
Lectures on sterilization and disinfection

• Principle of sterilization and disinfection

• Individual sterilization and disinfection processes

• Media-specific disinfection (water and 
wastewater)

• Media-specific disinfection (air and surfaces)

• Media-specific disinfection (infectious solids)



Common disinfectants in 

water/wastewater treatment processes

• Free chlorine 

• Combined chlorine

• Chlorine dioxide 

• Ozone

• UV



Key points

• Basic chemistry and principle

• Method of application

• Effectiveness on microbes

• Advantages/disadvantages



Chemical disinfectants



Free chlorine: Chemistry

• Three different methods of application

– Cl2 (gas)

– NaOCl (liquid)

– Ca(OCl)2 (solid)

• Reactions for free chlorine formation:

Cl2 (g) + H2O <=> HOCl + Cl- + H+

HOCl <=> OCl- + H+ (at pH >7.6)



Chlorine application (I): containers



Chlorine application (II): containment vessels



Chlorine application (III): flow diagram



Chlorine application (IV): Injectors



Chlorine application (V): Contact chambers



Chlorine application (VI): Contact chambers



Free chlorine: effectiveness (I)



Free chlorine: effectiveness (II)



Free chlorine: advantages and disadvantages

• Advantages
– Effective against (almost) all types of microbes 

– Relatively simple maintenance and operation

– Inexpensive

• Disadvantages
– Corrosive 

– High toxicity

– High chemical hazard

– Highly sensitive to inorganic and organic loads

– Formation of harmful disinfection by-products (DBP’s)



Free chlorine: other applications

• Swimming pool/spa/hot tube water 

disinfection

• Industrial water disinfection (canning, 

freezing, poultry dressing, and fish 

processing)

• (Liquid and solid chlorine)

– General surface disinfectant

• Medical/household/food production 



Questions?



Chloramines: Chemistry

• Two different methods of application (generation) 

– chloramination with pre-formed chloramines 
• mix hypochlorite and ammonium chloride (NH4Cl) solution at Cl2 : N 

ratio at  4:1 by weight, 10:1 on a molar ratio at pH 7-9

– dynamic chloramination
• Reaction of free chlorine and ammonia in situ

• Chloramine formation

– HOCl + NH3 <=> NH2Cl (monochloramine) + H2O 

– NH2Cl + HOCl <=> NHCl2 (dichloramine) + H2O

– NHCl2 + HOCl <=> NCl3 (trichloramine) + H2O

– ½ NHCl2 + ½ H2O <=> ½ NOH + H+ + Cl-

– ½ NHCl2 + ½ NOH <=> ½ N2 + ½ HOCl + ½ H+ + ½ Cl-



Application of chloramines (preformed 

monochloramines): flow diagram



Chloramines: effectiveness



Chloramines: advantages and disadvantages

• Advantages

– Less corrosive

– Low toxicity and chemical hazards

– Relatively tolerable to inorganic and organic loads

– No known formation of DBP

– Relatively long-lasting residuals

• Disadvantages

– Not so effective against viruses, protozoan cysts, and 

bacterial spores



Chloramines: other applications 

(organic chloramines)

• Antiseptics

• Surface disinfectants

– Hospital/household/food preparation

• Laundry and machine dishwashing liquids 



Chlorine dioxide: Chemistry

• The method of generation

– On-site generation by reaction of chlorine (either gas 
or liquid) with sodium chlorite

• Formation of chlorine dioxide

• 2 NaClO2 + Cl2  2 ClO2 + 2 NaCl

• Highly soluble in water

• Strong oxidant: high oxidative potentials 

– 2.63 times greater than free chlorine, but only 20 % available at 
neutral pH 

» ClO2 + 5e- + 4H+ = Cl- + 2H2O (5 electron process)

» 2ClO2 +2OH- = H2O +ClO3
- + ClO2

- (1 electron process)



Generation of chlorine dioxide



Application of chlorine dioxide: flow diagram



Chlorine dioxide: effectiveness



Chlorine dioxide: advantages and disadvantages

• Advantages
– Very effective against all type of microbes

• Disadvantages
– Unstable (must be produced on-site)

– High toxicity

• 2ClO2 + 2OH- = H2O + ClO3
- (Chlorate) + ClO2

-

(Chlorite): in alkaline pH

– High chemical hazards

– Highly sensitive to inorganic and organic loads

– Formation of harmful disinfection by-products (DBP’s)

– Expensive



Chlorine dioxide: other applications

• Hospital/household surface disinfectant

– ‘stabilized’ chlorine dioxide and ‘activator’

• Industrial application

– bleaching agent: pulp and paper industry, and 

food industry (flour, fats and fatty oils)

– deordoring agent: mildew, carpets, spoiled 

food, animal and human excretion

• Gaseous sterilization



Ozone: Chemistry

• The method of generation

– generated on-site

– generated by passing dry air (or oxygen) through high voltage 

electrodes (ozone generator)

– bubbled into the water to be treated. 

