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Microscale Gas Chemistry, Part 29.
The Mini-Ozone Generator and Bacteria
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Description.

In 2005we published an article in the Journal of Chemical Education describing a microscale
ozonegenerator built from a disposable thin-stemmed transfer pipet.2 The generator eectrochemically
splits water into Hy and O, with small amounts of O3. Typicaly, the generator produaes about 10

mL/minute, of which about 0.25 B 0.40 % of the total gas produced is O3. This level of ozone

represents 800 nanonole of ozone pa minute N it would take 18 days of confinuousopeation to
generate onegram of ozone Despite the small amourt of ozone generated, there is enoughto cause a
variety of interesting oxidaions In our origind article,2 we described the oxidaion of food coloring
over the course of minutes. In the January, 2007 issue of this Journal, we described ozone3 effect on
over two dozen houshold subgances ranging from fruit and vegetable juices to rubbe bands, moldy
cheese, wood fibers and silver.3 In this article we describe the use of this mini-ozonegenerator to treat
and kill bacteriain naural waters. Specificaly, we treated water samples collected from Carter Lake in
Omaha, Nebraska and from the Missourn River asit passes by Omaha

Apparatus.

At the heart of 0zone appaatusis a thin-stemmed pipe (Bera pipg) with the stem stretched to
form acapillary ddivery tube A graphite and platinum electrode completed the device as shown in the
Figure. The pipe is hdd upright with an optiond framework congdructed from sodastraws and a 96-
well plate asthebase. Complete details for stretching the pipet and congructing the device are provided
in our previousarticlesin this series?: 3 aswell as at our webste4 Thepipet bub isfilled about3/4-full
with 3 M H,SO,.
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Figure. Left: front view; right: side view.

Ice bath

Thebeaker shown in theFigureisfor an ice bath necessary to keep the system cool. Withoutthe
ice bah, the electrodes would heat up and could enlarge the holes throughthe pipet. If this occurs, the
gases will no longe be ddivered throughthe capillary tubebut rather will leak out the enlarged hole(s)
aroundthe electrodgs). Theice bah should contain more water than ice so tha every surface of the

pipet bulb isin contact with ice water. Theice bah aso improvestheyield of ozone

Power Supply

The power supply is set to ddiver 6-volt direct current. The postive wire is connested to the
platinum electrode (anodg and the negdive wire is connected to the graphite electrode (cathode) Two
wires with alligaor clips on both ends are used to connect the power supply to the electrodes. More

information aboutthe power supply is provided in our previousarticle3 aswell as at our webste.4

Electrolysis of Water.
Oxygen and ozoneare generated at the anode(platinumelectrode and hydrogen at the cathode
according to thefollowing reactions

Predominant reaction: 2 Ho,O —— O, + 2 H» Eiot =-1.23V

Minorreaction:3H,O ™ # Osz+ 3 H> Bt =-1.51V
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Thus the gas mixture collected is about2/3 hydrogen and 1/3 oxygen with trace levels of ozone

Experiments and Results.
We used three different methodsto culture bacteria.  All three work well and are described
bdow. Thefirst methodisrecommended for its smplicity and low cod.

1. Nutrient agar plates.

Nutrient agar plates are prepared and shippeal in a sterile deeve containing ten plates. They are
ready to use, but mug berefrigerated until used. They have a short shdf-life so they should be ordered
shortly before they are needed. We ordered ours from Fisher Scientific S716931A (about $20 for a
deeve of 10 plates.)

We collected two 500 mL samples, onefrom Carter Lake in Omaha, Nebraska and another from
theMissour River asit passes Omaha Both samples were collected on 23 August, 2007. The samples
were refrigerated overnight, which allowed them to settle. Using a disposable pipet, we carefully
tranderred about 15 mL of water from each sample, oneat atime to a clean 30-mL test tube (15 x 150
mm.) Before we began our treatment with ozong we tranderred 3 mL water sample to a nutrient agar
plate. The agar plate was covered and then gently swirled in order to coa the entire surface with the
water sample. This sample was labded Q = 0 min.O

Theozoneddivery tubewas then placed all theway to the bottom of thetest tubecontaining the
water sample. Ozone generation commences immediately when the power supply is plugged in. We
removed 3 mL samples of water with a disposable pipe after 5, 15 and 30 minutes. As before, the
samples were addel to fresh agar dishes, covered, and swirled. The entire process was repested for the
secondwater sample usng a new test tubeand four more agar plates. All eight samples were incubaed
at roomtemperature.

Three days later, the results were clear. Murky, yellow and cream-colored bacteria completely
covered the surfaces of thet = 0 min samples from both Carter Lake and the Missoun River. In
addition, thet = 5 minutes sample from Carter Lake also was covered with becteria. All of the other
Petri dishes were bacteria-free.

