


Properties of

DISINFECTANTS



Disinfectants used in potable water must meet the 

following requirements:

• Provide Pathogen-Free Water

• Minimize DBP Formation

• Provide Residual Disinfectant to Control Re-growth

This may require the use of a primary and 

secondary disinfectant.

Disinfectant Requirements



Primary Disinfectant:

• Achieve the Necessary CT

• Meet Microbial Inactivation Limits

• Meet DBP Limits

Secondary Disinfectant:

• Maintain Residual Concentration in the 

Distribution Systems

Primary / Secondary Disinfectant  Requirements



TOC  Concentration:  High TOC may have a 

potential for DBP formation.  What qualifies?

• TOC > 2.0 ppm, or

• TTHM > 0.08 ppm, or 

• HAA5 > 0.06 ppm

Bromide Ion Concentration:  Some oxidants 

convert bromide to DBP.  What qualifies?

• [Br-] > 0.10 ppm

Primary Disinfectant Considerations



Assimilable Organic Carbon (AOC):  AOC is 

produced when TOC is high and a strong oxidant 

is used as a primary disinfectant.  What 

qualifies?

• AOC > 0.10 ppm post-filtration

DBP Formation Potential:  the amount of organic 

by-products that may form if chlorine is used.  

What qualifies?

• TTHM > 0.08 ppm (7 day formation)

• HAA5 > 0.06 ppm (7 day formation)

Secondary Disinfectant Considerations



Distribution Detention Time:  Booster stations 

my be required if retention time is too high.  

What qualifies?

• > 48 hour retention time

Secondary Disinfectant Considerations



Water-Borne

Pathogens



Bacteria:

• Single-celled organisms

• 0.1 to 10 μm in size

• Spheroid, Rod, Spiral, or Filamentous

Viruses:

• Organisms with DNA/RNA and protein coat

• Dependent on host for replication

• 0.01 to 0.1 μm in size

Water-Borne Pathogens



Protozoa:

• Single-celled organism w/o cell wall

• Most are free-living (exist on their own)

• Some are parasitic (live on a host organism)

Water-Borne Pathogens



Water-Borne Pathogens



Most Common Water-Borne Outbreaks:

• E. coli (bacteria)

• Giardia lamblia (protozoan)

• Cryptosporidium (protozoan)

(Milwaukee, WI 1993: coagulation/filtration failure)

• Legionella pneumophila (bacteria)

(Philadelphia, 1976)

• Cruise ships are the latest cases of Legionella

and E. coli outbreaks

• Naegleria fowleri (amoeba)

Water-Borne Pathogens



Chlorine is primarily used for disinfection but 

has other useful purposes:

• Minimize DBPs: (KMnO4/O3 at head works)

• Control Asiatic Clams / Zebra Mussels 

• Iron / Manganese Removal

• Prevent Regrowth in Distribution System

• Taste / Odor Removal 

• Improve Coagulation & Filter Efficiency

• Prevent Algae Growth in Basins & Filters

• Remove Color

Other Uses of Disinfectants



The History of

CHLORINE



5000 BC
Egyptians used the sun to bleach linens

History of Chlorine: Unintended Consequence?



3000 BC
Mixture of wood ashes and water created 

lye, which would lighten colors

History of Chlorine: Unintended Consequence?



History of Chlorine: Unintended Consequence?

1100 AD
Dutch become experts in laundering; adding 

sour milk to lye minimizes disintegration of 

linens.



History of Chlorine: Unintended Consequence?

1746
John Roebuck adds dilute acid instead of 

sour milk.  This cuts bleaching time from 24 to 

12 hours.



History of Chlorine: Unintended Consequence?

1774
Karl Wilhelm Scheele discovers chlorine gas by 

mixing pyrolusite (MnO2) with hydrochloric acid 

(HCI). He thinks the gas is an oxide of HCI. He 

finds that it destroys vegetable color.



History of Chlorine: Unintended Consequence?

1774
Karl Wilhelm Scheele discovers chlorine gas by mixing 

pyrolusite (MnO2) with hydrochloric acid (HCI). He thinks the 

gas is an oxide of HCI. He finds that it destroys vegetable 

color.

In 1810, Humphry Davy proves this is elemental 

chlorine.



History of Chlorine: Unintended Consequence?

1785
Claude Berthollet utilizes chlorine in his 

bleaching process.



History of Chlorine: Unintended Consequence?

1799
Charles Tennant introduces a chloride of lime 

called “bleaching powder”



1854 :  John Snow & the Broad Street Pump

Dr. John Snow identifies the source of a cholera 

epidemic in London’s Soho District as contaminated 

drinking water. 

Snow uses chlorine to disinfect the pump and 

removes the handle, ending         the epidemic and 

demonstrating that public                water supplies 

can be a source of disease.

History of Chlorine: as a Disinfectant



1888 : Chlorination System Patented

The first American patent on “Chlorination of Water” 

is granted to Albert R. Leeds, chemistry professor 

at Stevens Institute of Technology in Hoboken New 

Jersey.

History of Chlorine: as a Disinfectant



1902 : Water Chlorination

The world’s first permanent drinking water 

chlorination plant is operated in Middlekerke, 

Belgium.

History of Chlorine: as a Disinfectant



1908 :  “Chick’s Law of Disinfection”

Harriette Chick identifies the relationship between 

germ kill and contact time with a disinfectant.

“Chick’s Law” remains the foundation for 

evaluating disinfection efficacy.

History of Chlorine: as a Disinfectant



1908 : Chicago’s Union Stockyard

George A. Johnson adds chlorine to water drawn 

from Bubbly Creek, a drinking water source for 

livestock in the Union Stockyards, as animals fail to 

gain weight after drinking from it. Bubbly Creek is so 

named due to gas generated by decaying meat-

processing waste. After being filtered and 

chlorinated, Bubbly Creek water

quality surpasses Chicago

city water quality.

