Mixtures of TCM
and contaminated
H2O
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Each solution of disinfected water was then plated with nutrient agar to count total plate
count, to get an overarching idea of remaining contaminants after the water was treatmented. The
solution was also plated on a SimPlate. The SimPlate is a specially formulated plate and media
combination that tests for presence of coliforms as well as generic E.coli. If the plate tests
positive for E.coli, further testing is needed in order to determine if it is the 0157:H7 strain. This
further testing was not performed in this study because presence of any E.coli, no matter the
strain, in the disinfected water meant that the disinfectant was not effective (Biocontrol, 2013).
The samples were titrated to see how much chlorine was in the prepared TCM, and if that
amount was close to how much the companies claimed. A 10mL sample of the TCM solution is
obtained, to it 2.5mL glacial acetic acid and 1.7g Potassium Iodide (KI) is added. The mixture is
swirled for one minute, after which the beaker containing the mixture is placed in the dark for 5
minutes. After the allotted time has passed, 10 drops of starch indicator was added. The mixture
was then titrated using a 0.1N solution of Sodium Thiosulfate until the color dissipates and the
solution is clear. The equation to find the percent Cl in the solution is:
[(mL NaThio)(0.1N)(3.5495)]
(g TCM)
Method 2:
All ozone used in this experiment was solubilized ozone, created using the ozone
machine that the FPSL owns and uses by a company called Lotus Pro. It takes in normal water,
and oxygenates it, pumping out freshly ozonated water (Lotus).
Preparation Methods:
Three different varieties of ozone were created. The first, O 31, is normally ozonated
water. O32 is ozonated water mixed with brine water. O33 is ozonated water mixed with acetic
acid. O3s 2 and 3 were used because of research that states that the efficacy of ozone is increased
when in a salt solution, or that the decomposition decreases when an acid is in solution.
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O3 1

Redox Potential

A1

1100mV

A2

1100mV

B

1121mV

O3 2

Redox Potential

4% brine solution

300mV

8% brine solution

350mV

O3 3

Redox Potential

0.625% Acetic Acid solution

1130mV

1.25% Acetic Acid solution

1130mV

2.5% Acetic Acid solution

1130mV

5% Acetic Acid solution

1130mV

Testing Procedure:
The ozone produced at the FPSL has been tested for use on meat, but never for its
efficacy against aquatic pathogens. Because of this, the concentrations and ratios were quite
varied among the tests that were performed in this experiment. The ratio that was most popularly
used in this study was 1mL O3:10mL H2O. Though, 1:1, 1:2 and 1:5 ratios were also used to
determine the best concentration for total kill.
At the FPSL, ozone concentrations are measured by looking at the redox (oxidationreduction) potential of the solution. To determine redox potential of the ozone a pH/ORP meter
was used. The meter can effectively, and accurately, determine the redox potential (ORP)
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anywhere from -1999 to 1999 mV (Reed). To determine final efficacy, one of the plating
techniques was used as in Method 1: using the nutrient agar to determine total plate count.

Image 2:
From left to right:
The FPSL’s ozone
machine
Testing using
Reed’s pH/ORP
meter to get the
mV of the ozonated
water

Method 3:
Testing with acetic acid was performed to compare the effectiveness of it in the pure
form with when it was combined with ozone. Acetic acid is used often in the FPSL, though in
different ways than it was used in this project.
Preparation Methods:
Two different sources of acetic acid were used to create the AA used in this study. One
was 100% acetic (glacial acetic acid), which is used in the chemical reactions in the lab, and the
other was vinegar, used as a disinfectant.
Concentrations were easily made up for the glacial acetic acid. Because the initial
concentration was 100%, the desired percent AA was converted to that many mL, and was added
to enough water to bring the final solution up to 100mL. For example, a 5% solution would be
5mL glacial AA and 95mL distilled water.
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Glacial Acetic Acid
2.5%

