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Unit 1 ð Overview of Disinfection 

 

 

Learning Objectives 

¶ Explain the general purpose and regulatory requirements of the disinfection process. 

¶ List bacteria, viruses and intestinal parasites that contaminate drinking water. 

¶ List factors that influence disinfection and explain how they influence it. 

¶ List five types of chemical disinfectants and explain the advantages and disadvantages of each. 

¶ Explain how irradiation is used as a disinfection process. 
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General 

 

Protect Public Health 

 

 Disinfection is the process designed to remove, kill or inactivate most microorganisms, including 

pathogenic bacteria, in a raw water supply. 

 

 Residual Disinfection is the process of maintaining a disinfectant level in the treated or finished water 

supply throughout a system to assure that re-growth of pathogenic microorganisms will not occur. 

 

Regulatory Requirements 

 

Groundwater  

¼  A sanitary survey of all potential well sites is required to assure that the aquifer is protected against potential 
sources of contamination.  This should include surface sources and subsurface sources, evaluation of the 
local geology, current land use and proximity to flood plains.  

 

¶ A party desiring to obtain water from a well to be drilled is required to conduct a sanitary survey.  The 
survey is performed thru desk top research, commonly using the internet, to define contaminated 
areas, locations of underground storage tanks and other potential sources of contamination.  
Subsequent field reviews and interviews are performed to further observe and identify potential 
pollutants of the source or well.   Searches such as these are best performed by personnel trained in 
conducting these surveys. 
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Figure 1.1 A Typical Presentation for a Sanitary Survey1 

 

 A wellhead protection program should be implemented to assure that adverse development does not take 

place in the proximity of the well, which can lead to future contamination. 

 This is to be accomplished via ownership of surrounding property, or easements obtained from surrounding 

property owners.    

Figure 1.2 shows a well with the property delineated that falls under the wellhead protection plan. 
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Figure1.2 Wellhead Protection Area2 
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¼  Chemical treatment for well supplies as a minimum requires provision for disinfection to provide 4-log 
treatment of viruses (99.99% removal and/or inactivation).   

 

¼  For wells that are considered not to be under the influence of surface waters or requiring other forms of 
treatment, disinfection using chlorine or one of its compounds, followed by 20 minutes of detention time, is 
required.   

 

¼  Detention time is achieved by using a system that minimizes short-circuiting.   For example, a baffled tank 
forces the water to flow through a circuitous route.  The following figure shows a section through a tank of 
this type. 
 

¶ Short circuiting occurs when the flow path of water thru a vessel takes a route that is shorter and 
takes less time than desired.  To avoid short circuiting, baffles are introduced into the flow path to 
force the flow to take a longer route through a vessel.  This will assure that the time of flow through 
the vessel is lengthened and in contact with the disinfectant longer to maximize treatment. 

 

 Baffle (typ.) 

Influent Effluent 

 

 

 

Figure 1.3 A Baffled Tank 

 

 

Surface Water 

 

Various forms of treatment may be required to clarify and disinfect surface waters.   

 

¼  Physical treatment of a raw water surface supply can remove pathogenic organisms.  Some of these forms 
of treatment include filtration, ultraviolet rays (UV), heat and ultrasonic waves. 

 

¼  Chemical treatment includes coagulation followed by sedimentation, and treatment with oxidants such as 
chlorine and some of its compounds.  Other chemicals such as iodine, bromine, sodium hydroxide and lime, 
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as well as ozone are effective to varying degrees, but each has its drawbacks and is not commonly used as 
the primary disinfectant leaving a water treatment facility. 
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Various forms of microbiological contaminants may be found in raw water supplies.  These include bacteria, viruses 

and intestinal parasites.   

 

Bacteria 

 

Common bacterial contaminants include the following: 

 

¼  Salmonella, which causes Salmonellosis. 
 

¼  Shigella, which causes Bacillary Dysentery. 
 

¼  Bacillus typhosus, which causes Typhoid. 
 

¼  Salmonella paratyphi, which causes Paratyphoid. 
 

¼  Vibrio cholerae, which causes Cholera. 
 