History of Chlorine: as a Disinfectant



1908 : Jersey City Water Supply

The City is plagued with typhoid fever & cholera, and 

requires the Water Co. to install sewers to prevent 

“manure field” run-off from entering water supply. Dr. 

John Leal recommends filtration and a low concen-

tration of chlorine to lower bacteria counts. 

Jersey City becomes the first U.S. city to 

adopt permanent chlorination of 

its water supply.

History of Chlorine: as a Disinfectant



1909 : Annual AWWA Meeting

Leal & Johnson present data that supports the 

effectiveness of drinking water chlorination. The 

cost is 14¢ per million gallons of drinking water.

History of Chlorine: as a Disinfectant



1914: First U.S. Drinking Water Standards

U.S. Public Health Service sets the first standard 

regulating bacterial levels in drinking water.

The Department of Treasury calls for all water to 

be disinfected with chlorine by 1918.

History of Chlorine: as a Disinfectant



1906 – 1926: Typhoid Fever Death Rate Drops 92%

History of Chlorine: as a Disinfectant
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Source:  U.S. Centers for Disease Control & Prevention, Summary of

Notifiable Diseases, 1997.



1997 : Life Magazine

“The filtration of drinking water and the use of

chlorine is probably the most significant public

health advance of the millennium”

History of Chlorine: as a Disinfectant



CHLORINE 
Safety



Chlorine gas (Cl2) is a greenish-yellow and is 

about 1.5 times more dense than air.

What is Chlorine?



Chlorine gas (Cl2) is a greenish-yellow and is about 1.5 

times more dense than air.

Chlorine gas can be liquefied by either lowering the 

temperature or increasing the pressure, or a 

combination of both.

What is Chlorine?



Chlorine gas (Cl2) is a greenish-yellow and is about 1.5 

times more dense than air.

Chlorine gas can be liquefied by either lowering the 

temperature or increasing the pressure, or a combination 

of both.

Liquid chlorine is a clear, amber-colored fluid, which 

is about 2.5 times more dense than water.

What is Chlorine?



Chlorine Toxicity



Chlorine Toxicity



Chlorine Toxicity



Chlorine is a toxic chemical that is irritant to 

living tissue.

Chlorine Inhalation



Chlorine is a toxic chemical that is irritant to living tissue.

Chlorine is a particularly strong irritant to mucous 

membranes and the respiratory system. 

Inhalation can cause severe irritation to the 

respiratory tract.

Chlorine Inhalation



Chlorine is a toxic chemical that is irritant to living tissue.

Chlorine is a particularly strong irritant to mucous 

membranes and the respiratory system. Inhalation can 

cause severe irritation to the respiratory tract.

Dry chlorine gas causes an immediate reaction 

which forces the victim to leave the area 

immediately.

Chlorine Inhalation



Chlorine is a toxic chemical that is irritant to living tissue.

Chlorine is a particularly strong irritant to mucous 

membranes and the respiratory system. Inhalation can 

cause severe irritation to the respiratory tract.

Dry chlorine gas causes an immediate reaction which forces 

the victim to leave the area immediately.

Wet chlorine gas is more tolerable, so the victim 

unwittingly inhales more chlorine gas, thus causing 

greater damage.

Chlorine Inhalation



< 3 ppm:  Possible Detection By Smell

Chlorine Toxicity



< 3 ppm:  Possible Detection By Smell

3 – 6 ppm:  Eye Irritation

Chlorine Toxicity



< 3 ppm:  Possible Detection By Smell

3 – 6 ppm:  Eye Irritation

15 ppm: Nose & Throat Irritation

Chlorine Toxicity
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Chlorine Toxicity



< 3 ppm:  Possible Detection By Smell

3 – 6 ppm:  Eye Irritation

15 ppm:  Nose & Throat Irritation

30 ppm:  Difficulty Breathing

400 ppm:  Fatal (30 minutes)

Chlorine Toxicity



< 3 ppm:  Possible Detection By Smell

3 – 6 ppm:  Eye Irritation

15 ppm:  Nose & Throat Irritation

30 ppm:  Difficulty Breathing

400 ppm:  Fatal (30 minutes)

1000 ppm:  Fatal (30 seconds)

Chlorine Toxicity



OSHA PEL (Permissible Exposure Limit) :

0.5 ppm TWA (8 hours); 1.0 ppm STEL (15 minutes)

1.0 ppm CEILING

OSHA IDLH (Immediately Dangerous to Life or Health)

10 ppm

Chlorine Toxicity



Toxic Gas Monitoring Solution

Locate chlorine gas monitor(s) in locations where 

chlorine is stored or applied

WARNING contact at 0.5 ppm;  ALARM contact at 

1.0 ppm

Contacts should be connected to strobe lights and/or

audible horn located outside of confined area

Chlorine Toxicity



CHLORINE 
Chemistry



Chlorine is a widely used disinfectant because:

• It’s easy to apply

• It’s easy to measure

• It’s easy to control

• It persists reasonably well

• It’s relatively inexpensive

Other forms of disinfectants may be better than 

chlorine in one of these categories, but none 

surpassed all criteria.

Why Use Chlorine?



Chlorine Dose - Chlorine Demand = Residual Chlorine

Chlorine is added to an aqueous process where it reacts 

with other chemicals and organisms. The amount of 

chlorine that is added is called the Dose. The amount of 

chlorine that is consumed by the process is called the

Demand.

The amount of chlorine that remains un-reacted in the 

process is called the Residual.

What is Residual Chlorine?



Chlorine gas reacts with water to form 

Hypochlorous Acid

Cl2 +   H2O          HOCI +   H+ +   Cl-

The pH levels of drinking water typically drop 

from 0.5 to 1.5 pH units during typical operations.

What is Residual Chlorine?



