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A Message
from the
President
Bob Hulsey

Editorial
ByJim Bolton
Editor-in-Chief
The response to Issue I (W Air Treatment Theme) has
been very positive. It was a lot of work to put it together,
but very much worthwhile.
I'm sure you will enjoy this Issue as well, with its theme of
UV Drinking Water Treatment. We've assembled an
excellent set of articles and a "Buyer's Guide"; the
responsefrom advertisers has been gratifying. This Issue
will be made available at our booth at the AWWAAnnual
Conference in Orlando.
I am always looking for articles - if you would like to
write an article for IUVA News, send me an email
(bolton@iuva.org), and I'll send you the Author's
Instructions. In a coming issue I would like to feature
applications of UV disinfection in the Third World. If you
have a story to tell about how a UV Disinfection Unit has
made a difference in a remote village, please contact me.
I am also the Editor of IUVA e-News, the online version
of IUVA News, which is posted in the Member Zone of
the IUVA Web Site (wwwiuva.org) eight times per year.
You have to be an ITIVA Member to accessIUVA e-News.
but it is full of great news and information about UV
applications, inpluding comprehensive lists of UV
references and patents, UV Regulations (I have just
updated this compilation with information from amny
statesand provinces in North America) around the world
and UV Industry Announcements. If you are an IUVA
Member and are having trouble accessingIUVA e-News,
contact Kathy Harvey (l$awey @iuva.org).
Please pay special attention to the 'News from IUVA
Section". Of note is the "Member-Get-a-Member"
Contest. There are some great prizes and you will be
helping build IUVA at the same time if you participate.
The "Call for Papers" for the 3rd International Congress
on Ultraviolet Technologies to be held in Whistler, BC,
Canada(site of the 2010 Winter Olympics) is on page 37.
Kathy Harvey and I have just inspected the facilities in
Whistler, and I can assure you that this Congress will be
great! You won't want to miss it.
I welcome feedback on how to improve IUVA News, and
also Letters to the Editor. I hope we can develop a healthy
exchange of ideas. Send them to me at jbolton@iuva.org.
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Fittingln:
The IUVA continues to grow. The reasons for this
growth are many; having enthusiastic staff and
volunteers, dealing with exciting research, and
expanding into new areas of treatment such as air
disinfection. But in the past week, we have taken
another big step. Based on the vote of the International
Board, the next President of the IUVA will be from
outside of North America. Dr. Andreas Kolch, the
Director of Research and Development for WEDECO in
Herford, Germany was selected to serve as PresidentElect. Please join me in congratulating Andreas and
wishing him well as he leads the IUVA, starting at our
World Congress to be held in Vancouver, British
Columbia in 2005.
Between now and then, we still have a lot of work to do.
In June, we will be having our board meeting at the
AWWA conference in Orlando, $lorida. Immediately
after that meeting, many of us will be joining in
discussions on revisions to the draft UV Disinfection
Guidance Manual that will provide much of the direction
for UV treatment of drinking water in the United States.
This is an important part of our mission to ensure the
benefits of UV are widely implemented.
But as we proceed down the path of making UV
treatment more commonplace; I will pass on a word of
warning. UV is an excellent tool, but it must be applied
appropriately. The key to UV's success is its proper
application, design, and operation and maintenance. It is
our job to provide information on subjects such as
testing and validation requirements, reasonable
approachesto addressing unit downtime and operations
under unvalidated conditions,
and improved
measurementtechniques to ensure proper operation. By
doing this, UV will fit in as a cost-effective part of a
multiple barrier approach to water, wastewater, and air
treatment. Our group's goal is to provide information so
that when a utility chooses UV, it is to everyone's
benefit. If we accomplish that goal, the IUVA will truly
fit in.

Hot UV News

UV IndustryNews

L2 May 2OO4: tIV LEDs sterilize water, Optics.org.
Scientists demonstratethe first direct germicidal effect with an
ultraviolet light emitting diode (LED) source. A US
collaborationhas reducedlevels ofE colibacteria in water by
over five orders of magnitude using 280 nm excitation from
GaN-based ultraviolet LEDs. The proof-of-concept
experiment involved exposing a I mL E. coli spiked water
sampleto 50 pW emissionfrom two ultraviolet LEDs...
http ://opt ics.org/articles /naus / I 0/ 5/7/ I .

11 May 2OO4: Tlojan Technologies Continues Successin
Asia, Trojan TechnologiesInc. (TS)VTIfV) today announced
that it has been awarded a contact valued at over $ I . 1 million
for its ultraviolet (UV) water treatrnent system to be installed
at a municipal wastewater plant in the city of Hangzhou,
China. "This is our eighth contract win in China over the past
two years, demonstratingour leadershipposition in this large
and growing market," said Trojan President and CEO Marvin
D eY ries...http ://www.troj anuv.com/en/homeframe.htm

07 May 2O04: Scientists use UV for transplant condition.
. Stanford University scientists have used ultraviolet
light to successfullyprevent graft-versus-hsstdisease,where
transplantedcells attack a host body.
. In an animal study,researchersidentified an immune cell
in the skin known as a Langerhans cell they believe causes
the condition. The cells normally function as flag posts for
the immune system, signaling infection-fighting T-cells to
come fight off a virus or bacteria. However, in transplants,
they sometimes alert T-cells to attack the patient's own
tissues,researchersfound.
.The researchers were able to eliminate the cells in
transplantedmice by exposingthem to ultraviolet light, giving
the animals mild sunburn. Mice that received this treatment
experiencedno GVHD, while those that didn't showed severe
signs of the disease, said Edgar Engleman, professor of
pathology and medicine and senior author of the study...
hnp ://w ashingtontimes.com/upi-breaking/200405 06090622-5665rhtm.