¼ Escherichia coliform 
 

Viruses 

 

Enteroviruses 

 

 Enteroviruses are a large family of viruses responsible for many infections in children such as viral 

meningitis, encephalitis and myelitis, among other illnesses. These viruses live in the intestinal tract, but can 

cause a wide variety of illnesses.  Though more common in children, adults are also susceptible to these 

illnesses. 

 

¼  There are more than 70 different strains, which include the group A and group B coxsackieviruses, the 
echoviruses, the polioviruses, hepatitis A virus and several strains that just go by the name enterovirus.  
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¼  These viruses can live for days at room temperature.  Refrigerating and freezing do not inactivate them. 
They are, however, easy to kill with heat and with disinfectants. 

 

Andenoviruses 

 

 Adenoviruses are very common viruses that can cause infections in children, such as tonsillitis, 

conjunctivitis, the common cold and other illnesses.  Again, though more common in children, adults are 

also susceptible to these illnesses. There are over fifty subtypes of adenovirus.  

 

¼  Adenoviruses most commonly cause upper respiratory tract infections, including the common cold, sore 
throats, tonsillitis, ear infections and conjunctivitis.   

 

¼  Another common adenoviral infection is pharyngoconjunctival fever (sore throat, red eyes and a fever). 
 

¼  Less commonly, adenoviruses cause croup, pertussis syndrome or bronchitis. 
 

¼  Adenoviruses are a common cause of gastroenteritis.  They can also cause urinary tract infections (UTI), 
including hemorrhagic cystitis, a UTI with blood in the urine. 

 

¼  In rare cases, adenoviruses cause pneumonia, meningitis or encephalitis. 
 

Reoviruses 

 

 Reoviruses are responsible for many common human diseases such as colds, flu, diarrhea, chicken pox, 

measles and mumps.  

 

¼  Some viral diseases, such as rabies, hemorrhagic fevers, encephalitis, polio, yellow fever and acquired 
immunodeficiency syndrome (AIDS), can result in death.  

 

¼  German measles and cytomegalovirus can cause serious abnormalities or death in unborn infants.  
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Intestinal Parasites 

 

Common intestinal parasites include the following: 

 

¼  Entamoeba histolytica (Amoebic Dysentery). 
 

¼  Giardial lamblia (Giardiasis). 
 

¼  Ascaris lumbricoides (Giant Roundworm). 
 

¼  Cryptosporidium (Cryptosporidiosis). 
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Several factors will influence the disinfection of water supplies.  These include the type and number of organism, the 

water chemistry, the disinfection byproducts, the disinfection demand, process control and time. 
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Organisms 

The numbers and types of organisms could determine the type of disinfectant needed and the amount or dosage of 

that product. 

In general, actual testing for these organisms is beyond the capability of the average lab.   Testing is also time 
consuming and costly. 
 

So, we use an indicator organism to determine the bacterial quality of the water. 

Coliform bacteria make good indicator organisms because: 

¶ They are always present when pathogens are present. 

¶ The testing method for detection is easy and reliable. 

¶ When they are absent, we can assume that pathogens are also absent. 
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Temperature 

Disinfection of water with free chlorine will be more efficient at temperatures greater than 60oF than at 

temperatures less than 60oF. 

 

¼  Due to dissipation of chlorine into the atmosphere at warmer temperatures, it is important to 
monitor its residual throughout the disinfection process. 

 

pH 

Disinfection of water with free chlorine will be more efficient at values lower than 7.0 than at values greater 

than 7.0. 

 

Disinfection Byproducts 

Some people believe if a little is good, even more must be better.  When it comes to chlorination, over-feeding may 

cause the formation of additional, harmful, byproducts. 

 

¼ Some of these reactions between organic compounds and chlorine will form regulated disinfection 
byproducts including trihalomethanes (THMs) and haloacetic acids (HAA).  It is desirable to 
remove as much of these organic materials from the water as possible before disinfection with 
chlorine since the byproducts are carcinogenic. 

 
¼ All water systems that apply chlorine as a disinfectant must analyze for THMs. The number of 

samples analyzed and frequency is a function of system size and water source. 
 

 

Disinfection Demand 

Demand is defined as anything in the source water that will react with the disinfectant and make it unavailable for 

disinfection.  This includes turbidity, inorganics and organic material. 