2.5mL Glacial:97.5mL H2O

5%

5mL Glacial:95mL H2O

10%

10mL Glacial:90mL H2O

20%

20mL Glacial:80mL H2O

The project switched to using vinegar because that is what is most easily accessible to
consumers. The only negative regarding vinegar usage as compared to glacial AA is that
dilutions are not as intuitive. Vinegar is 5% acetic acid, meaning any concentration above 5% is
nearly impossible to create or guarantee with accuracy. This means that the testing done with
acetic acid derived from vinegar all was done at lower concentrations.
Acetic Acid from Vinegar
0.625%

10mL vinegar:40mL H2O

1.25%

10mL vinegar:20mL H2O

2.5%

10mL vinegar:10mL H2O

5%

20mL vinegar:10mL H2O

Image 3:
-
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Dilutions of
vinegar being
prepared

Testing Procedure:
Each concentration of acetic acid was mixed with contaminated water in a 1mL
AA:10mL H2O ratio. And in order to determine true efficacy of the acids the same plating
technique was used as in Method 2: nutrient agar.
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Results
Contaminated Water Samples
In order to obtain the results from each test, the initial concentrations of the contaminated
water needed to be found. Each time a sample of disinfectant was tested using a sample of
contaminated water; the water was plated as a positive to ensure accuracy of the results. If the
positives were vastly different from the figures found when they were originally plated, that data
was considered skewed and new contaminated water was obtained and the test was run again.
Some water samples remained effective for longer than others, and some samples were vastly
more contaminated than others. Because of this, rather than looking at the resulting number of
colonies on the plates as an indicator of total kill, percent reduction is a much better indicator of
how effective these antimicrobials are.
Water Sample

TPC

E.coli and Coliforms

Doc’s water

1.52*106

Negative + 84 coliforms

Doc’s #2

5.85*104

----

Doc’s #3

3.45*102

----

Aqua F-Wheel

2*104

Negative + 84 coliforms

Blood #1

4.46*107

Negative + 84 coliforms

Blood #2

3.45*102

----

Fecal #1

7.11*105

Positive + 84 coliforms

Fecal #2

8.61*105

Positive + 84 coliforms

Fecal #3

5.18*105

Positive + 84 coliforms
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Trichloromelamine
TCM1

Percent
Chlorine

Initial
Total Plate
contamination Count after
Disinfection

Percent
reduction

E.coli and
Coliforms

A1

8.57%

1.52*106

2.36*104

98.45%

Neg + 84

A2

8.57%

8.61*105

7.5*103

99.13%

Pos + 84

B

7.14%

1.52*106

1.85*104

98.78%

Neg + 84

C

6.85%

1.52*106

1.75*104

98.85%

Neg + 84

D1a

5.3%

1.52*106

2.83*104

98.1%

----

D1b

5.3%

1.52*106

1.08*104

99.29%

----

TCM1 Percent Reduction
A1

98.45

TCM Samples

A2

99.13

B

98.75

C

98.85

D1b

98.1

D1a

99.29
97.4

97.6

97.8

98

98.2

98.4

98.6

98.8

99

99.2

99.4

Percent Reduction

TCM1 had four major concentrations that were used for this study. Concentration A was
tested on two water samples and D was tested on one water sample, with differing
concentrations.
TCM powder is made up of 18.7% TCM, the rest being inactive ingredients. Chlorine
makes up 46.35% of the TCM molecule’s molecular weight, which means that there should only
be about 8.67% Cl in the TCM solution, made at manufacturer’s recommended 100ppm. Upon
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titrating to obtain percent chlorine in the solution, the numbers that were achieved for each
individual solution ranged from 2% all the way up to nearly 10%. Since there was very little
consistency with the numbers achieved from one batch of TCM, more titrations were performed.
It was discovered that when the solution was titrated directly after it was made, the percent Cl
was very low, though, as the solution sat for longer, the percent Cl increased. This is interesting
to note because this lends itself to the idea that larger quantities of TCM have the potential to be
more effective than smaller quantities because the TCM is released into solution over a period of
time. So, rather than having all the Cl in solution and available for use all at once, a small
amount of Cl is able to act against the bacteria, and as time goes on and the bacteria regroup
from the initial onslaught of Cl, more Cl is solubilized and is able to be effective against the
bacteria.
It was found that TCM1A, made at the strength recommended for effective kill (2.36g in
3800mL water), had no unsolubilized powder upon making of the solution, and was observed to
have a percent Cl of 8.57, which was about what was expected for a 100ppm solution. Solution B
had a percent Cl of 7.14, C: 6.85 and D: 5.3%. Each of these percents was lower than the
expected amount for the amount of TCM that was expected to be solubilized. Solutions B, C and
D all had unsolubilized powder, meaning that not all of the powder was solubilized in solution,
and this could possibly explain why the percent of Cl in solution was not as high expected, the
reason for which was mentioned before.
The average percent reduction for TCM1 was 98.77%. The best reduction was achieved
with solution D1b, the higher concentration (2mL TCM:10mL H2O), and it was 99.27%. The
lowest was solution D1a (1mL TCM:10mL H2O) at 98.1%. It was the same solution that gave
the highest and lowest percent reduction, the only difference between the two was the ratio of
TCM to water. It is obvious that the more TCM applied to the water, the more effective the TCM
20

