
Ozone in Cooling Water Treatment

hen commercial o?one gtneretors were ffrst

introduced for cooling water treatment, th€y

wea mrketed s a stand-alonc treatment, a

cue-all or puacea. We nw know this is not the ese.

Becese tlrere have been mmy nisoneptions regarding

omne, this articl€ is intended to review the basici ofohde' itr

true capabilities dd limitations, md ia potcntial bcncfia in

cooling water treatment applications,

Whal ir Orone?
Ozone (O:) is formed by combining three rtoms ofoxygen. The
air we brcathc contrins rwo.rtoms oforygen (O) in the moleculrr
fbnn ofOr. Vhcn suffic;cnt energy is applied to dre rnolecular
02, such a. thc discbarge ofelectriciry during a drundcretorm or
strong UV radiarion from rbe sun, somc ofdrc molecular c)2 will
splir into two individual oxygcn atoms. when the individual
oxygcn rtoms merge *hh otho oxygen molcculcs (Oz), drey
form {)1. Ozone is r vcry rurstablc molccule:nd will rcrdily

Copoblllrlcr
Ozonc k r very powcrful oxidizing biocidc, iricide, fungicidc,
spor i . id . .  d i . i t r fe .unt  and i rer i lv*  h k i l l r  mrcrours: rnm'  on
contrct by cellulrr lysis and cytopla\mic disposion - n di.ecdy
mptures the cell walls ofrhc micruoryanismi, which rcsulls in in
invanraneous death. By compui$n, chlorine kills bacter;a br
diffusing through rbe cell wall rnd rhcn oxidizing drc enzymes

Ozone kills microorganhms including tr' Coli, Legbne n,
Pfl.unophitit, Sbetto.oreu Facalis Bacillu, Chtriditn. tnoebae
cysts, Giatdia, Cryptoyoridiu|4, headonoha'. er.. h tlso eta.l;-
catcs fungi, rnold and yeasl. I. addition, ozooe:

. Ox;dizes and mnigates pollutanrs
from waer and wastewater.
. Breaks down volatile organic com-

pounds (VOC) s!.h as, phenols.
benrne, pesticides and othet ato'
m*ic hydrocarbons.

. Break down inorgrnic compounds
srch * cyanides, sulfidcs, nitr;tcs.

. Removes taste and odor

. Removes soluble hon and nan-
ganese indirecdy by convening them
rc fikerable insoluble solids.

Ozone is very friendly to the envnonment. Thc cxtn rtom ot
orygen makes ozone very unstable. \fhile n has a half-life of
rbour  20 nrrnure '  in  . le ,n w,re, .  i r r  hr l l : l i fe  in  d iny wrter  n evcr
shorter as it is consuned by the microorgankms, VOCs and other
compounds. Because ozone breaks down ro oxygen, ozone does
not lerve any toxic or crrcinogenic by-products. It does not
impan any trste, odor, color or solids.

By comparhon, chlorinc forms carcinogenic by-products, such
rs rihalomcrhanes (THM) rnd odrcr halogcn.tcd compounds.
Vbcn addcd to *rte., chl"rine hydrollzes to hypochlorous acid,
which funher hydtoly^s to hypochlorne ion, bodr otwhich crn
lilger rnd adversely atrcct our bydrologicrl systcm.

Sincc o7'ne revcris rapidly to oxygen, it crnnot bc packrgcd
and stored. Thus, ir nnsr bc genefxied on-sire. In rurn, this on-
site generarior climinares any hazrrds rssocirred wirh transpona-
tion, srorilg and hrndling.

wh.t i3 lho Slgnlli(an.s of 0roro?
Ozonc is a voy powerful oxidrnt, even morc powcrful dnn chlo-
ri[c. Sl,own in Tablc I is a comparison otrbc oxidizing potcDriil
ofozonc to odret oxidizing agents.

Conrnerriol Produrtion
Ozone is produced commcrcirlly in drc srme my h is fonned
mrurally by lighrning or UV rrdiarion tron rhc sutr. 

'lhe 
conl

mercial lighrliog merhod is crlled coronr dischrrgc. Dricd rir or
oxygen is passed rhrorgh an clcctr;ficd ficld (coroni) sene..ted by
a high voltage bctween positivc rnd negativc grids. l'bc high
vohagc splits dre molecular oxygen into atonic oxysen. Some of
dre rtomic oxygen merges wirh molecular orygen ro form ozonc,
while orher orygen atons simply recombine to form 02. A fi"ac-
rion ofoxysen in the air is rransformed into ozone.

Vhen rnbieor air h used * r feed g*, the amount ofozone
generared is beueen I and 2 percent by we;dr in aii vhen oxy-

Obne (O3) 
_

Hydtugen Peroxide (HrO,

Pora$ium Permanseare (KMdOa)

Chlorine Dioxide (ClOz)

Table is couttal ofCEC the Onre Contaal
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(bcnzodriazolc), glutrraldehyde and qorternar) inmonia.
Typicil oxidizins biocides are chloLinc, brornine and chlorine

di<xide. Mosr ofrhe biocides havc r long-tcrm negatrve imprr
on rhc cnvircnmcnr. As s,ch, drere is r gro\ling pr$surc h reduc or
resrrict these Lriocid* in tbe blowdown wrar $pecirllr il rhc w.rcr is
bcing dnchrged to r watcnvay. Ib addition b rhe dkch.€e burdcn,
drcsc biocidcs hdr to bc uored, mnsporied and hrndled, which
incrcmcs potcntirl hcrl rurd injuq, risks b pslmncl.

li|l|ihtions
Becrus ofirs sholt hrlf'lifc, ozonc lcvcls drop orrupidlr xs tink
rrog ,  *c . .  . ' rd  . . .  r l r  ozorrc rnor  .  . rw,r  r l , 'm I  r  i , ,  . r ,  i , ,a  t , , , , , r
its disinfccting cfficrcy dccrcrso. ln syscns rvith long piping
runs, ozonc n,ry not trrvcl hr cnorgh, lcsing thc trrttrcst rrcrs
vulncnblc to nicrobiologi..l growth. Thn siturtnrn mi), bc
re.rdicd l)y i,,jc.tir16 ozonc !r virious srnrcsic poi,r$ drroughour
drc w.rcr sysr.r,.  

