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Death Rate for Typhoid Fever

United States, 1900-1960

Control of Waterborne Disease

– Essential human need provided 

by water engineers

20th Century

– Control of Waterborne Diseases 

(Typhoid, Cholera, etc) through 

treatment technologies

– Water Supply and Distribution

– Wastewater treatment

Source: U.S. Centers for Disease Control and Prevention, Summary of Notifiable Diseases, 1997.
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Disinfection By-products (DBPs)

By-products of reactions between disinfectant (chlorine, ozone, 

etc.) and natural organic matter and/or bromide present in 

source water

Disinfectant + Natural Organic Matter DBPs

Potential health impacts of DBPs

• Cancer

– Bladder, colon and rectal

• Reproductive?

All disinfectants form disinfection byproducts!!!
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Stage 2 D/DBP Rule

• DBPs of concern:

• Trihalomethanes (THMs)

• Haloacetic acids (HAAs)

• Intended to reduce risk and 

address localized concerns

• Promulgated 2006

• DBP Control Options

– Limit natural organic matter

– Adjust disinfection practices

– Remove after formation
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Regulatory Challenges

Disease Control

• disinfection requirements -- CT

• particle removal

Disinfection Byproduct Control

• Further control of THM and HAA levels

• other DBPs
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Disease DBPs



Types of Disinfectant Systems

Chemical agents

• chlorine (Cl2)

• chloramines (NH2Cl)

• chlorine dioxide (ClO2)

• ozone (O3)

Physical agents

• UV light irradiation

• membranes
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Sources of Natural Organic Matter

Stormwater from 

impervious surfaces

Vegetation and Wetlands Algae

Wildlife



DBPs

Disinfectant + Bacteria  Dead Bacteria

Disinfectant + Virus  Dead Virus

Disinfectant + Giardia cyst  Dead Giardia cyst

Disinfectant + Natural Organic Matter  DBPs

All disinfectants form disinfection byproducts!!!
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DBP Formation

NOM = natural organic matter
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Cl2 + NOM 

Chlorinated Organics

• THMs

• HAAs

• many others
Reduce these to minimize formation

Affected by: chlorine dose, NOM concentration, pH, temperature, time

The THMs
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DBP Control:

Understand your water system

Source Treatment Plant Distribution System
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Typical Conventional Water Filtration Plant

Raw Water

FiltrationClearwell

To System

Cl2, NH3 Cl2

Pre oxidant: NaMnO4, ClO2, 

Coagulant: alum, polymer

Cl2, NH3
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Chemical Mixing Flocculation

Sedimentation

caustic



COAGULANT

Particles

RAW

WATER

TO FLOC

THE COAGULATION PROCESS

Goal: to rapidly disperse chemicals to promote particle aggregation



THE FLOCCULATION PROCESS

Goal: to impart slow mixing to promote particle-particle collisions

G = 90 G = 75 G = 60

TAPERED FLOCCULATION

TO SEDIMENTATION

FROM COAG



THE SEDIMENTATION PROCESS

Goal: to allow flocculated particles to settle out

TO FILTRATION

FROM 

FLOC BASIN



DBP Control

Control options:

• Alter chlorination scheme

– Reduce chlorine dose

– Move point of chlorination to downstream of 
natural organic matter removal

• Optimize natural organic mater removal 
(e.g., improved mixing, coagulation 
chemistry, pH, GAC, (MIEX®)

• Use alternative disinfectants

– Use of ozone, chlorine dioxide typically 
results in lower concentrations of DBPs

– UV disinfection

– Chloramines

• Optimize distribution system operations

– Reduce travel time in distribution system

– Change pH

– Replace aging infrastructure

• Remove DBPs after formation

– Aeration for THMs; GAC for HAAs
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History of chloramines

• First used by Denver in 1917

• Gained popularity through until 1936 due to higher stability, longer 

lasting residual, and fewer tastes and odors than free chlorine

• Usage dropped during World War II due to ammonia shortage

• Increased after the EPA THM Rule in 1979

• Today roughly 30% of all systems use chloramines (50% in TX, FL)

• EPA estimates up to 57% of all surface water plants will use chloramine 

to comply with the Stage 2 regulations
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Chloramines

Chloramines are formed when chlorine (Cl2) reacts with ammonia (NH3)

• Significantly lower levels of THMs and HAAs than free chlorine

• Better control of Legionella in building plumbing systems

• More stable residual than free chlorine

Issues

• Nitrification – loss of disinfectant residual

• harmful sensitivities to dialysis patients

• harmful sensitivities to fish
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Chloramines

NH3 + HOCl  NH2Cl + H2O monochloramine

NH2Cl + HOCl  NHCl2 + H2O dichloramine

NHCl2 + HOCl  NCl3 + H2O trichloramine

Cl2:NH3-N Ratio Dominant Species

< 5:1 Monochloramine

5:1 to 7.6:1 Dichloramines

> 7.6:1 Free Chlorine
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Treatment Options:

Advanced Natural Organic Matter Removal

• Activated Carbon 

• Membranes

• Ion Exchange (MIEX®)
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Activated Carbon

• Several options for using activated carbon

– Pretreatment powdered activated carbon (PAC)

– Filter adsorbers – Granular activated 

carbon in place of anthracite

– Post-Filter granular activated carbon 

contactors 
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Annual Cost of Compliance Technology Options

(Roy et al., 2010) 
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Next Steps

• Source monitoring

• Plant improvements

• Distribution system improvements

• Operational changes

• Consideration of Alternative Treatments
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