was at killing the waterborne pathogens. Out of all the TCM1 solutions that were tested at the
same ratio (1mL TCM:10mL H2O), the most effective one was TCM1A, with a percent
reduction of 99.13%.
TCM1 had a good overall percent reduction, but, the results from the E.coli/coliform test
shows that it was unable to kill off E.coli (as is seen in TCM1A2). The nature of the water
holding tanks on recreational vehicles is that they are more than likely to contain fecal material, a
sanitizer that is used to disinfect them must be capable of killing potential pathogens, the most
likely of which would be E.coli. This sample of TCM seems unable to do so. Also, the presence
of coliforms indicates that there still is bacteria that is commonly found in fecal material in the
solution. So, while some of the samples were negative for E.coli that does not mean that the
samples were free from all potentially dangerous bacteria.
TCM2

Percent
Chlorine

Initial
Total Plate
contamination Count after
Disinfection

Percent
reduction

E.coli and
Coliforms

A

7.43%

8.61*105

7*103

99.19%

Pos + 84

B

8%

8.61*105

6.5*103

99.25%

Pos +84

C

7.41%

5.18*105

2.4*104

95.37%

Pos + 47

D

5.96%

5.18*105

2.3*104

95.56%

Neg + 84
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TCM2 Percent Reduction

TCM Samples

A

99.19

B

99.25

C

95.56

D

95.56
93

94

95

96

97

98

99

100

Percent Reduction

All of the percent chlorines in the samples of TCM2 were below the expected percentage
for this solution of TCM. This does not seem to have an impact on the effectiveness of the TCM
as a disinfectant, however. This is seen when comparing samples A, C and D. Samples A and C
have very similar percent Cl (7.43 and 7.41%, respectively), and yet their percent reductions are
different (99.19 and 95.37%, respectively). The percent reductions between samples C and D are
quite similar (95.37 and 95.56%, respectively), while the percent Cl in the solution is quite
different (7.41 and 5.96%, respectively). So, it would seem that at least for this sample of TCM,
the percent reductions do not have much correlation to the percent Cl.
Average percent reduction for TCM2 was 97.34. This is interesting because this is the
TCM sample that was recently sent to the FPSL from the company that produces the TCM. This
indicates that it should be the most effective, that is, if the length of time that the TCM was in
storage at the lab had any effect on its solubility or effectiveness. Apparently, the amount of time
that the TCM was in storage had no effect on its effectiveness, because average reduction was
higher in the sample stored for longer.
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The average percent reduction might not be a true indication of TCM2’s actual killing
effectiveness, as the higher concentrations of TCM2 (C and D) were less effective in killing than
any of the samples from TCM1, but the lower concentrations (A and B) were either just as
effective, or more so.
While TCM2 was not as effective at reducing total bacterial load as TCM1, it was able to
do something that TCM1 was unable to do. TCM2D was able to kill the E.coli from the sample.
So, while this dosage was not as effective at lower doses of the same sample at reducing the total
bacterial load, it was effective in totally reducing the potentially pathogenic bacteria from the
sample.
TCM3

