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T_CHLORINE

T For O 4, LI A6 av. Ll
[CHonE Dgueied Gas T 1 0
AU P e L | et s Y] T
Lithiurn Hypoch orite Granular el e A0
Sodun Hypochlorite Liguid 10 1 Al
gogurn Dichlororsocyanurate Eranular 6 (63 321
Trichlororsooyanuric Acid Granular & Tablet= a0 _ s
Nt ve M Oert w2 podpH, alla bl aine pro dy ot= pro wide free availableq bl qine (F A0,

= FAL oonsists ofthe dignfectant hnpoohlorous aoid (HO 0 and hypachlarite jion (E107

* The CnCentatItn Gf H L 15 Conro 12 by tne equllphdm:
HOC =H' + 00 lonizaticn consant Ke = [H' Q0 YHOO] = 288 x 10° at 26°C
[HGCIVIG] = ' = 10 = S50 @ ph 754

Decornposition

= Lnstabiliz ed chlerine is mere than 90 % decompesad by sunlight (=290 nrm)ina #w heurs due to the

EF}I’ SLII'“EH: nbn‘r_cu'_l-:r.'-lhllmr of h'umrrhlrnfp irn, which has maximom :lh*:rrnhrn at 240 nm bt shecrhs | I".."Ilnh'r curt o
S50 nm,
Stabilization = Chlonine is stabilized by evanurio acid (CA) against decompasition by sunlight primarily by rmation of
m moch | aoizocyanurate i m, who haps abs W light well pelow 290 nm g, 215 nm). «Fhatoch emical
dElJlJrrpDEi‘Iil:ln iz ~1-2% fday and thermal decompostion iz ~ 13 %Hay Qibpowioz 2003
LN ST &CTI0n ETTecT o PH » Enfetith Bhe chahgeswih pHgue tothe ohandlhg me o
[HOCIF[CI0-.
..... ~F [ = R o A e |
- n U Eﬂ:\'m 1A lﬁﬂl.l \.FI LS RS | ﬂl. IIIHIIE PI I=JviEe= I-':.' nrAd =3 =-=Jd
hdralysis of chlomisosanurates . _ _
[Effect o Temperature = Disnfaction rate increases by 260 % from 7Ata 859F,
Effect O Cyanuric Acid » Decregses disin®oticn rate by reducing the equilibnum cone. cf HOCI.
[Effect o Emmori= and = Decreaszes dizinkectcon rate by ormaticon of chlzramines e, combined
-':'-mil'ln-N Cq:rnpml'ljs Ghl.j'inelﬂﬂﬂjthatstmn;lvhind HOC,
[ Effect of Microorgar =m CL[5%C, pHE-7] q90g Fall e L. ]
o' [ C =03 ppmaw. O
E. coli 0.034-0 05 0.063-0.10
Folic 1 125 6.0
_ Rotavins 001-0.05 0 020,10
M5P| Recomn- Minirnurm ezl M axirnum
Mendatiors [Fi, : pools Y
FﬁEIpprn . BpEs 2 a4 10
Uizl ppm | CAC [ppen] I L ez
or chloroizo- Cyarian o A oid [ppom | 10 T T2
urate nr pH T2 Uy o
bromine redted |"Farborate Alkalinty [pomm ] Bl S0-100" 150
paals. Caloiurn Hardness [ppm| 150 20041 A00-1,000+
Algre Lortrdl | w Lhlonne @t 3 ppm is toxo to many speoies of algae (Falmer ang hdaloney 19545,
w Anewly formed green alﬁae bloom oan be mr%letely oridized by a single shodk dose of hypochlonte
chlgine eg 1lbcakium oz hl ite per 10 00 gals,
= 20 inkestaticn of Hack algae can uzually be eradicated with atrple shedk dese of hypechlente chlcrine
I N MDInGE o WiEn b rushi ig 3 nd W ouuimin g
it on ot » hlonne oxdizes contaminants suoh as ammonia, urea, aming aoids, oregonine, &to.

Contaminark=

o I
ual Sy

R =gy Fg=yT e Yy S ) PRI Sp—y ) [y gy FTTY ") SR ) [y—r— ey ey Y
EINIANG S ks WM TS A RN W RIS S A S WAl kﬂHluIUIII“ﬂlIIC__I (=1 ':P\-l.ﬂ

imtants . wAmmeonia chloramines absorh LM light and are therefore decomposed by sunlight.

» Ammiond 3 i= axidized wa breakooint ablong netion wa the owerall readion:
EHE“ +2HOCI Mo+ 3HO + 3|—hD

= For example, 025 ppm armmenia N (1.26 ppm CAC as monoohloraming]) is 57 % oxidized by 355 ppm
av. din 10 mingtes at pH? 5 and 202 5 C (0 gtowk 2 12297,

= Oxidation of ather nitrogen compounds is slower, the reaction rate warying in the Bllowing order:
anmonla > @Ting ad{s > ured ; degtnne

Cost

= Chlorine in its wanious forme is the most eoonomioal and cost effective rneth-:u:l of 5m|rrrn|ng |:||:||:|| and spa

zanE ey, &7 the Sngle seasn sl o2 ara w"-'.ﬂﬂ-gi_.l?'
s

uzing Trichlor @hblets for maintenanc: and liquid bleach for shook treztrnent is Ie55 than F100.
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Z. BEROMINE

1

Eramire Lompoud i WEguv-Av L | dpe b Lguv v O
Bromachlcrodimet hdhydantain Granular & A6 .4 (actual) 720
fBCORHS Tablar
G35% aw Br, EE.f"E av. O a0 4% purity
Dibromodimethyvihwdantoin G_Irflnl.ilar & 49 6 (theoretical) Mot Awailable
ablets

Generation of
Bl Me

= Bromrine can be generated in stu from bromide ion plus oeidizing agents such as hypoohlantes,
chycrolsocyah gt &%, m Chepersbigie | Gpche o elect ffal 81 engy:

Botive dgent

= At pecl pH, all bromine products prowvide free awailable bromine, ie, the disnfedant ypcbromous acid
(OB Es well 32 hypobrogite don (B0

s The concerntraticn of HOBr is contmlled bythe equilibriom:
HOBr = H' + BrO” knizaticn cans@ot K= H)Rr0PHORD = 7 25 107 3t 2400
[HOBMBro] = [H Fka = 1IZI'"H.l'}=§=_ Z8IM8 @pHT A= G050 @pHE 1

Lezormposition
by Sunlight

= A= with chlcrine, unstabilized bromine is more than 0% deccmpcsed by sunlight (=290 nna in 3
hours due to the photoinstabil ity of hypobromite ion, which has maximum absoption at 330 nm but
abzorbs LM light out to about 390 nm.

0 ecom postlon

L] H'!,I'FI':':H':'n:tE I0h (3R jedvety e hwmlh m g, especialhy gt higher F'H. &, ok [orog Fhth '!.dh'!,lja-r[ ohn

by Hypochlorite | forme WO, CO. and N-chloroisopropygarnine,
S*Eb"l"?'nn = Drarrie s mme ks el s bilias A R i b e oA mmdmae CTRALN mm AT s TRRALD e g om =
L + ||||'T 1=l mlATEIT WOl T RO G Yo o T W WA P Tl AT L LAVET L 2 W PR LAV T T o

decompesiticn fom -~ 100°% te 75% in four heurs.
» By contrast, 300 ppm cyanunic acid is required fo gtain a similarimprowement.