 

Process Control 

Process control refers to controlling the key parameters (chemical feed rates and application points, mixing time, 

detention time, etc.) to ensure proper water quality. 

¶ Chemical feed of a disinfectant must be continuous and adequate. 

¶ If the dosage of the disinfectant is not sufficient to kill the pathogenic organisms, breakthrough or re-
growth may occur in the distribution system. 
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Time 

Time is an important factor.  Specifically, contact time is important.  Contact time is the amount of time in minutes 

deemed necessary for the applied chlorine to perform its disinfection function before the water is delivered to the first 

customer. 

 

Chemical Disinfection 

 

Gas Chlorine 

 

Gas chlorine is the pure elemental form of the chemical chlorine when delivered to a water treatment plant site.  

Although it is in liquid form in the pressurized vessel, It is converted to the gas form by evaporation in the delivery 

container or through evaporators in the facility.   

 

Advantages 

 

¼  Gas chlorine is an effective disinfectant. 
 

¼  It lowers the pH of water, making it more effective as a disinfectant. 
 

¼  Gas chlorine is economical, stable, easy to use, and easy to apply. 
 

¼  It is easy to monitor to determine whether there is a residual disinfectant in the distribution system. 

 

Disadvantages 

 

¼  Gas chlorine is an aggressive chemical that can corrode many materials it comes into contact with. 
 

¼  It can react with organics in either the raw water or finished water to form trihalomethanes and haloacetic 
acids, which are known carcinogens. 

 

¼  It requires special training to assure safe handling of the chemical and related equipment. 
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¼  If a facility stores over 2,500 pounds of gas chlorine, a risk management plan must be prepared. 
 

Hypochlorite 

Hypochlorite generally is a compound of chlorine and either sodium or calcium.   

Advantages 

¼  Hypochlorite is an effective disinfectant. 
 

¼  It is safer to handle than gas chlorine. 
 

¼  Hypochlorite is easy to use and apply and does not require special training for handling. 
 

¼  It is easy to monitor to determine whether there is a residual disinfectant in the distribution system. 
 

Disadvantages 

 

¼  Hypochlorite solution is prone to degrade over time as chlorine vaporizes from solution, reducing its chlorine 
content, making it less effective and requiring a higher feed rate of the weaker product.  

 

¼  It may increase the pH of water and is less effective than gas chlorine. 
 

¼  It is an aggressive chemical that can corrode many materials it contacts. 
 

¼  Hypochlorite can react with organics in either the raw water or finished water to form trihalomethane and 
haloacetic acids, which are known carcinogenics. 

 

¼  It can ñoff gasò in the feed system, resulting in operational problems. 
 

¼  Hypochlorite can form chlorate, which may have adverse health impacts. 
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Chlorine Dioxide 

 

Chlorine dioxide is a powerful disinfectant.  It is relatively unstable and must be generated on site via the reaction of 

chlorine with sodium chlorite.  Quantities of the chemical can be stored, but only for short durations.  The chemical 

does not react with organic compounds and therefore is a good substitute for gas chlorine when a preoxidant is 

required and there is a high potential to form trihalomethanes. 

 

Advantages 

 

¼  Chlorine dioxide is an effective disinfectant that has pathogen removal values comparable to that of gas 
chlorine but at lower doses. 

 

¼  It is still effective at higher pH values. 
 

¼  Chlorine dioxide will not react with organics in either the raw water or finished water to form trihalomethanes 
or haloacetic acids.  

 

Disadvantages 

 

¼  Chlorine dioxide is an unstable chemical requiring on site generation. 
 

¼  It requires the reaction of gas chlorine and sodium chlorite. 
 

¼  In addition to the disadvantages associated with gas chlorine, sodium chlorite is a very aggressive chemical 
with strong bleaching capabilities and can spontaneously ignite when in the dry form and if it comes in 
contact with organic materials. 

 

¼  The production of chlorine dioxide can generate chlorate and chlorite which may have adverse health 
impacts.  It is therefore not used as the final disinfectant leaving a water treatment plant. 
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Chloramines 

 

Although quite stable, chloramines are substantially less powerful as a disinfectant than the other forms of chlorine.  