Percent
Chlorine

Initial
Total Plate
contamination Count after
Disinfection

Percent
reduction

E.coli and
Coliforms

A

22.27%

5.18*105

3.6*104

93.05%

Neg + 0

B

22.86%

5.18*105

2.35*104

95.46%

Neg + 0

C

21.88%

5.18*105

3.2*104

93.82%

Neg + 0

D

21.55%

5.18*105

6.3*104

87.84%

Neg + 0

TCM3 Percent Reduction

TCM Sample

A

93.05

B

95.46

C

93.82

D

87.84
84

86

88

90

92

Percent Reduction
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94

96

98

The percent chlorine for this batch of TCM was, interestingly, much higher than the
percent chlorine found in the other batches of TCM. While this does not seem to have had a
positive impact on the ability of the sample to reduce total bacterial counts, it did, however,
increase the TCM’s ability to completely eliminate coliforms and E.coli.
Average percent reduction for TCM3 was 92.54%. This sample was different from
TCM1 and 2 in how it was packaged: this is the only sample that came in a barrel. While the
reduction was not as high as the pre-packaged TCMs from LK-6, the important thing was that
every sample of TCM3 completely killed all fecal bacteria in the water sample. This means that
while TCM3 was not as effective in killing the bacteria in the sample, it was more effective in
killing the potentially pathogenic bacteria.
TCM4

Percent
Chlorine

Initial
Total Plate
contamination Count after
Disinfection

Percent
reduction

E.coli and
Coliforms

A

17.1%

5.18*105

87.64%

Pos + 8

6.4*104

TCM4 is the only TCM sample from the second company that created TCM, DBK. There
was only one TCM sample from this company because it is no longer creating TCM and has not
been for many years and this was the last sample that was at the FPSL. It was used to compare to
the effectiveness of LK-6 TCM. The percent reduction of TCM4 was only 87.64, meaning that it
had the lowest percent reduction of all of the samples of TCM. This could be due to the age of
the sample, as the sample is over two years old, older than the samples from LK-6, and
substantially older than the half-life for TCM.
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Ozone
O3 1

Initial contamination

Total Plate Count
after Disinfection

Percent reduction

A1

5.85*104

2.69*103

95.4%

A2

5.85*104

2.24*104

61.71%

B

4.46*107

7.14*103

99.98%

O31 Percent Reduction

O3 Sample

A1

95.4

A2

61.71

B

99.98

0

20

40

60

80

100

120

Percent Reduction

O31 is plain ozonated water. Sample A was used against one sample of water, in two
different ratios: A1 was 1mL O3:1mL H2O, while A2 was 1mL O3:2mL H2O. The less
concentrated of the samples was significantly less effective at killing the bacteria in the water
than the more concentrated. This suggests that the higher concentration of O3 against bacteria,
the better the ozone works. Though, sample B was applied to water in a lower ratio than either of
the sample As (1mL O3:10mL H2O), and was more effective than either. This might be due to
the fact that sample B was allowed to sit for longer than either of the As before plating. The
longer that ozone is allowed to sit in contact with the contaminated material, the more effective it
is in reducing the bacterial count of the sample.
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O3 2

Initial contamination

Total Plate Count
after Disinfection

Percent reduction

4% brine

4.46*107

4.98*103

99.99%

8% brine

4.46*107

5.46*103

99.988%

O32 Percent Reduction

4% Brine
O3 Sample

99.99

8% Brine

99.987

99.988

99.9875

99.988

99.9885

99.989

99.9895

99.99

99.9905

Percent Reduction

Research showed that ozone was able to more effectively remain solubilized when there
was something in the water that was able to stabilize the ozone. For this reason, the ozonated
water was mixed with brine water and tested for effectiveness. The Na+ from the salt helps to
stabilize the negative charge on the ozone, and this stabilization helps keep the ozone from
volatilizing, allowing more time for the ozone to act on the organic matter in the water sample.
The brine water was kept in the freezer for a few hours before mixing with ozone water.
The colder the water increases ozone solubility and makes it more effective. The percent
reduction of the two brined ozone solutions shows how effective the brine was in stabilizing the
ozone: both of the reductions were over 99.9%.