12 May 2OO4l. Sterile-Aire, Inc. announcedthat their web
site has changed- it is now http://www.steril-aire.com

15 April 2OO4: Conductive Plastic Could Speed
Electronics Manufacturing, by R. Colin Johnson,
TechWeb. Portland, Ore. -- A conductive plastic that mixes
electronics-functions into the material before it is cured
could make possible products from disposable enewspapersto large-scaleorganic LEDs that can be sprayed
on walls. The patentedplastic, Oligotron, was developedby
TDA ResearchInc. (Wheat Ridge, Colo.), under a National
Science Foundation contract. Unlike earlier materials, it
uses noncorosive solvents to manufacture products...
http://www.techweb.com/wire/story/TWB2 00404I 550002

Looking for EPA documentson a particular
subject? Go to the National Center for Environmental
Publications (www.epa.gov/ncepihom/). You can searchthe
site and find a wealth of interesting documents. There is a
section for "Newly Issued Publications" and even a listing
of "Terms of Environment" (www.epa.gov/ OCEPAterms/),
in case you can't figure out what a particular EPA acronym
means!
You canfind more "Hot UV News" and other UV News
gleaned off the Internet in IUVA e-News (http://
www.iuva.org/MemberZone/enews/),accessible only to
IUVA Members.

11 May 2004= 254 Limited (http://vnvw.254limited.co.ukfi
announcesthe launch of it's new Ultraviolet Water Sterilizer
designed specifically to meet the demandsof Solar Powered
applications.
6 May 2OO4: WEDECO wins order to equip Munich's
Gut Marienhof WWTP with a UV disinfection system.
WEDECO AG has won a major order worth more than 1.45
Miinchen"
million euros from the " Stadtentwiisserungswerke
(municipal sewerage company) of the city of Munich.
Germany'slargestUV water disinfection system is to be built
at the Gut Marienhof waste water treatmentplant in Munich.
The system is scheduledto be installed in the spring of 2005
and to start operation in the summer of the sameyear...
29 April 2OO4t Elliot Whitby Joins Calgon Carbon's
UV Technologies Division, Calgoh Carbon Corporation
announced that Dr. Elliot Whitby recently joined the
company as principal scientist for its UV Technologies
Division. Prior to joining Calgon Carbon, Dr. Whitby
served as researchdirector for Suntec Environmental Inc., a
producer of UV disinfection systems in Concord, Ontario,
Canada. He has worked and served as a consultant for all
of the major worldwide UV equipment manufacturers. For
further details consult Scott Frenz (sfrenz@calgoncarbonus.com).
20 April 2OO4: H2O Innovation completes Private
Placement of $3.02 Million. H2O Innovation (2000) Inc.
(TSX-V : HOI), a leader in the water treatment sector,
announces the closing of a private placement. In
consideration for the issuanceof 20,133,333 units at a price
of $0.15, the Company received proceedsin the amount of
$3,020,000 intended for its working capital. Each unit is
comprised of a common share and a w&rranL,each warrant
granting the holder the right to subscribe one common share
of H2O Innovation at a price of $0.18 for a two-year
period...
Youcanfind more "UV Industry Announcements"in IUVA
e-News (http://www. iuva.org/ MemberZone/enews/),
accessible only to IUVA Members.
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NEWSFROMIUVA
KOLCH
DR.ANDREAS
ELECTED
AS IUVA'S
PRESIDENT
ELECT
In its first ever true "election",
IUVA's Board of Directors elected
Dr. Andreas Kolch as the New
President Elect, defeating Dennis
Mutti of Stantec Consulting in
Canada. Dr. Kolch will take over
as President of IUVA at the 3rd
Ultraviolet Congress in Whistler,
BC, Canadain May 2005.
Andreas Kolch joined WEDECO in 1994 after he finished
his researchat the Institute of Hygiene, University of Bonn,
where his thesis topic was about the susceptibility of various
pathogens against UV- Light. The results have been
implemented in numerous standards, e.g., the DVGW test
protocol.
Dr. Kolch's expertise includes knowledge about disinfection
application and standardizat;rcnas well as detailed expertise
in UV technology.
During his work for the WEDECO group in various firnctions,
Dr. Kolch's spectrum of activities led to a detailed
understanding of a wide variety of applications, including
drinking water, waste water and industrial treatment processes.
The following are excerpts from Dr. Kolch's "Personal
Statement":

Coming from that, the goal for 2005-2007 would be to step
from an information society to an impact society.
One example might illustrate that: Recently IUVA News
presentedthe perspectivesof different stakeholdersabout the
EPA guidelines.This for surewill have impact; it was not just
about information. It clearly pointed out what different
positions there are and made suggestionsfor improvement.
This to my mind has to be intensified.
One of the results would automatically be that IUVA would
increase its membership base, becausemore people would
think about the importance to be linked to such an
organization and additionally also to a broader range of
countries worldwide.
I am happy and enthusiasticto have the chanceto play a role
during the necessaryprocessesrequired for the challenges
our Association will face in the future, and I am excited to
work with every one of you to keep us strong and make us
even sffonger.
For those of you who are not yet a Member of the IIIVA, I
would like to take the opportunity to encourageyou to take
all the benefits of a Membership, and thus meet people within
i
the "UV-world" and network.
I hope to seeyou all in Canadanext year.
Kind regards
Andreas Kolch
,'

AVAILABLE
THROUGH
THEHEADOFFICE

The past presidentshave done and the current one is doing a
great job in establishing the Association, transferring it to a
vital orgarization and keeping it running, which is diffrcult in
today's environment. This required enormous efforts to reach
the current status.Last year's Conference in Vienna showed
that the Association has a good reputation within the
scientific, engineering, consulting and manufacturing
community.

2. CDROM Proceedings of the Second International

I personally think that in the future the organization must
have a strong vision on what it should achieve and how to get
there. Therefore it is crucial to answer the question:

Wastewater & Environmental Applications, Singapore,
October 2002 (very limited quantity available) - $50 ($40

What is IUVA really good at and how can we leveragethat to
move forward? What are our assets?Where are we already or
could be different to others?
Obviously it is UV as a technology, what it is all about and
how to promote that, but my belief is that IIfVA's core
includes the most precious people in the UV world, and this
should be used not only as a platform for information (which
ILIVA is presently doing a good job) but also should try to
make an impact on the world of UV in terms of
communication to regulating bodies, authorities, media and
the public.
5 I I UV ANE W S

l. CDROM Proceedingsof the First International Congress
on UV Technologies,Washington DC, June 2001 - $100
($80 for Members)
Congresson IJV Technologies,Vienna Austria July 2003
- $100 ($80 for Members)
3. CDROM

Proceedings of the First Asia Regional

Conference on Ultraviolet

Technologies for Water,

for Members)
4. CDROM of the Presentations at the Ultraviolet Air
Treatment Conference,Nov. 2003 Chicago, IL - $40 ($25
for Members).
5. IUVANews Back Issues($5 each) - Contact Head OfFrce
for a list oftopics for each issue.
6. IUVA T-shirts ($15 each) - available in light grey with tulI
color embroideredIUVA logo. Sizes are unisex, medium,
large and x-large. Price includes regular shipping.
Tb order any of the above items please contact Kathy Harvey
at kharvey@iuva.orgfor an order form.