Factors Affeding Effect o pH = Athough the diainfedion ate ahanges with pH due to the changing
Dizimfection .—ﬁiu [HOBrABro, it is less sensitive to pHthan inthe case of
c:hl dqine
Effect of Temperatune = 2 with HOCI, disinfedticn rate inogreaszes with temperature,
Emect o Limetl iivdarton | = Detred ses g5 inkect™ Ete bV RgUngd the equllbriam
Concereration concentraticn of HOBr.
Effact o Arornoriz and sDsiviadon e deceawe by At sfbrume TS Sonibin
Arninc-N Compounds brornineithat are about half a= effective as free brorine but are less
stable than chlor@amines.
Lzinfection Leta |« On @ ppm basis, bromine is a less effedtive battercde than chlonine, eg, 2 ppm FAC from
Geba & Ma@nis | hypochlorite provided 99.997% nactvation of 5. faecalis and P. aerugiros ater 2 minutes at 25°C and
19594 pH7 5.
= By comp aizon, 5§ ppm electrogenerated bromine (EGB) provided 92 .8 and 855 % inactivation under
thesama wandition:s (83 e b alol
B0 nactivation [J pprn Free Ay, Bromine, 2590 pH 7 5]
(=g l!';:: alic B, 35,7 8005
Tirne [min. | EGE ELCOMH EGE EEEHH
2 9:z.8 fifi.1 855 g5.2
4 294 9.3 99.99 9.8
M5 Pl Recommn- Mirirnurn =75 M=
m Siggt lon s Free g v Er[ppm):Fog s & Fas Z 45 10
pH 7 TA4-T76 7.8
Caj'oonate Afvaliory [ppm | T fon- 120 L
Calziun Hardness [ppn | 150 200400 S00-1,000+
4cpe Cortrdl = A wiith cherine hromine i tovic to many spedes cf algas,
w1ty o of = Bromine oxidizes contaminants suoh as ammonia and urea fster than chlorine,
Cortaminarts = The axidation of ammania is similarto breakpoint chlonngtion:
2MHg + ZHOBr - Mg + 2HBr +2H.0
w Az with chlcrine, crdaticn of ather nitrogen ccmpounds is slcwer, the reacticn rate w@rying in the
following order: anmonla * aming golds * Urea * oredtnine.
Eye and SKIin = Ammonia bromamines are less imitating fo the ewes than ohloramines.
Iritaii o s N=tan Ses of SNl M@ @ fich 3 nd rasn) fiawe been repoted In Poc'sand spastreated wih BC0RH
(Brtisn hdedical Joumal 13 Sugqust 19330,
| L=t = Browrins et ation iz mors armencie han shluine snitaion.
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2. 0Z0ME: DATO QM DISINFECTION LMD QR IDATION

sAthough wwane iz 3 broad st AsivEcErt seedata balaw ) the disntadion rate can
be affected by prezence of readily oxidiz able matter. _ _
== N t [ppnwnin]%zﬁ"t ard 6-7 pH
£ oo
Folio 01402
EEED S T
G, Lanuaia opsts 0506
5. PGS O pEes ]

Laboratory Ceta &t ~22C and pH 7.5 on Oxidation of Swirnring PodfSpa Contarminarts st High Cortaminant and

Azone Concgerdratiors (Rgtemine 19597
Lortarnrant Uzone Heaction olz Uzore Coreumed per Mol Contarmnart
Tirne
LonG. [pomm | perm W=, Theoreflcd Cdc'dHFourd]

Trea 205 4 TId " ) oo ooty
Arnrnond = 1.5 114 ] 4 g )

Gl me 5.7 13.8 13 7 322

Craali Tins o 4.4 e if ]

*Hazed on publizhe d rate constants iHoigne et al 14+ 1935].-

Daleadzted Mets om Ovichdion of Dondzrainard s

aCalculated data for scme Cortarminant Mitrogen Cortarminant Cale'd. % Cortarirant Oxidation
bather co naminants ans [=l=11] [=l=11]

baseqon 1ppmtotal N, 1 rea L 1a0¢ 1 Ok

ppm COozone, and 3 2- M onochlarami ne 0.0443 0167 22

MM nTere 3 onTm &S rg GlyieiNe 0,833 023z 14"

publizhed rate constant da@ [ Treafinire 00302 DR IS

ar hern

[ Compa il ve el ated

A B OO SITITAON '8 3710 POl e il & 308 Jrgey U Lo ed.
R EE] Eﬁamlna# nalgdation he T

Oz on Oxidation of 30 ETGER TIZ0r e TrIonreEs O

Contarninarts TF ppo® T EEm- T ppm A pomn
AmMmoninn 1on 1] u 4H T H
Ammonia 161 oo a8 o
hionochloramine 1.rx10™ 1.1 R A
Lr=a 1510 B U 0.rf 0.3
Cregtmne- Tl fe1l™ .U [NE!

[TTidnes R T oo I

P pHTA, 20-259C, 0,25 ppm b
in spas. C1 Caloulated for initial

ound nitrogen per cont@aminant. B) Caloulated data for steady state LM 0zone conoentration
CO oz one oono, in awimming pool contact ohamber, 00 Experimental data (iiojio wicz 1993
N fo CO; and ritrate 0 g e and ©0; and nityg gen forg hl fine.

Endi”””] E! F idﬂ T =it
urnrnary Zare =

w Oezpite its high oxidation potential (207 whts), the reactvity of oz one toward organio
Mt & VaAME b &l (0d § 0 0rdels OHTE M tud® )13nd d $ieNds 0N he Oln 3l tunot!oN3kky
ota compound as well 3= that otits byproducts, eg, the intial rate constant ©or oxidation of
the aming 2nid o-2lapine iz f dr 100 Umolisar, wharaas thar for tha bomducts ammenia

acetaldehyide, and acetic acid are 20, 1.5, and <310 Limolfsac, respectively,

= Dzcne reacts excesdingly dcw by with urea (the main bather contaminant)and alzo scwly
whth another bather contaminant : creatinine. « Decomposing ozone does not appearto atieot
the rate of reaction.

n 0z e does notre gt 3t g|l Wy, amma nlum L aq ﬂj—g main ¢, M & ammanlg 3t F.l:ll:l F.H:]. |:,I.I't
does reaot dow by withthe small fradion of ammonia as well as with its chlonnated produat:
TN e e -

= Dzone on by partially oxidizes organio matter and reacts pimarily with rea dil y oxidz able
fundtionalities such a= amine -KNHz1 and sultrgdrd (- 5H) groups (present in amino acids
and possibly protien aceous matter)and with oompaunds aontaining reactive carbon-oarbon

double bonds (- C= C-7.

® Bth chil @ne and bromine gre bett 8 oserdl| oldants {5 bath a0 m@minagnts 3= doun in

thetable gbowe.