26

O3 3

Initial contamination

Total Plate Count
after Disinfection

Percent reduction

0.625% AA

3.45*102

0

100%

1.25% AA

3.45*102

0

100%

2.5% AA

3.45*102

0

100%

5% AA

3.45*102

0

100%

O33 Percent Reduction
100

ADD 1.25% AA

100

ADD 2.5% AA

100

ADD 5% AA

100

O3 Sample

ADD 0.625% AA

0

20

40

60

80

100

120

Percent Reduction

The next method of stabilization of the ozone molecules in solution used was adding an
organic acid to the ozonated water. This, like the brine, adds a positive charge to the solution
which stabilizes the ozone radicals. Unlike the brine, however, acetic acid also has its own
antimicrobial effects, adding to the efficacy of the solution as a whole. This added benefit of the
acetic acid was in the percent reduction from this sample of ozone: every test revealed a 100%
reduction.
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Acetic Acid
Glacial Acetic Acid

Initial contamination

Total Plate Count
after Disinfection

Percent reduction

2.5% (c)

3.45*102

0

100%

5% (a)

1.52*106

2.13*104

98.6%

5% (b)

2*104

6.75*102

96.6%

5% (c)

3.45*102

0

100%

10% (a)

1.52*106

2.53*104

98.34%

10% (b)

2*104

1.13*103

94.38%

10% (c)

3.45*102

0

100%

20% (a)

1.52*106

6.08*103

99.6%

20% (b)

2*104

1*102

99.88%

Acetic Acid Percent Reduction
2.5% a

98.6

5% a

98.34

AA Samples

10% a

99.6

5% b

96.6

10% b

94.34

20% b

99.88

5% c

100

10% c

100

20% c

100
91

92

93

94

95

96

97

98

99

100

101

Percent Reduction

Because tests were conducted to determine how effective acetic acid was when used in
conjunction with ozone, tests needed to be done on how effective acetic acid was when used
alone. The first set of tests was done with glacial acetic acid. One batch, (a), had three
concentrations (5, 10 and 20%), and all were used in the same ratio against the same water
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sample. The percent reductions were best for the 20% solution (99.6%), and surprisingly worst
for the 10% solution (98.34). The second batch of acetic acid, (b), was made up in the same three
concentrations (5, 10 and 20%) and each of these concentrations was used in the same ratio
against the same water sample, though a different sample than was used with (a) was used with
(b). This sample had similar results to the first sample, the 20% had a higher percent reduction
(99.88%), and the 10% had the least percent reduction (94.38). The reason that the 10% solution
is less effective at killing the bacteria than the less concentrated 5% is unknown, by all rights it
should be more effective because there was more acid in solution to interact with, and disrupt,
the bacteria. The final batch, (c), was the most effective in reducing the bacterial count: all three
concentrations (2.5, 5 and 10) achieved total kill. This effective reduction was probably due to
the initial contamination of the water, which was lower than the other water samples. This
suggests that when initial water contamination levels are lower, lower concentrations of
disinfectants are needed in order to achieve complete percent reduction.
Acetic Acid from
Vinegar

Initial contamination

Total Plate Count
after Disinfection

Percent reduction

0.625% (a)

3.45*102

0

100%

0.625% (b)

7.11*105

6.54*103

99.08%

1.25% (a)

3.45*102

0

100%

1.25% (b)

7.11*105

4.2*102

99.94%

2.5% (a)

3.45*102

0

100%

2.5% (b)

7.11*105

1.6*102

99.98%

5% (a)

3.45*102

0

100%

5% (b)

7.11*105

0

100%
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Vinegar Samples

Vinegar Percent Reduction
0.625% a

100

1.25% a

100

2.5% a

100

5% a

100

0.625% b

99.08

1.25% b

99.94

2.5% b

99.98

5% b

100
98.6

98.8

99

99.2

99.4

99.6

99.8

100

100.2

Percent Reduction

Sample Makeup

O3 and Vinegar Percent Reduction
AND 0.625% AA

100

AND 1.25% AA

100

AND 2.5% AA

100

AND 5% AA

100

0.625% AA

99.08

1.25% AA

99.94

2.5% AA

99.98

5% AA

100
98.6

98.8

99

99.2

99.4

99.6

99.8

100

100.2

Percent Reduction

Vinegar contains 5% acetic acid, so when it is used as a disinfectant, it has the same
effectiveness as glacial acetic acid. The differences between batches (a) and (b) are the water
samples with which they were plated. This portion of the study was done in conjunction with the
O33 sample, to show how effective pure acetic acid was against the same water as the ozonated
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acid was. This was shown in batch (b). Batch (a) seems to be a lot more effective than batch (b),
but that is merely because of the initial contamination of the water.

