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Hi friends so we are halfway through this course water supply engineering and in previous
six weeks we have discussed the different aspects related to the basics of water availability
then how do we estimate the demand how do we withdraw the water. Then we did talk about
these storage structures as well and since last couple of weeks we are focusing on the quality
aspect of water and we did talk about the basic water treatment processes.

Starting from the like very basic aeration and then which is in fact optional and mores over
the like sedimentation coagulation flocculation and filtration processes. So, this week will be
talking about the another treatment step which is in fact the most important you know water
supply system which is disinfection and apart from that will touch upon the few other options

of advanced water treatment systems. So that is what basically we will be covering in this

particular week.
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CONCEPTS COVERED

» Need and Objectives of Disinfection

» Mechanisms and Methods for Disinfection

» Properties of Disinfectants
» Factors Affecting Disinfection
» Kinetics of Disinfection

» Ct Concept

In this class we will be talking about the disinfection process the basics of disinfection so
what is the need and objective of the disinfection the mechanics and the different methods for
the disinfection. Then we will talk about the what should be the ideal properties of a

disinfectant and what are the common properties of the disinfectant that are there and that



people generally use. We will be talking about the factors affecting disinfection and the
kinetics of disinfection including the CT concept.
(Refer Slide Time: 02:01)
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Typical Water Treatment Processes ‘

Major/Minor Steps: Conguans

Coagulation Flocculation Sedimentation
1

» Screening

» Aeration

» Coagulation and Flocculation

» Sedimentation

sl Disinfection }

» Filtration (| [ |
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» Disinfection \ . |

» Advanced Treatment

Home Consumption Treated Wate: _Inanon

Image Source: http://greentotal.net/centralizedis-point

» Sludge Management

So, as just we are having a brief discussion earlier if you see a conventional water treatment
system and particularly brought form a surface water sources. So, what we get is the
coagulation filled flocculation sedimentation filtration process all this we have already
covered. And this week we will be focusing on this disinfection process so all this we have
almost covered. And then advanced treatment and sludge management also we will try to
cover in this week itself.

(Refer Slide Time: 02:33)
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Disinfection in Surface Water and Groundwater Treatment Systems

One of the prime objectives of water treatment is the removal or inactivation of pathogenic micro-
organisms to prevent the spread of waterborne disease. Disinfection is the process to remove, deactivate or
kill pathogenic microorganisms, so that they are not infectious to humans and animals.

Itis the “most important” treatment steps for both, surface waters as well as groundwater treatment.

Deanto N \
WASTE —nor
Typical Groundwater Treatment Scheme o

The disinfection is one of the most important treatment steps for both surface water as well as

ground waters and that is because the aim of disinfection is the removal or inactivation of



pathogenic microorganisms. And this is the most one of the most prime objectives of the
water treatment systems. Generally the water treatment focuses like the quality of water

which is supplied should be safe.

Now in order to be safe the impurities has to be removed now what are the impurities that are
typically removed we talked about the impurities like the so far what we have discussed if
you just remember that so we discuss mostly the removal of these suspended impurities
suspended solids, suspended and colloidal solids in fact through coagulation flocculation
process. So, we rarely target the removal of dissolved constituents that too in conventional
water treatment systems unless there is a known case of a problematic substance which is

dissolved in the water.

If we are knowing that this particular water source has say a high concentration of arsenic
high concentration of fluoride high concentration of say some other heavy metals or some
toxic compounds. Then the specific treatment might be provided for removal of those
compounds otherwise the typical surface water systems if you see just take the water then put
through a coagulation flocculation system and then sedimentation then filtration and after that

if you see the disinfection process and then clear water is basically water is put for the uses.

So, similarly if you see the groundwater system if our idea is not the removal of some other
things, so normally we may provide aeration again this is an optional if you are targeting iron
and those kind of removals we may provide, otherwise it may just go to the filtration in fact
for groundwater system many times even filtration is also I did or this slow sand filter might
be provided in a small if the requirement are smaller. And then disinfection and then it is goes

to the clear well for supply purpose.

So, that is what is the like importance of disinfection before supply the disinfection unit is
provided in all in like both these systems, so here we have disinfection and then clear well
which goes for supply similarly here we have disinfection and then clear well which goes for
the supply purpose now. Why it is put in the end and why we consider this as the most
important treatment step because the coagulant addition which takes care of say or the
colloidal solids or the sedimentation process which take care of the; like removal of these

flocs form through coagulation flocculation.



