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UV Disinfection – Basic Concept
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Chemical Disinfection UV Disinfection

milligrams*min/Liter millijoules/cm2

(mJ/cm2)

CT             IT

Concentration (mg/L) x    Intensity (mW/cm2) x

Contact Time (minutes)                                                      Contact Time (sec)  



History of UV Disinfection

Time Progress 

at least 4000 years ago Ancient Hindu source written - raw water be boiled, 

exposed to sunlight, filtered, and then cooled in an 

earthen vessel.

1887 Germicidal properties of sunlight

1901 Artificial UV light (Mercury lamp) developed

1910 First application in drinking water:  Marseilles, 

France 
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Fundamentals of UV disinfection

UV disinfection arises from a photochemical

process, in which UV light is absorbed by DNA or

RNA in the microorganism, causing a disruption

in the structure of the nucleic acid. Therefore, an

understanding of UV disinfection requires some

background in the fundamentals of UV light,

photochemistry, and photobiology
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Spectral ranges of UV, visible, and IR light. 

The ultraviolet range is 100–400 nm.
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The UVC range is sometimes called the germicidal range because it is

very effective for inactivating bacteria and viruses. The vacuum

ultraviolet (VUV) range is absorbed by almost all substances (including

liquid water and oxygen in air). Therefore, it can only be transmitted in

a vacuum.



EMISSION, TRANSMISSION, AND ABSORPTION OF LIGHT

 Various aspects of light are discussed in the context of

emission from a UV lamp, transmission through a

medium (air, water, etc.), and absorption by a target

molecule.
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Advantage of UV Disinfection

 Effective disinfectant

More effective than chlorine in inactivating most viruses, 

spores, cysts

 No chemical addition required

 No formation of disinfection byproducts

Water retains its natural flavour and smell

Microorganism inactivation achieved within seconds

Max operational safety

Minimal operating costs
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Disadvantage of UV Disinfection
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WHAT HAPPENS WHEN UV LIGHT REACHES 

ITS INTENDED TARGET

 The absorbed photon energy causes the molecule to rise in

energy from its initial ground state to an excited state.

❑ The molecule returns to its ground state with emission of a photon—this is

called fluorescence.

❑ The excited state can convert to another (usually longer lived) excited state

from which photon emission can occur—this is called intersystem crossing

followed by phosphorescence.

❑ The molecule can return to the ground state with the excess energy being

lost as heat into the medium—this is called internal conversion.
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Mechanisms of UV Disinfection 

❑ UV light inactivates microorganisms by damaging

nucleic acids (DNA or RNA) thereby interfering with

replication of the microorganisms and therefore

incapable of infecting a host
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Mechanisms of UV Disinfection 
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❑ Different microorganisms have different degree of susceptibility 

to UV radiation depending  on DNA content

❑ Viruses are the most resistant

❑Microbial repair: regain of infectivity



Absorption spectra of nucleotides and of DNA
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UV SENSITIVITY OF MICROORGANISMS

Microorganisms exhibit a wide variation in their

sensitivity to UV light.

The measurement of the UV sensitivity of

microorganisms at a specific wavelength, or narrow

band of wavelengths, is performed through the

determination of a UV dose (fluence)–response curve.
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UV Dose 
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❑ The effectiveness of UV disinfection is based on the UV  dose to 

which the microorganisms are exposed 

❑ UV dose is analogous to Cl2 dose

Cl2 dose = Cl2 conc. x contact time (t) or Cx t

❑ UV dose (D) = I x t  or if intensity not constant

Where, D = UV dose, mW.s/cm2 or mJ/cm2

I = UV intensity, mW/cm2             & t = exposure time, s

❑ UV dose can be varied by varying either the intensity or the 

contact time

dtI

t


0

.



Germicidal Effectiveness of UV Radiation
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 UV light is physical rather than chemical disinfecting agent –

penetrates the cell wall and is absorbed by nucleic acids,

which either kills cells or prevents replication (RNA interference)



Variables affecting performance:

Characteristics of UV disinfection system

Overall system hydraulics

Presence of particles

Characteristics of the micro-organisms

Chemical characteristics of the wastewater
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photoreactivation

 1949: Kelner was the first to discover photoreactivation.

 He found that bacteria stored for some time after UV

exposure were able to recover; however, the effect was

quite variable. On further investigation, he found that

exposure of bacteria, previously inactivated by UV light, to

visible or near UV light greatly enhanced the ability of the

bacteria to recover.
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UV dose (fluence) at 254 nm required for 4-log 

(99.99%) inactivation of various bacteria
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UV dose (fluence) at 254 nm required for 4-

log (99.99%) inactivation of various viruses
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§ The USEPA has set a 4-log inactivation UV dose of 186 mJ/cm2 as the virus limit



UV dose requirements, in mJ cm-2 (USEPA 2006)
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categories for UV Disinfection Systems

Low-pressure low intensity

Low-pressure high intensity

Medium-pressure high intensity
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Mercury Vapor Lamp Operational Advantages
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Closed Channel & Open Channel Reactors 
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Drinking Water Wastewater

Racine, WI UV System 

(100 mgd peak) 

WSSC Laurel, MD UV System 

(120 mgd ) 



Upstream solids removal process has large 

impact on UV system sizing and cost
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Upstream Solids 

Removal Process

Design 

UVT 

(%)

Design UV Dose

(mJ/cm2)

Granular Media 55 100

MF/UF 
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UV Open Channel Systems
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Open-Channel  Disinfection System

❑ Lamp placement : horizontal and parallel to flow (a)

: vertical and perpendicular to flow (b)

❑ Flows equally divided into number of channels

❑ Each channel - two or more banks of UV lamps in series

❑ Each bank - number of modules (racks of UV lamps)

❑ Each module: number of UV lamps (2, 4, 8, 12 or 16)
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UV Closed Systems
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❑ Mostly flow perpendicular to  UV lamp

❑ Mechanical wiping: clean quartz sleeves



Problems with UV Applications
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 Inaccurate knowledge of the UV intensity.

 Exposure time associated with all of the pathogens passing through a UV

disinfection system.

 Open channels – achieving a uniform velocity field in the approach and

exit channel. Especially difficult is when UV is retrofitted into existing open

channel (converted chlorine contact chambers).

“UV Disinfection Guidelines for Drinking Water and Wastewater Reclamation” (NWRI and AWWARF, 2000).



Typical Mercury Vapor Lamp Characteristics
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Performance Evaluation 

 Wedeco Duron UV System

 2 channels

 3 banks each

 12 lamps/ bank
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Performance Evaluation 
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Components of UV Disinfection System

1. UV lamps

2. Quartz sleeves: to house and protect lamp

3. supporting structures for lamps and sleeves

4. Ballasts to supply regulated power to UV lamps

5. Power supply

6. Sleeve wiper – to clean the deposit from sleeves
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Dose-monitoring Approaches – Key Characteristics
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UV system maintenance comparing to 

Chlorination system   
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Recommended operations and maintenance tasks
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Recommended operations and maintenance tasks
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Please visit the below links for full articles, Handbooks related to 
this session 
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https://www.cedengineering.com/userfiles/UV%20Disinfection%20Options%20for%20W

WTP-R1.pdf

https://www.cedengineering.com/userfiles/UV%20Disinfection%20Systems%20for%20D

rinking%20Water%20-%20Overview-R1.pdf

https://www.cedengineering.com/userfiles/UV%20Disinfection%20Systems%20for%20D

rinking%20Water%20Planning%20and%20Design-R1.pdf

http://pha.poli.usp.br/LeArq.aspx?id_arq=1120
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