M E M B E RS H IPR E N E WA L
As of January 2004 alI membership renewal invoices and
reminders are being sentto you by email. We are going to this
method for a few reasons. It will be faster, less time
consuming to send, and less expensive.We are looking into
the option of being able to renew online from the IUVA web
site. More information on this will follow as we have it.
Thank you for your patience and cooperationas we make this
transition.

EMBER
DRIVE
MEMBER.GET-A-M
of IUVA:
Toall currentMembers
You are in a perfect position to know who should become an
IUVA Member - your friends and colleagues who have an
interest in UV technologies.
This issue of IUVA News has Membership Information and
an Application Form. The same information in on the IUVA
Web Site at http ://www. iuv a.org/PublicArea/ Member_Info.
htm.Make a copy and encourageyour friends and colleagues
to join IIJVA. Put your name on the bottom or top of the
form. That way we can keep track of who is responsible for
new Members.
The First Prize for the IUVA Member that signs up the most
New Members is a Free Registration to the 3rd Intemational
Congress on Ultraviolet Technologies in Whistler, BC,
Canada24-27 May 2005. The two Runners up will receive a
Free One-Year IUVA Individual Membership. The contest
endson 31 December2004.

NEWIUVAWEBSITE

17,18 November 2004: 2nd UV Air Treatment
Conference, University Park, PA. Contact the Organizer,
Wally Kowalski (drkowalski@psu.edu). Watch for the
Announcement on the IUVA Web Site.
24-27 NI.ay 2005: Third International Congress on
Ultraviolet Technologies Whistler, British Columbia,
Canada.Mark these dates on your calendar! You won't want
to miss this biennial congressbeing held at the site of the
2010 Winter Olympics. Seepage 37 for the Call for Papers.
Note: For listings of other conferences and meetings that
may be of interestto IUVA Members, consult the "Upcoming
Meetings" Section of IUVA e-News.

NEW CORPORATEMEMBERS
The following companies have joined IUVA as Corporate
Members in2004. Welcome to IUVA!
FP Technologies Inc., N. Tonawanda, NY, 03 Member,
wvvwfutechinc.comi Contact: Peter Bjorkman (pborkman@
fptechinc.com).
Lumafier, Memphis, TN, 02 Member, 'vwvw.lumaliercom;
Contact: Charley Dunn (cdunn@lumalier.com).
Sanuvox Technologies, Montreal, Canada,03 Member,
www.sanuvox.com; Contact: Stuart Engel
(sengel@ sanuvox.com).
Shenzhen Ocean ior"". Industrial Co., Ltd, Shenzhen
City, China, 01 Member, www.oceanpower.com;Contact:
Polo He (polo@oceanpower.com).
Consult issues of IUVA e-News for A list of new Individual
IUVAMembers.

By the time most of you read this issue, ILfVA will have a
newly designed (by Nelix) Web Site (still al
http://www.iuva.org). All the regular sections will be there,
but the various Sectionsof IUVA e-News will becomepart of
the main Web Site. Check it out. Any comments would be
welcome. Contact Jim Bolton fi bolton@iuva.org).

AND
IUVACONFERENCES
UPCOMING
WORKSHOPS
(seethe IUVA WebSite [www.iuva.orgJfor details)
22-24 September 2004: European Conference on UV
Radiation - Effects and Technologies Karlsruhe
University, Karlsruhe, Germany. Deadline for Submission
ofAbstracts - 5 April2004.
4-6 October 2004:2nd Asia Conference on Ultraviolet
Technologies for Environmental Applications Sanjo
Conference Center, Hongo Campus of the University of
Tokyo. The first day will be a UV Workshop with the full
Conference on the next two days. Deadline for
Submission ofAbstracts: 31 March 2004.

,j
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Lettersto the Editor
In the previous Issue of IUVA News, the article
"Understanding UV Monitoring for Air and Water UV
Treatments" by Goin, Skirda, and Tohktuev was an
excellent and informative discussion of radiometry in UV
technologies.
I was dismayed by one thing the use of the term "dose."

it was the persistenceof

"Dose" is a term used in high energy (such as X-ray)
radiation, including electron-beam exposure, and is
defined as "energy absorption per unit mass (or per unit
volume)." It is typically expressed in. kilograys or
megaradsand its rypical units are J/g or J/cm3.
What we measurewith UV radiometry is NOT absorption
per unit volume, but the time-integral of irradiance at a
point on a surface. Consequently, the term we prefer is
simply "energy density" or "energy." To be totally
precise, when wavelength or band is included, the term
would be "effective energy density."
Old habits are difficult to break. In the "radiation curing"
technologies (such as UV curing), we have attempted,
through the UV Measurements Group of RadTech
Intemational North America, to get this term into proper
use and perspective. For the last four years, we have
strenuously pressed to remove the term "dose" from
inappropriate use in UV curing and radiometry.
We have received superb support and agreement.fromthe
radiometer manufacturers who serye our industry.
We hope that some discussion of this terminology will
lead to consistent use across the several technologies that
utilize and meaSureUV exposure.
R. W. Stowe
Fusion LIV Systems, Inc.
910 Clopper Road, Gaithersburg,MD 20878
Reply from Mr. Goin
In the article it is explainedthat energydensityis commonly
describedasUV dose.
As explained,the latter term is widely used to describethe
Fluenceof the UV process.
Eventhoughthe term UV doseis describedby someexpertsin
thefield as"looselyusedto describeenergydensity",it is widely
used in peer review journals, official reports and other
publications instead of energy density in the disinfection,
biologicalinteractionandotherarenas.
The term Dose is currently defined by IUPAC in their
Compendiumof Chemical Terminology as the "energy or
amountsofphotonsabsorbedper unit areaor unit volumeby an
inadiatedobjectduringa particularexposnretime". IUPACalso
8 I I UV ANE W S

confirmsthatthe term "is usedin the senseof Fluence".The SI
uni tsareJm2orJm-3.
Although,as statedconectlyin Mr. Stowe'sletter,the termdose
was exclusivelyusedfor high-energyradiationsto indicatethe
energyabsorptionper massor volume,we believethat the term
has also been acceptedto expressenergydensityin the UV
disinfectionfield.
I would encouragethe RadTechIJV MeasurementGroup to
consideropeninga dialogwith IUPACin an effortto standardize
theterminologysothatthereis not only unity within a particular
industry,but acrossthe differentfields. It is inevitablethat the
UV industryand the disciplinesof ChemistryandBiology will
be comeinevocablylinked as the indusfy movesforward;and
without agreementbetweengroupslike IUPAC (a universally
recognized standard for terminology for Biological and
ChemicalIndustry)and RadTech,I am afraid the terminology
issuewill persist.
JosdGoin,PhD

