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~ Disinfection vs. Chlorine Demand
-Free Avarlable Chlor.|ne (FAC) IS the major (drsrnfectron agent)

Demands 'on chiorrne

Instantaneous PP is il T o
If the. water contajrs |ron (Fe+2) and manganese (Mntz)
|nsoluble OX|des are formed on .IntI’OdUCtIOH of chIorrne |

LongerTerm SR U e S W s

: Orga,nlc matter chlenne IS consumed durrng the oxrdatron

S PIOCESS u Ve B T el e oy

Intermeollate el S Pyt R L
‘Reactjon of ChIorrne wrth ammonla to form chforamrnes -
Thrs comblned ohlorrne offers I|m|ted dlsrnfeotlon Ut

— BOTTOM LIN -
Drsrnfectron cannot proceed untrl the

~oxidant demand has beern destro ed..
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Chlorrnatron

' _Chlorrne gas rapldly hydrolyzes (0] hypochlorous acid accordlng to
Cl; +HO-)HOCI4=H++C|— ol

'. -Aqueous solut—rons of sodlum or calcrum hypot:hlorlte hydrolyze too
Ca(OCI)2 + 2H,0 > Ca + 2HOQj + 2C)H— R o e
NaOCI H+ HZO > 4 Na+ + HOCI + OH— S

. Hypochlorous acrd |s a_vveak aC|d and will dlsassocrate accordrng to
- s HOCI<:>H**+OCI '
-The two chemlcal specres formed by chIorlne In water hypoehlorous acr
'(HOCI) and hypoChIorlte IoNn (OCI ), are commonly referredtto as .
free o avallable” chlorlne A b2 s s

In-waters W|th~pH between 6.5- 8 5, the reactlen is |ncomplete and both
“species (HOCI and'OCI - ) will be pfesent. '

Hypochlorous ac-ld IS the more germlc:ldal of the two. -




Free Chlorine Distribution with pH

Percentage of free chlorine species
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Effect of pH on dlsmfectlon
pH— 6 S i ges

OCE"* =50

Disinfection: M
-C'orr-.ro'_si'c_)h T

Chloram i'-r:']es. Dl %




Combined Chlorine
What isit? | ‘I"_ o b | | |
. Free chlorme that has combmed WIth ammoma (NH )or y

othermtrogen contammg organic substances g e
Typlcally chlorammes are formed '

» -

"'h.

Where does NH3, eto come from’? |

.. -Present in some source waters (e. dg., surface Water)
.Contammatlon oxidationof orgamc matter

- Some systems (about 25% of U. S. Water supplles’)
_ 'actually ADD ammoma iy ,'

L]
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Combined Chlorine
Why' W'(?)u.lld you W'ant to ADD‘ am fﬁ‘bhia’?'l
- ¢ 'Ehloramlnes stlll retaln dlsmfect capablllty ( 5% of FAC)T
! ) Chloramlnes not powerful enough to form TEIMIS gk

t Last a lot Ionger In the malns than free chlor.lne

]
e
b

Free chlorlne + Combmed chl‘orme Total Chiorme
ST ] S @ S g Re5|dual
.Can"meaéure “‘Tbtal” 'Cﬁlo'rine ool *

‘Can medsure “Free” Ghlorine i ‘
-_Combmed Chlorme can be determmed by subtractlon

- = . . . ' L




Chloramine Formation
a) AtpHs < 8, significant fevels-of HOCl -are present: * - -

b) 1f NH; is present, HOCI will react to form 0Ne0fii3; & “ e
: chloramnes dependmg on pH Iemperature &. reactlon tlme

L1
"
-

I\/Ionqchloramme (stlnky) S R
*2NH;+ 2HOCI ¥ 2NH2CI + 2H20 . .pH 45108
chhloramme (stmkler) : P

9NH,Cl + 2HOCI W 2NHCI + 2HZO pH-4:5 to 8
Trlchloramme (stlnklest') AT |
NHCI2 + 3HOLI ~b NCI o 3H20 N pI:I < 4 5

—
L

N

"c) addltlonal ‘free chlorme + chlaramlne £ H+ HZO and N2 .
gas WhICh WI|| come out of solutlon Tk A a

Chloramrnes:_ effec'tlve vs._ ‘bacteria but NOT viruses.




How fast | IS chloramme formatlon?