John A. Wojtowicz — Chapter 7.3
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4 ULTRAOILET [1V] DZOHE

[Teuce Dexcrition = & plastic ancloaire containing coe crmere L Blamns, fitted mith an air inlet and
outlet.
Frirciple of Operation = | light dizzodiates oxygen ikto atoms that react with oxygen molecules forming a

wery lan g me coro ¢ 030 07 wdl, )that is inje cted into the water Wa a vacuum
wertun inthe retum line.

L iy Unoree DWRpel Cipa s U A5 A gf Spas: D-Dﬂﬁ—-ﬂ'j‘ﬁ' o
Contadt/React ion Chamber = Mone

Calz'd. Ozone Sbzomption Pods: 7187 %; Spas: 83-494%

oEone O s Destrdetion = Fone

Talcd. ﬁ%ﬁl’n T s FOCI=: 0% ppim, Gpas: Gi ppm

Cajod 2 eady date Deote Do, | Pog = 03 1) v PR

Before Readion tpas:0.35-30 ppb
Talc g Tire 1o duin Semdy Wate | POl Lmn, - Spes . Lomn,
Testirg of Uw Ozonators

Oi sirfaction = Spatests with Uhozone (0.25 g alone showed a wery slow disinfection rate (~ 0 2 %min ) of
bather-introgus ed pacteria az the water waz heated from 77 te 25°F cwer atwe-heur pericy, sTests

at =pa temperature (= 100%F) showed nc killing cf bacteria cwer 3 30-min. pericd Qiipgaice 19287, |

» [fiyer e oteat ] e Fofy 0 & Skpy |8 p rec =

» Comclusion: Ozone conoentration foo low (3= shown abowe’) for signifoant effect on disintection.
Nza Cortrdl = Suimring podtests with LYo ane D Fand 1R g resuitad in grean slgae Bloame sier 2 and
[ifotowioz 19551 4 daye despite oontinuous oz onation.
Qi chzti omy of = Mo oxidation of urea was obserned under spa conditions ower @ 26-hour penod at an ozone feed
Cortaminarts rate of 0,2 ghour ]

gk wicg 19857
n her tests showed similar results (Adams e gl 19997

" Loeiusion: Crone oo ent radonto o fow (35 shown ab oce Jtor Sidnioant_afed on_oxkaation.

Generation of » Spatests at 25 and 35°C with M ozone (03 gh) resutted in available bromine generaton
Bromime From efiniendes of onlw 71 and 8%, resmective i
Eromi ge lon
| _ Lzzezzment
CHICE IMe ConG &trgtlan ® 3 M f At LN T RBcOn i aggthon : Typle ally &, o0t 05—1.0 pphi

s Techrical fssessment; The minimal effect of LWz cne cn disinfedicn dees not suppert

slmime= mf el en A skl me s i e e e e -
LI S T W TF TR TS T S ] ] T ALl e s,

s Therefore, cument N5SPI recommended ideal free chlcrine lewvels for pocls (2—4ppmiand
spas (3-=0 ppm would be necessaryfor adequate disinfedticn.

Chlorine Usaoe w (Jaims; upto 5U50 5 Fegl fon.
s Teohrioal Assessmert: The minimal effedt on disinfection and [ack of signifoant
Ol O CARADjy g0eS Nt SUpnort of 3N S OF MegU C8y of jpf NeU S3ge.

Operstional and Analytioal |« Mo waytotall itunit is oparsting propery.

Deficiancias = Drone outprd terregass o ith 3ge oflamps.

= Mo wawto tell if lamps need replacement.

a MO hiad tn meaare the Irwl nFnne mnm:-nh?_-lrsinn:

satety = e T2tk of 0z ahe o135 destricton poses a potential toxoty problem in indoor zpas due
1o ozone build up.
" pemmizable exp aaure imit 1z 0.1 ppm %or an &-hor eep aaare,

HSF Testing = Onlyore ozone generator (rated at 1ghiwas tested and requires NSF approwed feders
deg g s ppm e iion ey o pom GromiG .

Ciost s LM ozone genergtors, with production ratos of 0.25 to 0.44 g/h for pools of 18,000t0

A0.000 gals . retdil for FS00 o Fr00.
= Theze unfts come wih wentyn-tyPe injectors but do not hawe air fiters, dreers, orozone
offjas destruction.

s The L/ |E|-|-F|5|'Eq|.|rE E dJlaodb I'Epla::EITI dait.
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_ 5. CORONS DISCHO RGE [CO]OZ0NE: DIN 13643

3
L2
2

e e i

-
o e g ciaeiyna

Temimmllyy mmems = ;e ey el . (]

1 =t e R LT s . H
'I:.ll_i.-ﬂllllrl AT goicamrcy ﬂﬂ.ll.ll'-ll:lllir. 12 Uy vuudigdiddigiy=) A vy (=110

required ozone conoerntration is =18 gdn® (1.5 wt. %).

The Dzobe- Grandlar Activa-
ted Carbion [GAC] Process

Qi 1924

B polioability - & puhlia paals with high hather lnads

Treatrnert . IF_il:ll:ll:;LliE'tll:ll'l % 1 QE! ﬂum?l. rapid zand Alration, QN Tow
Sequenoe oz ongtion, GAC filtration, ozone offgas destruction, and
chl ginati .

Dzone Dosage a0 5-10ppmif23°C

Cortact Time w532 minutes; allows inactwation of microorgan-isme and a
fmin ) gt Focdistiee 2 DO R nortisl sl e f kothoae
i 0 oas | S W '\.-'\.ll.ﬁl.l:,lpﬂlu:ll LELTLNT- AR FNE Ry Ey- ARR—]

con@minarits.

GAC Fltration = Destroys czcne (o )05 ppmi and chlerine,
cHorine Dozage w5 ppm

Fod Turnover Time | w2 hours

Wat el Purge w3 Lbgtherto imt mineral it build-up.

Oizinfection Objectives

Combined Chlorine Sippm @pHT 78

O Wt 1on-FRedet 100 Fot #E1d [ORF] | 750 M0 @ pHES 7.5
770 v @, pH 7 578

Efr it e Y e ~ 3 secmd s
Eacterial Colonies <100 per mL
E. calf 0 per 100 mL

Almme Cortrd

mﬂ'n:uugh ozone is Wxio 1o many spedes of alg-ae. It iz not uzed as the prmary sanftizer.

Chermniozl O ywgen Demand
[COD]) Redoct!on Chta

= Studies show that the awverage arganio pollutants entering the pool perbather comespond
toa COD o 4.0 Fhvin Qukzy, meter,

» The combined flocoulati onfitratior-ohlon reti on prooess reduces the COD0 (e=xolding
urea ard am mmia) $he wate o vine aquialent o 20 g R - meter-

n Thus 2 cu. meters of watenbather hawe to be treated to remowe the pollutant load.
= 5 the mmbinad  coaulat ottt cn-ooanation RO Firationchilaninaian process,
the COO0 reduction is 20°% higher, ie, 2.4 g KMn 0o, m.