Erratum:
Unfortunately, the following firms got omitted from the
UV Air Treatment Buyer's Guide in the last Issue (Issue
1) of IUVA News. The Editor apologizes for these
omissions.
Steril-Aire, USA Inc., Cerritos, CA, Tel: 562-467-8484;
Web: www.steril-aire-usa.com; pontact person: Bob
Scheir:Email: dr.bob@steril-aire-irsa.com.
UVGI Systems Ltd., West Molesey, UK, Tel; 44 20 8783
Web: www.energytechniqueplc.co.uk/Pagesi
0033;
UVGIPages/UVGI_home.html; Contact person: Joe
Tofu ; Email: j oe@diffirsion-ac.co.uk.

Ad
Classified
FOR SALE: Aquafine Ultraviolet Purification Unit,
Model CSL-I2R. $1,200.00 Firm. Brand New, Never
Installed. Iincludes 5 New Bulbs and Manuals. E-Mail:
mrcdesigns@aol.com.

tV cctroLLo
enG lneer s
-

wwwcarollo.
com

HEAD

Cryptosporidium Risk Analysis and
UV Disinfection System Reliability
Text text text

Mark W. LeChevallier and Richard E. Hubel
American Water, 1025 Laurel Oak Rd., P.O. Box 1770, Voorhees, NJ 08043; mlecheva@amwater.com

ABSTRACT
Databases on Cryptosporidium occurrence in filtered surface water
supplies can be used to estimate the benefit of providing UV
disinfection and the consequences of an interruption of the UV
disinfection system operation. Calculations show that a
conventional treatment plant could operate without UV disinfection
for 7 days per year (or an average of 14 hours per month) before
exceeding the 1/10,000 annual risk of Cryptosporidium infection.
However, the down time would be limited to only 3.67 hours per
month during the spring months, when Cryptosporidium levels are
the highest. The results demonstrate that UV disinfection systems
can be brought back on-line within a practical time frame (i.e.,
several hours) after a power outage or equipment malfunction and
that brief interruptions of a UV disinfection system would not create
an unacceptable risk assuming continued operation of an upstream
conventional treatment process. A similar approach was used to
estimate the limits of operation when a UV system was performing
outside of its validated operating criteria, and for unfiltered water
systems. Although data are limited, and additional data are needed
to refine the analysis, the study concludes that continuous operation
of UV systems is not needed to achieve acceptable risk goals and
that extra-ordinary measures to increase UV disinfection system
reliability (e.g., provision of UPS) provide marginal benefit
provided a backup power source is available.

INTRODUCTION
Ultraviolet disinfection is expected to be used by a significant
number of water utilities to reduce the risk of Cryptosporidium
infection, especially since the USEPA has published draft guidance
on its application (USEPA 2003b) and proposed regulations
requiring additional Cryptosporidium treatment (USEPA 2003a).
The Long Term 2 Enhanced Surface Water Treatment Rule
(LT2ESWTR) has a goal of reducing the annual risk due to
Cryptosporidium in treated drinking water to a level of less than 1
infection in 10,000 people per year.
Off-specification operation of a UV disinfection system occurs
when any of the critical operating parameters (e.g., flow rate) is
outside of the range of conditions used to validate the performance
of the reactor. Downtime is when the operation of a UV disinfection
system is interrupted (e.g., power failure) while water still is
flowing through the reactor. In the USEPA draft UV Disinfection

Guidance Manual (UVDGM, USEPA 2003b) downtime is
considered a subset of off-specification operation. The proposed
LT2ESWTR requires that for unfiltered surface water supplies, at
least 95% of the monthly flow into the point of entry (POE) of the
drinking water system undergo UV disinfection within the range of
validated conditions. Unfiltered systems would need to apply UV
doses sufficient to inactivate 2 or 3 logs of Cryptosporidium
oocysts, depending on the source water quality. Therefore, assuming
constant flow, unfiltered water system UV reactors could be out of
service, bypassed or operate “out of specification” (beyond their
validated conditions) for 36 hours per month.
The basis for the “out of service” or “out of specification” criteria
for UV performance for unfiltered systems was designed to be
similar to the requirements for Giardia and virus inactivation as
specified by the Surface Water Treatment Rule (USEPA 1989).
However the impact of this specification on meeting the 1/10,000
infection goal is not clear, because if source water Cryptosporidium
risks are greater than 1/100 infections/year, treatment of 95% of the
water would not be adequate. Recently LeChevallier et al. (2003)
reported the risk of infectious Cryptosporidium in an unfiltered
source water ranged between 1/42 to 1/95 infections per year,
depending on the method of analysis.
The LT2ESWTR addresses filtered water supplies very differently
by suggesting that primacy agency (States) define the “out of
service and “out of specification” limits. A concern is that without
additional guidance or information, some States may impose more
stringent limits for filtered water supplies than for unfiltered water
supplies. Again, using the Surface Water Treatment Rule as a model
(USEPA 1989), which requires continuous disinfection of filtered
drinking water, States would be inclined to require application of
continuous UV disinfection.
Because UV disinfection system performance is highly dependant
on power quality, water quality, flow rate, and other operational
parameters (Cotton et al. 2003), the occurrence of “out of service”
and “out of specification” conditions is expected in real world
applications. Additional redundancy and uninterruptible power
supplies can be provided to increase the overall reliability of UV
disinfection systems, but increase the cost by 10% or more. For 78
American Water surface water supplies, this would represent a
capital cost increase of $25 million (Hubel 2001).
The USEPA accepted public comment on the proposed LT2ESWTR
and the UVDGM through January 9, 2004. The final LT2ESWTR
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and UVDGM are expected in 2005. Lacking in the discussions was
the consideration of the current level of Cryptosporidium removal
via conventional treatment and the risk consequences of UV
disinfection system failure. This paper examines the risk of Cryptosporidium infection in filtered and unfiltered surface water supply
systems, and estimates the amount of time UV systems can be out
of service before acceptable risk levels are exceeded. Using several
Cryptosporidium databases, it is shown that UV systems can be out
of service for certain periods of time without an unacceptable
increase in risk.