Al of the free chldrine will be converted to 2
. 'ﬁmonochloramlne at pH 7 to-8 when the'ratio of chlorrne to |

.~ ammonia is eqmmolar (Dl by Welght) or Iess The rate of - &
e thls reactron |s extremely |mportant smce |t |s pH sensmve.-_

- IThe followmg are calculated reactlon rates for 99%

.. conversion of free chlorineto monochroramme at. 250C
' .Wrth a molar ratio of 0.2.% ;LO -3 moI/I HOCLand 1 0 X 10 3 moI/I NH

—
-, '

".".'--.pH'. bl S A o e o)
" Seconds - 421 147 02, 0.009

- [ - - L .

" The reactron slows apprecrably as the temperature drops
CA OOC it'takes hearly 5‘minutes: for 90% conversion atpH. 7.




Ooooh'...thatsmeII!

Pungent acrl'd smeII
" Confused w/ strong
chlorlne odor . . -

Clean,.fresh smell .
.Slight:chlorine odor

:_ Iit's the dlfference that. causes ‘those burnlng eyes
. and skin rashes after using a.poolor hottub .




Work done to identify the source of odor

GC/I\/IS analysis. -
- Arrow indicates .
‘suspect peak

N ¢

NCL* Trichloramine

gure 3. Total ion chromamgram of

Mass speetral
analysis |
confirms .~ - 3
racAR 80 100
presence.of - . Mz
chlo [eliT) ines. . ) igure 4. Electron impact mass spectra of suspected intense odor substances

120 140 160 180 200



Conclusive data

CITON
-o= Peak area

AL
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Chlorine dosage mgfl

'Relationship between odor and peak area of suspected
oder-causing peak (compound) TOE e MRt




Parallel guidance from the spa industry

" SPAWATER MAINTENANCE TROUBLESHOOTING

GUIDE
Problem Probable Causes Solutions
Chlorine Odor ®  Chloramine level ® Shock spa with sanitizer
too high
®* LowpH ¢ Adjust pH to recommended
range
Eve Irritation ®* LowpH ¢ Adjust pH
® Lowsanitizer ®  Shock spa with sanitizer and
level maintain sanitizer level

Skin Irritation / Rash ®  Unsanitary water ®  Shock spa with sanitizer and
maintain sanitizer level
®  Free chlorine ¢ Allow free chlorine level to
level above 5 drop below 5 ppm before spa
opm — use




What we know SO far

FA? Chlorrne IS c.onsumed by organlc matter bound up by -
iron and manganese and COMBINES with ammonra A

¢ pH IS.a crrtrcal factor in. determrnrng chlorrne Si '

drsrnfectron a
o Combrne_d.oh

% Combined ch_
. .FAC

* Free resrdual

orlrty and corrosrvﬁy of the Water
orrne still has a’ resrdual '

orrne |s not as good a drsrnfectant as :

- Combrned resrdual —-.Total resrdual

%Total resrdual : free resrduaJ combrned-resrdual
Fe Chlorrne odoris good chloramlne odor 5 bad

K Reports of chlorine odor generally mean the .
» chlorrnator should be bumped UP not down

L]




The “Breakpoint”

Distilled water and rainwater (no Cl, demand) will not
show a breakpoint.

breakpoint

e

1dual chlorin

Increasing re:

-
Increasing chlornne dosage



Resi‘dual Concentratioh

The “Breakpoint”..
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Breakpoint- why should we care?

* The importanee of break pomt chlormatlon Iles
In the control of: » -

-

' _‘_-Complalnts of chlorlne odor and ° burnmg eyes

. -from pools/ spas that people usaally.attribute to over-
e @ _ chlorrnatlon IS actually due to chloramlnes' (|

b UNDER chlorlnatlon) L € e

and mcreased germ|C|daI eff|C|ency
The killing. power.of chlorine on'the rlght s1de

~~ ofthe’break:point is 25 times hlgher than that
of theleftside - = =, i ih




Gettrng to Breakpomt

'Tetalchlorrne resrdual-" ' Ay PR

T free avarlable chIorme*+ combmed avarlable chlorme

\ . -

-

Total"resrdual should not be srgntfrcantly > free resrdua'l §iic '_
(i-e.-atotal 1.0 mg/l and a-free 02 mg/l)..