Or the existing suspended materials in the water or filtration which typically take care of the
majority of the micro flocks and the very fine sediments so by the time water comes out of
the filtration it is divided off particularly these solids mostly if we are going for multi media
filter some organic compound might also be removed through adsorption some dissolved

compound might be removed through adsorption process.

But again that is it whereas the major threat of a contaminated water supply is if the water is
having say microbial contaminants. Why microbial contaminants? Because these are the
substances which leads to the acute problems what happens that when there are microbial
impurities present in the water and somebody's coming into the contact of that water or

drinking that water or consuming that water.

In any way that microbes that pathogen is entering into the body of the consumer be it human
or be it animal it is entering into the body of consumer and as you know that when these
interns it is not like if a little of heavy metal goes inside the body it is not going to create any
immediate problem. So, even arsenic fluoride which is considered to be like very, very
problematic geoginic contaminant does not so immediate impact they needs time to

accumulate.

But these pathogenic impurities pathogenic contaminants as soon as they come into our food
chain or into our body within a few hours or just a couple of days the person will start feeling
those symptoms and they know that they have consumed some impure water contaminated
water. So, that is why the water treatment ensures that these kind of pathogens pathogenic
microorganisms are either removed or inactivated in the water and this process is known as

the disinfection.

So, disinfection is mixed basically the process for removal for removing the deactivating or
killing the pathogenic microorganisms. So, that they are not in phases to the consumers and
consumers which could be human being or which could be animals.

(Refer Slide Time: 08:24)
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Water Related Diseases

» Water-borne diseases: infections spread through contaminated drinking water
» Water-washed diseases: diseases due to the lack of proper sanitation and hygiene
» Water-based diseases: infections transmitted through an aquatic invertebrate organism

» Water-related vector-borne diseases: transmitted by insects that depend on water for their propagation

Disease group Disease Estimated Estimated |  Estimated

morbidity mortality

(1000/ear) | (1000year) |  (1000/year)
WATER-BORNE Diamhoeal Diseases notavalable | 1000000 5000
DISEASES [Typhoid Fever 1000 500 25

WATER-WASHED {Ascariasis (=roundworm 800000~ 1000 20
DISEASES infection) 1000000

JAncylostomiasis 700'000-900'000 1500 50-60
(=hookworm infection)
'WATER-BASED Schistosomiasis 200000 ? 500-1'000
DISEASES (Bilharzia)

WATER-RELATED Malaria 240000 100'000 not available

VECTOR-BORNE - - -

DISEASES Lymphatic filariasis 90200 2'000-3'000 low
Onchocerciasis 17°800 340 20-50

[Japanese encephalitis not available 2040 case fatality ratio
between 10-30%

Typically water related diseases if we see we can classify them into 4 different types one is
the waterborne diseases which are the infection spread through the contaminated drinking
water like the diarrhea or typhoid. Then water wash diseases these are diseases due to the
lack of proper sanitation and hygiene so when there is a lack of water so we may have like
round worm infections or hookworm infections kind of diseases the water was diseases which

is not of too much concern for us.

The primary concern for us is actually the waterborne diseases there are water-based diseases
where are the infections transmitted through an aquatic invertebrate organism. So, they are
not necessarily because of contaminated water but they get transmitted because of some
organism which is dependent on the water and then again water related vector borne diseases

are transmitted by the insects that depend on water for their propagation.

So the like by doing disinfection we target the removal of these part the waterborne diseases
we want to make the water safe, so that these waterborne diseases which is because of the in
fact sense for the contaminated drinking water means the water which is having the these
kind of pathogens.

(Refer Slide Time: 09:47)
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Need for Disinfection of Water

Pathogen Disease Caused . Microorganisms in water are most often associated with
Bacteria: several waterborne disease like typhoid, cholera, paratyphoid,
Anthrax anthrax bacillary dysentery, poliomyelitis etc.

Escherichia coli E. coliinfection

Myobacterium tuberculosis » Conventional filtration and excess-lime softening (if used) may

(ubereuosls o . provide removal of microorganism only to a certain degree,
but cannot not ensure the complete removal of diseasg
Vibrio cholerae cholera . .
causing microbes.
Viruses:
Hepatits Virus Hepatitis A » Therefore, additional treatment process, Disinfe

administered after filtration for the complete
inactivation of harmful micro-organisms in water,

Polio Virus polio

Parasites:

Crypospolidi ayplosporichost » The treated water must meet the microbig
S o standards set by the regulatory authorities.