Average Percent Reduction
TCM1

98.77

TCM2

97.34

Samples

TCM3

92.54

TCM4

87.64

O31

85.7

O32

99.989

O33

100

Acetic Acid

98.6

Vinegar

99.88
75

80

85

90
Percent Reduction
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95

100

105

Conclusions
Through an examination of the average percent reductions of contaminants within the
samples tested, the most effective disinfectant was found to be O33, or the sample of ozone that
is mixed with acetic acid. O32, the ozonated water/brine mixture was noted to be the second most
effective mixture, barely less effective than the second ozone mixture. All but one of the TCM
samples were less effective than O32, O33, the glacial acetic acid and the vinegar. However, as
was previously mentioned, the average percent reduction arguably may not be the best indicator
of success for these disinfectants; not only because that percentage does not show how effective
the disinfectant is against waterborne pathogens, but also because it does not show the
differences in dosage coupled with different variables, such as exposure time.
Out of all the samples of TCM that were tested, TCM1 had the best average total kill, as
well as the highest individual percent reduction of all the TCM types. However, TCM1 was
unable to kill E.coli, like TCM3 was able to. TCM3 was the only of the samples that was able to
kill E.coli, suggesting that it actually had the highest efficacy of all the TCM samples. For the
intent of this study, all this indicates that TCM3 would be most most valuable TCM sample to
produce for consumers. More testing needs to be done, however, to see if the bacterial load left
after disinfection with TCM3 is within limits for recycled water, and if not, how to best boost the
efficacy of the TCM.
Additional testing also needs to be done concerning the percent reduction of each TCM
sample over time, to see if the chlorine is released slowly over time in higher concentrations of
TCM. This would establish a minimum contact time, so that if consumers ever do use this
product, they would have an idea of how long it would take for the product to fully disinfect their
holding tank.
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With respect to ozone, the most effective mixture was the ozone and acetic acid mixture.
This is not only due to the fact that the acid stabilized the ozone in solution, allowing it to work
for longer on the bacteria before it volatilized, but also with the fact that ozone and acid are both
disinfectants. The solution that seems to be the most promising out of the ozone mixtures,
however, was the ozonated brine water. This is because it involves only stabilizing the ozone and
increasing its efficacy, rather than adding another antimicrobial to the mixture. However, while it
is true that salt has bacteriostatic capabilities, it is not able to kill bacteria like ozone. For this
reason, more research is needed to determine the difference in impact of ozonating brine water,
versus mixing ozonated water with brine water, to the ability of the ozone to reduce total
contamination.
In the acetic acid trials, it was interesting to note that the vinegar (lower percent acetic
acid) was more effectively able to kill the bacteria than the glacial acetic acid (100% acetic acid).
While the why is uncertain, it is a positive indication for the consumer, because vinegar is
substantially cheaper and easier to obtain than glacial acetic acid, in addition to being an
effective antimicrobial. It is of further importance to note that the most effective application of
acetic acid was in conjunction with ozone, providing the conclusion that what one antimicrobial
did not kill off, the other one did.
In all of these trials, it was a consistent finding that not one single, independent
antimicrobial works against every type of bacteria, and significant additional testing is required
to determine out how effective TCM and ozone both are on waterborne pathogens. What this
study did determine is that both TCM and ozone impact and reduce the total bacterial load of
water samples. Additional testing should be done expanding the testing parameters to determine
length of time the water tanks, once disinfected, remain disinfected for; if the disinfectant lingers
on the walls of the tank; what impact, if any, would be to the health of those using the water from
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that tank. Also, it should be determined how long it takes tanks to develop an unacceptable
bacterial load once cleaned using each of the different methods, because no matter how effective
of a disinfectant it is, if the tank immediately regains its bacterial load, it is an ineffective
disinfectant.
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