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Ozone in
cool ing water treatment

kam how to use the strong points of ozone
to your advantage and avoid the pitfalls.

w:TJ"*fi ffi '.:'�i#,::T:i::
water heatment, they were marketed as
a stand-alone Lreatm€nt, a cure-all, a
panacea. We now know this isn't Lrue.

Because there have been many mis-
conc€piions regardinS ozone, ihis article
is intended to r€vi€w the basics of
ozon€, its tru€ capabilities and limita-
tions and its potential benefits in cooling
water tr€atm€nt applications.

What b ozone?

ozone (oJ is fonned by combining
three atoms of oxygen. The air we
breathe contains iwo atoms of oxygen
(O) in the molecular form of 02. Wh€n
sufficient energy is applied to the molec-
ular Oz, such as the discharge of elec-
tricity during a thunderstorm or shong
I.JV radiaiion from the sun, some of the

According to ths EPA, "the sam6 chsmic8l prop6rtiss th8t allow high concentration of
ozons to rcact with oruanic mat€rial outsids tho body givo ittho abi ity to rc8ct with sim-
ilar organic materia I that makes up the body.

"wh€n inhalsd, ozone can damagethe lungs, Belativelylow anounts can cause chest
pain, coughin0, shonness of breath and throat irritation,ozone mayworsen chronic rcs-
piratory diseasos such as asthma and compromlse the ability ofthe bodyto fight respira-

EPA mak€s a distinction between ozone in the upper and lower atmosphere. ozone in
the upperatmosphere,refeffed to as stratospheric ozone, helpsf i l teroutdamaging ul tm-
violet radiation from the sun. Conversely, ozone in the lower atrnosphere - the air we
breathe - can be hamfultothe r€splmtory system.

0SHA has issusd a thrcshold limitvalue {TLVIon ozone exposureto 0.1 ppm overeight
hours per day and five days per week, or 0.3 ppm for a 15-minute continuous exposurs.

Because ofthe potential health hazads, it is crucialto destroy any excess ozone in a

_M,U.

By Mario C. Uy

molecular 02 will split into two individ-

Wlen the individual oxygen atoms
merge with other oxygen molecules
(O2), th€y form 03. Ozone is a very
unsiable molecule and will revert back
to O, quickly.

Capabllhies

Ozone is a very powertul oxidizing
biocide, viricid€, fungicide, sporicide,
disinfectant and steiilizer. It kills
microorganisms on contact by cellular
lysis ard cytoplasmic dispersion - 't
directly niptur€s the cell walls of the
microorganisms, which results in an
insiantaneous death,

By comparison, chlonne kills bacieria
by diftusing through th€ cell wall and then
oxidizing the enzymes within ihe cell.

Ozone kills micrcorganisrns includ-

ing E. Coli, LegioneUa, Pneunophilia,

Strcptococcus Fncnlis Bacilhts, Clostridiun,

amoebae cy Ets, G i a rd i a, C nJ p I a s to r i d i u ft ,
Pseudotno as, etc. It also eradicates

tungi, mold and yeast.

In addition, ozonel

. Oxidizes and mitigaies pollutants

from water and wastewater,

. Breaks down volatile organic com-
pounds (VOO such as, phenols, ben-

zene, pesticides and other aromatic

hydrocarbons.

. Breaks down inorganjc compounds

su€h as cyanides, sulfides, nitrites.

. Removes taste and odor.

.Removes soluble iron and man-

ganese indirectly by converting ihem to

f ilterable insoluble solids.

Ozone is very friendly to the environ-
ment. The extra atom of oxygen makes

ozone very unstable.

wlrile it has a half-life of about 20

minutes in clean water its half-life in

diriy water is even shorter as it is con-
sumed by the micrcorganisms, VOCS

and other compounds.
Because it breaks down to oxygen,

ozone does not leave any toxic or €ar-

cinogenic by-products. It does not

impart any tasie, odor, color or solids.