» Thuz only 1.67 ou. metersbather hawe to be treated to remowe the pollutant load, resulting
in @ smaller fregtment plant,

COLD Redostion Summarny

= Flooculation fltEtion-cHorington : 205
= B gt n-GAC frgt! T 20°%

Effects of GAC Filtration

= GAC destroys ozone and chlorine and ean convert ammenia chloramines suoh as
M e @min e bo ejem ental’ niragen.

inoreasing cortaminant remoal 1*1'":"% b.irnde%ﬂ_datinn.
= Tha relatve efBcts of 0zone and GAL on reduction are unknown, bt inwew of

= GAC ad=orbs organio matter and microorganiams and may become biologioally activwe,

ozone's ineffectivenass in oxidizing major bather con@mi- nants, SO0 reduction by GAC
may in fact exce ed that due 0 g qe,

D:EI; of D_zn:ne Gfenerat-:rs
TLa o vy parphenal
equipment |

Dzore Production Rate (gh] Approzimate
Air Feed [T5 wh $o 0y | Oy Feed [ Trwt S0 05 o]
i-r FA000-F1 1,000
12— M—ZL0 10 5000
TR 1o SR S

mpact of Equiprnert Cost

= The additional capital requirerments fora Ll ozone—-GAC system are high and recowveny of
capial oo sts through | gl er perating &g penses cantake many years.

» This process is cost eflective cnby for large, hegvily used pocls.

G #er atlon of Er orminie
Frorm Bromide lon

s 0z mie B =amnetimes U 5ad 1o gen e mvalghle bromine i:.rgnltlzlng llh|r|p':":|5(_1e, %35_]
w A zpatest gt 259C with a COazonator (5 ghlshowed an eficiency of only 50 % . aThe

S A Y pdd e loer a1 3 Dypical Spa Dempergiune of 300 due iy ngragsed oz one
-:Ieccrrgcs'rh'cn.
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COROME DISCHA RGE [COJQZOKE: MODIFIED DIN OESIGH

B Cidh Ao Soanaiion

Spplizabiiy » Magr irEtaliation 5

Frocess Sequence | « FAeecoulation (opticnal), czenaticn, mixed media filtraticn, c2cne
cfigas desnicticn and chichn aticn,

Alter Lonstruction | Requires oz one-resisant zand filters, sized to allow sufficdent head

spaca for ozone contacing.

Dzore Ngection = hiin stream or side siream

oommended

NZore (o=
Torfact e

= "ares from 0. 15-1 0 ppm depending on water fElu::Irt].r

= Mo d3@ Fvailable (DM desgn requires & 2 min . ).

boe o Donre

Dot oo l.l-i.u_-..l-i.l_-|.:|!,l:|.:||.':F""1E:dl'l.| I'I'IEuJI'.:luE:-"":"!.E-"ﬁELfI' solpe] oFoe 3

well az chlzrne.

Chlorire Dozage a [N dedign requires 06 ppm

Tumower Time AT

Conogrs

= Flooculation-ittration-ohlonngtion can remae 30°% ofthe pollution load.

=« Bimingting flocculanon will sznously atfedt cortaminant remowval ang put more emphasis on

muoh mom expensve oZ ongtion.

aThe |00 & um aver rate will 3l =03 ot contaminant re moa| .

E. Partial Aow Dzoration
.LE'.'?-:.:-'.‘ﬁ !" i‘E'E'E":

Applioabil ity = Fetroft to exsting installations. _

Hoce & *Fifrad @, 90 e gream @ Mt o, contacindisAaC airation, otz

Sequerce czene degruaicn, and chlennaticn.

Soot FUll Hicow Tzl P!

Dzoration Recarmmended | «25-40%

hecomrended w'aries forn 0.15-1.0 pom depending cn water Beility,

Dzore Dosa _

Cortact Tirne =Mo data awvaiable (DM design requires =2 min.).

Lgeolts O zome w4 combinat o G ntact chamberand Geyc dlter is employed,

Destroction hioweyer, some prefabricated systems do not destroy ozone in
oV or i offggses

Lhlonre Dozage | «DIH 19642 mquires 0.5 ppm.

Turmiower Fate =rafi howirs

Loncerns

slack of flecoulaticn, use of cnly partial flow czenaticn, and a lewer tumewer rate than used
in DM 19643,

Legsdnerkt o FMoces =< b and B

Factors Affeding
v =t 1on Rate

_D:nml:ui red CHorine = Mo data available.

0 FF = Mo g3t Jvallap e,

Chernical I'_'Ix].-gen Dernarnd | = Mo data auailable.

O anrection JoDRoTise s

Eactenal Colonies * Mo 3@ awaiEnie.

C. ooy = Mo da@ available.

Alpe Lordral

w A ough oFon e B e ) manyspedes of aigge, @i nof wred 35 the

Uxicztion of Cortam inarts

wSince use of ozone wa OIM 19642 only inoreases the non-urea and armmaonia COO
reduction b about 20°% reormpared to ohlonngtion’) and alzo requires 3 water purge and an
effedtive GAC ihter (e, b||:-|u:|g|n:na||3r adtiwe’), any signifoant departure fom DIN 19643 mpeos.
will re=ult in a lower inorea=: in COD0 reduction.

oF 7 example, a proo esz with ot fi ccoulati o, with @by 1 %of gyl lon ¢ mati @, ang with a
furmaer time -:-flgh-:-urﬁ oannot be expacted to ewen oome dosetathe COO0 reduction
Fifirewed & DI DB,

Cost sEpenzive compared to conwentional ohlonngton (s2e Sheet 5.
wital nnst mill vary acoording tothe ‘['|E|Fi nf systpm amployed.

Cost Hlectiveness = Ihe pamary applicaten of LU ez enaten 1= inwater Bailbes wih fugh bather leads.
o The o0t gie cthe h2zs o M2ghed DIN swstem W g pend @h oW well they remowe
bather cortaminants ahd main@in acoeptable water quality.
=R e el abowe same ofthe modifcalionz are enpadad toramone Brlezs D00 than
DI 19643,

160 The Chemistry and Treatment of Swimming Pool and Spa Water




F COPPER, SILWVER, AND ZINC

SQI s
—

O Firs 2t 100 it @ For S
Mubmman and Sobrist 1958

Lonrar -E&pnﬂr Sier nizars and ganndaas, copnar sulEte, and connar chalztas
with ciric acid and methanclamine.
Silwer s Copper-silver icnizers and cartridges, zine-silver cartridges, collcidal sker,
and dher compounds ap haz dher gide, and ghver nitrate,
Zirn nAno-silver Canrdges. _ _ _
5 e r [pEG 2339% jall Thne [MiNs.] of £ CofF (@25 3 pH Ty
10 432
o, 26
a) 32
270 12

T water: ﬁll‘lll‘lg [:11) |:||:b [3] ﬂ-l'u,er. 10 ang T ppm chl Tide 1 ING regsad MTAme b

25 and V0% mspediely. Kl ime alsc increased by 3 mins . %or each 10 ppm hardness.

e o oo o mmm o B0 oo | - r —
2R o "|'|=.|_|I'

Shapiro and Hale 1937

FH L N L I Ty Sy e fup—— e pp——— Ly Sy M ke e e ttmd -
DTS F LT T R A B0 oS T Pruie D G OGRS G
were unatiected and consiste d of 5. aureus, 5. albus, and streptcoocd which can causs
ey, ear, nese, and throgt inkecicns.