So, we want to prevent the infections causing because of consumption of such water and that
is the prime need or prime objective of the disinfection. So, if you see the basic requirement
for disinfection this microorganism in water are most often associated with various diseases
like typhoid, cholera then dysentery, polymerized. So, there are various diseases the

conventional filtration or even in case of like people are using access line softening also.

So they do provide some removal of microorganisms some removal of these pathogenic
microorganisms but only to a certain degree they cannot ensure the complete removal of
these disease-causing microbes. So, if they are not able to completely remove this that means
we need to have an additional process or some additional measure to remove that and that

additional process is actually the disinfection.

So, disinfection is basically administered after typically the filtration for the complete
removal or inactivation of these harmful microorganisms that are present in the water. And
the goal is that we meet whatever the regulatory standards are there for the pathogenic
contaminations like EPA has 1 peony up in say 100 ml of water or that kind of that like for

MPN should be zero close to zero in as per Indian Standards.

So those limits are there these are typical like this why we want to basically go for
disinfection because there are various pathogens which may relate various kinds of diseases.
So, in order to like ensure your safety from these diseases so that these diseases are not

caused in order to ensure the safety we want to remove these from the water. So, if we



remove these from the water will be actually safe from these diseases which might actually
affect the end consumers.
(Refer Slide Time: 11:54)
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Disinfection verses Sterilization

» Disinfection is different from sterilization, which is the
complete destruction of all microorganisms found in

water.

» Sterilization is usually much more expensive and l

Treatment Treatment
with Sterilant with Disinfectant

unnecessary for water treatment which simply aims to

just ensure safety from the risk of waterborne disease.

» Disinfection (adequate cleanliness) does not ensure
the same security level as that of sterilization
(extreme cleanliness), and does not necessarily
inactivate all forms of microorganisms, for instance,

bacterial spores.

Now there is another term in fact the sterilization which often people get confused with. So,
disinfection is not essentially sterilization there is a difference between disinfection and
sterilization and the difference lies in to what extent we want to see the removal or hand up
means what approach we are adopting for handling of the microorganisms. So, disinfection is

characteristically different from the sterilization.

Sterilization is the process which ensures complete destruction of all the microorganism
found in the water. Whereas disinfection ensures it is basically the adequate cleanliness only
it does not ensure the same level of security as that of sterilization which ensures the extreme
cleanliness so disinfection will not necessarily like inactivate or kill all forms of the

microorganisms like the bacteria dispersed spores might still be there.

Sterilization removes everything but it is much more expensive and unnecessary for water
treatment we do not want that level of security in water treatment. We want just like to be
sure that pathogens are not there or any disease-causing organisms are not present in the
water. So, the disinfection simply aims to just ensure safety from risk of the waterborne

diseases whereas the sterilization is the complete removal.

So like if say we have cells and spores present in a water sample and we want to treat it with

a sterile end then it will actually be all spores all cells everything will be removed or sort of



killed in the water there is no life cells or life spores present here. But in this infraction we
will remove the pathogenic sports and cell and we can still have some sports and some cells
present in the water. So, particularly like it most of the like vegetative cells it will kill not all
the spores so that is the difference between the disinfection and sterilization process.

(Refer Slide Time: 14:09)
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Disinfection Objectives and Approaches

» Objective of disinfection is to produce microbially safe water by removing, inactivating or killing
pathogens. It primarily aims for safety from the risk of waterborne diseases.

» Approaches: Disinfection of water can be achieved by:
» Removal of pathogens: Filtering out all the pathogenic microorganisms

» Inactivation or killing: Destroying the cellular structure of the micro-organisms or disrupting
its metabolism, biosynthesis or ability to grow/reproduce.

o In the case of bacteria, inactivation describes the subsequent inability of the microorganisg
divide and form colonies.

o For viruses, inactivation measures the inability of the microorganism to form plaques in

For protozoan Cryptosporidium oocysts, it measures the inability of the microorganisy
thereby preventing consequent infection of a host by Cryptosporidium.

Now the objective of disinfection is clear that we want to produce a microbe release safe
water by removing in activating or killing all the pathogens present in the water remember
pathogens right. So, it primarily aims safety from the risk of waterborne diseases that is what
is the major objective of the disinfection process. There are there are major way like two

approaches of achieving disinfection as we are just discussing.