By compadson, chlodne forms car-

cinogenic by-products, such as iri-

halomethanes (THM) and other halo-
genated compouds. When added io

water, chlorine hydrolyzes to

hypochlorous acid and then to

hypochlorite ion, both of which can
linger on and adveEely affect our

(Continued on page 40)
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(Continuedfron page 38) inates any hazards associaied with
hydrolo8ical system. transportation, storing and handling.

Since ozone reverts to oxygen very
quickly it cannot be packaged and Commercial production

stored. Thus it must be generated on- Ozone is Produced commercially in
site.In turn, this on-site generation €lim- the same way it is fomed naturally by

What is the significance of ozone?
ozofe is a very powerful oxidant, evsn rnor€ powerfulthan chlorine, Below is a iable

comparing the oxldizing potentialoJ ozoneto otheroxidizing a0€nts.

oxidationpotential PowerreLative
{voltsl to chlo ne
3.06
2.01
1.71

oxidizinq agent

Flou no iF,
0zone {031
Hydrogsn Percxide (Hz0z)

Chlor ino lCl2)
Chlorins Dioxide{Ci0,
Bromin6lgel

lightning or W radiation from the sun.

The commercial lightning m€thod

is called .orona discharge. Dried air

or oxygen is passed through an

electrified field (corona) Senerated by

a high voltage between positive and

negative grids.

The high voltage splits the molecrlar

oxygen into atomicoxygen. Some ofthe

atomic oiygen merge with molec{lar

oxygen to form ozone, while other oxy'

gen atoms simply recombine to form 02.

A fraction of oxygen in the air is trans-

When ambient air is used as a feed

gas, you can get ozone between 1 and

2 perceni by weight in air. When

oxygen is used as a feed gas/ you can
get ozone between 6 and 12 percent

by weight.

Natunl UV radiation is simulated

commercially by UV lamps. Air is

Potassiurn Psman!ansto (Kltln04) 1.67
1.36
1.21
1.09

2.25
1.52
1.30
1.23
1.00
0.93
0.80

fhis table k couftosy ot CEC ka 0zono conpanv
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lcontinued frcm previous page)

thrcat - the emergence of pathogenic

bacteria like Legionella Pneumaphilia.

Microbio is a concein because it con-

iriblrtes to and ampiifies deposition,

€orrosion and fouling by acting as a

nucteation point or catalyst for these

problems. The effect of microbio on

scale deposition and fouling is one of

the early miscon€eptions of ozone.

Early applications show€d that

ozone also removed mineral deposits.

Later, it was found that this removal

was only true where the deposits were

held in a bio-matrix.

It is like the st€el structure of a building

thai holds up all the bricks. By d€shoying

the steel structure at shategic points, the

whole building implodes.

Comparing ihis to the bio-induced

deposits, ihe bio-matrix lteld the

deposits together acting likeglue. When

the ozone desiroyed the bio-mafrix, the
attached crystalsbecame dispersed.

Not unde$tanding this phenomenon
tully, some ozone manufacturers began
marketing them as scale inhibitor
Needl€ss to say, ozone failed to pEvent

inhibitor, under similar biological pre-

text. Likewise, ozone failed to prevent

these problems under non-biological

TEditionaly, non'oxidizing biocides

and oxidizing biocides are used to con-

The effect ol miqobio on scale
deposition and fouling is one of
the early misconceptions ol ozone,

rrol microbio. Twical
non-oxidizing biocidB
are organo-sultur .om-
pounds (carbamate

based, thiocyanate),
organotin, isothia-
zolone, organobromine
(dibromoniirilopropi

onamide), organic
nineral deposits under oth€r condi-
tions, such as supersaturaiion, excessive
hardness and alkalinity.

Because microorganism also indu€es
other problems, such as corrosion and
fouling, ozone was also marketed
early on as a corrosion and fouling

thiocyano-azoie (benzothiazole) glu-

taraldehyde and quatemary ammonia.

Typical oxjdizing biocides arc €hlo-
rine, bromine and chlorine dioxide.

Most of these biocid€s have a long-term

negative impact on the environment. As

such, there is a growing pressure to

FHtrIFItr
trztrnE
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