RISK OF INFECTION
As developed by the National Academy of Sciences, risk analysis is
dependent on the three basic elements: hazard identification,
exposure assessment, and risk assessment. Several risk assessments
of Cryptosporidium in drinking water have been performed (Perz et
al. 1998; Fewtrell et al. 2001; Messner et al. 2001). The hazard
identification for Cryptosporidium is complicated because data on
the occurrence of the organism in water frequently lack species or
genotype characterization. In addition, until recently, data were
lacking on the viability and infectivity of waterborne isolates. Data
on drinking water exposure assessment have most commonly used
source water studies and adjusted the data with estimates of
treatment efficacy. These assumptions resulted in broad-range
estimates of occurrence in finished drinking water supplies. Human
dose-response data necessary to determine a risk assessment have
been gathered for three C. parvum bovine genotype isolates, and a
Meta analysis of the data has been completed (Messner et al. 2001)
to calculate the infectious dose for an unknown isolate (Table 1).
The resulting risk of infection has ranged from 5% for strain TAMU
to 0.04% for strain UCP (Table 1). Meta analysis of the data has
estimated the risk of infection from an unknown Cryptosporidium
isolate to be 2.8%.
Table 1. Summary of the Risk of Infection from Ingestion of One
Oocyst*
Risk of Infection from One Oocyst
Isolate

Mean

80% Credible
Interval

Iowa

0.0053

0.0034 to 0.0074

TAMU

0.048

0.022 to 0.081

0.00038

0.00023 to
0.00055

Mix of all three

0.018

0.009 to 0.029

Unknown Isolate

0.028

0.005 to 0.066

UCP

*Based on human feeding studies from Messner et al. 2001
To determine the concentration of infectious oocysts in water, the
number of oocysts must be adjusted for the recovery efficiency of
the detection technique. To calculate the daily risk of infection from
Cryptosporidium, the volume of drinking water consumed daily
(1.2 L/ day) is multiplied by the concentration of oocysts, times the
risk of infection from a single oocyst:
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Daily Risk =
1.2 L / day * oocysts / L * 0.028 infections / oocyst
The annual risk is determined by:
Annual Risk = 1 – (1 – DR)350
The factor of 350 accounts for days when water is consumed from
other sources. The USEPA is using these analyses as the basis for its
risk assessments in the pending LT2ESWTR. The Agency has
established an annual acceptable risk of microbial infection in drinking
water at 10–4 infections per person (Regli et al. 1999). To achieve a
<10–4 infection per person per year level, infectious Cryptosporidium
oocysts would have to be absent in 290,000 L (<3 x 10–6 / L) of
drinking water (assuming a 40% recovery efficiency).

CRYPTOSPORIDIUM OOCYST
OCCURRENCE IN WATER SUPPLIES
Numerous studies have demonstrated that surface water supplies are
frequently contaminated with Cryptosporidium oocysts
(LeChevallier and Norton 1995; McTigue et al. 1998; Di Giovanni
et al. 1999; Connell et al. 2000; LeChevallier et al. 2002). The
Information Collection Rule and the accompanying Supplemental
Survey provided one of the largest studies of Cryptosporidium
oocysts in surface water sources. A Bayesian analysis of the
resulting data showed a median (50th percentile) concentration of
0.02 oocysts per liter (Connell et al. 2000).
A number of studies have examined the occurrence of
Cryptosporidium oocysts in filtered drinking water (Table 2).
Detection frequencies ranged from 10% to 40%. All these studies
were conducted using the IFA method, so the occurrence of infectious
oocysts is not known. LeChevallier and Norton (1995) reported
detecting Cryptosporidium oocysts in approximately half of the 71
surface water treatment plants sampled with an average of 0.033
oocysts/L for positive samples. McTigue et al. (1998) examined 100
surface water treatment plants and detected Cryptosporidium in 15%
of the systems at a median concentration of 0.0006 oocysts/L for
positive samples[MLC2]. In one of the most detailed studies to date, the
United Kingdom Drinking Water Inspectorate requirement for daily
testing of 1000 L plant effluent samples by water utilities vulnerable
to source water revealed that Cryptosporidium were detected in 70%
of the systems in the range of 0.1 - 1 oocysts/100 L. (DWI 2002).
When data are combined for multiple years, 84% of the 207 tested
systems detected some oocysts, and two-thirds of the detected oocyst
concentrations were between 0.001 and 0.01/L (personal
communication, DWI 2003). The median number of occasions when
Cryptosporidium was detected was 7 (mean 29 times).
Other variables in Table 2 include the variety of treatment processes
and range of treatment conditions for the different studies, although
all of the samples were taken from filtered water systems. Although
there is ample evidence that low levels of Cryptosporidium oocysts
can occur in drinking water, one problem with these databases is
that the immunofluorescence (IFA) method does not indicate the
viability or infectivity of oocysts in drinking water. Cell culture
methods have been developed that can detect infectious oocysts in
water (Di Giovanni et al. 1999; Rochelle et al. 1997; Slifko et al.

