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Definition of Disinfection

E Disinfection refers to the reduction of
pathogens.

E Disinfectiondoes nomeansterilization




Purpose of Wastewater
Disinfection

E Disinfection of WW is practiced to prevent
the spread of waterborne iliness.

E Disinfection of WW protects potable water
supplies from contamination that could
overwhelm water treatment processes.

E Disinfection of WW protects recreational
water quality and wildlife.



Disinfection Methods

E Chlorine

E Other halogensz) Brz, CIOz
E Ozone (Q)

E Ultraviolet light

Methods other than chlorine will be
examined later in this class.



Chlorine Disinfection

E Chlorine disinfects wastewater because it is a strol
oxidizer (steals electrons).

E Chlorine will both oxidize pathogens and is toxic tc
them when absorbed.

E Chlorine is inexpensive, readily available and
effective.

E Chlorination of wastewater effluent has been
practiced in the U.S. for around 100 years.



Problems With Chlorine
Disinfection

E Potential for the creation of chlorinated
organics (trihalomethanes).

E Danger involved with handling chlorine or
chlorine compounds.

E Residual chlorine causes the destruction of
aquatic life in the receiving stream. (Trout
are particularly susceptible).



The Clean Water Act

E The Clean Water Act sought to make all wa
of the U.S. Nfil shabl

E Residual chlorine compounds can Kkill fish, s
something must be done about the left over
chlorine if the intent of the Clean Water Act |
to be met.

E NPDES discharge permits typically require
nondetectable total residual chlorine (TRC),
which means <0.099 mg/L in most cases.



Options for Resolving Residual
Chlorine Problems

E Better control of chlorine dosage
E Alternative disinfection methods
E Detoxification of effluent (dechlorination)



Better control of chlorine
dosage

E Improves the efficiency of chlorination
process

E Reduces disinfection bgroduct formation
E Does notolve the fish toxicity problem




Dechlorination

E Solves the fish toxicity issue
E Requires careful control to be effective

E Chemicals used for dechlorination can caus:
other problems



Chlorination Chemicals

Chemical Symbol Commori
Name
Chlorine Gas Cl2 Chlorine
Calcium Hypochlorite| Ca(OCl»| HTH
Sodium Hypochlorite NaOCI| | Bleach




Safety Concerns:
Chlorine Gas

E Severe skin and eye irritant

E Vapors are lethal at 1000 ppm after just a few dee
breaths

E Boils ati 29.15F
E 2.5 times heavier than air (sinks to the bottom of a
room)

E Will cause organic compounds gpontaneously
combust and will enhance combustion



Safety Concerns:
Hypochlorite Compounds

E Irritant to skin and eyes (may result in
sensitization dermatitis)

E Explosive when combined with organic
compounds (gasoline, oll, sludge)

E Should never be mixed wiimythingother
than water.




Chlorination Terminology

EDosage:

A The amount of chlorine added to the system.

Generally expressed as a concentration (mg/L)
as an application rate (lbs./day).



Chlorination Terminology

EDemand:

A Amount of chlorine that is used up by the
contaminates in the wastewater.

Demand is expressed in mg/L.



Chlorination Terminology

EResidual:

A Chlorine residual is the amount of chlorine
remaining after the demand has been satisfied.

Residual is expressed as mg/L.

There are three types of residual;
Free, Combined and Total.



Chlorination Chemistry

E Hypochlorous acid(HOCI) is formed when
chlorine or chlorine compounds are first added to
water to make a solution.

EHOCIi s the Astrong di sin
effective at killing pathogens.

E Other chlorine compounds may be formed that are
not Nstrong disinfectar
chemistry of the water that is being disinfected.



Reaction of Chlorine Gas

Cl2 + H2O ===> HOCI| & HCI

Chlorine gas and water combine to make
hypochlorous acid and hydrochloric acid.
This reaction causes a decrease in pH.



Reaction of Calcium
Hypochlorite

Ca(OCly + HHO == HOCI & Ca(OHYy

Calcium hypochlorite and water combine to
make hypochlorous acid and calcium
hydroxide.

This reaction causes an increase in pH.



Reaction of Sodium
Hypochlorite

NaOCl + HO == HOCI & Na(OH).

Sodium hypochlorite and water combine to

make hypochlorous acid and sodium
hydroxide.

This reaction causes an increase in pH.



Then St rong DI s

E It does not matter if we use chlorine gas or
the hypochlorites, hypochlorous acid
(HOCL) serves as the actual disinfectant.

E Once made up into a solution, the
hypochlorous acid can then be used to
disinfect effluent.



The Breakpoint Phenomenon

(1)

E Because chlorine is a strong oxidizing agent
it first reacts with chemical compounds in th
wastewater that will easily give up their
electrons (reducing agents like3].

E Next, chlorine reacts with compounds that
will share their electrons (such as ammonia)
and forms combined compounds
(chloramines).



The Breakpoint Phenomenon

(2)

E Then, with the addition of more chlorine, the
chloramine compounds are broken down.