Hypochlorous Acid dissociates into Hydrogen ion and 

Hypochlorite ion.

HOCI H+ +   OCI-

Sodium hypochlorite or calcium hypochlorite in 

solution ionize directly to form hypochlorite ion:

NaOCI Na+ +    OCI-

Ca(OCI)2 Ca2+ +   2 OCI-

Free Chlorine = Hypochlorous Acid (HOCl) + 

Hypochlorite ion (OCl-)

Chlorine Terminology: Free Chlorine



Hypochlorous Acid reacts with Ammonia to form

Monochloramine.

HOCI   +   NH3 NH2CI +   H2O

Monochloramine can further react with Hypochlorous

Acid to form Dichloramine and Trichloramine.

NH2CI + HOCI NHCI2 + H2O

NHCl2 + HOCI NCl3 + H2O

Monochloramine + Dichloramine + Trichloramine

= Combined Chlorine

Chlorine Terminology: Combined Chlorine



Free Chlorine

Hypochlorous Acid + Hypochlorite Ion

Combined Chlorine

Monochloramine + Dichloramine + Trichloramine

Total Chlorine

Free Chlorine + Combined Chlorine

Chlorine Terminology: Total Chlorine



Some customers will refer to “Monochloramine” 

as “Total Chlorine”.

This is due to the DPD test methods that are 

used to determine residual chlorine 

concentrations.

Free Chlorine kit is used for free, Total Chlorine 

kit is used for combined chlorine.

Chlorine Terminology: Total Chlorine Confusion



CHLORINE
Based Contact Time (CT)



Research regarding the disinfection properties of 

specific chemical-based technologies often 

correlate the product of the residual disinfectant 

concentration, C (in mg/L), and the residual 

disinfectant contact time, T (in minutes), (CT) 

values to the log inactivation of pathogens.

The concept of CT in chemical disinfection is the 

primary method for determining inactivation 

levels.

Contact Time (CT) Values



Chlorine Species

HOCl is much better than OCl- as it requires less 

time

Contact Time (CT) Values: Variables



Chlorine Species

HOCl is much better than OCl- as it requires less time

Chlorine Concentration

Amount of chlorine present that is available for 

disinfection
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Chlorine Species

HOCl is much better than OCl- as it requires less time

Chlorine Concentration

Amount of chlorine present that is available for disinfection

Time

Amount of retention time is equally important as 

concentration of chlorine species

Contact Time (CT) Values: Variables



Chlorine Species

HOCl is much better than OCl- as it requires less time

Chlorine Concentration

Amount of chlorine present that is available for disinfection

Time

Amount of retention time is equally important as concentration 

of chlorine species

pH

If HOCI is used, the ideal pH range is 7.0 - 7.5
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Chlorine Species

HOCl is much better than OCl- as it requires less time

Chlorine Concentration

Amount of chlorine present that is available for disinfection

Time

Amount of retention time is equally important as concentration 

of chlorine species

pH

If HOCI is used, the ideal pH range is 7.0 – 7.5

Sunlight

UV destroys HOCI
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Chlorine Species

HOCl is much better than OCl- as it requires less time

Chlorine Concentration

Amount of chlorine present that is available for disinfection

Time

Amount of retention time is equally important as concentration 

of chlorine species

pH

If HOCI is used, the ideal pH range is 7.0 – 7.5

Sunlight

UV destroys HOCI

Contact Chamber

A closed conduit is preferred with HOCI

Contact Time (CT) Values: Variables



Chlorine Species

HOCl is much better than OCl- as it requires less time

Chlorine Concentration

Amount of chlorine present that is available for disinfection

Time

Amount of retention time is equally important as concentration 

of chlorine species

pH

If HOCI is used, the ideal pH range is 7.0 – 7.5

Sunlight

UV destroys HOCI

Contact Chamber

A closed conduit is preferred with HOCI

Adequate Mixing

This ensures disinfectant contacts target organisms

Contact Time (CT) Values: Variables



Higher temperatures and lower pH values (less 

than 8) correspond to lower CT requirements to 

achieve a given level of inactivation.

Contact Time (CT) Values: Temperature Effects



Higher temperatures and lower pH values (less than 8

correspond to lower CT requirements to achieve a given 

level of inactivation.

CT values generally increase by a factor of at 

least two to three times for each 10ºC decrease 

in temperature

Contact Time (CT) Values: Temperature Effects



Higher temperatures and lower pH values (less than 8

correspond to lower CT requirements to achieve a given 

level of inactivation.

CT values generally increase by a factor of at least two to 

three times for each 10ºC decrease in temperature

Other factors, such as degree of mixing and 

turbidity may also affect CT values for 

chlorination.

Contact Time (CT) Values: Temperature Effects



Chlorine Based Technologies – Inactivation Capabilities

Temperature
Measured in °C

Log Inactivation

2.0 3.0 4.0

pH 6-9 pH 10 pH 6-9 pH 10 pH 6-9 pH 10

0.5 6 45 9 66 12 90

5 4 30 6 44 8 60

10 3 22 4 33 6 45

15 2 15 3 22 4 30

20 1 11 2 16 3 22

25 1 7 1 11 2 15



The pH of water is an important factor in 

determining virus and bacteria inactivation since 

the HOCl and OCl- proportions change 

dramatically over a pH range of 6 - 10.

Contact Time (CT) Values: pH Effects



% Distribution HOCI vs. pH
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The pH of water is an important factor in determining 

virus and bacteria inactivation since the HOCl and 

OCl- proportions change dramatically over a pH range 

of 6 - 10.

The biocidal effectiveness of free chlorine 

decreases with an increase in pH.

Contact Time (CT) Values: pH Effects



The pH of water is an important factor in determining 

virus and bacteria inactivation since the HOCl and 

OCl- proportions change dramatically over a pH range 

of 6 - 10.

