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Chlorination of public water supplies and pollute
activate dlse.ase-producmg microorganisms Th
widely practiced. Chlorination may produce sg : :

roblen. In recent years, chlorination has L me adverse effects including taste and odor

o (THM n found to produce trihalomethanes (THMs)
. s oo S are suspected human carcinogens). Thus, use of
alternative d_lsmfec.tants, such as chlorine dioxide and ozone that do not cause this particular
problem, 1s Increasing.

d waters serves primarily to destroy or de-
© practice of disinfection with chlorine is

CHEMISTRY OF CHLORINATION

Disinfectant capabilities of chlorine depend on its chemical form in water, which in turn is
dependent on pH, temperature, organic content of water, and other water quality factors.
Chlorine is used in the form of free chlorine [e.g., chlorine gas] or as hypochlorites [e.g.,
NaOCl and Ca(OCl),]. Chlorine applied to water either as free chlorine or hypochlorite

initially undergoes hydrolysis to form free chlorine consisting of aqueous molecular chlorine,
hypochlorous acid and hypochlorite ion.

CLb+H,0 =HOCI+H+CrI Q)
NaOC1 =0C1 +Na" )
Ca(OCl); =20CIl +Ca* )
HOC1 =H"+ OCI 4)

The relative proportion of these “free chlorine” forms is pH and temperature-dependent.
Figure 1 shows a distribution diagram for the various chlorine species (Cl,, HOC1, OCI)
over a broad pH range.

Figure 1 shows that Cl, can be significant only at low pH values (be]o.w pH 2); while HOC1
is dominant between pH 3 and 6. Bet\.Neen pH 6“and 9, the relat.we tjra.ction of HOC'l
decreases, while the corresponding fraction of OCI increases. The dlss.ocnatlon of HOC\. is
also temperature dependent. The effect of temperature is such that at a given pH, the fraction
of HOCI will be lower at higher temperatures. Generally, t.he disinfectant capabilities of
HOCI are greater than that of OCI, especially at short contact times (Montgomery, 1985).
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'Figure 1: Distribution diagram for chlorine species at 25°C (Total Chlorine, Ct = 107 M)
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{reactions with Impurities in Water:

{ Reactions with Ammonia: Free chlorine reacts readily with ammonia and certain nitrogenous
; compOUfldS to fo.rm what are collectively known as “combined chlorine”. The inorganic
{ chloramines consnst. of three species: monochloramine (NH,C1), dichloramine (NHC15) and
sichloramine or nitrogen trichloride (NCl3). The presence and concentrations of these
{ .ombined forms depend on a number of factors including the ratio of chlorine to ammonia-
{ ritrogen, chlorine dose, temperature, pH and alkalinity.

NH; + HOC1 =NH,Cl1 + H;0 | (5)
NH,C1 + HOCI1 = NHC1,+ H,0 (6)
NHC1,+ HOCI1 = NCls+ H0 (7

' addition to chlorinating ammonia, chlorine also reacts to oxidize ammonia to chlorine-free

sroducts (e.g., nitrogen gas and nitrate) as shown below.

3 Cl+ 2 NH;=Na(g) + 6 H' +6CI ®)
4c12+NH3+3HzO=SCl+N03+9H 9)

The mono- and dichloramines have signiﬁcant disinﬁ?cting power and are therefore of
nterest in the measurement of chlorine residuals. C.or.nbmed chlo.rme in water supplies may
be formed in the treatment of raw w'fxters cpntammg ammonia; chlorinated wastewater
¢ffluents, as well as certain chlorinated industrial effluents normally contain only combined

cthlorine.

Reactions with Other Impurities: Chlorine combines with warious reducing agents and
thus increasing the chlorine demand which must be satisfied before

organic compounds g )
chlorine is available to accomplish disinfection.




fe s s that will react with chjoy; JUCing agents present in water
upP1® henols, which cap ; €an react with, pheno| di-
> richlorophenols, AN Impart tastes ang odor § to produce mono-, di-,
o . substances present ip wa S to w

ter to aters, Chlorine also react with

The different segment of the curve is describeg below

If the water is free of ammonia and other compounds that may react with chlorine, the
application of chlorine wi|j yield fi

_ ree available chlorine residual of same concentration.
This is denoted by the “no demand line or the “zero demand line”.