1997). Di Giovanni et al. (1999) detected infective oocysts in 6 of
25 (24%) source water sites and in 6 of 122 (4.9%) source water
samples. LeChevallier et al. (2002) detected infective oocysts in 22
of 560 (3.9%) source water samples. By comparing cell culture and
IFA results, both studies have estimated that 37% of the source
water oocysts were infectious (Di Giovanni et al. 1999;
LeChevallier et al. 2002; LeChevallier et al. 2003). The occurrence
of oocysts had a bimodal seasonal occurrence, with detection
frequencies highest in the fall and spring.
Table 2. Detection of Cryptosporidium parvum in finished water
by immunofluorescence (IFA)
Oocysts Level
Range
% Positive
(100 L)

Study

26.8

0.13-48

LeChevallier et al., 1991

17.0

0.5-1.7

Rose et al., 1991

36.7

1-4.1

LeChevallier and Norton, 1992

13.4

0.29-57

LeChevallier and Norton, 1995

15

0.04-0.80

McTigue et al., 1998

1

40*

Solo-Gabrielle et al., 1998

46.2

22.1**

Hsu, et al. 2001

9.1

0.1-15

Rouse M. 2001, DWI 2001

3.28

0.1 - 1

DWI, 2002

35.0

0.05-0.8

Hashimoto et al., 2002

* Maximum value.
** Mean value
The study by Di Giovanni et al. (1999) was informative because it
also examined spent filter backwash samples by the cell culture and
polymerase chain reaction (CC-PCR) method. A total of 9 of 121
(7.4%) samples were positive for infectious oocysts. These data
were significant because they were the first to demonstrate that live
Cryptosporidium oocysts were penetrating the treatment process, at
least up to the filters. The authors speculated that there existed a
possibility that some of these oocysts could breakthrough the filters
and enter the finished water.
American Water conducted studies of filtered drinking water using
the CC-PCR technique to detect live, infectious Cryptosporidium in
finished drinking water (Aboytes and LeChevallier 2003). To
determine the concentration of live Cryptosporidium in drinking
water, the number of positive samples (24) was divided by the total
volume analyzed (169,000 L) and was adjusted for the recovery
efficiency (32.3%). The daily risk of infection was determined by
multiplying the average concentration of oocysts (0.00044
oocysts/L) times the average daily volume of water consumed
(1.2 L) and the risk of infection from a single oocyst (0.028
infections/oocyst). The daily risk of Cryptosporidium infection was
determined to be 1.5 x 10–5 infections/day, which translates into an
annual risk of 1 infection in 193 years (80% credible interval of 1
infection in 84 to 1,110 years) as presented in Table 3.

Because there was a strong seasonal distribution of the
Cryptosporidium occurrence in drinking water, similar calculations
were made for monthly data. The highest monthly risk was in April,
when the Cryptosporidium daily risk was 5.52 x 10–5 or annualized to
1/50 infection per year (Figure 1). These results correspond to a
recently completed AwwaRF study of raw water samples that also
showed more infectious Cryptosporidium during the spring
(LeChevallier et al. 2002). Reasons for the seasonal occurrence may
be due to environmental factors (increased rainfall or snow melt),
source water occurrence, or a greater degree of oocysts passage
through the treatment barriers due to changes in water temperature.
An example of a seasonal phenomenon has been reported for rapid
sand filters, where oocyst breakthrough increased when water
temperatures were lower than 15°C and was associated with a
decrease in the efficiency of particle removal (Hashimoto et al. 2002).
Table 3. Risk of Cryptosporidium Infection from Conventionally
Treated Drinking Water
Factors and Assumptions
24 positives of 1,690 100-L samples
Assume 1 oocyst per positive sample
Recovery efficiency by Method 1622 = 32.3%
Estimated concentration (C) of oocysts in finished water
C = (Positives/total samples) (1/recovery efficiency)
C = (24/169,000) (1/0.323)
C = 4.4 x 10–4
Daily Risk (DR) = (1.2 L/day) (C) (infection index for
unknown strain)
DR = (1.2) (0.00044) (0.028)
DR = 1.5 x 10–5 infections
Annual Risk (AR) = 1 – (1 – DR)350
AR = 1 – [1 – (1.5 x 10–5)350]
AR = 1 – (1 – 0.0053)
AR = 1 – (0.995)
AR = 0.005 infections/yr (range 0.012 to 0.0009)
AR = 1/193 infections/yr (range 1/84 to 1/1,110)
From Aboytes and LeChevallier (2003).

Figure 1. Distribution of Cryptosporidium Risk by Month. Dark
shaded bars represent the limit of risk detection (e.g., no oocysts
were detected). From Aboytes and LeChevallier (2003).
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it is expected that these data would result in a lower annual risk of
infection, and a higher acceptable down time for UV disinfection.

UV DISINFECTION SYSTEM
RELIABILITY ASSESSMENT
Once the concentration of infectious Cryptosporidium is
estimated in filtered drinking water the benefit of additional
treatment, such as UV disinfection, can be assessed. Equally, the
consequence of a failure of the UV treatment system can be
determined. For example, using the range of oocyst
concentrations observed in the UK monitoring (0.001 to 0.01/L),
the annual risk of infection is between 1/100 to 1/10 (assuming
40% recovery and 37% infectivity). Should UV disinfection be
implemented in these systems, a UV dose (fluence) >12 mJ/cm2
(plus any added safety factors) would result in an additional >3
logs of inactivation (USEPA 2003a), reducing the risk to >10–4
to >10–5 annual risk of Cryptosporidium infection.
The relationship between UV disinfection system down time and
Cryptosporidium inactivation credit was debated during the public
comment period for the USEPA UVDGM. For the purpose of this
analysis, it is assumed that UV disinfection systems operating under
validated conditions achieve 2 log inactivation, and so are able to
achieve the 10–4 annual risk goal, while no protection is provided
when the UV unit is off-line (with water still flowing). Monthly down
time then is limited to not more than 0.6 to 6.4 hours (Table 4), and
the UV disinfection system would have to function under validated
conditions 99% to 99.9% of the time, respectively, to maintain an
overall 10–4 annual risk of infection with the UK data (Table 4).
Table 4. Permissible UV disinfection system down time before
annual risk of Cryptosporidium infection exceeds 1/10,000
assuming conventional treatment upstream

Study

DWI, 2002

Oocyst
UV
level Daily risk disinfection
%
(per of infection system down
Positive 100 L)
time1

2

3

0.0000312

6.4

1.0

0.000312

0.64

1.4

0.044

0.000015

13.3

5.33

0.16

0.000055

3.6

3.28

American
Water
1

0.1

Hours/month to exceed 1/10,000 annual risk assuming
conventional treatment upstream and monthly reporting
requirement.
Values are adjusted for an estimated 40% recovery efficiency and
37% infectivity rate.
Data for highest monthly (April) occurrence.