E Finally, when all of the demand has been
satisfied, free chlorine will exist in solution.



(3)

The Breakpoint Phenomenon
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Wastewater Chlorination

E When disinfecting wastewater, free available
chlorine i1s not needed (or attainable).

E Disinfection of wastewater is performed by
chloramines, so the breakpoint is never
reached.

E Disinfection using combined chlorine is cost
effective and reduces disinfection-by
products.



Factors That Effect
Chlorination

E Injection point and mixing
E Contact time

E pH

E Temperature

E Chlorine dose

E Turbidity and interferences



The Effect Of Injection Point
and Mixing On Chlorination

E Excellent initial mixing is critical to ensure
that the chlorine is spread throughout the
effluent so that it comes into contact with as
many pathogens as possible.






Cont act T1 me 0
Chlorination

E Adequate contact time is critical to ensuring
effective disinfection, because chlorine
reactions take time and some pathogens tak
a while to kill off.

E 30 minutes (at peak flow) is considered the
minimum contact time needed for good
disinfection.






Chlorine Contact Chamber
(Not As Good Design)







The Effect Of pH On
Chlorination

E The pH of the wastewater can change the
chlorine dose required for good disinfection.

E The lower the pH, the less chlorine required

E HOCL disassociates into hydrogen ions and
hydroxide molecules based on pH.
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The Effect Of Temperature On
Chlorination

E Colder temperatures slow down the chemic:
reactions involved with disinfection.

E In extreme cold weather, longer detention
times and higher chlorine doses may be
needed.
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The Effect Of Chlorine Dose
On Chlorination

E Obviously, the higher the chlorine dose, the
more effective the disinfection will be.

E However, increasing detention time is more
effective than increasing the chlorine dose,
because there ismminimum contact tim#at
must occur.



The Effect Of Turbidity and
Interferences On Chlorination

E Turbidity and interferences can lower the
effectiveness of chlorination in two ways:

A Turbidity can hide pathogens which prevents
them from coming in contact with the chlorine.

A Interfering substances can exert a high chlorin
demand that uses up the chlorine before it car
kill the target pathogens.
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Monitoring The Effectiveness
of Disinfectiontion

E How can we tell if our disinfection has been
effective at killing off pathogens?



Monitoring The Effectiveness
of Disinfection

E The Fecal Coliform group of bacteria are
used asndicator organismg$or monitoring
the effectiveness of disinfection.

E Fecal Coliform are not pathogenic.
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Monitoring The Effectiveness
of Chlorination

E Chlorine residual can also be used to
demonstrate disinfection, as long as
conditions do not change dramatically.
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Target of Dechlorination

E It is the residual chlorine that remains after
disinfection has been accomplished that mu
be dechlorinated.

E Again, this is almost always a combined
residual only.



Dechlorination Chemicals

Chemical Symbol | Form
Sulfur Dioxide SO Gas
Sodium MetaBisulfite NaHSQ | Powder
Sodium Sulfite NaSQ | Liquid




Safety Concerns:
Sulfur Dioxide Gas

E SO, while not as dangerous as chlorine, is ¢
severe Irritant.

E SO is immediately dangerous at a
concentration of 46600 ppm.

E The maximum allowable concentration over
an &hr exposure is 10 ppm.



Safety Concerns:
Sodium Sulfite and Bsulfite

E Sodium bisulfite powder and tablets can
cause eye and skin irritation (wear goggles
and rubber gloves when handling).

E Do not mix either of these chemicals with
anything other than water and store them
away from other substances.



Chemistry of Dechlorination

E All of the sulfur based dechlorination agents
work by converting positive chlorine ions
Into negative chloride ions by providing
electrons.

E Small amounts of sulfuric and hydrochloric
acid are formed as yroducts.



Dechlorination Application

E It takes 0.9 mg/L of SO2 to remove 1.0 mg/l

of total residual chlorine (TRC)

E However, because much of the chlorine

added to wastewater Is used u
disinfection, the amount of dec
chemical required should only
the chlorine applied.

0 during
nlorination

ne around 1/2

E Unlike disinfection chemistry, dechlorination
happens almost instantly, So no contact time

IS heeded.



Dechlorination Schematic
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Factors That Effect
Dechlorination

E Adequate mixing is by far the most importan
aspect needed for efficient and complete
dechlorination.

E If the proportions of chlorine to
dechlorinating agent are out of line, poor
mixing is most likely to blame.

E Flow proportioning greatly improves
efficiency.






Chlorination/ Dechlorination
Equipment

E Tablet feeders
E Liquid feeders
E Gas delivery systems













Schematic of a Vacuum Gas Feed Sy
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Vent Flow Controller

Cylinder Valve
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One Ton Cylinder Cross Section

& Fusible Plogs -3 in each end Eductor pipe




Chlorine Cylinder Valves

E Valves are specially designed for this purpose.

E One full turnof the valve permits maximum
discharge.

E Valves are equipped with fusible plugs that melt at
158Ai 165AF to prevent fire rupture.

E A new lead gasket should be used each time a
connection is made to the valve.







