
Breakpoint Chlorination Won’t Fix
Indoor Air Quality

I was pleased to see Aquatics International
address indoor air quality in the October

2006 issue.  A discussion of this subject is
long overdue. The article did a nice job iden-
tifying chloramines, specifically nitrogen
trichloride, as the “main culprit” causing bad
air quality in indoor pool facilities.  And
while this is fairly well known, many in our
industry may not know that the practice of
breakpoint chlorination, as recommended in
your article, does not eliminate chloramines,
and will not solve indoor air quality prob-
lems.  In fact, breakpoint chlorination, ap-
plied for chloramine control in pool water,
actually produces nitrogen trichloride.  

Unfortunately, focusing on chlorine as
the solution to this particular problem will
only serve to reinforce the current practice
of breakpoint chlorination, which actually
leads to the formation of chlorinated or-
ganics and chloramines, collectively known
as chlorine disinfection byproducts (DBPs).  

I believe the article fell short because it
limited discussion of “the prescription” to
chlorination treatment, with honorable men-
tion to ventilation, UV radiation, filtration,
and education, and made no mention of
oxygen-based oxidation with ozone or potas-
sium monopersulfate, or even something as
simple and proven as water replacement.
Comments like “Further chlorination at
higher levels can eliminate these odors,”
and “Pools may need to be (chlorine) shocked
daily with 10 times the chloramine level,”
as printed in the article, serve only to spread
misinformation, and are responsible for the
continual over-application of chlorine, and
the expected formation of unwanted disin-
fection byproducts

A good place to start is with Jeff Sloan’s
comment, that “chlorine has been used for
hundreds of years, safely and properly.” Al-
though chlorine has been used for many 
years in water treatment applications, it is
most certainly NOT “used properly” in the
vast majority of pools in service today.  I be-
lieve chlorine plays an indispensable role in
both drinking and recreational water treat-
ment, but it is not the answer to all water
quality problems.  Chlorine is an effective
sanitizer, and when used properly it produces
sanitary water and helps protect users (whether
drinking or swimming) from the vast major-
ity of waterborne diseases they may otherwise
be subject to.  However, when applied to

swimming pools as a corrective treatment to
reduce/eliminate chloramines, chlorine ac-
tually aggravates and magnifies the problem.
To put it simply, chlorine produces chlo-
ramines, and nitrogen trichloride is almost
always a by-product of the breakpoint chlo-
rination (or superchlorination) process.

Why doesn’t breakpoint chlorination work
on pool chloramines?  The simple answer is
because breakpoint chlorination explains the
reactivity between chlorine and ammonia,
and pool chloramines comprise an array of
chlorinated nitrogen compounds, only a 
fraction of which are formed from ammonia.

Chlorine reacts with organic nitrogen
compounds to form organic chloramines.
Some organic nitrogen compounds chlori-
nate easier than others, but as more 
chlorine is added, more compounds are chlo-
rinated.  An example of organic chloramine
is chloramine derived from the reaction of
chlorine with creatinine.  An important
fact, regularly over-looked by our industry,
is that organic chloramines do not respond
to breakpoint chemistry, even when 
extremely high doses of chlorine are ap-
plied.  So measurable combined chlorine
(the difference between total chlorine and
free chlorine in the DPD test series) will
persist, and perhaps even increase, long after
breakpoint chlorination has been attempted.  

Chlorine will also readily react with in-
organic nitrogen compounds to form inor-
ganic chloramines.  An example is the rapid
reaction of chlorine with ammonia to form
stable monochloramine.  Monochloramine
will respond to breakpoint chemistry, 
however, since monochloramine is already
chlorinated, it requires very little additional

chlorine to proceed to breakpoint.  When a
full breakpoint dose of 10 times the combined
chlorine is applied, in accordance with 
current industry teaching, chlorine is signif-
icantly over-applied and the results are not
what we expect, nor are they what we want.  

The equation below shows that if we start
with ammonia nitrogen, and apply break-
point chemistry, we can effectively convert
the ammonia in water to inert nitrogen gas.  