The biocidal effectiveness of free chlorine decreases 

with an increase in pH.

HOCl is 1.5 to 3 times more effective than OCl-

as a disinfectant. 

Contact Time (CT) Values: pH Effects



Chlorine Based Technologies – Inactivation Capabilities

Temperature
Measured in °C

Log Inactivation

2.0 3.0 4.0

pH 6-9 pH 10 pH 6-9 pH 10 pH 6-9 pH 10

0.5 6 45 9 66 12 90

5 4 30 6 44 8 60

10 3 22 4 33 6 45

15 2 15 3 22 4 30

20 1 11 2 16 3 22

25 1 7 1 11 2 15



CHLORAMINATION



The History of

CHLORAMINES



1917
Denver Union Water Company adds chloramines to 

prevent bacteriological “re-growth” problems.
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1917
Denver Union Water Company adds chloramines to 

prevent bacteriological “re-growth” problems.

1920-36
Increased use of chloramines (16% of water utilities) 

1940’s
Due to ammonia shortage during WWII, use drops to 

2.6% of utilities.



1979
Total Trihalomethane Rule passes.  More utilities 

consider chloramines to reduce THMs and DBPs.
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1979
Total Trihalomethane Rule passes.  More utilities 

consider chloramines to reduce THMs and DBPs.

1990’s
20% of surface water plants use chloramines as 

secondary disinfectant (Free Chlorine as primary).

2000’s
33% of plants serving >100,000 people use 

chloramine.



Future Projection
AWWA Publication on Chlorination and 

Chloramination Practices predicts:

65% of surface water plants serving will use 

chloramination.



Future Projection
AWWA Publication on Chlorination and 

Chloramination Practices predicts:

65% of surface water plants serving will use 

chloramination.

50% of plants serving <10,000 people will switch 

from free chlorine to chloramines for distribution 

system residual. 



Chloramine is widely used as a secondary 

disinfectant because:

• Chloramines are not as reactive with organics as 

free chlorine in forming THMs.

Why Use Chloramine?



Chloramine is widely used as a secondary 

disinfectant because:

• Chloramines are not as reactive with organics as 

free chlorine in forming THMs.

• Monochloramine residual is more stable and 

longer lasting than free chlorine.
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Chloramine is widely used as a secondary 

disinfectant because:

• Chloramines are not as reactive with organics as 

free chlorine in forming THMs.

• Monochloramine residual is more stable and 

longer lasting than free chlorine.

• Monochloramine is more effective in controlling 

biofilm in distribution system.

Why Use Chloramine?



Chloramine is widely used as a secondary 

disinfectant because:

• Chloramines are not as reactive with organics as 

free chlorine in forming THMs.

• Monochloramine residual is more stable and 

longer lasting than free chlorine.

• Monochloramine is more effective in controlling 

biofilm in distribution system.

• Monochloramine produces less taste and odor 

problems.

Why Use Chloramine?



CHLORAMINE 
Chemistry



Chloramine is widely used as a secondary 

disinfectant because:

• Chloramines are not as reactive with organics as 

free chlorine in forming THMs.

Why Use Chloramine?



Chloramine is widely used as a secondary 

disinfectant because:

• Chloramines are not as reactive with organics as 

free chlorine in forming THMs.

• Monochloramine residual is more stable and 

longer lasting than free chlorine.

Why Use Chloramine?



Weight Based Units of Measure

ATOM
ATOMIC

WEIGHT
MOLECULE

MOLECULAR

WEIGHT

Cl 35.5 Cl2 71

N 14 NH3 17

H 1 NH2Cl 51

NHCl2 85

NCI3 129



For Cl2 : NH3

71 lbs Cl2 is required for every 17 lbs of NH3

71 lbs Cl2 4.2 lbs Cl2
------------------------------------ =  -----------------------------------

17 lbs NH3 1.0 lb NH3

Weight Based Ratios



For Cl2 : NH3

71 lbs Cl2 is required for every 17 lbs of NH3

71 lbs Cl2 4.2 lbs Cl2
------------------------------------- =  -------------------------------------

17 lbs NH3 1.0 lb NH3

Weight Based Ratios

For Cl2 : NH3 - N

71 lbs Cl2 is required for every 14 lbs of N

71 lbs Cl2 5.06 lbs Cl2
-------------------------------------- =  ----------------------------------------

14 lbs N            1.0 lb N



Cl2 : NH3 < 4.2:1

NH2Cl formed

Excess NH3 present after the reaction

Cl2 : NH3 Ratio



N
Cl

O

Monochloramine Formation

HOCI + NH3 NH2Cl +        H2O

H

+ N

H

H
H

Cl

H

H
+ O

H

H

Hypochlorous +     Ammonia Monochloramine +   Water

Acid



Cl2 : NH3 < 4.2:1

NH2Cl formed

Excess NH3 present after the reaction

Cl2 : NH3 > 4.2:1

Excess Cl2 is used

NHCl2 and NCl3 are formed

Cl2 : NH3 Ratio



N
Cl

O

Dichloramine Formation

HOCI + NH2Cl NHCl2 +        H2O

H

+

Cl

H

H
+ O

H

H

Hypochlorous +     Monochloramine Dichloramine +   Water

Acid

N

Cl
H

Cl



N
Cl

O

Trichloramine Formation

HOCI + NHCl2 NCl3 +        H2O

H

+

ClH
+ O

H

H

Hypochlorous +     Dichloramine Trichloramine +   Water

Acid

N

Cl

Cl

Cl

Cl



Other factors must be considered when 

determining optimal ratio:

• pH

• Temperature

• Chlorine Demand

• Competing Reactions

• Reaction Time

• Chloramine Decay

Practical Conditions that Affect Ratio



pH Influence on Chloramine Formation
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At pH > 5.5, NH2Cl dominates

