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Introduction

Chlorine is added to industrial and municipal waters as an oxidant and as a disinfectant. It will 
react first with hydrogen sulfide, arsenic, iron, manganese, and nitrites. These inorganic 
materials are called reducing agents, their reaction with low chlorine dosage rates result in no 
chlorine residual. If additional chlorine is fed to complete the reaction with the reducing agents, 
feeding more chlorine will react with any organic matter to form chloro-organic compounds. 
Chlorine will then react with ammonia to form monochloramine, then dichloramine and 
nitrogen trichloride. The latter two impart taste and odor to water. Chloramines are weak 
oxidants / disinfectants. Free chorine residual is a strong oxidant / disinfectant and is essential 
for the oxidation of inorganic materials. Following are related notes:

Oxidation is a chemical reaction that takes place when a substance comes into 
contact with oxygen or another oxidizing substance (e.g., chlorine, ozone, etc.)

Water can be oxidized by exposing it to air (e.g., injecting air or oxygen into a pipeline, 
pumping water over a packed aeration tower, pumping air through fine bubble 
diffusers, etc.)

Chemical oxidation involves the use of an oxidizing agent, such as chlorine, in the 
treatment of water and wastewater to oxidize inorganic reducing agents, organic 
compounds, ammonia, pathogens and microorganisms. Complete oxidation / 
disinfection of these contaminants prior to filtration should be the primary 
pretreatment goal of potable water treatment plants.

Chlorine is also fed to maintain a disinfecting residual throughout water distribution 
systems.

The most complex chemistry of water chlorination is its reaction with various 
inorganic reducing agents and compounds of nitrogen that naturally occur in water.

The pH of water significantly affects the oxidizing and disinfecting action of chlorine 
residual due to the chemistry of hypochlorous acid (HOCl) which is the most effective 
of all the chlorine residual fractions. For example, at a pH of 5 an aqueous solution of 
free chlorine contains 99.74% undissociated HOCl @ 20°C. At a pH of 8 the 
undissociated HOCl is only 27.69%. The effect of pH on the free residual process 
significantly affects the chlorine dosage rate.
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The Breakpoint Phenomenon

Breakpoint is the point at which enough free 
chlorine is added to water to break the 
molecular bonds, specifically the combined 
chlorine molecules, ammonia, and / or 
nitrogen compounds. When the breakpoint 
occurs chlorine residual exceeds chlorine 
demand, eliminates monochloramines, 
dichloramines, and trichloramines, and 
results in a free chlorine residual.

The Breakpoint Curve

The breakpoint curve (sometimes referred to 
as a Chlorine Demand Curve) is a graphic 
representation of chemical relationships 
which exist as varying amounts of chlorine  
(in equal low dosage rate increments) are 
added to waters containing ammonia 
nitrogen.
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Chlorine Residuals

When sufficient chlorine is added to water the following residuals are formed:

A B C

A. Combined Chlorine

Refers to chlorine that has combined 
with nitrogen compounds such as 

nitrites, ammonia, and organics that form 
chloramines.

B. Free Chlorine

Occurs when sufficient chlorine is added to destroy 
ammonia nitrogen. Monochloramines, dichloramines and 

trichloramines are eliminated, hypochlorous acid /free 
chlorine is formed, resulting in the chlorine breakpoint.

C. Total Chlorine

Represents the sum of combined and 
free chlorine.
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Figure 1: Chlorine Breakpoint Curve
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Notes
a) The above complex reactions are dependent on pH, water temperature, mixing, contact time, and 

chlorine concentration. 
b) Due to combinations of reducing agents and organic compounds in raw water, and / or the absence of 

ammonia nitrogen, the above “classic” breakpoint curve may not develop when conducting a breakpoint 
test on chlorinated well waters. Refer to Figure 2 on Page 6 for an example of a breakpoint curve 
developed from a well-site pilot study. 

Zone
4

At the dip in the curve (which is the breakpoint) and beyond, decomposition of 
dichloramines and trichloramines occurs, free chlorine residual persists, and a 45°
slope develops. Chlorine demand caused by reducing compounds has been satisfied, 
chloramines and chloro-organic compounds have been decomposed and with each 
incremental increase in chlorine dosage an equal free chlorine residual occurs. 

Zone
3

As the hump in Zone 2 is passed, decomposition of monochloramine occurs. The 
addition of more free chlorine begins to form dichloramine, then trichloramine 
which produce taste and odor. 

Zone
2

The principal reaction of Zone 2 is the reaction between chlorine and the ammonia 
ion. This results in a chlorine residual containing only monochloramine all the way 
up to the hump in the curve.

Zone
1

Zone 1 of the above breakpoint curve illustrates the reaction of chlorine with 
reducing agents that cause the destruction of chlorine and result in no chlorine 
residual. The amount of chlorine consumed by the reducing agents is defined as 
the Chlorine Demand. 
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Chlorine Breakpoint Curve Instructions

1. A digital field test colorimeter, or spectrophotometer, should be selected. Use free and total 
chlorine DPD reagents. Additional tests must include pH, arsenic, iron, manganese, water 
temperature, and hydrogen sulfide.