The UK monitoring data represent higher than normal risk because
only those water systems that are deemed vulnerable to
Cryptosporidium contamination are required to monitor. In
addition, the upper range of oocyst occurrence (bracketed between
0.1 and 1.0 oocysts/100 L) was used in the risk calculation. Detailed
data on individual Cryptosporidium samples were not available, but
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Using the database of infectious Cryptosporidium developed by
American Water, similar calculations show that a conventional
treatment plant could operate without UV disinfection for 7 days per
year (or an average of 14 h per month) before exceeding the
1/10,000 annual risk level. However, the down time would be
limited to only 3.67 hours per month during the spring months,
when Cryptosporidium levels are highest.
UV disinfection systems can be brought back on-line within a
practical time frame (i.e., several hours) after a power outage or
equipment malfunction without an unacceptable risk increase. Brief
interruptions of a UV disinfection system caused by power quality
excursions (Cotton et al. 2003) would not create an unacceptable risk
assuming continued operation of an upstream conventional treatment
process. For example, power supply interruptions causing a UV
disinfection system to shut down for 10-15 minutes would not
significantly increase risk assuming the interruptions are relatively
infrequent. Stand-by power would be needed for longer interruptions.

OUT OF SPECIFICATION
PERFORMANCE
A similar approach could be used to estimate the limits of operation
when a UV system is performing outside of its validated operating
criteria. These “out of specification” parameters could include
excursions in flow rate, UV transmittance, power quality, sensor
calibration, etc. Because the causes for these “out of specification”
parameters are variable, and data are not currently available to
determine the magnitude of effect of these parameters on
Cryptosporidium inactivation, some assumptions were made to
determine acceptable risk limits. These assumptions can be revised
as additional data become available.
It is assumed that the cause of “out of specification” performance
does not result in total failure of the UV system (otherwise the value
would be the same as down time). Under these conditions it is
assumed that the UV disinfection system still delivers at least 1 log
of Cryptosporidium inactivation. In this case, the risk calculations in
Table 4 can be shifted by a factor of 10, and the acceptable “out of
specification” time could be increased 10-fold. This would mean
that UV disinfection systems should not operate “out of
specification” for more than 69 days per year, on average, or more
than 37 h per month during times of highest risk (spring) assuming
conventional treatment upstream.
Additional data are needed to refine this analysis, but the
assumption of 1 log of Cryptosporidium inactivation is reasonable
considering research demonstrating oocysts to be highly sensitive to
low UV doses. The UVDGM reported that a 1 log Cryptosporidium
inactivation was achieved at 2.5 mJ cm–2 in bench-scale studies
(USEPA 2003b). It is reasonable therefore that some level of oocyst
inactivation would be achieved if a UV reactor was functional, even
though it was operating “out of specification.” Research studies
should be performed to compare “out of specification” conditions
(UV transmittance, flow rate, lamp age, power, etc.) to optimal
performance to determine the degree of impaired reactor operation.

UNFILTERED SYSTEMS
Similar procedures can be used to set design criteria for
unfiltered surface water systems. LeChevallier et al. (2003)
reported infectious Cryptosporidium data for an unfiltered
watershed in Oregon (Table 5). These data show that the
design of a UV disinfection system should not allow more
than 3-7 h of down time per month to meet the 1/10,000
annual risk of Cryptosporidium infection. Additional data are
needed for a variety of unfiltered systems before generalized
guidelines can be developed for unfiltered systems.
Table 5. Cryptosporidium data for the unfiltered watershed3
No.
Conc. of
Daily
UV
of
No. Infectious
risk disinfection
Sam- Posit- Oocysts
of
system
Study ples ive (per 100 L) infection down time1
Method
1623

97

CC-PCR

89

1

2

3

9

0.212

0.00007

2.9

2

0.09

0.00003

6.7

Hours/month to exceed 1/10,000 annual risk without
conventional treatment upstream and assuming monthly
reporting requirement
Value adjusted for a 72% recovery efficiency and 37% infectivity
rate.
Data based on LeChevallier et al. 2003.

CONCLUSIONS AND
RECOMMENDATIONS
Microbial risk assessment can be used to develop a rational
and defensible policy regarding UV disinfection down time
and performance. UV systems for both filtered and unfiltered
supplies can be out of service for short periods of times
without impacting the utility's goal of meeting a 1/10,000
annual risk of Cryptosporidium infection. Although
additional studies are necessary, the conclusion of this study
does not support the USEPA draft proposal (USEPA 2003a)
of allowing 5% of the monthly flow to by-pass UV
disinfection for unfiltered water systems. Importantly, this
study provides guidance for Primacy Agencies to develop
reasonable policies for application of UV disinfection to
filtered surface water systems. These policies have
significant cost implications if extra redundancy and/or
uninterruptible power supplies are required by the Primacy
Agencies even if not supported by the risk analysis.
The results of this study indicate that “out of specification”
operation of UV systems is not likely to pose a significant
Cryptosporidium health risk provided that the on-line UV
disinfection system remains functional. Assuming proper
operation of the upstream conventional treatment, UV
disinfection systems should not operate “out of specification”
for more than 69 days per year, or more than 37 hours per
month during times of highest risk (spring). Clearly there is

an important research need to establish reasonable guidelines
for UV disinfection system reliability, and studies of “out of
specification” operation of UV systems are strongly
recommended.
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ABSTRACT
Finished water disinfection using two commercial ultraviolet light
reactors and flows between 1 MGD and 13 MGD was assessed by
MS2 bacteriophage biodosimetry and confirmed using bench-scale
studies. An optimized cell culture IFA procedure for measuring
Cryptosporidium oocysts inactivation indicated >4 mJ cm–2 of UV
light resulted in >4 log inactivation of oocysts. These inactivation
levels were similar to those expected from mouse infectivity assays.
Initial operational problems were encountered with both UV
reactors, but both functioned reliably after the start-up phase. Using
biodosimtery, lower (10 to 20 mJ cm–2) computer generated doses
were more accurately predicted for one reactor than for the other,
however, both reactors demonstrated a high correlation between
computer predicted and biodosimetry confirmed doses at
40 mJ cm–2.
No impact was observed on water characteristics or disinfection by
products following disinfection. Cost analysis at 40 mJ cm–2 was
estimated to be approximately $10 per million gallons.
UV disinfection appears reliable and cost-effective for safeguarding
public health from transmission of waterborne cryptosporidiosis.