NH2Cl formation is optimized at pH > 8.2
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Decay can result from:

• Auto-decomposition 

(lower pH = faster decay)

Chloramine Decay



pH ≤ 11:

3 NH2Cl ⟶ N2 + NH4Cl + 2 HCl

pH > 11:

3 NH2Cl + 3 OH−⟶ NH3 + N2 + 3 Cl− + 3 H2O

pH 4:

2 NH2Cl + H+⟺ NHCl2 + NH4
+

pH 3:

3 NHCl2 + H+⟺ 2 NCl3 + NH4
+

NHCl2 + NCl3 + 2 H2O ⟶ N2 + 3 HCl + 2 HOCl

Chloramine Decay



Decay can result from:

• Auto-decomposition 

(lower pH = faster decay)

• Oxidation of Natural Organic Matter

(more NOM = faster decay)
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Decay can result from:

• Auto-decomposition 

(lower pH = faster decay)

• Oxidation of Natural Organic Matter

(more NOM = faster decay)

• Consumption by Nitrifying Bacteria

(more free ammonia = more bacteria = 

faster decay)
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Decay can result from:

• Auto-decomposition 

(lower pH = faster decay)

• Oxidation of Natural Organic Matter

(more NOM = faster decay)

• Consumption by Nitrifying Bacteria

(more free ammonia = more bacteria = faster decay)

• Oxidation of Iron and Other Distribution 

Materials

(more demand = faster decay)

Chloramine Decay
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one molecule of Free Ammonia to form 

one molecule of Monochloramine.

Chloramination Facts:
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1. One molecule of Free Chlorine reacts with one 

molecule of Free Ammonia to form one molecule 

of Monochloramine.

2. Free Chlorine and Free Ammonia cannot co-

exist to any significant degree.

3. Free Chlorine and Monochloramine cannot co-

exist to any significant degree.

4. If the ratio is correct, the Monochloramine

concentration will remain constant.

5. An incorrect ratio will result in excess 

Free Ammonia or the destruction of 

Monochloramine

Chloramination Facts:



Breakpoint Chlorination Curve

1. Chlorine is consumed by readily oxidizable compounds (iron 

manganese, nitrite, sulfide, etc.).  Little to no residual chlorine present. 



Breakpoint Chlorination Curve

2. Chlorine reacts with nitrogen in water.  Monochloramine is formed

(assuming conditions are met).  Residual chlorine concentration increases.



Breakpoint Chlorination Curve

3.   Optimal zone for monochloramine production.  Correct ratio is achieved. 



Breakpoint Chlorination Curve

4. Ratio is exceeded and monochloramine is being consumed to form 

dichloramine and trichloramine. 



Breakpoint Chlorination Curve

5.   BREAKPOINT.  Almost all of the nitrogen is in di- or trichloramine form.  

Monochloramine is no longer present.  Free chlorine residual begins to appear. 



Breakpoint Chlorination Curve

6.  Free chlorine residual increases.  Combined chlorine concentration is 

unchanged as all nitrogen is in di- or trichloramine form. 



RESIDUAL CHLORINE

Regulations



Disinfection Byproducts (DBP) Rule

Sets limits for disinfectant residuals

• Free chlorine and chloramines

• Maximum Residual Disinfectant Level - 4.0 mg/L

• Minimum residual concentration entering 

distribution –

0.2 mg/L for free chlorine, 0.5 mg/L for 

chloramine

• Must maintain a residual throughout distribution

USEPA Regulations



Disinfection Byproducts (DBP) Rule

Sets limits for disinfectant residuals

• Free chlorine and chloramines

• Maximum Residual Disinfectant Level - 4.0 mg/L

• Minimum residual concentration entering distribution –

0.2 mg/L for free chlorine, 0.5 mg/L for chloramine

• Must maintain a residual throughout distribution

Sets limits for disinfection byproducts

• Trihalomethanes (THMs) - 0.080 mg/L

• Haloacetic acids (HAAs) - 0.060 mg/L

• Bromate ion - 0.010 mg/L

USEPA Regulations



GWSs Serving More Than 3,300 People 

GWSs serving more than 3,300 people 

conducting compliance monitoring must monitor 

the residual disinfectant concentration 

continuously, record the lowest daily residual 

disinfectant concentration, and maintain the 

state-determined minimum disinfectant residual 

concentration for each day the water is served 

to the public.

Ground Water Rule



The USEPA neither approves nor 

recommends monitors for specific 

parameters.

USEPA Approvals / Recommendations



The USEPA neither approves nor recommends 

monitors for specific parameters.

The USEPA approves methodologies for 

monitoring specific parameters (Standard 

Methods).

USEPA Approvals / Recommendations



The USEPA neither approves nor recommends 

monitors for specific parameters.

The USEPA approves methodologies for monitoring 

specific parameters (Standard Methods).

The  EPA recently approved the first method 

for on-line monitoring of residual chlorine.

USEPA Approvals / Recommendations



This method for On-Line Chlorine Monitors 

was approved in September 2009.

This method allows the use of any type of 

on-line chlorine analyzer for compliance 

monitoring when used in conjunction with a 

grab sample reference method that is 

approved for drinking water compliance 

monitoring.

USEPA Method 334.0



• This method is for the analysis of residual 

chlorine (free or total) in drinking water. It is

primarily intended to be used by drinking 

water utilities for compliance with daily 

monitoring requirements. 

USEPA Method 334.0: Scope of Method



• This method is for the analysis of residual 

chlorine (free or total) in drinking water. It is 

primarily intended to be used by drinking water 

utilities for compliance with daily monitoring

requirements. 

• This method allows the use of any type 

of on-line chlorine analyzer for 

compliance monitoring when used in 

conjunction with a grab sample

reference method that is approved for 

drinking water compliance monitoring. 