When this* occurs -indications are that breakpornt chlorrnatron has not bee
.met and addrtronal chlorrne should be applred s M o |

]
e
b

Free resudual test should |deally be = or slrghtly < total chlorrne resrduaf |
(., e. a free 0'8 mgll and. atotal 1.0 mgﬂ) | |
These test results |nd|c:ate that breakpmnt chlorrnatron Fi

]

Therefore testrng for TOTAI_ t:hlorlne .
1N addrtloh o FREE chlorrne can hel|trII |




Ensurrng you are at Breakpornt
I\/Ieasure Free and_ Total chlorrne % N

Bump up chlorrnator to inérease chlorrnef ;
dose a certain known amount e B

On the foIIowrng day re- test Fre.e and
Total chlorrne, L N

If Total mcreases but Free does not you
are NOT at breakpornt o T G s

Repeat process until both Total and Free .i
. chlorinei mcrease srmrlarly upon
adjustment b Qi g A




Can you have too much chlorme’>

| Chlorrne IS a health concern at certarn leveIs of exposure

,-Drrnkrng water contarnrng chlorrne vl |n excess of dnnkrng |
‘water standards could cause |rr|tat|ng effects tq eyes and ndse."

“Some peopfe who drmk water contarnrng chlorrne weII in .
excess .of standards could experrence stomach drscomfort

N Drrnktng water standards forchlorrne prOtect agarnst the rrsk >
of these adverse effects et TN - A ;

fLrttIe or no fisk with drrnkrng water that Meéts the U_SEPA ,
I\/IRDL and should be consrdered safe W|th respect to chlorrne.

Einal Stage 1 D/DBP Rule I\/IRDL 4 0 rng/L :
- Compliance is based on‘an annual average st




Breakpoint Troubles at Endpoints

.

_CAUSE

*Most Ilkely sedlmentatlon in dead--f- ;
- end Ilnes .'. “,I :...- " : :_.-'._;h .' :

‘SOLU-TIONS it Ol et
E}Flush dead Imes frequently A
(may requwe weekly flush--espeelally g
durlng summer months) PN S
5}“ Poly plg” mains to remove sludge‘"_
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Questions?

‘Ftick'MeaIy- a0 e I' Graham Anderson ."'l. :

'. | (608) 264 6006 : ' Pt ."_ s George Bowman :
| i (608) 224-6278
_State Laboratory of Hyglene ,

. 2601 Agriculture: Driye' -
~ Madison, W] 53718 o

DarreII Bazzell

© Secretary ©, -
Wlscoqsrn NR-

i POIBOX 7921k 5 51 ¥
-'.'I\/Iadrson WI' 53707 Lo inag

- " . ] . L 3 g I -
- . ; ’ . ! ] s
- i .~

-

State Lab Web address AT
. http: [/WWW slhwrsc edu/outreach/

LabCert web address” | -
- http:/Aiw.dnr. State Wi us/org/es/smence/lc/







Chlorine Sampling Issues

| ._\ Analyze samp1es for ehlorrne meedlately after
~ collection. .- ° 4 ;

'- '\ &ree Chlorrne is. a. strong oxrdrzrng agent unstable v

Sl natural waters.: - o s T e
A\ I reacts rapidly Wrth varrous morganrc cempounds

Q“ ; *

. and more slowly ( oxidizes. organic. compounds
-'\ Factors including reactantconcentrations, sunlrght
; pH and temperaturemfjuence decomposrtron of ot

" free. ChIorrnem water:. ¥ o ¢ e E 1 @

: \ Avoid plastic centarners 9 may have a large S

: chlorrnedemamd A LA 'S

\ Don t use a SLH BacT bottle




Chlorine Sampling Issues

N\ Pretreat-glass sample contarners to remove any
_-chlorine demand:: &« § g e |

/ Soak-in a di ute bleach solutron for at Ieast 1 hour'-—-

7 ;Drlute bleam solutron =1 Tl bleach to 1 liter of
- . deioniZed.water. . - ] |

"4 ‘Rinse thoroughly wrth deronrzed or dtsttlled Water
~\ Common error in chlorime: testrng 1S obtarnrng an . e
unre hresentative sample. = | |

| '/4 If sampling from a tap; let the water flow er at
. .least 5 minutes to ensure a representatrve
sampm e ey ' . B ot
/ Let the container overflow wrth the Sample several'
times, then cap the sample contarners S0. there IS
- no headspace (air) above the sample.