Lizirfection Ceta for Copper-
Silver lonizer wi CHorine

Swarnrnirg Pool Test; Hgh badtena counes (14, D00 Q00 chodm Lwere cheered cn
three successive pericdic tests in a 16,000-gal pecl (iicowicz 1955)

AgA. tpaTed wih 4 pofber S of Qipc [ IWeF] (SEpgel 1996)

_ _ Before Lke After 15 mins.
EEF..-I??: Pizta Caord SR 1| 3 QI |'rn|
ot3 ecal Celimmmn, PM™ Uoth postiue 4 oth pcsmme

Fecal Stretocecsi, MPN 0 cfh postiue 5 of§ positive

& bt Frobable Number, ) g en atersl mins, 5F g was >3/ 00 efunLang Fecal
Stretocoosi P Hy was § of § positive.

WEATENET U o Laomn LLoppet [ppnr ] | At [ppne ] | 2w L PR D - de Tk K
Sileer, ard CHorine 0.9 1] 1] 1
kutz , Landeedn, Vahya, and 1] 006 ] 2
Gerba 105 0 45 g ] 7
1] 1] nz 99,9
X TE] 10! g gy

[« Tests were done in well water with only 0.0z ppm ahloride.

= [hlodds innis kaows o reducs the hagrarsidal sfasiensszs of Slher

Dizirfection Deta For Zinc ibacterial properties cof zine are much less than for copper cr siler,
Algme Corkrol Data For %-:pp-erippm]
Coppsar IAREE to Lol Alglstalc B lok:Tgal
Fitzgerald and Jadkson 1979 Chiorena ny. ] 0124015 .
i il RS Fiif
Pheoem et . 0 0144021
a0 0 a9 *06
Pleumeiios gv. A1 I EENE! L

Alcme Cortral Data For Silver

Alme Cortral Oeta For dnc

= Silver at 64 ppb was shown to be eflective against blue-green but not against green or
must ard algae

» Ani iz much less efiective than cepper by a factor of about 10,

Yo dathong af Sodaminarts

e, ghver, Zd zirc d Ghotpe i G gt iy

Stainirng Potertal

= Silver has atendencyto adscrb cnte suraces, creaing a potential for staining.

= I"'nE||:|.:.r oan Ao \ﬂﬂhlﬁ lrealiz ad -\.-hlﬁlﬁg ahgne |:| = e DErln

= Ewen below this -:u:nncentmm:-n a general discoloration of pool surfaces will oocar ower
time sinoe all added copper and silver eventall v precipiate fom the water.

o b7 thiz reas @, copper ang aher containing algo ides should pe uzed mly @ anaz
needed basis.

Frey Fﬁdl."l'u'l Foiearal

* Jinc @ nprecipiEiea s 03 Ac 2inG Carb ongie 3t cOnG entraticns of 3 few PPMand ma'y
cause doudy water.

John A. Wojtowicz — Chapter 7.3




5 COFFERGILVER IDNIZERS

Gia e DEscripongn

wi] QoG oG Gl CONSTENg OFF Pai Of Gl pperoiier denodes, 3 Ll Poaer Py and
cntral panel.

Frnciple @ Dperation

n[0evice iz ins3llad in maker Im ling te pe el cr spza
=5 W ater 1o 5 hrough ﬁe -::ei|. a LIC ourent generates soluble copper and siher 1ons.

Recormmerded lon Copper 02404 ppri
Congertraigns Siler ~2 0 _40ppb (@ zming 9070 o pper- dher ele grode 2).
Recornrendad B, O 0 1o ~0.2 ppr.

Mt erane of Chiorne
Conoertration

aThe edfremehy oW recommendad g, O Wil bevery JiIfp Uttom egare by gu=e it 1z atthe
bottom ofthe scale.

o iy JiE0 De it 0 manigin anges fhe fiin demanas of U ez omposigon ang
con@minant cridaticn.

Chlorine U=sane

aThe main chlerine demand in cutdecr swimming occls is due to the combined effect of

therral L decompoztion ang contarminant oxigaton.

uln residential pools, chlonne consumption due to sunlignt exseeds that due to oxdation of
¢ aiaminants, whereas | in public p cds with high batherl @d= | the rewerse may betre,

[=The presence of conner and sheecicns will not redoce this demand and the lew lewel of
chlznne will not be sufficent to satisfy this demand, consequently, sgnificant redudticn in
chlzrine usage (3= claimed) will not be possible.

Li=nit actign = Swimming po d ang fatests show ung ceptaple 4i Snkcti @in the apsero e of ohl dine .
= Sinoe agnper and silwer contobute n'!'l:ui.rr_-ziliw'rn the disinfersion rate inthe prezence of au
Cl, the exremely bw recommended av. Cl level of 02 ppm would be insuficient  for
adequate disinection in s@bilized pools.
TS -:nsEquentE,n:n UTent WS P reco mmended Tee ohl qine lewls fe, 1-3 ppmin pods and 3-
5 ppmin spas) would be necessary or adequate disinfedtion (and contaminart oxidation].
AlvEe Lamna =& rec cMmend & o o roent rEcn s, oo PPer 3 &= aldl sEocall

wCopperis mos efiective against mustard algae and lea=s efiective against black algae.

Uxcation of Lortaminarts

u 2 pper and glver do mt cortnpute 10 @dal o of aNmming pod Waters a@MINANES,

wThe low lewel of recommended chlorine lewal of 02 ppro will not be sufioient to adequately
0xidz e DAt &r contarminarnt =,

Stalni mgsLisoclorstion

w Silvertends fo adsorb onto surfaces oreating a potential for =Q3ining .

« L Opper 3 paLss ekl lasalined ey abowe A4 P

sBEven below this concentration, a general dizcoloration of pool surfaces will oocur owver ime
since all added copper and silwer ewertually precipitate fom the water.

sFor this reason, copper and siber oortaining algicides should be used onby on an as
needed basis.

Eledrode Mairtenzryg e

» ¥ ale pyld-up dthe electrodes ne; e st@tes pencdic deaning W 3d.

MSF fpproval slcnizers hawe not been approwed.
Lozt m |0 12erE 3re Wy eXpen e gluen thel Mk IMa| efe ot dE8 Rfect I
Lallors i zer Replaoemert Electrodes
EE e A AT TI0—51a0
Zpa 200-1,000 F400-FA00 FI00-FT50
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3. COPPER-ZILVWER CARTRIDOGES
-;.'.mtmlrg tcthe patEnthEmUI'E‘thE AL CTLhe gy |5 8 Cahkt & OF Carmg A
a camier (ie, grahular alumina ccated with ~ 1% mellic siler), copper metal, ahd a filler
rratedal (e, adivated rathon )

o Iption

EII

e Wce

= Cument cartridges cen@in ceramic pellets (-3 mmin diameter),
present in readily scluble form instead of copper metal.

