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Ultraviolet Disinfection
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What is disinfection? gates or weirs are used to control the leve| of
Human exposure to wastewater the wastewater.

discharged into the environment has
increased in the last 15 to 20 years with the What are the advantages and

rise in population and the greater demand | disadvantages of using UV

for water resources for recreation and other disinfection?
purposes. Wastewater is disinfected to Advantages
prevent the transmission of infectious « UV disinfection is effective at inactivating
diseases and to ensure that water is safe for  10st viruses spores, and cysts.
human contact and the environment. There| . v disinfection is a physical process

is no perfect disinfectant. However, there rather than a chemical disinfectant; thus
are certain characteristics to look for when eliminating the need to generate, handlé,
choosing the most suitable disinfectant: transport, or store toxic/hazardous or

+ ability to penetrate and destroy infectious|  ~orrosive chemicals.
agents under normal operating conditions; . There are no toxic residuals that could be

* lack of characteristics that could be harmful to humans or aquatic life.
harmful to people and the environment; | . yyis user-friendly for operators.

+ safe and easy handling, shipping, and « The wastewater needs to be in contact
storage; with UV light for only a short time to be

* absence of toxic residuals, such as cancef-  adequately disinfected (approximately 20
causing compounds, after disinfection; and 15 30 seconds with low-pressure lamps)
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+ affordable capital and operation and « UV disinfection equipment requires less
maintenance (O&M) costs. space than other methods.
What is UV disinfection? Disadvantages

« Low dosages may not effectively inacti-
vate some viruses, spores, and cysts.

» Organisms can sometimes repair them-
selves and “undo” the effects of UV
disinfection. This phenomenon is known
asphotoreactivation

« The tubes used to carry the wastewater
can develop a buildup of slime, or fouling
which may require regular cleaning for
preventive maintenance.

« It is more difficult to penetrate microor-
ganisms in wastewater that is not clear
(containing high amount of solids in
suspension).

* In some cases, UV can be more expensjve
than other disinfection methods.

» There is no measurable residual to indicate
the effectiveness of UV disinfection.

One way to disinfect wastewater is
through ultraviolet (UV) radiation, which
inactivates disease-causing bacteria by
electromagnetic radiation. Wastewater flows
through or around a tube with UV light
penetrating it from all directions. Radiation
is transferred to the cell walls of the
bacteria, rendering the organisms sterile.

A UV disinfection system consists of
mercury arc lamps, a reactor, and ballasts.
The lamps are the source of UV radiation,
the ballasts provide power to the system,
and wastewater flows through tubes in the
reactor. Two types of mercury lamps can be
used: low pressure or medium pressure.

There are two types of UV disinfection
reactor configurations: contact and noncon

g e R tact. In both of these types, wastewater can
is fact sheet was developed by ; ; .

2 Clement Solomon. Peter Casey, flow elthgr perpendicular or parallel to the What determines the
8 Colleen Mackne. and Andrew Lakd lamps. Figure 1 (see page 2) shows two U rforman f UV disinfection
e ’ i " contact reactors with submerged lamps periormance o isinfecto
E ©1998 by the National Small  j5ced parallel and perpendicular to the systems?

Flows Clearinghouse | girection of the wastewater flow. In the A UV disinfection system must be

noncontact reactor, the UV lamps are designed to reach the most bacteria with the

suspended outside of a clear conduit. Flap | continued—
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What is the cost of UV disinfection?
- Flow in The cost of UV disinfection systems depends on
. L the manufacturer, the site, the capacity of the plant,

UV horizontal lamp and the characteristics of the wastewater to be
module with support .. . .
racks disinfected. The main operating costs are power

consumption, equipment replacement and repairs,

) cleaning supplies, and personnel costs.

