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Disinfection

¢ [he destruction of pathogenic organisms

¢ Not to be confused with sterlization, which is the
destruction of all' erganisms

L

Cnlloing IS the most widely: used disinfiecting chemical

= easily: obtained & InEXPERSIVE

— |eavesia i =EElEl that canl bermeasured

~ however, it alsorforms .)\/,)rJJJ st WhiICh may.
ContribUte torINCrEaSEd FISKi Off CanCer




Alternate Disinfectants

-produced on site w/sodium: chlorite
-used to control taste and odors
-does not form byproducts, TFIHMs

-produced onl site by passing; an electrical voeltage
threUgh oXxy/den

~Very: poweriftlroxidant

-doEes NOL fiermi BYProdlcts), INIEHMS
—URstable

~NIgN cost

-lacki ol residual



CHLORINE

¢ Discovered in 1774
¢ First identified as an element in 1810

¢ Early use in water application was for
deodorizing capacity.
¢ First use off chilorine as a continuous

treatment process was: in 1902, at
Middlekerl, Belgium.

¢ Eirst continuoeus; use of chiorine infthe ' Us
Was iR 1908, Sedium hypoechlorite Was USsed
Lo disinfect a4 0r MGDrsupply: for JeErsey: City,
NEWRIERSEVA



Properties of Chlorine

Atomic Wt. = 35.5
Molecular. Wt. Cl, = 71.0

Depending on the temp. and pressure Chlorine can exist as a

Greenish Yellow Gas

Packed as liquefied gas in cylinders

Not Explosive or Flammable

Cl; gas is 2.5 times heavier than air

Cl; liquid Is 1.5 times heavier than water

Less than 3 ppm in the air can be detected by nose

Dry gas Is not Corrosive; but isivery corrosive in moist
environment



Health Concerns due to
Chlorine Gas

¢ — chlorine odor can be
detected

< — can be inhaled up to 1 hour
o — produces throat irritation

& — S0 minuUte exposure Is
dangerous

* — fiew. breaths can be fatal



Chlorine Reactions

Hypochlorous + Hydrochloric Acids formed,
Cl,+H,0 == HOCI+H*+Cl’

Hypochlorous Acid will further disassociate.
HOCI =— H™+0Cl

compounds in the water
will also with the , resulting in

(14 99
[ ]

Free Avail. Cl, + Combined ClI, = Total Cl,



Hypochlorous Acid will be

This is referred to as ¢
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Combined Chlorine

¢ Ammonia and/or nitrogen
compounds in the water will
react with the chlorine resulting

\\

In

Jotal residuall =combined

free



Combined Chlorine

chloramine
NH, + HOCI — + H,0
chloramine
NH,Cl + HOCI — + H,0
chloramine
NHCI, + HOCI — + H,0

IS a gas, has an odor and will escape.
Therefore, an increase in Chlorine dose will result in a drop In
Chlorine residual!
Combined Chlorine will decrease as NCl; is formed, until
eventually Free Chlorine
predominates.



Chloramines

¢ CL, + ammonia = chloramines
¢ 4 parts CL, to 1 part NH;
o About 1/25 powerful as HOCL

¢ Used In large distribution systems, more
persistent

¢ Reduces IEM formation
¢ Attacks biofilms

¢ DI and rFchloramines may, catse
disagreeable taste andl e oS



Chlorine Residual

Breakpoint chlorination
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Factors Affecting Disinfection with

Chlorine
— the higher the pH, the more

hypochlorite ion is present — a much

less effective disinfectant

- T

NE

MOre ammonia nitregen compounds: that

alfé present the more compined: eh
IS fiormed — a much Iess; effiective
diSinfectantt:

OFINE



Factors Affecting Disinfection with
Chlorine

& — higher temperature the
faster the rate of reaction (better
disinfection). Chlorine is also used up
guicker.

& — |onger contact time means that
petter disinfection isk more likely.
& — the more Impurities in the

water , the greater the chlorine
demand andl the less effective
disinfection IsHikelN torbe.



Common Chlorine

Compounds

¢ Chlorine Gas
— 100% available Chlorine.
— 150 Ib Cylinders
— 1 ton Cylinders

¢ Calcium Hypochlorite
— 65% available Chlerine
— Must be Dissoelved in Water
— Used In Construction Projects

¢ Sodium Hypochlorite
—Niguiar(Bleach)
— 51 t0 19%) (1.0 -15% typ:)
avallaple Chlorine

—Used in Cow Voelume: on Low: Rate
Applications



pH Effects on
Chlorine Residual
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Definitions

>
Refers to the oxidizing power of a chlorine compound.

*
The concentration of HOCI and OCI- ions in the water.

 Cnlorine Applied'
The amount of chlorine added t: e Water.

, Total Chlorine Residual:

Ilheramount of chierne remaining inithe firee and
combined form) after'a certain contact times




Definitions

2

The amount of chlorine that has not reacted with other
compounds found in the water.

L/

The amount off chlorine that has reacted with the

naturall ammoenia or erganic NItregen cCompounds in the
Water to form: chloraminges.

e difference BEtWEEN! the chiornerapplied and the
chiornerresiaualsUsualiyAtheramount ol therchlorne

that has reacted With oF ISTIeSt ter Other StbStanCeS in
resiauals



chlorine applied — chlorine demand =
chlorine residual




Chlorine Residual

Measurements

DPD (diethyl-p-pheneylene diamine)
¢ Titrimetric
— Pink color is removed slowly by adding FAS.

— Chlorine Residual Conc. is calculated by the
amount of FAS used to remove all color.

¢ Colorimetric

— Relies on color development after DPD is
added to the Chlorinated water sample.

— Pink/Red color develops

¢ More chlorine; darker color



Chlorination ByProducts

¢ CL2 combines with organic matter in water to
form:

- (TTHMs)
- (HAAS5S)

- — 80 ppb
- — 60 ppb

— New Rules (Stage’ 2) require MCIL tor be
MEt at each location a Sample
IS collected. s called a Locational
RURARING ARnualtAverade (LRAA)



STAGE 2 Rules

¢ CWS system using chlorine must meet
Individual Distribution System Evaluation
§IDSE) requirements using one of the
ollowing methods

— Small system wailver

— 40/30 walver

— Standard Moenitering Plan
— System Specific Study;

¢ Current sampling continues

» New' sampling Begins in' 2012 or later
pased on IDSE results



PPM Formula

¢ ppm = mg/l when talking about a chemical in
Water

¢ ppm = # pure chemical
M # water
¢ ppm X M # wWater = # pure chemical
¢ pPpmX Migal Waterx: 8. s44/dal = # pule cnemical

o M= one million



Conversion factors

¢38.34 # or gallon
gallon 8.34 #

$ /.48 dal or _ ft>
fit> 7.46 dgal