USEPA Method 334.0: Scope of Method



• This method is for the analysis of residual 

chlorine (free or total) in drinking water. It is 

primarily intended to be used by drinking water 

utilities for compliance with daily monitoring

requirements. 

• This method allows the use of any type of on-line

chlorine analyzer for compliance monitoring

when used in conjunction with a grab sample

reference method that is approved for drinking 

water compliance monitoring. 

• This method is intended to be used 

when chlorine residuals (free or total) 

are in the range of 0.2 mg/L to 4 mg/L.

USEPA Method 334.0: Scope of Method



• The instrument is calibrated using aqueous 

standards or the results from paired grab 

samples that are collected at the same 

sample point and time.

USEPA Method 334.0: Summary of Method



• The instrument is calibrated using aqueous 

standards or the results from paired grab samples 

that are collected at the same sample point and 

time.

• The grab samples are analyzed for chlorine 

(free or total) using a method that is 

approved for drinking water compliance 

monitoring.

USEPA Method 334.0: Summary of Method



• Consideration for changes in water pH, 

temperature, ionic strength, and 

interferences (iron, manganese, copper, 

etc.).

Chlorine Monitor Selection Requirements



• Consideration for changes in water pH, 

temperature, ionic strength, and interferences 

(iron, manganese, copper, etc.).

• Concentration range should be as small 

as possible yet still bracket the expected 

concentrations.  (0 - 2.000 ppm range 

for 0.5 - 1.5 ppm residual)

Chlorine Monitor Selection Requirements



• Consideration for changes in water pH, 

temperature, ionic strength, and interferences 

(iron, manganese, copper, etc.).

• Concentration range should be as small as 

possible yet still bracket the expected 

concentrations. 

(0 - 2.000 ppm range for 0.5 - 1.5 ppm residual)

• The instrument must be installed so 

changes in pressure and flow rate do not 

influence the measurement.

Chlorine Monitor Selection Requirements



• The analyzer must have a readout at its 

installation location and the readings 

must be continually recorded.

Chlorine Monitor Requirements



• The analyzer must have a readout at its 

installation location and the readings must be 

continually recorded.

• For remote installations, there should be 

a capability to transmit the data to a 

centralized location.

Chlorine Monitor Requirements



• The analyzer must have a readout at its 

installation location and the readings must be 

continually recorded.

• For remote installations, there should be a 

capability to transmit the data to a centralized 

location.

• The analyzer should have an alarm to 

activate when the chlorine concentration 

is outside normal range.

Chlorine Monitor Requirements



• The analyzer must have a readout at its 

installation location and the readings must be 

continually recorded.

• For remote installations, there should be a 

capability to transmit the data to a centralized 

location.

• The analyzer should have an alarm to activate 

when the chlorine concentration is outside 

normal range.

• The analyzer must allow manual 

adjustment for calibration.

Chlorine Monitor Requirements



In order to be compliant with Method 334.0, 

your monitor must meet one of the following 

criteria:

1.  Meet the Initial Demonstration of Capability 

(IDC).

USEPA Method 334.0:  Does Your Monitor Comply?



In order to be compliant with Method 334.0, 

your monitor must meet one of the following 

criteria:

1. Meet the Initial Demonstration of Capability 

(IDC).

At least 14 days of grab samples must be 

compared to the monitor.  The monitor reading 

must be within ± 0.1 mg/L or ± 15% (whichever 

is larger) of the grab sample measurement 

without maintenance or calibration adjustment.

USEPA Method 334.0:  Does Your Monitor Comply?



In order to be compliant with Method 334.0, 

your monitor must meet one of the following 

criteria:

1. Meet the Initial Demonstration of Capability 

(IDC).

2. The IDC for the on-line chlorine analyzer is not 

required if historical operating data for the on-

line chlorine analyzer demonstrate the criterion 

are being met on an on-going basis.

USEPA Method 334.0:  Does Your Monitor Comply?



13. WASTE MANAGEMENT
13.1 The analytical procedures described in this 
method generate relatively small amounts of 
waste since only small amounts of reagents are 
used. The matrices of concern are drinking water. 
However, the Agency requires that waste
management practices be conducted consistent 
with all applicable rules and regulations, and that 
the air, water, and land is protected by minimizing 
and controlling all releases from bench operations. 
Also, compliance is required with any sewage 
discharge permits and regulations, particularly the 
hazardous waste identification rules and land 
disposal restrictions.

USEPA Method 334.0 :  Waste Management



Waste Management 



RESIDUAL CHLORINE

Detection Methodologies



Colorimetric Monitor

-vs-

Membraned/Amperometric Sensor



Operating Principle

Reagents (buffer and indicator solution) are 
added to a known volume of process water.

[Free Chlorine: DPD, Buffer]

[Total Chlorine : DPD, Buffer, KI]

Colorimetric Systems



Operating Principle

Reagents (buffer and indicator solution) are 
added to a known volume of process water.

At higher concentrations, the Imine is favored
which causes the magenta color to fade.

Colorimetric Systems



Operating Principle

Reagents (buffer and indicator solution) are 
added to a known volume of process water.

After mixing period, measure light transmitted 
through sample to determine color change.  
Color intensity is proportional to free chlorine in 
the sample.

Colorimetric Systems



Advantages

High pH is not a limiting factor

Disadvantages

Uses reagents

Must use pumps, valves and capillary tubes

Can only generate a new residual reading 

every 2-1/2 minutes

No pH or temperature output

DPD Interference (Oxidized Mn and Cu; 

chloramine in free chlorine measurement; 

iodide from total chlorine measurement)

Colorimetric Method



DPD Free Chlorine: Manganese Interference (~ 0.3 ppm Mn)



DPD Free Chlorine: Monochloramine Interference



Operating Principle 

A sensor consisting of a membrane (which 
allows HOCl to migrate through it), two 
metal electrodes, and an electrolyte are in 
contact with the process water.