Breakpoint of ammonia produces inert
nitrogen gas (N2):  

Ammonia + 10x HOCl  Ô Nitrogen gas
2NH3  +  3HOCl  Ô N2  + 3H2O  +
3HCl

There are at least three reasons why this
chemistry does not apply to treating chlo-
ramines in pool water:

1. As explained above, a significant por-
tion of chloramine in pool water is organic
chloramine, which does not respond to break-
point chemistry

2. Because ammonia binds quickly and
tightly to free chlorine to form stable mono-
chloramine, there is generally no measura-
ble ammonia in pool water, and

3. If we start with monochloramine (in-
stead of ammonia) we drive the reaction
too far and produce nitrogen trichloride gas,
instead of inert nitrogen gas, as shown in
the following equation.

Breakpoint of monochloramine produces
nitrogen trichloride (NCl3):

Monochloramine + 10x HOCl  Ô
Nitrogen Trichloride
NH2Cl  +  2HOCl  Ô NCl3  +  2H2O

To summarize, breakpoint chlorination
is not an effective way to treat organic chlo-
ramines, and at best, it converts inorganic
monochloramine to gaseous nitrogen trichlo-
ride, which fouls the air and causes a poten-
tial health risk for patrons and employees. 

As for ventilation, it is an important
factor in the maintenance of healthy indoor
facilities, and we all recognize that ventila-
tion can cover up poor pool water treatment
methods.  But rather than employ ventila-
tion as a corrective control, we should focus
on the source of the problem, which is how
we treat the water.

The relevance of UV radiation is quickly
coming to light, particularly as a supplemental
sanitizer to treat chlorine resistant pathogens
like cryptosporidium. There’s no doubt that
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UV light has a net positive impact on chlo-
ramines, and there are two reasons why it
shows improved performance versus break-
point chlorination.  First, UV radiation 
effectively “dechlorinates” chloramines, and
though it may not break down the nitroge-
nous compounds, simply decoupling the chlo-
rine from the nitrogen-containing compound
has a positive overall effect – it keeps the
chloramines in check, and allows other
processes in the system to degrade the 

nitrogen-containing precursor compounds.
Second, when a pool facility incorporates a
UV light into the treatment system, they do
so to reduce their reliance on superchlori-
nation, hence they do not superchlorinate
as often or as much.  Less superchlorination
means less combined chlorine. 

Oxidizers like ozone and potassium monop-
ersulfate can also play a role in chloramine
control.  While they may reduce measurable
chloramines to some degree, their primary

role is that they provide useful oxidation of
contaminants without raising free chlorine
concentrations. Simply by replacing super-
chlorination with oxygen-based oxidation,
the opportunity to form combined chlorine
is significantly reduced by attacking the prob-
lem in the following two ways:

First, chlorine concentrations are main-
tained at sanitation levels, and not boosted
to superchlorination levels, which facilitates
the formation of chloramines, specifically
nitrogen trichloride.

Second, chloramine pre-cursor compounds
are reduced by oxygen-based oxidizers.

Keeping chlorine sanitizer concentrations
stable (i.e., not superchlorinating) and min-
imizing chloramine pre-cursor compounds
(nitrogen-containing contaminants) goes a
long way toward preventing the formation
of chloramines, and nitrogen trichloride.  Ad-
ditionally this treatment regime maintains
excellent water clarity and even enhances
chlorine sanitizer efficiency.  Ozone, like UV
radiation, functions as a supplemental sani-
tizer, and is also effective against chlorine-
resistant pathogens like cryptosporidium.

Since there is no single chemistry or tech-
nology in use today that effectively “elimi-
nates” chloramines, a comprehensive strategy
must be employed, and when all else fails water
replacement may be required.  The late Dr.
Neil Lowry, of Ontario, Canada, used to stress
in seminars “the solution to pollution is dilu-
tion”.  We don’t do much water replacement
here in North America, but we may want to
consider this as another tool to help limit chlo-
ramines, and other chlorination disinfection
byproducts.  A comprehensive approach is 
required, and as an industry we should be 
forward-looking, and that means letting go 
of traditional approaches like breakpoint 
chlorination, because it doesn’t solve the
chloramine problem and it doesn’t meet the
needs of indoor recreational water facilities.

Ed Lightcap
Technology Manager

DuPont
Wilmington, Del.
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