• Ozone

– colorless gas

– relatively unstable

– highly reactive

• reacts with itself and with OH- in water



Generation of ozone



Application of ozone: flow diagram



Ozone: reactivity



Ozone: effectiveness



Ozone: advantages and disadvantages

• Advantages
– Highly effective against all type of microbes

• Disadvantages
– Unstable (must be produced on-site)

– High toxicity

– High chemical hazards

– Highly sensitive to inorganic and organic loads

– Formation of harmful disinfection by-products (DBP’s)

– Highly complicated maintenance and operation

– Very expensive



Ozone: other applications

• Industrial applications

– aquaria, fish disease labs, and aquaculture

– cooling towers

– pharmaceuticals and integrated circuit 

processing (ultra-pure water) 

– pulp and paper industry

• Gaseous sterilization

– cleaning and disinfection of healthcare textiles



Questions?



Physical disinfectants



Ultraviolet irradiation: mechanism

• Physical process

• Energy absorbed by 

DNA

– pyrimidine dimers, 

strand breaks, other 

damages

– inhibit replication
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Low-pressure (LP) UV: wastewater



Medium-pressure (MP) UV: 

drinking water



UV disinfection: effectiveness



UV disinfection: advantages and disadvantages

• Advantages

– Very effective against bacteria, fungi, protozoa

– Independent on pH, temperature, and other materials 

in water 

– No known formation of DBP

• Disadvantages

– Not so effective against viruses

– No lasting residuals

– Expensive



UV disinfection: other applications

• Disinfection of air

• Surface disinfectant

– Hospital/food production 

• Industrial application

– Cooling tower (Legionella control)

– Pharmaceuticals (disinfection of blood 

components and derivatives)



Disinfection Kinetics



Disinfection Kinetics

• Chick-Watson Law:

ln Nt/No = - kCnt

where:
No = initial number of organisms

Nt = number of organisms remaining at time = t
k = rate constant of inactivation
C = disinfectant concentration

n = coefficient of dilution
t = (exposure) time

– Assumptions
• Constant disinfectant concentration
• Homogenous microbe population: all microbes are identical
• “Single-hit” inactivation: one hit is enough for inactivation

– When k, C, n are constant: first-order kinetics

• Decreased disinfectant concentration over time or heterogeneous 
population

– “tailing-off” or concave down kinetics:  initial fast rate that decreases over time

• Multi-hit inactivation
– “shoulder” or concave up kinetics: initial slow rate that increase over time



Contact Time (arithmetic scale)

Multihit
First

Order

Retardant

Chick-Watson Law and deviations

L
o

g
  
S

u
rv

iv
o

rs



CT Concept

• Based on Chick-Watson Law

• “Disinfection activity can be expressed as 

the product of disinfection concentration 

(C) and contact time (T)”

• The same CT values will achieve the same 

amount of inactivation



Disinfection Activity and the CT Concept

• Example: If CT = 100 mg/l-minutes, then

– If C = 1 mg/l, then T must = 100 min. to get CT = 100 

mg/l-min.

– If C = 10 mg/l, T must = 10 min. in order to get CT = 

100 mg/l-min.

– If C = 100 mg/l, then T must = 1  min. to get CT = 100 

mg/l-min.



C*t99 Values for Some Health-related 

Microorganisms (5oC, pH 6-7)

Organism Disinfectant

Free 

chlorine

Chloramines Chlorine 

dioxide

Ozone

E. coli 0.03 –

0.05

95 - 180 0.4 –

0.75

0.03

Poliovirus 1.1 – 2.5 768 - 3740 0.2 – 6.7 0.1 – 0.2

Rotavirus 0.01 –

0.05

3806 - 6476 0.2 – 2.1 0.06-0.006

G. lamblia 47 - 150 2200 26 0.5 – 0.6

C. parvum 7200 7200 78 5 - 10



I*t99.99 Values for Some Health-Related 

Microorganisms

Organism UV dose 

(mJ/cm2)

Reference

E.coli 8 Sommer et al, 

1998

V. cholera 3 Wilson et al, 1992

Poliovirus 21 Meng and Gerba, 

1996

Rotavirus-Wa 50 Snicer et al, 1998

Adenovirus 40 121 Meng and Gerba, 

1996 

C. parvum < 3 Clancy et al, 1998

G. lamblia < 1 Shin et al, 2001