Membraned-Amperometric Sensor



Operating Principle 

A sensor consisting of a membrane (which 
allows HOCl to migrate through it), two 
metal electrodes, and an electrolyte are in 
contact with the process water.

HOCl migrates through the membrane and 
is reduced at the cathode.

Membraned-Amperometric Sensor



Operating Principle 

A sensor consisting of a membrane (which 
allows HOCl to migrate through it), two metal 
electrodes, and an electrolyte are in contact 
with the process water.

HOCl migrates through the membrane and is 
reduced at the cathode.

The current generated from this reaction is 
proportional to free chlorine concentration.

Membraned-Amperometric Sensor



Operating Principle 

A sensor consisting of a membrane (which 
allows HOCl to migrate through it), two metal 
electrodes, and an electrolyte are in contact 
with the process water.

HOCl migrates through the membrane and is 
reduced at the cathode.

The current generated from this reaction is 
proportional to free chlorine concentration.

This methodology can be used for Free 
Chlorine or Combined Chlorine 
(monochloramine) 

Membraned-Amperometric Sensor



Free or Combined Chlorine Sensor



Membraned-Amperometric Sensor

Advantages

Ease of use

No reagents or buffers added

No moving parts

Temperature compensation

Optional pH compensation

pH or temperature output 

Disadvantages

Membrane fouling

pH dependent for free chlorine



Iron / Manganes Fouling

When iron / manganese 
coat the membrane, 
sensor signal decreases. 

Allow iron / manganese 
to coat the membrane.  
This may take a few days.

When sensor signal has 
stabilized, perform a 1-
point calibration to 
“calibrate out” the effect 
of the coating.



Membraned-Amperometric Sensor

Membraned/Amperometric Sensor Method is 

compliant with USEPA Method 334.0 for use 

in online residual chlorine monitoring.



DISSOLVED AMMONIA



Breakpoint Chlorination Curve

3.   Optimal zone for monochloramine production.  Correct ratio is achieved. 



Ammonia Chemistry

Ammonia exists in water at normal pH (6-8) 

as predominantly as ammonium ion, NH4
+

NH4
+  NH3 +  H+

Fraction of ammonia and ammonium ion as a fraction of pH
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How is Ammonia Measured?

There are two types of methods that have been used 

historically to measure dissolved ammonia.  

1. Direct Measurement:  Ammonia Selective Electrode 

– Direct measurement of NH3

2. Reaction Chemistry – Ammonia reacted with 

chemicals to convert it to another measureable form

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://cgi.tu-harburg.de/~awwweb/wbt/emwater/lessons/lesson_a1/lm_pg_1069.html&ei=gm_KVOWcEfeJsQTwtYGYCg&bvm=bv.84607526,d.cWc&psig=AFQjCNG9-6nyTw74QYl0aJFWuX1IShkRYg&ust=1422639344331788
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://cgi.tu-harburg.de/~awwweb/wbt/emwater/lessons/lesson_a1/lm_pg_1069.html&ei=gm_KVOWcEfeJsQTwtYGYCg&bvm=bv.84607526,d.cWc&psig=AFQjCNG9-6nyTw74QYl0aJFWuX1IShkRYg&ust=1422639344331788


DIRECT SENSING MONITOR

-vs-

COLORIMETRIC MONITOR

-vs-

MEMBRANED/AMPEROMETRIC SENSOR



Ammonia is detected using 

an ammonia selective 

electrode.

The sample pH is adjusted 

to 11 using a basic solution, 

converting ammonium ion 

to ammonia.

Ammonia gas permeates 

the membrane and 

changes pH of fill solution. 

pH of fill solution is 

measured with an internal 

pH sensor.

Direct Ammonia Measurement



The sample is pH adjusted to convert all 

ammonium ion to ammonia:

NH4
+ +  OH-  NH3 +  H2O

Hypochlorite is added to convert the ammonia to 

monochloramine:

NH3 +  OCl-  NH2Cl  +  OH-

Monochloramine reacts with Phenate to produce 

Indophenol, which has an intense, blue color.

The sample is then analyzed using a colorimeter 

to determine concentration.

Colorimetric Ammonia Chemistry



A reagent containing buffered bleach is injected 

into the sample.

HOCl +  NH4
+ +  OH-  NH2Cl  +  2H2O 

A second reagent containing hydrogen peroxide 

in excess is injected within a few seconds to 

quench the chlorine-ammonia reactions.

HOCl +  H2O2  H+ +  Cl- +  H2O  +  O2

Monochloramine is then measured directly with a 

membraned amperometric sensor.

Membraned Sensor Ammonia Chemistry



Free ammonia monitoring requires one sensor to 

be located before reagent addition and one after 

reagent addition.

Chemistry Module: Free Ammonia



Free ammonia monitoring requires one sensor to be 

located before reagent addition and one after reagent 

addition.

Sensor 1 measures the existing monochloramine

concentration in the sample.

Chemistry Module: Free Ammonia



Free ammonia monitoring requires one sensor to be 

located before reagent addition and one after reagent 

addition.

Sensor 1 measures the existing monochloramine

concentration in the sample.

Sensor 2, located after chemical addition, 

measures the monochloramine concentration that 

is equivalent to total dissolved ammonia 

concentration.

Chemistry Module: Free Ammonia



Free ammonia monitoring requires one sensor to be 

located before reagent addition and one after reagent 

addition.

Sensor 1 measures the existing monochloramine

concentration in the sample.

Sensor 2, located after chemical addition, measures the 

monochloramine concentration that is equivalent to total 

dissolved ammonia concentration.

The monitor performs the math (Sensor 2 –

Sensor 1) to yield the concentration of free 

ammonia. 