We can remove them so the removal of pathogens we can filter out all the pathogenic
microorganisms. So, we can use like high-end filters nano or higher grade filtration processes
or we inactivate or kill all the microorganisms. So, inactivation or killing is basically the
destroying the cellular structure of the microorganisms or we disrupt its metabolism
biosynthesis or the ability are to grow for these microorganisms ability to grow and reproduce

for these microorganisms.

So in case of bacteria the inactivation is basically by the subsequent inability of
microorganisms to divide and form colonies in case of viruses. This inactivation means the
inability of microorganisms to form the place in the host cells and for protozoa or

Cryptosporidium kind of species it basically measures the inability of these microorganisms



to multiply thereby preventing the consequent infection by this host protozoa. So that is what
is the approach for inactivation and the other approach is simple filtration.
(Refer Slide Time: 15:51)
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Disinfection Mechanisms

» Straining or physical removal by nano or finer-grade filtration

» Altering / destroying structures or functions of essential components within the pathogens
including Proteins (structural proteins, enzymes, transport proteins, etc), Nucleic acids (genomic
DNA or RNA, mRNA, tRNA, etc), and Lipids (lipid bi-layer membranes, other lipids)

» Alteration of cell permeability: Agents such as phenolic compounds and detergents destroys
the selective permeability of the membrane.

» Damage to cell wall: Radiation, heat and highly acidic and alkaline agents alter thg
protoplasm.

» Inhibition of enzyme activity: Heat coagulates the cell protein, acids or bases dg
proteins resulting in a lethal effect.

» Alteration of colloidal natute of protoplasm: Oxidizing agents alter the chemical 3
of the enzymes and deactivating them.

Then if we talk about the mechanisms of disinfection again if we are taking the filtration
approach so mechanism is simply like straining or physical removal by nano or nano grade or
finer grade filtration processes. Whereas if we are going for altering or destroying the
structure or function of the essential components so we can actually use like we can disrupt
the protein structures or functions including structural protein, proteins enzymes or the

transport proteins we can target nucleic acid or we can target lipids.

This can be done by the alteration of cell permeability so like the phenolic compounds and
detergent types work on this. So, they affect the selective permeability of the membrane. This
can be done by damage to the cell walls so chlorine and those kind of things are even
radiation and heat or highly acidic and inclined agents can alter the protoplasm of the cell
walls. This can be done by inhibition of the enzyme activities so cell proteins acids basically

can be correlated by the acids and bases.

And the alterations of the colloidal nature of protoplasm so basically the oxidizing agent alter
the chemical arrangements of the enzyme and kind of deactivate them. So, this is one of the
major mechanism many of the meaning of the disinfectant target like oxidize target to oxidize
the chemical arrangement of enzymes and basically deactivate them.

(Refer Slide Time: 17:34)
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Typical Methods for Disinfection

» Physical methods: Filtration or Boiling
» Radiation methods: Ultrasonic, Electronic, or UV irradiation

» Chemical methods: Chlorination, Ozonation, or Other chemical agents

o The most common disinfectant used is chlorine, which is used in -
different forms including Chlorine gas, Hypochlorite, Chloramines
and Chlorine dioxide.

f\' \ Desinfecting
N

o Other chemical agents which have been used for disinfection
include iodine, bromine, hydrogen peroxide, ozone, copper/silver

So, typical methods for disinfection include the physical method which is filtration or boiling
then there are radiation methods a physical method means we can simply filter out or boil
there are radiation methods we put an ultrasonic electronic or the UV radiation exposure to
the microorganisms or there are chemical methods where we use like chlorination or

ozonation or other chemical agent.

So, the most common disinfectant worldwide is actually chlorine that is what is the most
common one and this is used in the different forms it can be used in the chlorine gas it can be
used as the hypochlorite is can be used as chloramines or chlorine dioxide. The other agent
which have been used for disinfection the chemical agents particularly are like iodine then
bromine hydrogen peroxide ozone copper silver ions some acid base acids and bases are also
used but they are more used in the wastewater systems.