[« The cartridge can be inserted inta a plastic heusing, fited with an inlet and cutet and a wvalwe
far flew adjustrment, ©or installaticn ater=and cr DE fitters.

sl additicn, copper is

s Small carfridges are alzo awailable and are installed inside cartridge fitters cn pecls orspas.
» Flow cfwater (~30% of full ficw through the unit quickly dissches the copper and - wery slcu.lh.r
|:|I5 g;hreg the I'I'E‘ta"l.: 5||'u'er

Frrciple of Operation

Technical Assessmnent = The cartridge cnly werks when the pump is cn and adds wery litle to the cverall disinecticn

rAte . s|ndesd , INn e minUe thao al‘l]'l.jge tTreats | e==than 03 % ofthe F.l:ll:l wat a |:'i':3 T In
EpES'_] whereas chlonne inthe water reats 100°%.

u CII'-"-'I '-'UII-ﬂIIIIIH'-' wd |||'- Gaju |':".=Iub 'E:- o "-'|=|IH.I =Ty u 3 _J dira l.l e "-'IU-'-'II ‘-"-|||'-P'-' IJ| | :QS':'IS'
s Their bactencidal effedtiveness gradually decreased due to build up of organio dimes,
neoeszitating periodio oleaning Mhite 19727

w00 111006 ppm

FguedlE Copper Conc.
Lgueos Silver Cone.

Hecommended Zantizers | Fod o Stabile e with 20 ppmicsanune aad and maintain U, 408 pprn gv, L

Spas: Potassiom Moropersufate [FMPS) ay.
Sanmzer Options FPrm as Lehior

Each Usa Do=sage 9.3 fequivalent tc 4.3 pprn aw. O i DR

Wisaly Doszgse =02 (aquirslantro ~ 13 ppm a2y, L) ~ 12 ppeT:

Manterance of Bwilable

= The lcw reccmmendad aw. O (04 0.6 ppmiwill be dificult tc measure because it is near
CHorime

the bottorn cfthe scale. o it will also be dificult to maintain under the twin demands cf
thenmal L/ decompostion and contamina nt oXdation.
= Tests showed that low concantrations of -:--:-pper([l 024 ppmiand silver (III 03 ppm) provided
kv a c:al'tl'il:lge had Iitle efiect Tithe dl dnec @ @Ee 3] e T I chl Tine sgnitlized and
#abiliz ed pool water.
e 0 e USRS A g ofrEEEnF een thowgh wnihaddeen in wpergion Br2
days priorto ntroduction of bactena.

g rartridge also had nafiect onthe disindecgion ate mhen PP S was precant
Pnas = Teztz zhew Tiat the camndge az a rmirTal efect on drartecticn, conzequenthy, the
reccmmendead chlcrine level ¢ f 04406 ppm is censidered toc lcw or effectie
.;||5|nia:11 g in =il &éd pod=,

[ Diizirfection Cata: Fools
Eange| [ dgi

Lo L SoEs
Gerba & Maranjo 199

Lisimection Concems

Spaz = Dizinfection may be affected, sinoe PMPS iz not as thermmally stable a= chlorine,
Alme Cortra w [he concertrationg cfehl mne ange pperang ahver are con agered toc low for efectve
algae control.
LOMTaminart Uxaston oz | * The remmaded chioine (@el of L4085 ppi |5 oomATgeray to0 100 ol Stfact |
oxidation ot bather contarninants .
Spzs | =PWPS decowpossrat 20U hourand el be B0V decompozed i B hours s

| Sheet Mo, 117

0 ThH erral instability may affect its oxidative capaoity.
Lhlorine Uzage Claimed w fill_gU% reducton.

B zzezzmert w Since fests showthat the carridge does not enhance disinfection, the
carridge iz unlikehy te deliver @the claim of upte 3% reduact min chl @ine
uzage and allcw effective disinfecticn, algae centrol, and cont@amin ant
ooexdaon.

M5F Approwal » Copper-silver cartidges hawe not been approved.
Cost Vrlume Flows Cortroller | Replacement Cartridoe
Gallors Fluz Cartridge Cartn dge Lifetirne
Fod 10 )000-25,000 F149-199 F59-99 G ronths
) THEO_TO - T EN i
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10, ZINC-SILVER T8 RTRIDGES

systern Les:nption

= The UNTt con 3t cf g |:.|ash: heu ang Wt an inlet ang cullet wih g el control vale
and a remncwable cartridge that contains zine silver and linnestena.

Fodl s

m gip NSg; Goppan g Thigh 107 @p ket = 15 3vallag e aswell 3= 3 fon Gopg roller o non-
chlarine operation.

TEST | S ACEITIOGE CORE g T Thn e (RS 15 QRGN ea 7 B RO e CAOgE Sa

Fnrciple o Operation

= Flow of water through the cartridge oan slowly dizzolve zine and sikwer.

mir W T WS Sy a5 PAG T i T eiame Fiaaed i e Simacs ofiie mi gl jiiin
the carh‘idge and unde[gc inactivaticn.

Technical Ass ez ment

s The cartridae we des cnbewhen the nurn i= e and adds werylittla te cverall disingcticn rate
= ndeed, in one minute the cartndge treats lessthan 0537% (<3 % in spaslafthe pool waer,
w heregs chlonne inthe water tregts 100%.

= 2oz W o .;pper.5||mer.3 artndges, bUild-Up of gganl: dimes may afte ctthe perfo mTan; e

Agueci dnc Conc.

= Mo data available.

bgeo s e Con:

Mo F= uallable.

Sanitizer Optiors

Fools | whgintain 0.5-10 ppm aw. Cl.

= STicck ono ea wesk Wil § 1D o aicum I'I'!."F'IIII‘-'I'III:I'I'[EIZI' i - F'EI'[ESElLIITI moan ':I:'E'SLII'E'[E

[(PhAP S per 10000 gals.

= For pog-chlonisa apargtios shook F—3Hmas g woalowih FhyPE.

Spas | whdgintain 0.5-1 0 ppm chlonine or bromine.

= Shock onoe 3@ week with Diohlor or PMP S aczording to manu@ctirers
reccmmengdicns,

W= rfarance of
dlable Chlodme
151 MTeC On LOnGem s

= It will be dificultto maintain 051 0 ppm 3v. Clunder the twin demands cfthermal sy’

g Fgﬂu d1 and ¢ qi@minant o dati a1,
o s | e The lcw recommended chlcrine residual cf 0.5-1.0 ppm is ccnsidered toc lew or

gdequgfedign otion in bl ped podz.

= The non-chlorine option is not expectad to provde adequate disinfection or algas
oondrol.

= Bazed ontheir poor badtencidal properties, slver and zino ions are not expected 1o
signiicanty inorease the disinfection rate.

ah the absence of chicnne the carndge |1;SE|f pn:-m.jes ERLNE sz ba.:tenal hall e,

= The recommended -:hl-:nne (and I:-r-:-rnlnejlevels will b insuficient tc meet the
demands &the hlgher bather gan 4ty in Hhas

Spas

= Shocking onoe 3 week is considerad insuficient to oxidiz & bather oontaminarits .

= Bromine wilr educe the efedtien e oo of aiver g e to insaibiit wor siverbromige.

Al e conitrol = Becauszethe ooncentration of zino and slver in the pool water are not awvailable, their effec on
EI-EI?F mqrn-.ll rannnt !‘u:l Ed:-n:-d:d:nr!_

i =t on ot = The law rezommended chlonne lewel of 05-1.0 ppmiis considered too law ©r adequate

Cortaminarts oontEmingnt oxidation.

