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Definitions 

Chlorine:  Cl2  +  HOCl  +  OCl-   
 +   Organic Precursors (TOC)  
    Disinfection By-Products (DBP) 

 
Ammonia,   NH4

+   +   NH3 
 
Chloramine,   NH2Cl  +  NHCl2 +  NCl3 
 



Chlorine 

Cl2 + H2O ð  HCl + HOCl 

            HCl ð H+  +  Cl- 

      HOCl ð H+  +  OCl- 



Chlorine 
Species 

HOCl at pH < 7.5 
Hypochlorous Acid is the 
more powerful disinfectant 

 OCl- at pH > 7.5 

Hypochlorite Ion is a 
100x weaker disinfectant 



Chlorine Demand 
Inorganic Reducing Agents 

Cl2  +    H2S   ð  2Cl-   +      Sº 

Cl2  +  NO2
-   ð  2Cl-   +   NO3

- 

Cl2  +  2Fe2+  ð  2Cl-   +  2Fe3+ 

Rapid Reaction   -   Immediate Chlorine Demand 

 



Consumption of Applied Chlorine 
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Effect of Temperature on 
Chlorine Persistence 
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Chloramine Chemistry 

Ammonium Ion 
Chloramine Species 

Breakpoint Reactions 



Ammonium Ion ó Ammonia 
        NH4

+      ó  NH3 



Chloramine Formation 
Chloramines, aka ‘combined chlorine’, are compounds 

formed when chlorine combines with ammonia. 
 

 NH3(aq)  +  HOCl  ð  NH2Cl  + H2O 

 NH2Cl   +  HOCl  ð  NHCl2  + H2O 

 NHCl2   +  HOCl  ð  NCl3     + H2O 



Forms of Chloramines 

NH2Cl  – monochloramine 

NHCl2  – dichloramine 

NCl3     – trichloramine or 
    nitrogen trichloride 



Chloramine Formation 

NH2Cl   Monochloramine formed on the upslope of the 
breakpoint curve (Cl2:NH3- N weight ratio < 5:1); 
preferred disinfectant form; predominant at pH > 7 

NHCl2   Dichloramine formed on the downslope of the 
breakpoint curve (Cl2:NH3- N weight ratio > 5:1)  

NCl3      Trichloramine formed at pH < 4 and beyond 
breakpoint (Cl2:NH3- N weight ratio > 7.6); associated 
with unpleasant tastes and odor 



Breakpoint Curve 
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Figure 6-1.  Theoretical Breakpoint Curve



Breakpoint Curve - Ideal 
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We actually generated this one 



Chloramine Species vs. pH 
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Figure 6-2.  Distribution Diagram for Chloramine Species wi



Chlorine vs. Chloramine   

Effect of Conversion on 
Tastes and Odors 



Sensory Thresholds 
Krasner and Barrett, 1965 

        Odor, mg/l      Taste, mg/l 

HOCl   0.28    0.24 

OCl-    0.36    0.30 

NH2Cl   0.65    0.48 

NHCl2   0.15    0.13 

NCl3    0.02       - 



Breakpoint Curve 



Chloramine Flavor Intensity 



Chlorine vs. Chloramine   

Disinfection Effectiveness 



Chlorine Species Effectiveness  
and Organism Resistance 

LEAST RESISTANT MOST RESISTANT

Bacteria Virus Protozoan Cysts Some Bacterial Spores

LEAST EFFECTIVE MOST EFFECTIVE

R-NHCl NH2Cl NHCl2 OCl- HOCl Cl2



C x t  for 99% Inactivation of  
Giardia Lamblia 

    pH         C x t  (15°C)   
 Chlorine    6   18 minutes for 99% kill 
  1 mg Cl2/l    7   25    

       8   36    
       9     52 

  
 Chloramine     6-9           505 

       



C x t  for 99% Inactivation of  
Giardia Lamblia 

    pH   5  10  15  20  25 ºC 
Chlorine    6  35  26  18  13    9 

 1 mg Cl2/l     7  50  37  25  19  12 
     8  72  54  36  27  18 
     9    104  78  52  39  26 

 
Chloramine       6-9   737    675   505   366   260  

  



C x t  for 99% Inactivation of  
Giardia Lamblia 

   pH    5   10  15  20  25 ºC 
  Ozone  6-9   0.6   0.5  0.3   0.2  0.2 

     
  ClO2  6-9    13    10     5     5     3   