(Refer Slide Time: 18:36)
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Properties of an Ideal Disinfectant

» Broad spectrum: active against all microbes

» Fast kinetics: produces rapid inactivation

» Non-toxic; Non-flammable; Non-explosive

» Effective in the presence of interfering constituents
» Compatible with various materials/surfaces

» Stable for the intended exposure period

» Provides a residual, if desirable

» Easy to generate and apply

» Economical

Water supply systems generally like either chlorination is by far the most popular and then
people do use the ozonation or UV exposure as the common method. Heating is again
traditional method for chlorination very small scale it is used and household level people
might use heating as a chlorination method but again because of lot of energy requirement it

is not a preferred approach for chlorination.

So an ideal disinfectant if we see should have the broad spectrum that means it should be
active against all microbes it is not like you use a disinfectant which is effective against
bacteria but not effective against virus or protozoa Cryptosporidium Giardia kind of species
is then probably it is not serving the purpose. So, whatever is disinfectant or whatever
disinfection method is being choosed must have a broad spectrum so that it is active against

all sorts of pathogenic microbes.

It should have fast kinetics means the inactivation should be rapid if it is very slow it requires
a lot of exposure time for deactivating or for kind of in activating the microorganisms in that
case the size of the disinfectant unit is going to be large and cost is going to be high. It should
be non-toxic non-flammable non-explosive again like for the safety purpose it should be

effective in the presence of interfering constituents.

This is very important there might be various interfering constituents present in the water
depending on the raw water quality that we are receiving and the disinfectant that we are
using should actually be effective even if these interfering agents are present. Otherwise we

add disinfectant and because of some interfering agents it is not causing that the like it is not



fulfilling its intended objective it is not leading the inactivation of the microorganisms or
pathogens that means our disinfection has not been achieved even after adding the
disinfectant.

So it should be actually like other way it the disinfectant that we are adding should be
effective even if some interfering constituents are present in the water. It should be
compatible with various material surfaces so like because we may use different kind of pipes
for supply for water supply different materials for making tanks and those things. so,
whatever disinfectant we are using should be compatible with all these materials.

It should be stable for intended exposure period so if you want to say have exposure period of
20 minutes or disinfectant this in fact in whatever we are adding should be in the stable form
till 20 minutes. So, that it can actually cause the intended effect it is not that the compound
itself is changing form. So, then we will not be able to achieve the desired in fact disinfection.

Again it should provide a residual if desirable.

So this is very valid for particularly chlorination for chlorine we will discuss the residual
chlorine concept in the later class. But the point is that the disinfection should provide a
future safety if possible. Otherwise by the time the chemical is in contact with the water it is
say taking care of any sort of pathogenic pollution but when water again goes off so that time

particularly it should be water.

If there are residual disinfectant present then they will ensure that even if later some
pathogens comes into the contact of water that will also be disinfected. If there is no residual
chlorine in the if there is no residual disinfectant in the water or no residual effect like you
boil the water you have cooled it now if again some contamination come that will persist in

the water that is not going to get died.

But say for chlorine if you have added chlorine in the water and have left little chlorine in the
water itself so then when you when some other contaminant come into the contact of that
water the residual chlorine present in the water will disinfect even the like those pathogenic
elements which are coming later on in the contact of the water. Again it should be easy to
generate and apply and should be economical. So, that is the major like requirements for an

ideal disinfectant.



(Refer Slide Time: 23:23)
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Properties of Common Disinfectants

Free chlorine: Produces strong oxidant HOCI (hypochlorous acid) and OCI (hypochlorite ion) in
water, which are stable and may provide a residual ensuring future protection as well. HOCI, which
is the more effective disinfectant of the two, dominates at low pH, while OCI at higher pH.

N

Y

Chloramines: The disinfectants (mostly NH,Cl and some NHCI,) are weak oxidant, however provides
a stable residual.

A’

Chlorine dioxide, ClO,: Very strong oxidant but unstable (dissolved gas).

Y

0Ozone, O,: Very strong oxidant, but provides no residual (too volatile, reactive)

A

UV radiation: Very effective disinfectant that primarily damages nucleic acids. Worl
intensity monochromatic radiation at 254 nm usually produced by low pressure merc
higher intensity polychromatic radiations produced by medium pressure mercury lam,

A

Boiling: Effective in killing microorganisms, but associated energy and environme
Also boiling does not leaves any residual protection.

If we see the properties of common disinfectant that we have so that was about like how an
ideal disinfectant should be. But like the common disinfectant that we use is free chlorine is
one of the disinfectant. So, this produces strong oxidant HOCI and ocl which are
hypochlorous acid and hypo chloride ions in water and these are quite stable and provide a

residual effect also for future protection as just we were discussing.