- Sﬁnalng ofthe pool with PMFS 12 much less efechwe than with chlonne eg, 1lb of PP S 1=
equivalent to only 103 ofa 1-1b shodk dose of ohlonne.

SAEOEIEE"S

Lldrm s = ST uct .

A ssessrmert = The cartnidge i LII'||IkE|'!.I'1J:I delver on the alaim of reduced chlorine usage and
| alfow wiBeve disinleton  algge cantro’ and e of @mingnt awfdaio.

Cost 20,0000-gal. Paol_ Flow Cartroller F100; B-month Catridge ~ 320
40 0n-oal. Pool Flam Corgroller £330 f-month Carridas ~F1450
-3l 5pd T B CEI":HdEE
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11. POTA SSIUM MOKNOPERSULFATE[PMPS]

[ Formis # ZKHE M KH S Dan ko5
Aesay =85
Bctive Duwgen EEER
Formn » hite granular powger
ez Morm-oHorire Shodk in Pools

» Do=age: 116A0,000 gals.

Santlizer Xl g zel 1IN Spas

a leed alone orin comhbination with ohlonne or Slver,

stabily |n Water

Leaompastion Rate [So per hour]

Wigtowicz ZOOU o By
| Foom Temperature [~ 7IRF] ~t
e 1= = o S Tl niii

Oizirfectionin Pools

s Tests with £, colf at 25°C (F7°F1show that PMPS is unsuiable as a swirmming pool
disingctant with inadthations of only ~17 % 3t 3 mins. and FAY 3t 44 mins,

ESIE iiEEEIDI‘I n gl:lES

Gerba & Maranjo 19494

8 Imactivation @@ A0%C [104%F)
Time[mirs. ] 5, faecalis L. hirge £, aem_i_?ﬁ-asa
2 oE P
12 »H4.8884 »44 588 ¥4 288y

= [igig tor £ oo chow S99 %35 "% nacthation (n 7 mins

= Oata ror chiorine (2 ppmdshow higher 2 min. inactivations of 99.99°% or
& Faemalisand 99 A7 Hor P AR AR AL

Alme Lorntral » M0 data are available on the effect o F3on amimming pool algae.
Oxi dation of & rrnoniun ion = Mo reaction.
Cortamninats I = Mo data avallable.
M onochlorarine = Mitate ionis rain oxidation product
jirea » fprgte N lEman oxlgggon F.I'l:l.j'l.l.:t.
Lmino Loids, Creatinime, Uno Loid, eto. | « Mo d33 av3ilable.
Ther Drgaic AsHer « W oTE Fvaname.

Oizadwantages and
Oefinienoies

= Oxidiz & nitrogen compounds o nirate ion, which is a nutrient ©or bacteria and algae.

n fiot_stahle in maar aibjected o heat orevpnsed o 2 |nI,iEn'r

s Reduces pH and alkalinty due to ormaten cf isulfate cn.
2EHS 0 KHS Oumbka5 00 — JKHS 0L + K500 + 20
AHSOC + 3HC g = 3508 + 300+ 3He

s The recommendead 1-lb. shook dose is egquinalent to onby 153 ofa 1-lb. chlorine shook,

= b e pen e 350 per X0an s or B0, equnaient av. .

John A. Wojtowicz — Chapter 7.3
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12 POTASSIUM PERORYOISULFATE [FPS FERSLILFATE]

Fomy 3 Kzl L
Lzzay w05
o T & ST pognd &
Stability in Witer Decomposition Rate [Fadany)
Sunlight s
i ng Fod Temparature ey o
Wy slow,

lEes

SE Temperature
sHlanged w hl T forusze in shos ki reatment
w2 nen-chlenine cxdizing agent usually in cembingticn with copper.

Effect o0 QIS0 Bt 10N

a Mo 433 are avallagle.

=By comparizon with monoperaulfate, persultate it=elf probably has negligible anti-bactenal
propertie s ewer i i1 preaang e of g oppe o Serio:s.

[ Effect on Algae Cortrol

=Moo data iz awailable.

=Ha=t Ellncc = ﬂ:.a Dﬂl'\_cﬂl_.l"?‘l‘ﬂ itoalf I:.Ec nnELiEilhln Enﬁ-algal Emp.:.rll;i.:.c_

Oxi dation of Cortaminants

=PP 5 is nomally 3 sluggish oxidant compared to potassiumn rnonopersalfate and requires
actiwation 3s discussed below.

e rilg w Sunlight Jiszonigtes peradlfate into reactie aulfate 1on Adioals:;
Szl:la} + Lr'u'l—} 250

» sulfate | o radicals are effective in cidat m of @gant matter
(hdini=ci et al 1983

oivect ot Sy ey * Hiver @Bndp ossioly 0o E)ion S0 Eho S@ Y2e oXEE N Macions O

and Copper lons perSIL;Ighég:lxda formation of divalent siver (or trvalent copper’ (hinisd
et 3 .
» The effectiveness at apimming pool conoentrations has not been
doourmented.
| Ceficiencies =omnally rea gtz = g by with bather o qi@minants
sReduces pH and alkalinity due to formaticn of bisulfate icn cn decompesticn:
Solf + Hyl = FHR- +0
ZHEO0, +ZHCOg 5 2505+ 2002 + 2H:0
e et o e A Do s LFEE RS Los
Copper FPS
pEm e
PHS with 157 Pools ang ] 15 ppm ToEA0 L.
copper sulfate Spas 0204 ideal)
LoMeeres » Copp @ concs, #0203 ppmoan cau = =@ining.
= Questicnable disirfecticn and ceidaticn.
® Proqgud | 5 & penaive,
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12 POLYHEXS METHVYLENE EIGLIL HIDE [PHM E]

Swstam I'“.n:unjpn_-u_l-_nr-nf:“ Compionart Frction
TD'WP'FIH"EE Hatenostat
et Agistat
allog Hydrogen Pero Wde [ d ant
Erevyrne Clearer Fiter Cleaner
Ch elfzgi oo & et T e fifefgl Ch dat @
Swirnrning Pool Testing and
Concentrations A dj etonent
[ FHWE G-10 ppm acte eehly
1t 225 ppm active izl
_|3,_th gen Pergeide ﬁﬁni' ppm Ewery 4 Weeks
Lizinfection Ueta RIS
Lt (5TL E oot 4 ppm
5. auews 4 ppm
P asmmgesns 20 ppem

Swirnrning Fool Disinfection
Testing of PHM B System
Sandsl 1096

wln 3 irst year test (A0 days), 27 % ofthe of water samples showed bactenal oounts >200

ciu per mbL vws. 4% fora chlorne control pool.
aly 3 seccng yeartes Hﬁﬁ.daysi,ﬁ? T CTihe cfuwgter samples showed badtenal counts

F200 cfuper mL we. 0% fora chlerine control pecl.
=The I UbEH @ p Figys Rrthety ct @tz wae 7 and 2 days re pedhely, Indicating
dewelcpment of P HWB-resstant bactana.

w byt on ofd g iaTal S e @ ds 30 o aead dwmngin wiess,

blcme Cortrol Oata MIC [porn ]

del Corral & Jo hnson 1996 JIJE:":- 1 et FHM.E
Ciovend o wemiordosa (Green’ @Tﬁ =8
Pleomidiuns 3 veolamw [Blaok] a1 <05
Cigghtalos Weoke 7 [ ellowy =145 » 2l

Oxidetion of Cortaminants

s Hydrogen perorde is a poor axidant for armonia, urea, and other arganio matter.