2. The flow rate of the well should meet the design flow rate to ensure that the raw water 
quality meets specified parameters.

3. The chlorine ejector must be located in the water main ahead of a static mixer.

4. The chlorinated water sample line must be located in the main downstream of the static 
mixer.                                                                                                                       
NOTE: Do not take the chlorinated water sample from a reservoir or a storage tank. Chloro-
organic compounds such as polysulfides can form in reservoirs and storage tanks that are 
not present in the raw well water.

5. Compute the stoichiometric chlorine demand using recent water quality data. Begin feeding 
chlorine at a lower dosage rate to determine the actual chlorine demand.                        
NOTE: Depending on its speciation, T.O.C can require a high or a low chlorine dosage rate. 
Low T.O.C. does not necessarily result in low chlorine demand.

6. Take a 250 ml sample of chlorinated water for each set of tests. Run one free and one total 
chlorine residual test according to the colorimeter or spectrophotometer standard methods.

7. Record free and total chlorine residuals for each test. Plot the residuals on a chlorine 
breakpoint chart that shows chlorine residual (mg/L) on the vertical plane and chlorine 
dosage rate (mg/L) on the horizontal plane.

8. Continue testing by increasing the chlorine dosage rate in equal increments (e.g., 0.20 mg/L 
to 0.50 mg/L) until the breakpoint occurs, and a 45° slope is produced. This 45° slope must 
continue without developing another curve. 

9. Breakpoint does not always manifest itself by the chlorine residual going all the way to zero. 
Therefore, it is important to keep feeding chlorine after the apparent breakpoint is reached 
and to look for the subsequent slope continuing at a 45° angle.

10. To confirm breakpoint, at least three additional free and total chlorine residual tests must 
be taken after the evident breakpoint has been reached.

11. A Breakpoint Chlorination Test Spread Sheet should be used to record client name, well no., 
date, time, test no., chlorine feed rates (ppd or gal/hr.), chemical dosage rates (mg/L), free 
chlorine residual, and total chlorine residual. These parameters must be recorded with each 
increase in chlorine dosage. In addition, the following raw water parameters must be noted: 
well flow rate (gpm), hydrogen sulfide, total organic carbon, ammonia, pH, arsenic, iron, and 
manganese. Significant data such as sodium hypochlorite concentration, chlorine feed rate 
changes, pH adjustment, power failures, etc. must also be recorded.

12. At least one additional chlorine breakpoint curve must be developed to confirm the results 
of the first breakpoint curve.
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Figure 2: Field-Developed Chlorine Breakpoint Curve
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Summary:

The shape of the breakpoint curve is affected by reducing agents, chloro-organic 
compounds, mixing, contact time, water temperature, ammonia, pH, and chlorine 
concentration.

Breakpoint chlorination is an aid to coagulation filtration processes. A free chlorine 
residual should be carried throughout the entire treatment process, except as noted 
below.*

*There are exceptions to implementing breakpoint chlorination, especially where organic 
compounds (e.g., humic / fulvic acids) contribute to the formation of excessive trihalomethanes.
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Chlorine breakpoint must be achieved before water is filtered or pumped to storage. 
This concept is especially important when operating a coagulation filtration iron and 
manganese removal filter system. All contaminants that have an oxidation demand must 
be completely oxidized before water enters the filter vessel(s). If iron and manganese 
are not completely oxidized, they will form organic growths causing slime that will foul 
the media and will not be effectively removed from the media during the backwash 
cycle. Slime fouling of the media will eventually lead to loss of media during 
backwashing, reduced metals removal and a requirement to acid wash the filter media 
to remove accumulated iron and manganese slime.

When chlorine is reacting with inorganics there will not be any chlorine residual.

When chlorine residual is established, this indicates that the reducing agents have been 
oxidized and chlorine can now form chloramines, THM’s, and other disinfection 
byproducts, if the precursors are present. Eventually, free chlorine / breakpoint will be 
established.

Developing a chlorine breakpoint curve is an important part of field pilot studies, and the 
continuing operation of potable water treatment systems, for the following reasons: 
determine chlorine demand, confirm that chloro-organic compounds and chloramines 
are eliminated, establish a free chlorine residual to completely oxidize all contaminants 
that have an oxidation demand, optimize chlorine dosage rate and consumption, track 
dynamic raw water quality contaminants that can vary and cause considerable shifts in 
chlorine demand / chlorine breakpoint, and to meet consulting engineers pilot study 
protocol.
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info@waterbypureflow.com

(800) 926-3426

6739 Washington Ave. / P.O. Box 469

Whittier, CA 90608-0469

(562) 945-3425

sales@waterbypureflow.com

www.waterbypureflow.com
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