HOCI is more effective disinfectant of the two means HOCI is more effective than OCL ions
hypochlorite ions and HOCI dominates on low pH whereas if pH is high we will see that
hypochlorite ion's dominate over hypochlorous acid. Then there are chloramines which are
mostly NH like mostly the mono chloramine sometime when dye chloramines also both of

them have some disinfection abilities mono chloramines have higher than di chloramines.

But relatively like if you compare it with the hypochlorous acid on hypochlorite ions these
chloramines are weak oxidant and although they are also stable and provide a residual effect.
They are in fact more stable than the hypochlorous acid and hypo chloride ions but their
potential of oxidation is weaker as opposed to the free chlorine residuals. Then the chlorine
dioxide is a very strong oxidant but again very unstable and costly also requires skilled

expertise it needs to be generally produced at the site itself.

Because of its unstable nature so that is why it is although it is a very strong oxidant but not
very, very rarely used not much used then ozone again a very strong oxidant but provides no

residual effect it is too volatile and reactive that way the UV radiation is again a very



effective disinfectant that primarily damage the nucleic acids. The nucleic acids are damaged
when UV when basically UV exposure is received by the microorganisms. It works at low
intensity like low intensity monochromatic radiation at 254 nanometer.

Or it can work at a higher intensity polychromatic radiations which can be produced from the
medium pressure UV lamps whereas the low intensity monochromatic can be produced from
the low pressure mercury lamps. Boiling is another method which is effective in killing
microorganisms but again the energy and environmental cost is very high. So, as a result it is
not considered also it does not provide any future protection there is no residual safety in the
boiling.

(Refer Slide Time: 26:17)

Factors Affecting Disinfection

» Microbe Types and their resistance to disinfectants:

> Vi ive bacteria like Sal lla, coliforms, etc. have low resistance

» Enteric viruses like coliphages, HAV, Noroviruses etc. have moderate resistance

» Bacterial and Fungal Spores, Protozoan, cysts, helminth ova, etc. [e.g. Cryptosporidium, Giardia lamblia cysts,
Ascaris lumbricoides ova), and Acid-fast bacteria like Mycobacterium sp. have high resistance

» Type of disinfectant and their mode of action:

» Strong oxidants like HOCI, OCI, Cl0%, O° etc. oxidizes various protein sulfhydryl groups, alters me
permeability, and oxidize/denature nucleic acid components, etc.

» Weak oxidants like combined chlorine (Chl ines) d sulfhydryl groups of proteins
» Ultraviolet radiation primarily causes nucleic acid damage by thymidine dimer formation, st|
» Water Quality: Suspended and dissolved matters, pH, ORP, Turbidity, Temperature, Hardnes

» Reactor Design, Mixing & Hydraulic Conditions: Plug flow (better kinetics) or Mixed reag

Then the factors that affect the disinfection process there are like the first important thing is
here what types of microbes are there what types of microbes are being targeted and what are
the resistance of these microbes to the disinfectant that is being used. So, microbes itself may
have like different grade of resistance some microbes have very high resistance and they are

very difficult to remove through the disinfection process or normal disinfection process.

Some microbes have very low resistance and even a small exposure of say chlorine or UV or
any oxidant can easily take care of those microorganisms. So, like if you see the vegetative
bacteria like Salmonella species or kohli forms they have very low resistance easily
removable then enteric viruses like HIV or norovirus etcetera they have moderate resistance
whereas various bacterial and fungal spores protozoa cysts helminth is like Cryptosporidium

Giardia these things and micro bacterium kind of a species has very high resistance.



So, these are difficult to remove now if we are targeting the exposure of say our disinfectant
such a way that it is take it basically take care of the removal of these species then these will
automatically get removed but because of they have much lesser resistance than this but if
our like the ability of disinfectant or the exposure time or the level of disinfectant is not
sufficient enough so then we may see that these and maybe these get removes.

But some of these species which have very high resistance they might still persist in the
water. It also depends on the type of disinfectant and their mode of action so as we just
discussed there are HOCI, OCL chlorine dioxide ozone are the strong oxidants they like they
can affect the protein groups they can alter the membrane permeability they can oxidize
denature the nucleic acid compounds there are weak oxidants like compound like combined

chlorine chloramines etc.