I’;‘\J/grzggfrol T uvbanca Typical (total) O&M costs per year for each low:
Note: A UV bank is pressure lamp range from $85 to $98, which includes
composed of a these items: power; replacement of lamps, ballasts,| and

Flow ”m“orggf’ers(’f wv sleeves; cleaning chemicals and supplies; staffing
out @) ' requirements; and miscellaneous equipment repairs.
_ How do I stay informed about UV
L Flown technology?
e gy-
= For more information on UV disinfection or a list
g . ' of other fact sheets, contact the National Small Flows
3 S Clearinghouse (NSFC) at West Virginia University,
— Z . | H H‘iu\{ ‘ P.O. Box 6064, Morgantown, WV 26506?-6064. Phone:
level <>~ ”Hl‘.w’ (800) 624-8301 or (304) 293-4191. Fax: (304) 293-
control / =i 3161. World Wide Web sitétttp:/mww.nsfc.wvu.edu
UV vertical lamp The NSFC provides free and low-cost informa-
Flow out X module with tional services and products to help homeowners and
support racks small communities address their wastewater needs
(b) Also, information about manufacturers, consultants,
regulations, and facilities can be obtained from the
NSFC’s databases.

Figure 1:

Isometric cut-away views of typical UV disinfection systems with cover gratinne.l:ere“ces

removed: (a) horizontal lamp system parallel to flow (adapted from Trojan .

Technologies, Inc.) and (b) vertical lamp system perpendicular to flow (adaptgc{'tes’ R. and_G. Tchobanoglous. 198fall and

from Infilco Degremont, Inc.) Decentralized Wastewatt_ar Management Systems.

) ) o The McGraw-Hill Companies. New York, New York.

fﬂource: Crl_tes and Tchobanoglous (1998), used with permission from The Darby, J.: M. Heath: J. Jacangelo; F. Loge; P. Swaim: and G.

cGraw-Hill Companies . .
Tchobanoglous. 199&omparison of UV Irradiation to
strongest UV dose for the longest time possible. The success of  Chlorination: Guidance for Achieving Optimal UV Perfort

UV disinfection depends on the amount of time the wastewater mance Water Environment Research Foundation. Alexan-

is exposed to UV radiation, the intensity of UV radiation, and dria, Virginia.

the characteristics of the particular wastewater at the time of| Metcalf & Eddy, Inc. 1991Wastewater Engineering: Treatment,

disinfection. The amount and type of microorganisms vary with Disposal, and Reus&d ed. The McGraw-Hill Companies

different wastewater. The concentration of total suspended New York, New York.

solids and of particle-associated microorganisms determines| Task Force on Wastewater Disinfection. 198@stewater

how much UV radiation ultimately reaches the target organisms. Disinfection.Manual of Practice No. FD-10. Water

The higher these concentrations are, the lower the UV radiation  Pollution Control Federation. Alexandria, Virginia.

absorbed by the organisms, and thus, the less effective disinfedJ.S. Environmental Protection Agency (EPA). 1986a.

tion can be. Design Manual: Municipal Wastewater Disinfecti@PA

Office of Research and Development. Cincinnati, Ohio.

Are UV disinfection systems easy to operate EPA/625/1-86/021.

and maintain? . 1986b. “Disinfection with Ultraviolet Light—Design,

Proper O&M is needed to keep a UV system functioning Construct, and Operate for Success.” EPA. Cincinnati,

at maximum performance. This requires that all surfaces Ohio.

between the UV radiation and the target organisms be kept . 1988. “Ultra Violet Disinfection: Special Evaluation

clean—mainly the tubes, lamps, and reactor. Inadequate Project.” EPA Region 5. Chicago, lllinois.

cleaning is one of the most common causes for a UV system(s . .

failure to perform. The r_nentlon of trade names or commerc_lal products does

0&M also involves replacing the tubes, lamps, or quartz not constitute endorsement or recommendation for use by the
sleeves regularly, according to manufacturer’s instructions. NSFCor U.S. EPA.

Lamps are generally replaced after 12,000 hours of use, quartz

sleeves after 5 to 8 years, and ballasts every 10 to 15 years.
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