 

l,io dispdsxni .n bc xddcd ro pcncfirrc ind
{lirpcAc thc scssilc h.,crcrii (growing on urltrces) o th 

 

thcy crn
bccomc phnkr i ,n ic  ( f lor r ing in  wircrJ,  rhus cnrLt ing rhc l ) r (d i r
k, bc mnsportc.l n) ihc o,one injecrion poirr fof d.nnr.(idr.

lncr t rs ing thc ozone lcvc l  I  rhe in jccr ion poinr  io  r i is .  res idur l
level dorvnsrrrrn is rot rccomnren(lcd. l}e highd orrlr (,,ccn,

r .  r i ' d  n ,  r ) , 1 .  " , , 1 , ' (  $ . f  r  r J . u r r L r r  J L  , r i . . ' l . .  i r r  r . . r r . , r ' ,
snrr ncir ihc injc. ,n :rrcr rnd tlcstrcy scrls, grskcrs, or orher
conrponen(s r !  rh.  sy i ten) .

Ozonc is  l inr i ter l  in  penr t r r t ing
tr i rn i tn .  r r  n , ry  t runr  drc * r  cc of  rhc
l)nnllnr, IRtre.ring thc n)icnrtrgrnisns
onddrcrth lion tutrher dcsrrucri,)D.
' Ihcrcf i , rc ,  

thcy wi l lurn ivc rnd wi l l  l ikc ly
.on ' inoe kJ. rusc k 'c i l i /cd corosi { l r .
' l  

h i r  s inrr t ion mry bc rcn,cdiu l  by
r tL l ing r  gr i  bodispcrsrnr  k '  pcDe. i rc
.nd d is l ,crsc rhr  b i { , | tm,  indel ing r t re
brcto i r  l iv ing urdu Lhc bor i ln .

Ozonr docs not dircriminrte in refms
oi : r !h . ,  iL  ox idrcs.  r fonnc i r  u icd xs.
disiniicriDr in wrrcr lordcd wirl oihcl
rorLr io los ic i l  oBrnic  nr . r tcrs,  d,cy wi l l
rtso confurc ozone. As su.h, rtrcre miy
nor bc cnorgh ozonc rcsirlurl o rcon-
plish rhc inrcrdcd disn*caion. Thc
rcmcdy is to gcnctrtc nore ozonc ro sup-

Pty rlrc nht onnc dsnind. Howevcr,
$is ilcrcascs coss i,, botb opsrring iDd
crpitrl. As uch, ozonc may nor bc cos
ettecrive fbr rhese rypcs ofrpplicrrions.

Polentiol lleollh Hozord3
A.co.ding b rhe EIrA,'ihe samc chcrni
cal pruperties rhat allow high conccntra-
don ofozone ro read rdrh organic rnate-
ialou$ide rhe body sivc ir drc rbility to
re.cr wirh similar organic mrterial thrt
makes up dre body. when inhated. ozone
can darnage drc lungs. Relatively low
.mounrs ciD causc chest prin, coughing,

shoLtncs ofbreadr, ud throar irritlion. Ozone day wo.sen
chronic.espiRrory dise.ses such as asthmr and comprornise dre
ability ofrhe body ro fighr rcspinrory infccrioDs.

EPA nr.kcs i dkrincrioi bctwecn ozone in rbe upp* rod lowo
rtnosphere. ozonc in the rpps  mmphot, reiered ro N
srrrosphcric ozonc, hclps filter ort drmrging uhrrviolet rrdiarion
from drc sun. Convcrocly, o,onc ii thc lorver rtnnxplrc.e, - rhe
rir wc brcadrc crn bc haml-ul ro rhc rsp;try \rrt'i'.

OSHA hxs issurd x dlr€shold lihrir viluc (l LV) on ozonc cxpo-
$,rc ro 0.1 mg/L ovcr cighr hous pd dry rnd tlvc d.Is pcr wcck,
or  0.3 mg/1.  f i , r  r  I  5 'nr inurc cont inuoN cxpoue.  Bccrosc of
thc potcntirl hcridr hrzrrds, ir is crocirl k) dc$i{}},rhy cx.css

lR4tinEJ s,hh 2cmiskrl ion wo d l c.hDbgJ, rttt-\'tikc
6!rr.u!rq&i./,o'/trc.conr ). Q)pwight )001 N rnnxl n r<lc

About thc Author

l oio C. It is v/ith Wo d Envionnen'j'l lechnalogjes, lnc.
NVEI,lnc.), Corol Streon, lL, on inbmotionol fhn specioliz.
ing in connerciolond industiolwsler !rcotnenl. He con be
rcoched ot lgm %84621 or enoil ot info@wetlso.con.

THE CHEM.II,Iff CO.
Manufacturers Of

SODIUM MOTYBDATE
TECHNICAL CRYSTALIINE
UOUrD
ACS REAGENT

l.8OO.No2MoOa
PHONE

l30rl 868-3355
11-8co62266641 FAX

6419 YOCHETSON PTACE PO.

(3{ru 868-8946

BOX 819, CINTON, MD 20235

THE ANALYST 34 SPRING 2004