So, they denature the sulphide really groups of the proteins whereas UV radiation primarily
cause nucleic acid damage as just we were discussing and this might be like thymidine
dimers function or it can basically break the strands of the nucleic acid. Water quality is also
affects the disinfection process the suspended and dissolved material matters present in the

water they might actually prevent say if you are using a UV and there is a lot of turbidity.

So, these turbidity sell this turbidity or the suspended or particles or the correlated materials
might actually prevent the UV light to interact with the with the microorganisms so that way
it can actually prevent or reduce the efficiency of the disinfectant, pH also plays a very
important role many of these disinfectant have so different properties at pH like we were just
discussing that HOCI or hypochlorite hypochlorous acid which is a stronger disinfectant than

hypo chloride ions persist at lower pH whereas the hypo chloride ions persist at higher pH.

So pH also plays a role ORP what is the reduction potential of the medium itself if you are
adding oxidant and water itself is having say lesser ORP or there are lot of reducing agent
present so instead of like quickly going for the disinfection these if particularly for the
chemicals they will get consumed in the like with the reducing compounds then turbidity
temperature hardness salt and iron concentration all will have some sort of effect on the

disinfection process.



It also affected based on the reactor design mixing and hydraulic conditions. So, plug flow
systems as we discussed earlier also where basically water flows in the form of plug and it
ensures that adequate time is given in the system. So, plug flow kind of system or pipe flow
kind of systems are preferred for disinfection purpose as opposed to the mixed reactor or
batch reactor systems.

(Refer Slide Time: 30:59)
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Disinfection Kinetics

» Death of microorganisms is usually considered as the first order with respect to time

» Thus, the remaining number of viable microorganisms, N, decreases with time, t, according to:

dN/dt = -kN

where k is an empirical constant descriptive of the microorganism, pH and disinfectant used.
7 Integrating with respect to time, and replacing limits (N = N, at t = 0) yields:
In(N/Ng)= -kt~ or  N=Nge*

» The is known as Chick’s Law, which assumes:

» All organisms are identical

» Death (inactivation) results from a first-order or “single-hit” reaction.
» Other models used to study disinfection kinetics (when not first-order):

» Multi-hit-hit or concave up: initial slow rate, increases over time

» Concave down or retardant kinetics: initial fast rate, decreases over time

Now the disinfection leads to the death or inactivation of micro organisms with respect to
time and that is usually considered as first-order if we see the kinetics of the disinfection. So,
first order simply like if N is the number of microorganisms it will decrease with respect to
time as dN by dt like so first order means the rate of change of the number of micro needles is
going to be proportional to the number of microorganisms and if we take a proportionality

constant so it is going to be equal to K and it is negative change.

So, we have to put a negative so where K is basically an empirical constant. Now if we
integrate with respect to time and replace the limit as n is equal to NO initial number of the
pathogens at time t is equal to 0 then we can get In N by N 0 is equal to -kt or N is equal to N
0 to the power - kt it is a simple first order solution or exponential equation. So, this is
typically known such Chick’s law this equation Chick’s law about the disinfection it is simple
first-order equation whereas Chicks law assumes that all organisms are identical and the

death or inactivation is resulted from the first order or single heat reaction.

So, that means as the disinfection is heating the microorganisms it is getting deactivated. So,

a single heat reaction is leading to the deactivation and then we can see that the first-order



kinetics can be adopted there are other models which are used to study the disinfection
kinetics when it is not particularly the first-order. So, there is a model which is concave up
model and which is actually the multi-heat model means it does not get in a single heat so
that is basically like the first order model is typically like this exponential decay of the

number.

This is initially there is rate is slow in multi heated model and later on it basically fasters. So,
this is your multi heat model and this particularly like this kind of models are used when
basically we see that the disinfection might not be achieved in the single heat so this is
particularly concave up. So, initially there only process will be slow whereas later on it
basically speeds up. And then there is a retardant kinetics which is concave down kind of
system so in that one what we see that initially it is faster and then it slows down then

basically some retardant retarded by bacteria get acquainted.