Chemistry Module: Free Ammonia



TOTAL CHLORINE



Wastewater Plant

Typical Wastewater Treatment Plant

Equalization
Basin

Primary
Clarifier

Aerobic / Anaerobic
Sludge Digester

Gravity Sludge
Thickener

Secondary
Clarifier

Nitrification
BasinAeration Basin

Plant Inlet
(Influent)

Final
Filtration

Disinfection

Plant Effluent

Return Activated Sludge (RAS)

Waste Activated Sludge (WAS)

Sludge
Dewatering

Sludge
Disposal
Sludge

Disposal

Centrate

6

6



Wastewater that is discharged into a natural 

waterway must have a total chlorine concentration 

below the limit defined in the permit.

Limits vary by region, but the allowable discharge 

concentration range is 0.010 to 0.050 ppm.

Ideal reading for a total chlorine monitor is 0.00 ppm.

These units are not meant for process control.

Total Chlorine Discharge Limits



COLORIMETRIC MONITOR

-vs-

MEMBRANED/AMPEROMETRIC SENSOR



Total chlorine detection requires the addition of 

reagents, typically acetic acid (vinegar) and 

potassium iodide (KI) 

Iodide ion reacts with both free and combined 

chlorine to form molecular iodine.

HOCl +  2KI  +  HAc I2 +  KCl +  KAc +  H2O

NH2Cl + 2KI  +  2HAc I2 +  KCl +  KAc +  NH4Ac 

NHCl2 +  4KI  +  3HAc          2l2 +  2KCl  + 2KAc  +  NH4Ac 

Total Chlorine Chemistry



RESIDUAL SULFITE



Sulfite ion is the result of the hydrolysis of 

sulfur dioxide gas, sodium sulfite, sodium 

bisulfite, or sodium metabisulfite.

SO2 +  H2O  SO3
= +  2H+

Na2SO3  2Na+ +  SO3
=

NaHSO3  Na+ +  H+ +   SO3
=

Na2S2O5 +  H2O    2Na+ +  2H+ +  2SO3
=

Sources of Sulfite



Strongly reducing sulfite is used to 

eliminate chlorine residuals that may be 

toxic to aquatic life.

All forms of chlorine react with sulfite ion 

and are destroyed in the process

HOCl +  H2SO3  HCl +  H2SO4

NH2Cl  +  H2SO3 + H2O    NH4Cl  +  H2SO4

How is Sulfite Used?



Control using residual chlorine very difficult when 

limits are set at low PPB levels.

Why Control Dechlorination Using Sulfite



Control using residual chlorine very difficult when limits are 

set at low PPB levels.

Chlorine limits often exceeded by the time 

chlorine residual monitors respond.

Why Control Dechlorination Using Sulfite



Control using residual chlorine very difficult when limits are 

set at low PPB levels.

Chlorine limits often exceeded by the time chlorine residual 

monitors respond.

Allows maintenance of a small sulfite residual, 

insuring complete dechlorination.

Why Control Dechlorination Using Sulfite



Control using residual chlorine very difficult when limits are 

set at low PPB levels.

Chlorine limits often exceeded by the time chlorine residual 

monitors respond.

Allows maintenance of a small sulfite residual, insuring 

complete dechlorination.

Saves money by reducing excess sulfite usage.

Why Control Dechlorination Using Sulfite



Sulfite (as SO2) reacts with chlorine on a 

0.91:1 mass basis, which means it takes 

7.59 lbs. of sulfite to remove 1 PPM of 

chlorine for each million gallons flow.

Chemical Savings Example



Sulfite (as SO2) reacts with chlorine on a 0.91:1 

mass basis, which means it takes 7.59 lbs. of sulfite 

to remove 1 PPM of chlorine for each million gallons 

flow.

A typical cost for sulfite is about $0.80 per 

pound.

Chemical Savings Example



Sulfite (as SO2) reacts with chlorine on a 0.91:1 

mass basis, which means it takes 7.59 lbs. of sulfite 

to remove 1 PPM of chlorine for each million gallons 

flow.

A typical cost for sulfite is about $0.80 per pound.

A simple formula can be used to calculate 

saving:

$ Saved =  Cost (SO2 / lb.)  X  Flow (MGD)  

X  7.59 lb./PPM  X  365 Days

Chemical Savings Example



Sulfite (as SO2) reacts with chlorine on a 0.91:1 mass 

basis, which means it takes 7.59 lbs. of sulfite to 

remove 1 PPM of chlorine for each million gallons flow.

A typical cost for sulfite is about $0.80 per pound.

A simple formula can be used to calculate saving:

$ Saved =  Cost (SO2 / lb.)  X  Flow (MGD)  X  7.59 

lb./PPM  X  365 Days

Example of first year savings for 10 MGD 

plant reducing sulfite excess by 1PPM.

$ Saved =  0.80  X  10  X  7.59  X  365  

= $22,162.80

Chemical Savings Example



Continuous sulfite residuals result in the 

buildup of sulfur reducing bacteria in analyzer 

sample lines.

Sample Line Cleaning Requirements



Continuous sulfite residuals result in the buildup of 

sulfur reducing bacteria in analyzer sample lines.

Bacteria in sample lines consume sulfite as it 

is traveling to the analyzer, resulting in low 

readings.

Sample Line Cleaning Requirements



Continuous sulfite residuals result in the buildup of 

sulfur reducing bacteria in analyzer sample lines.

Bacteria in sample lines consume sulfite as it is 

traveling to the analyzer, resulting in low readings.

Periodic addition of chlorine in the sample 

line can control bacterial growth.  Chlorine 

levels from 10-50 PPM for 3-5 minutes daily 

helps control the problem.

Sample Line Cleaning Requirements



DO YOU HAVE ANY

QUESTIONS?



Analytical Technology, Inc.
www.AnalyticalTechnology.com

800-959-0299

The Spectrum  Group
www.TheSpectrumGroup.com

1-504-561-6000