Inc: crnpetipy 141 ess

aChl ine and promine o« die ers,

s Jzone and persulfate oridizers.
l|_-:|:||:||:|a- ﬂ'hj' ﬂl‘u‘efbﬁS&j— E|E|I1:|'E5.
sfulo=t darifiers and deaners.

= 5OmE S A Indseae it

Fotertial Problems

wBrceszive use of PHMB, Quat, and Enz yne oan oau=e #aming and impart ador and
off-Este 10 the mater,

= Build-up of organio matter.

» Dewelopment of persstent haziness and doudiness.

w [evelopment of bid agical growths, eq, pink slime and water mald.

) T THOLEAD Forter= T = P B T3
-Lﬁt'hacﬁlﬁarlkt GII 1w IHESIIJT.E'II '3 IEITEISE'I'TUE I‘:"E'Ub

Const

shiore expensive than chlerine.

A) Product literature.
B)

C) Minimum inhibitory concentration.

John A. Wojtowicz — Chapter 7.3
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14 ULTROWIOLET (LA LIGHT & WO HYDROGEW PEROXIDE

Swstern

= A flow through cell containing a LM lamp femitting ~254 nrm radiation]).

» Hyidm gen peroxide.

Principle of Operation

w The water, do=ad with ~40 ppm bydrogen peroxide, flows through the oell.

u |ig|‘|‘|: 2, Ly phl:ltl:l ns:l .jiggl:ldla'tes hy‘d‘agen pel‘l:lk:i.je I:_'HED;:I ihto regctivw h'g.dl'l:l :d.'g.l‘l
radioals (HO) that are the actual oxidizing ageht:
Holz + L o 2H G

u The 1M light itself also can inadtivate microorganisms such as badtena.

Applicatinn w Srrall spas,
Factors Affecting Lisimection | LA Light = fthough UM light can inactivate 99.9% of £ colfin 1 min. [lbite
Rate 1972, the residenoe time ofthe waterin the MW call iz much less
than 1 min, «F o example, assuming 1 gal, vdume for the Ly
u:-ell gttached to a 200- gal spa u.l'rth a water 1ow rate of 10
e dhos el F e L T | R D I |
Hﬂlﬂlllll I.II':I ':’H.Iﬂl\.-': I.IIIF: uuls Wﬂl.ﬂ III U= Lr':ll 1= Llll:.' e
min.
= LM light irtensity decregzses with ime.
»Miater turbigity ang puild up of ilmz @ the lamp regw ez W
Ilght ihitensity.
nyiogen reiiwdie e Hydoden poodde (sa welf por dignicant. 500 ppm
ingctivates 99°% of £, colf in 10-30 mins.
Hydrowwl Radioals s Mo dats milahle .

Lizifection Concems

= Mc sanitiz er residual in the water cutside the call.

= The Kill ime «f microcnganisms such as bactena is wery lcng because cnlyabow 120 of
the zpa water fl aus through the cell per minute and the residence tme of the spa waterin

the Uwoell is much lessthan 1 minute.

= OFGEE Can Cpal aayage Tom usardit.

Cortarninart Oxidation Data Condtiors sHydrogen peroxide: S0 pprm
oz 2000 wHitruaen: 2 2 nom ner comnound
-.ﬁlkahnrr!,r a0 pprn
= Calcium hardnes=: 250 ppm
spHT 4
wT =n 2300,
s Uigh i Tadratl 0 e, 4 oo
Cornpound Baield of Oh Yield of 2 TOC Reduction
Arrnonia Hitrate®
B rnrnoni= - 1] -
Lrez 3 i i
regginire 13 I =
Glyine i) 0 il
| & znins A0 i a5
‘Valina Fid 2 54
Lyzime i 1] 47
LGldarnie Beid LE 1] [
A Lack of pitrate fommaticn indicates that ammenia per == or byprodud anmonia is
REES G g S iy RN R i TR R A T
B Total organio oarbon. C) Caloulated.

Spa Test = A LhAhydrogen peroxide sustern (15 galimin.) was ewaluated over 3 3-week period in a
250 gal zpa at 100°F ysing & 46 hour duty cyile and 3 swithelio bather insult. Analysis
showed no oxidation ofurea ater 107 hours of operation.

fi 5 M pprotal = Mo NSFapﬁﬂﬁlfHEE]EﬁFj

o=t » A syeterm or 3 small spa will probably cost several hundred dellars.

Duersll U szezsmrent = The sgtem eann of prow de sdaguate disin Betfion an d e ontEminant osfdation.
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forrnulated with other reactive omanic
ingre derts such a=z propylere gyed and

Alyzenne.

Reacts Famns Other Fatertial Problanns
with Carnbined
CorB® | Oor B
[81gicides] _
Al kyldirnetbodbenzdarnrmoniun chlonde Yes Yas s Bxcezsive concentrati ons can cause foaming.
8 3 R i B ) T i O Gy e i —
B Eeyidiirn eth{riﬁﬂ”cmﬂe?‘z;ﬂamn-:ériuﬁ o fme  |=Can precipiate by fmation of foes hat can
chlarn da cause itter problems.
a [N fo M pro Mamines angchl mamines.
Faoly o wthena amethodiming gthene- Yes Yz = Can form bromamines and chlcramines.
[y edb o v et e dichilsii o] _
Copper Citrate or Gluconate Yes s Becessivg concentrati cns can cause sining.
Cooper Triethand amine ez ez » Bropnsihe concentrati cns can cause sining,
» Can form bromamines and chlcramines.
Silver Compounds [2g), silver i de ] = Excassive concentrati cns can cause staining.
[Artiscalants and Stain Preverters]
IrsR poPon o Ot 2= g, biydr oo et bod- Yes » [l Mip L@ by Adnflght and chl Tine pro quce s
idene diphosphionio aoi phozphate ions.
T G OTEETHE UL o8 P osnate, @ s S
nutrient #or bacterna and algas and can cause
cloudy water due 1o precipitation of calcium
phosphate,
Folmneno [eq, po yaord=tes | Yaz —
[DarifiersFloced ating Agents]
CrraETie (e, slunwinont sl
Polyrnen o (&g, pol vd rmetbnd 3 all warinno- Yes Yas
niurn chlonde ]
[Oefozrnars]
Folydimethd sil oxare s
[Degreaszers]
Enzyrnes Yes
[Tirts]
Orogaric Ches s
[_quan:e =]
UTgan 6 GOMpDaTs =01 45 a0 e = fnce hﬁeyapfeni:i'g.l’can cAITE TAMming Ty
aldehydes, ketores, ard esters are formulated with a3 dewamer =su as

nehedimethodzilcane,

A) Ancillary chemicals can also react with non-chlorine oxidizing agents such as potassium monopersulfate.

B) The rate of reaction will depend on the concentration and functionality of the organic matter as well as the chlorine (or bromine)
concentration, temperature, and sunlight duration and intensity.

C) The greater the nitrogen content, the greater the potential for formation of combined chlorine or bromine.
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