And then retardation properties appear and that is why the rate decreases over the time. So,
that that is basically the concave down and this is concave up model so that way we can have
the like other kinetic models for the disinfection.
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The Ct Concept

» The disinfection is usually not instantaneous, Inactivation of Cryptosporidium Oocysts in Water by Chemical Disinfectant
and inactivation is a function of time,

concentration of disinfectant (especially for iskfectint Cly (mpaind) Reference
chemical disinfectants), pH and Temp. Free Chlorine 7,200+ Korich et al., 1990
» If pH and temperature variations are less, Monochloramine 7,200+ Korich et al., 1990
inactivation typically mcre'ases with increased Chlorine Dioxide 578 Korich etal, 1990
exposure (or contact time), as well as
increased level (concentration) of disinfectant. ~Mixed oxidants <120 Venczel et al., 1997‘
» Therefore, disinfection can be expressed at Ozone ~318 Fin(.:h etal, 1994
the product of disinfectant concentration (C) C parvum oocysts inactivated by low Korich et al., 1990
and contact time (). doses of UV radiation: <10 mlorlflrei/cmlr Owens et al.,, 1994

» This applies best when disinfection kinetics is
first order.

Disinfection is usually not instantaneous it needs some time as just we were discussing it is
basically a kinetic process. So, it will require some time that is why it is considered as a
function of time it is also considered as a function of the concentration of disinfectant is
specifically if it is a chemical disinfectant. Because if say you are adding chlorine or ozone

how much you are adding.



You cannot achieve same level of disinfection in a water if you add just 1 milligram per liter
of chlorine and in another you are adding 10 milligram per liter of chlorine. Naturally the 10
milligram per liter of chlorine because the amount of oxidant is more is going to have higher
effect or higher degree of disinfection as opposed to the 1 milligram per liter chlorine. So, it
does depend on the concentration of the disinfectant it does depend on the time of the
disinfectant like you have say 2 system.

In one system you are exposing disinfectant in the water for just a minute and in another you
are exposing for 10 minutes. Now if those who are those organisms who are say resistant and
may not get activated in just one minute so they will remain in the water if the exposure time
is just one minute only whereas 10 minutes is giving far longer exposure time. So, those

organisms are also likely to get disinfected or get in such medium.

It also depends on pH and temperature as we discussed earlier, so if pH and temperature
variations are less we can consider the inactivation typically increases with increased
exposure time or what we typically call the contact time in the case of chlorination and as
well as it will increase with increased level of the concentration of disinfectant. So,
disinfection means what kind of disinfection we are going to achieve can be expressed as a

like product of this disinfectant concentration C and contact time t.

So that is why we call this C t and C t is an important parameter which kind of gives us an
idea of the disinfection. So, this applies best when disinfection kinetics is the first order and
more sever for the chemical because getting a concentration of like radiations or exposure
frames for them is difficult. So, these are typically like inactivation of Cryptosporidium in
water by the different chemical disinfectant Ct 99 means the 99% for Ct required for 99%

removal or 99% inactivation.

So Ct unit will be of course like C's in a milligram per liter or something like that and t is the
time so minute second or whatever so milligram minute per liter is the unit's here. When we
are adding free chlorine the Ct value required is around more than 7,200 for 99% inactivation
of the cost per dm for mono chloramines also it is greater than 7,200 for chlorine dioxide it
should be more than 78. For mixed oxidant it should be like 120 is fine and ozone just 3 to 18

is the Ct value.



Now say the importance of Ct value like if we have an idea of these Ct values for say free
chlorine it is 7200, so if we are exposing say if we are putting a contact time of say 20
minutes in the disinfection that means our Ct is 7200 and our contact time we have given 20
minutes, so the concentration that would be needed is 7200 divided by 20 so that means it is
going to be 360 milligram per liter concentration we must ensure if we are going to do it for

20 minutes.

If you are going to do it for 40 minutes then this 360 will become just 180. If you are going to
expose it for 10 minutes then instead of 360 will be requiring 720 milligram per liter
concentrations. So, that is basically we need to ensure the Ct value so either we can increase
the time and reduce the concentration or we can increase the concentration and reduce the
time. Increasing concentration means more chemical requirement so we will have to see what

is the cost associated with that and increasing time means the bigger contact tank.

Wherever we are putting the chlorine in the contact or say the disinfection in the contact so
then we need a bigger tank because residence time is more. So, we will have to make a choice
between this bigger tank means more installation cost and higher concentration means more
operational cost so we will have to see what we want to choose how big tank we can afford
and what chemical dosing we can offer in the system for the purpose of achieving

disinfection.

So with this we will conclude this class here and in next class we will be talking about the
different methods of disinfection primarily the chlorination which is by far the most used
however we will touch upon some other typical method of disinfection like UV and
ozonation which are used in the water supply systems, so, thank you and see you in the next

class.



