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Solar corona as seen in deep UV light

Extreme UV imaging telescope aboard Solar and Heliospheric Observatory spacecraft
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Method of InactivationMethod of Inactivation

• 250-270 nm
wavelength

• Fuses  DNA

• Prevents
replication



UV DoseUV Dose
Energy per unit area times contact time



UV DoseUV Dose

Energy per unit area times contact time

Irradiance (mW/cm2) x time (sec) = mWs/cm2

(sometimes expressed as !Ws/cm2 )

1 mWs/cm2  = 1 mJ/cm2



UV DoseUV Dose

Equipment Rating

Lamp Age

Lamp Fouling

Water Quality

UV Transmittance, organic content, suspended solids, turbidity, iron



InactivationInactivation
UV energy levels at 254 nanometer units
wavelength required for 99.9% destruction of
various organisms.

Microwatt-seconds per square centimeter.

Bacteria

Bacillus anthracis 8,700

Escherichia coli 6,600

Pseudomonas aeruginosa (lab) 3,900

P.aeroginosa (environmental) 10,500

Shigella dysenteriae (dysentery) 4,200

Staphylococcus aureus 7,000

Vibrio cholerae (cholera) 6,500

Protozoa

Chlorella vulgaris (algae) 22,000

Paramecium 220,000

Virus

Coliphage 6,600

Hepatitus virus (infectious) 8,000

Influenza virus 6,600

Poliomyelitis (polio virus) 21,000

Tobacco mosaic virus 440,000



UV Dose-ResponseUV Dose-Response



UV Pros and ConsUV Pros and Cons

• No byproduct formation

• Effective disinfectant

• No chemicals

• No need to dechlorinate

• Low cost

• Lamp cleaning/replacement

• Solids can reduce effectiveness



• Information

• Regulation



• Information

• Regulation



Technology Performance and Availability:Technology Performance and Availability:

An EPA PerspectiveAn EPA Perspective
Dan Schmelling, USEPA

UV can inactivate high levels of waterborne
pathogens at  feasible doses and is effective
against bacteria, viruses, Giardia, and
Cryptosporidium.

Typical UV doses for water disinfection range from
30 - 140 mJ/cm2.  Log inactivation of  bacterial
pathogens is reported at doses of 3 - 34 mJ/cm2.



Technology Performance and Availability:Technology Performance and Availability:

An EPA PerspectiveAn EPA Perspective
Dan Schmelling, USEPA

inactivation dosage

 mJ/cm2

Viruses 4-log 7 - 50

Giardia 3-log 20

Crypto 3-log 20

bacterial pathogens 1-log 3 - 34



The GearThe Gear

• Mercury lamps

• Ballasts and power supplies

• Lamp sleeves

• Cleaning systems

• UV intensity sensors

• UV transmittance monitors

• Temperature sensors
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Ballasts-Magnetic & ElectronicBallasts-Magnetic & Electronic

• Mercury lamps

• Ballasts and power supplies

• Lamp sleeves

• Cleaning systems

• UV intensity sensors

• UV transmittance monitors

• Temperature sensors



Measuring UV IntensityMeasuring UV Intensity



Low-pressure mercury-arc lamps

UV Radiation output peaks at 253.7 nm

UV output decreases over bulb life, perhaps 20 - 25%

Proprietary connections?

LampsLamps



Lamp IntensityLamp Intensity

Horizontal (mercury) lamp module

Quartz sleeves with cleaning mechanism

Lamp service life: 7,500 to 20,000 hours



uvuv--techniktechnik
Germany



LampsLamps



LampsLamps



First Light USAFirst Light USA



First Light USAFirst Light USA

$29

$33

$41

$43

$51





SteriPenSteriPen
$150
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UV EquipmentUV Equipment

• Single-vessel

• Multiple-lamp

• 200 - 500 watts

• 200 - 700 gpm*

• $2,000 - 4,000

* at 15,000 µWs/cm2



UV EquipmentUV Equipment

• High-output

• 450 - 2,000 watts

• 400 - 2,000 gpm*

• $4,000 - 13,000

* at 15,000 µWs/cm2



UV EquipmentUV Equipment

• TMC

• 110 - 660 watts

• 15 - 100 gpm*

• $350 - 2,600

* at 30,000 µWs/cm2



UV EquipmentUV Equipment

• Pentair Aquatics

• 8 - 240  watts

• 4 - 150 gpm*

• $140 - 1,300

* at 15,000 µWs/cm2



Trojan UVTrojan UV



Closed Channel

for Drinking Water

Open Channel

for Wastewater



Design: WastewaterDesign: Wastewater



MDNRMDNR’’s s Design Standards forDesign Standards for

Wastewater SystemsWastewater Systems

Rules of Department of Natural Resources

Division 20—Clean Water Commission, Chapter 8—Design Guides

(3) Forms of Disinfection.  Chlorine is the

most commonly used chemical for wastewater

disinfection.  The forms most often used

are liquid chlorine and calcium or sodium

hypochlorite.  Other disinfectants, including

chlorine dioxide, ozone or bromine, may be

accepted by the agency in individual cases.



Ten-State Standards forTen-State Standards for

Wastewater SystemsWastewater Systems

Design standards, operating data, and experience are not well
established… prototype testing… ask reviewing authority…

  • open-channel designs

  • modular UV units

  • two banks in series

  • consider safety, operation, and maintenance

  • water level control

  • closed-chamber units reviewed on a case-by-case basis

  • ask reviewing authority



Ten-State Standards forTen-State Standards for

Wastewater SystemsWastewater Systems

EFFLUENT  WATER QUALITY CHARACTERISTICS

Parameter Maximum

UV 254 transmittance 65% at 1 cm

(35% absorbance)

BOD 30 mg/l

TSS 30 mg/l



Ten-State Standards forTen-State Standards for

Wastewater SystemsWastewater Systems

GENERAL GUIDE TO UV DOSAGE BASED ON DESIGN PEAK HOURLY FLOW

UV dosage > 30,000 !Ws/cm2

(30 mJ/cm2)

AFTER adjustments for:

  • maximum tube fouling

  • lamp output reduction after 8,760 hours of operation

  • other energy absorption losses



Atlantic UltravioletAtlantic Ultraviolet



Atlantic Atlantic UltravioletUltraviolet’’s s MagnumMagnum



Operation and MaintenanceOperation and Maintenance

Power consumption

• similar to fluorescent lighting

Lamp and sleeve cleaning

• important to maintain UV dosage

• automatic / manual

• chemical / mechanical

Lamp replacement (7,500 to 20,000 hours)

Performance monitoring (temp, UV intensity, coliform)



Example InstallationExample Installation















X
Suddenly required replacement

~ $14,000
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