Chlerine / Chleramine
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Derinitions

Chlorine: Cl, + HOCI + OCI
+ Organic Precursors (TOC)
= Disinfection By-Prottucts (DBP)

Ammonia,  NH+ NH; ———

Chloramine, NH,CIl-+ NHCI, + NCI,

| —

| —
| —




Chlorine

Cl, + H,0 = HCI + HOCI

| HCI = H* + CI-




HOClatpH < 7.5

Hypochlorous Acid is the
more powerful disinfectant

OClratpH>7.5

Hypochlorite lon is a
100x weaker disinfectant
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Cl, + H,S > 2CI" + S

Cl, + NO, > 201 + NO,

Cl, + 2Fe?# = 2CI" +  2Fe’*
Rapid Reaction - Immediate Chidrihe Dm
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consumption or Applied Chlorine

Immediate

Ammonium Organic
Demand g

lon Substances

Fe 2!
formation of formation of
Mn 2* chloramine or disinfection
S 2 breakpoint by-products
chlorination




v

—
H Kl .
—_—

::-_t ot Temperature on
nlorine Persist

P 1k

M

of
&
L
8
®©
X




B Plant #1
Plant #2 (June)
H Plant #2 (Dec)

F Plant #3

<
o
£
Qo
k=
£
S
IS
- —
&

12..18 24
—time, hours

—




0
<

|
‘ ™
<
N
nU

—

Average of All
time, hours

Three Plants

i

(o) O < (ap) AN b o
I/Bw ‘auiweloyd

B
J  GAC-treated

—

293 21uehiQ JO [RACWSY




Chioramine Chemistry

Ammonium lon
Chloramine Species
Breakpoint Reactions
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Chnloramine rormation

Chloramines, aka ‘combined chlorine’, are compounds

formed when chlorine combines with ammonia.
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NH;,q + HOCI = NH,CI + H,0
NH,Cl + HQEl = NHCL, +H;0-.
NHCI, + HOCI = NCI, +H,O
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rorms or Chloramines

NH,Cl — monochloramine
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NHCI, - dichloramine
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NCl,  —trichloramineor
A

hitrogen trichloride
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Chnloramine Formation

NH,Cl Monochloramine formed on the upslope of the
breakpoint curve (Cl,:NH;- N weight ratio < 5:1);

preferred disinfectant form; predominant at pH > 7
N’

NHCI, Dichloramine formed on the downslope of the
breakpoint curve (Cl,:NH;- N wetght ratio > 5:1)
- Y
NCI; Trichloramine formed at pH < 4 and beyond

breakpoint (Cl,:NH;- N weight ratio > 7.6); associated
with unpleasant tastes and odor




sSreaxpoint Curve

HOC1l + OCH
NH ,C1

Chlorine Residual
mg Cl/mg NH-N

4 6 8 10 12
Chlorine Dose, mg/mi NH-N

Figure 6-1. Theoretical Breakpoint Curve




Chlorine Residual, mg/l
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Breakpoint Curve - Ideal

Residuals Formed by Addition of Chlorine
to Water Containing 1 mg/l of NH3-N

Chlorine

Cl2:N < 5:1
NH2Cl Formed

Free Chlorine
(HOCI + OCI")
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Minnesota Bre\ékpoint Curve

We actually g¢nexated this one
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Monochloramine
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Source: Palin, 1950.

Figure 6-2. Distribution Diagram for Chloramine Species w.




chlorine vs. Chloramine

Effect of Convers’ion on
Tastes and Odors




sensory lhresnolds




Sreaspoint Curve

NH;-N Dose = 0.5 mg/L

Temperature = 25°C

pH = 7.4-7.8

In-the-Dark Contact Time = 60 minutes
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Chioramine Flavor intensity

NH;-N Dose = 0.5 mg/L

Temperature = 25°C

| pH =7.4-7.8

In-the-Dark Contact Time = 60 minutes
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Flavor Profile Scale

1 = Slight
2 = Moderate
| 13 = Stropg
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Chlorine Dose (mg/L)
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Source: Krasner and Barrett 1985




Chiorine vs. Chioramine

Disinfection Effectiveness




chiorine Spec
aned Org ~m]

Bacteria Virus Protozoan Cysts Some Bacterial Spores

LEAST RESISTANT MOST RESISTANT

R-NHCI NH,CI NHCI, ocr HoCI Cl,
LEAST EFFECTIVE MOST EFFECTIVE




C xt for 99% Inactivation of
Glare/ia Lamoliz

Chlorine
1 mg CL,/I

18 minutes for 99% Kkill
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C xt for 99% Inactivation of
Glare/ia Lamoliz

20

)
Chlorine 35 - 13 9
1 mg CL,/I 50 19 12
(2 DA c 30— 2 =ihe

104 78 52—39-_26

Chloramine 6-9 737 675 505 366 260
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C xt for 99% Inactivation of
Glare/ia Lamoliz

PH 5 10 1 20 25°C

Ozone 6-9 0.6 0.5 0.3 0.2 0.2
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