They are therefore not used as the primary disinfectant in treatment plants, but rather as maintenance treatment 

following primary disinfection. 

 

Advantages 

 

¼  Although chloramines are a relatively weak disinfectant, they will maintain chlorine residual in the 
distribution system longer than free chlorine which is more prone to react with materials in the piping 
system.  

 

¼  They will reduce the potential for trihalomethane and haloacetic formation in the distribution system. 

 

Disadvantages 

 

¼  Chloramines are not as effective as free chlorine at killing or inactivating pathogens. 
 

¼  They must be monitored to assure that the ammonia to chlorine feed ratio is properly maintained at the 
feed point to ensure the generation of only the monochloramine variety of chloramines.  Inadequate feed 
rates can generate the dichloramine or trichloramine variety, which can create taste and odor in the 
finished water. 

 

Ozone 

 

Ozone gas is an extremely powerful oxidant.  It is very unstable and used immediately after manufacture. Although 

very effective as a disinfectant, its instability precludes its use as the final disinfectant entering the distribution 

system.   

 

Advantages 

 

¼  Ozone is the most effective disinfectant available of those commonly used in water treatment. 
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¼  It is more effective in treating for Cryptosporidium than other chemical disinfectants. 
 

¼  Ozone will not generate trihalomethanes or haloacetic acids. 
 

Disadvantages 

 

¼  An ozone system is expensive to install and operate. 
 

¼  Operating staff must become familiar with a relatively complex chemical feed system. 
 

¼  Ozone is highly toxic and highly corrosive. 
 

¼  It will not carry ozone residual into the distribution system, which means a second chlorine-based feed 
system is needed. 

 

 

Irradiation 

 

Ultra-violet Light 

 

Ultra-violet is a band of non-visible light located between the purple end of the visible band, and x-rays.  The waves 

are shorter than that of the visible spectrum, of higher frequency than the visible spectrum and higher energy than 

the visible spectrum.  Light specifically in the wave lengths at and around 254 nanometers has been found to be 

readily absorbed by the cells of microorganisms causing damage to the genetic material.  This damage, though not 

killing the microorganism, prevents it from reproducing itself. 

Eventually the cell dies without replicating itself. 

 

Advantages 

 

¼  The use of ultra-violet light is an effective disinfectant process that can reliably inactivate Cryptosporidium 
oocysts. 

 

¼  It is more effective than ozone in treating for Cryptosporidium. 
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¼  It is easier and less costly to operate than an ozone system. 
 

¼  It will not form trihalomethanes or haloacetic acids. 

 

Disadvantages 

 

¼  This type of system is expensive to install and operate. 
 

¼  The system requires routine maintenance to assure efficient operation. 
 

¼  It requires the use of a chlorine-based chemical system to assure that a disinfectant chemical residual is 
carried into the distribution system. 

 

¼  Standards have not been developed for the use of ultra-violet light as a disinfectant for water treatment. 
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Chlorination 

 

Europe ð Historical Practices 

 

¼  Hypochlorination was first practiced in England in the 1880s.3  
 

¼  Gas chlorine was first used in England, too, but not until 1917. 4  
 

 

United States ð Historical Practices 

 

¼  Hypochlorination was first practiced in 1908 with the installation of a facility in Jersey City, New Jersey.  This 
was followed by installations in Elmira, Poughkeepsie and Albany, New York.5   

 

¼  Gas chlorine was first used in Niagara Falls, New York in 1912.6  
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 Unit 1 Exercise 

1) Coliform bacteria make good indicator organisms because: 

a) They are always present when pathogens are present. 
b) The testing method for detection is easy and reliable. 
c) Both (a) and (b) 
d) When they are absent, we canôt assume that pathogens are also absent. 

 

2) Baffling in tanks provides: 

a) A way to reduce short-circuiting 
b) Decreased detention time 
c) Increased detention time 
d) Both (a) and (c) 

 

For questions 3 and 4, underline the correct answer within the parentheses. 

3) Disinfection of water with free chlorine will be more efficient at temperatures (lower/higher) than 60oF.   

4) Disinfection of water with free chlorine will be more efficient at values (lower/higher) than 7.0.   