¢. Addition of chlorine be

yond point B results in forming mainly mono- and di
With mole ratios of ch|

orine to ammonia up to 1:1 [i.e., Cl:NH;-N
med. Chloramines thus formed are effecti

-chloramines.

= 1:1}, both mono and
ve disinfectants.

Y present in water [i.e., Cl,:
ve from C to D.

Addition of chlorine beyond point D would produce free chlorine residuals and is referreq
0 as “breakpoint chlorination”. In other words, chlorinati

all ammonia is converted to N; or higher oxidation state is referre
chlorination”.
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Figure 2: Generalized curve obtained during breakpoint chlorination
(Source: Peavy and Rowe, 1985)

Breakpoint chlorination is required to obtain a free chlorine residual for better disinfection if
ammonia is present in a water supply. While free chlorine residuals have good disinfecting
powers, they are usually dissipated quickly in the distribution system. For this reason, final
reatment with ammonia if often practiced to convert free chlorine residuals to longer-lasting
combined chlorine residuals. The difference between the amount of chlorine added to the
water and the amount of residual chlorine (i.e., free and combined available chlorine
remaining) at the end of a specified contact period is termed as “chlorine demand”.
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REAGENTS:

Starch Indicator

Standard 0.001N Sodium thiosulfate
Potassium lodine crystal

Cone. Hydrochloric Acid

Chlorine water

S Rl S

APPARATUS:

1. Erlenmeyer flask (250 ml) : 1 no.

2. Bottle (8-0z) : 6 nos,
3. Beaker (250 ml) : 1 no.

4. Measuring cylinder : 1 no.

5. Dropper ~ : 1 no.
6. Stirrer : 1 no.




Y your teacher) of “chior:
orine water” (stock solution

of the flasks, T

sks. The chlori
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£ Y) would be provided to nt of the “chlorine
1e six flasks. you by your teacher.

Calculate the chlorine dose for each ¢

-nake each flask gentl .
, sha gently and allow to stand for 30 minutes

. Determine residual chlorine o
Jescribed below: f water from each flask by the starch-iodi hiod
-iodine method as

Starch-IOdi“e Method:

he starch-iodine method i .

T - quals to convert iodi .S b.ased on the oxidizing power of fi ; i

residua iodide ion into free iodine as shown bel ree and combined chlorine
elow.

CL+2I =L +2CI

I+ e
, + starch => blue color (qualitative test for the presence of Chlorine)

In the. starch.-lo(.ime method, the quantity of chlorine residuals is determined by measuring the
quantity of.lodmc released by titration with a reducing agent sodium thiosulfate (N2;5203)-
The end point of titration is indicated by the disappearance of blue color.

I, +2 Na,S,0; = NaS406+ 2 Nal
Or, I, +2S;05° =840 +21

The procedure to be followed in the laboratory is described below:

(a) Place 200 ml of the sample in an Erlenmeyer flask. Chill to 20°C or lower by
immersing the flask in a bath of ice-water.

(b) Add a small crystal of potassium iodine an
acid to the water. .

(c) Add 1 ml of starch solution to the water.

chlorine in the water. . _ ) )
(d) Titrate the solution with standard sodium thiosulfate (N2;S203) solution until the

blue color just disappears. , , )
(e) Record the quantity (in mL) of sodium thiosulfate (Na28;03) solution used.

4 1 mL of concentrated hydrochloric

A blue color shows the presence of

CALCULATIONi
Residual chlorine (mg/L) = mL of 0.001N Sodium thiosulfate used x Multiplying Factor
(MF) '

B lit of N2;$203 * equivalent wt.'of Cl; x 1000/ (ﬁ\l of sample taken)
where, MF normaity 45 x 1000/200 = 0.1773




|GNMENT QUESTIONS
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: /hat are the major disadvantape Tl 3
A ( ;‘ignfectants. vantages of chlorination? Name some of the alternate

2) You would like to perform chloring
would be the relative proportions o
in pH would you propose in order t
better disinfectant?

tion to a water sample with pH 7.5. At this pH, what
”:‘OC] and OCI (see Figure 1). What kind of change
O Increase the relative proportion of HOC1, which is a

(3) Schematically draw a “chlorine residual®

. ! . versus “chlorine dose” curve for a water sample
with no ammonia or organic matter.