We repeated this experiment usng time-lapsed photography. The camera took one picture per
hourfor 4.5 days. Thistime, the bacteria grew in clumped colonies in the untreated water and not at all
in the sample treated with the ozonestream for 15 minutes. The sequence of phobbswere assembled into

an eighteen second movie in which the bacteria can be seen to grow at about20,000times faster than in

theactud experiment (1 s= 6 hr.) Themovieis available at our webste.4
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2. Nutrient-rich agar media.

We prepared our own nutrient-rich agar media (2.5 g tryptone 1.25 g yeast, 2.5 g NaCl, 3.75g
agar, and 7.5 mL 0.1 M NaOH in water to make 250mL.) Thesolution is poured into Petri dishes and
then autodaved for 1.25 hour. Rich agar media are stored in arefrigerator until needed. Samples from
Carter Lake and the Missoun River were treated and prepared as described above Incubdion took
place in therefrigerator and colonies of bacteria appeared within aweek. Overal, theresults were very
similar to the Nutrient Agar results, above We foundthat colonies of bacteria and coliform formed in
great nunbers in the natural water samples, but in the samples treated even for a few minutes had far
fewer colonies and those treated for 30 minutes or more had no bacteria whasoever.. Pictures of the

bacteria colonies that grew in ozone-untreated samples are shown at our webste4

3. Hach Millipore method.

Hach Millipore sells complete coliform bacteria and E. Coli andysis kits.5 TheKkits are easy to
use and give separate results for coliform bacteria which appear as red colonies after incubaion and E.
Coli which appear as blue colonies after incubaion. Thekit utilizes a Microfil S filtration device (100
mL funnd, sterile, onetime use) with white grid filter pgoer and the use of a prepackaged broth tha
leadsto the two different colors for the coliform and E. Coli colonies. Incubaion takes place over a 24
hour period at 37 °C. Detailed indructionsare available from Hach/Millipore. The main disadvantage
of these kits is tha they are considerably more expengve than either of the other two methodsdescribed
above Each experiment usng this methodrequires 100mL of sample. We passed the 0zone containing
gas through100mL water samplesin a250mL volumetric flask containing a spinning stir bar for 15,30
and 45 minutes. After each timed expeiment, we mud start over with a new 100 mL sample.
Experimental results are shown at our webstet: untreated samples of the Missour River showed 26
count of coliform and 4 counts of E. Coli. After treating a fresh 100 mL sample for 15 minutes with
ozone followed by andysis as above the sample showed only 3 counts of coliform and no E. Coli.

Samples receiving 30 and 45 minute exposures showed nether coliform nor E Coli.

Destroying bacteria samples.

All samples cultured on agar plates were treated with household chlorine bleach for 24 hours.
The plates were then collected in a sealed plastic bag and placed in the trash. As aways, loca
regulationsshould be followed.
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Hazards and Safety Precautions

Sulfuric acid (3 M) is corrogve and should be handled with care. Eye protection mus be used.

Suggested activities.

1. Collect and test water for bacteriafromlocal streams and rivers.

2. Collect andtest water fromrain run-off. Samples can be collected near downspouts, near
residentia streets, and so on.

3. Collect and test water from your pet@ water bowl.

4. Collect and test water throughot variousseasons

5. Collect and test water from local streams before and after weather events such as heavy
raingorms.

6. Test tap water tha is (a) fresh and (b) has been dlowed to sit onthe countr for afew days.

7. Test battled water tha has been opened for severa days.

Teaching tips.

1.1f nogasisflowing, theelectrodes are probably in contact with each othe.

2. Do nat switch thewire leadsto the electrodes. If the solution becomes suddenly dark, thewires
are backwards

3. Check for theoda of ozonenear the mouth of thetest tubeas evidence tha thedevice is working.

4. Themicroscale ozonegeneator can be stored indefinitely. It isnotnecessary to removetheacid
fromthepipet bulb.

5. Theacid level will drop, but themoles of acid present is unchanged: simply add water when the
level islow. Refer to ourpreviousarticles (Ref. 2 and 3) for complete details on preparing and
maintaining the ozonegenerator.

6. Using thecommercially available nutrient agar platesisinexpendgve and easy. Each experiment
takes only afew minutes more than the ozoneexposure time.

7. Water samples should befresh. Bacteriadie in sealed containers after prolonged peiodsof time,
even with refrigeration.

8. Allow students to propos GtudiesOsimilar to those above

9. Incorporate the use of GontrolsOin all projects.
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Questions

1. Where do coliform bacteria come from in natura waters? E. Coli?

2. How does ozonekill bacteria?

3. Wha other chemicals are commonly used to kill bacteria? Wha are the prosand consto ozone
and these other chemicals?

4. Using themicroscale ozonegenerator, it takes more than five minutes to completely kill all of the
bacteriain thewater samples tha we tested. Why doesit take so long? Are some bacteria
simply harder to kill? Or isthe ozonethelimiting reagent?

5. Usethelnterne or your chemistry bookto read more abouttheuse of ozoneto disinfect water

samples.
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