 

5) List one advantage of using sodium or calcium hypochlorite versus gas chlorination. 

___________________________________________________________________ 
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Unit 1 Key Points 

¶ Disinfection protects public health by rendering harmless or removing pathogenic microorganisms. 

¶ Because of the importance to public health, the disinfection process has numerous regulatory 
requirements. 

 

¶ Coliform is used as an indicator organism. 

¶ The effectiveness of the disinfection process is influenced by many factors. 

¶ Different disinfecting agents are available and their use depends on factors at each treatment system. 
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Topical Outline 

Unit 2 ð Introduction to Maintenance 

 

I. Overview 

A. Definition of Maintenance 

B. The Role of Maintenance in the Overall Operation 

 
Unit 3 ðTypical Maintenance Procedures 

I. Centrifugal Pumps 

A. Shaft Seal Adjustment 

B. Lubrication 

C. Condition Assessment 
 

II. Metering Pumps 
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Unit 2 ð Introduction to Maintenance 

 

 

 

 

Learning Objectives 

¶ Define maintenance  

¶ Discuss the roles of maintenance 

¶ Discuss safety practices of maintenance 
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Definition of Maintenance 

 

  Maintenance is a support function providing a cohesive process that assists Operations and other 

departments in fulfilling the mission of the facility.  This is achieved by ensuring that all equipment and systems are 

operated at an expected level of reliability within a specified budget and within the life cycle of the equipment. 

 

The Role of Maintenance in the Overall Operation 

 

As soon as a facility is built, its buildings and systems start a predictable decline in condition and efficacy.  Some 

elementsðsuch as a roof or building envelopeðmay have a life cycle of 25 to 30 years before major work is 

required.  Other itemsðsuch as pumps and compressorsðwill need regular service almost immediately after start-

up.   

The role of maintenance is to identify and remedy potential problems before they impact plant operation.  This 

requires establishment of a set of operating parameters.  The design specifications for the equipment help to identify 

the maintenance parameters.  By using a proactive approach (maintaining equipment so that it does not break down 

as often), we can ensure a level of service that ensures maximum operating efficiency.   

 

As we mentioned in the previous section, a proactive approach to maintenance can prolong the usefulness of a 

facility.  

 

Safety and Environmental Protection 
 

Water treatment plants have a direct impact on public health.  Plant operators constantly monitor process parameters 

to ensure the quality of the water. 

 

It is the responsibility of the maintenance group to ensure that sensors, meters, and recorders function so that they 

can provide accurate data to the operators.  This information is used to adjust plant processes to ensure the public 

receives a quality product. 

It is equally important that valves and metering equipment function properly in response to plant operator requests.  

 

Important:  All required safety procedures must be followed at a water system.  For example, 
drinking water system must have specially designed areas for chemical storage which allows 
containment in case of fire and explosion.  Many accidents occur at treatment plants each year that 
could be avoided by following simple safety procedures such as the one listed above. 
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Good practice also extends to the actual service and maintenance of the equipment.  Injuries to plant personnel 

result when people work without thinking through the tasks or they accept risks that are not necessary.  Common 

ways to minimize hazards include:  

 

  

 

¶ Using lockout-tagout procedures when 

isolating valves and equipment.  

Remember, the person performing the 

maintenance is responsible for initiating 

lock out/tag out protocol. 

 

¶ Always replacing guards over moving 
parts after service. 
 

¶ Before disconnecting power leads, mark 
the configuration.  Note:  by hooking 
the leads in the reverse, you can 
change the direction of how a pump 
will run (e.g., a counter clockwise 
pump will run clockwise). 
 

¶ Following confined space procedures.        
       Figure 2.1 Safety Hazard 

¶ Performing good housekeeping procedures.     
 

Poorly maintained equipment can lead to: 

 

¶ Poor water quality that is dangerous to public health.  
 

¶ Hazardous discharges of chemicals to the environment. 
 

¶ Safety hazards to plant personnel. 
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Unit 3 ð Typical Pump Maintenance Procedures 

 

 

Learning Objectives 

 

¶ Discuss pump performance issues 

¶ Discuss shaft adjustment 

¶ Discuss mechanical seals 

¶ Discuss lubrication of equipment 

 