INTRODUCTION
The upcoming Long Term 2 Enhanced Surface Water Treatment
Rule (LT2ESWTR) will require systems that use surface water or
Ground Water Under the Direct Influence of surface water to
conduct source water monitoring to determine average
Cryptosporidium levels (USEPA 2003b). Concentrations greater
than 0.075 oocysts per L will lead to system categorization in one of
three bins according to their concentrations and these systems will
need to demonstrate total Cryptosporidium treatment greater than 5
logs. In selecting additional treatment barriers to reduce waterborne
disease transmission with this parasite, the Stage 2 Disinfectants
and Disinfection Byproduct Rule (DBPR), intended to reduce peak
DBP concentrations in the distribution system, also need to be taken
into consideration by water utilities. Increasing chlorine levels can
increase the oxidation of organic/inorganic compounds in the
treated water to produce disinfection byproducts that can be
potentially carcinogenic. The LT2ESWTR and Stage 2 DBPR are to

be promulgated together to address the risk-risk trade off between
the byproducts formed by commonly used disinfectants and
effective microbial disinfection.
In addition to numerous waterborne outbreaks of human
cryptosporidiosis worldwide, a recent study conducted at American
Water (Aboytes and LeChevallier 2002) demonstrated the overall
risk of Cryptosporidium infection in conventionally treated drinking
water was 1/193 infections/yr (80% credible range of 1/84 to
1/1,110 infections/year). These findings are of significant concern
as they illustrate that conventionally treated drinking water can
exceed the United States Environmental Protection Agency
(USEPA) defined annual “reasonable risk” of 1/10,000 infections
from drinking water. Interest in UV disinfection of drinking water in
the US was limited until the findings reported by Bukhari et al.
(1999) that low levels of UV light effectively inactivated
Cryptosporidium oocysts. While these findings have been
corroborated by numerous independent studies at the bench scale
level, limited experience exists in the US with full-scale UV
disinfection of finished water. Industry concerns have revolved
around the reliability of UV technology. Additional issues include
determination of the performance efficiency of the reactors, effects
of water quality characteristics on lamp sleeve fouling, effectiveness
and reliability of lamp cleaning mechanisms, UV measurement
sensors' stability, costs associated with retrofitting UV systems into
existing water treatment plants, operation and maintenance costs
associated with employment of UV disinfection, impact of lamp
aging on delivery of target UV doses and impact of UV on
disinfection by product (DBPs) formation or degeneration.
Presently the Stage 2 M-DBP Agreement recognizes UV technology
to be feasible and available and the USEPA is in the process of
developing a UV Disinfection Guidance Manual that includes
guidelines for UV reactor validation to help water utilities
implement this technology in their multi-barrier approach to
safeguarding the consumer from the risk of waterborne human
cryptosporidiosis.
American Water, part of RWE's water division- serves 20 million
people in 27 states and 4 Canadian provinces, has conducted two
full-scale UV disinfection studies, utilizing finished water from two
geographically distinct American Water systems and two
commercially available UV reactors.
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While recent evidence has indicated cell culture to be a promising
in vitro alternative to mouse infectivity for measuring
Cryptosporidium oocyst inactivation (Rochelle et al. 2003), gaps
continue to exist in understanding the applicability of this
methodology and, as a result, adoption of these procedures has been
slow. Different treatments are likely to involve different
mechanisms for oocyst inactivation and the mechanism of
inactivation may, in turn, influence the outcome of the infectivity
analysis. Realization of this has created a need for in vitro
infectivity assays to be specifically optimized for measuring
inactivation following UV disinfection and studies to define a userfriendly in vitro infectivity protocol for determining inactivation of
UV treated C. parvum oocysts were performed also at American
Water.
In the full scale validation studies, the Sentinel™ UV reactor,
manufactured by the Calgon Carbon Corporation, which contained
four 1 kW medium pressure mercury lamps, with a maximum flow
rate of 700 gpm was evaluated at the Pennsylvania-American Hays
Mine plant, whereas the Trojan UVSwift™, which contained eight
9.4 kW medium pressure-high output mercury lamps and a capacity
of treating up to 12.8 MGD, was evaluated at the MissouriAmerican Central plant. In both studies the reactor installation was
as depicted in Figure 1. The objectives were to develop UV dose
response curves to validate performance of each UV system with
MS2 bacteriophage as a biodosimetry surrogate, determine
operational and maintenance costs and identify various operational
issues associated with installation/operation of the UV systems. In
addition, various chemical compounds (trihalomethanes (THM),
haloacetic acid (HAA), UV254, total organic carbon (TOC), metals,
nitrate, and nitrite) pre and post UV disinfection were measured to
establish the impact UV treatment had on disinfection byproduct
formation. In order to confirm the actual dose being delivered by the
reactors, MS2 bacteriophage inactivation levels were compared
with bench-scale inactivation experiments under controlled
experimental conditions.

IN VITRO INFECTIVITY FOR
MEASURING INACTIVATION OF
UV TREATED C. PARVUM
OOCYSTS
An in vitro infectivity assay (DiGiovanni et al. 1999) was
optimized, following examination of various excystation triggers,
incubation conditions and detection protocols to enable analysis of
UV treated C. parvum oocysts. The fact that UV treated oocysts can
undergo excystation and the sporozoites from UV treated oocysts
maintain the potential for invading monolayers of HCT-8 cells to
generate pinpoints of invasion was taken into to consideration to
judicially select immunofluorescence based microscopy for
quantification of infectivity. It was noted that spontaneous
excystation by UV inactivated oocysts resulted in an errant signal
being generated by certain molecular detection procedures such as
the procedure described by DiGiovanni et al. (1999). In this
particular case, the HSP 70 primers used in the cell culturequantitative PCR assay were unable to discriminate between DNA
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originating from invasive sporozoites and infectious sporozoites.
The optimized cell culture-IFA procedure developed in our
laboratory enabled detection of less than 10 infectious oocysts.

Figure 1: Diagrammatic layout of installed UV reactor
Using this optimized cell culture-IFA procedure in bench scale
studies and application of a UV dose of 1 mJ cm–2 rendered 0.44 log
inactivation of oocysts. Delivery of UV doses between 1 and
4 mJ cm–2 yielded a linear increase in oocyst inactivation, with
3 mJ cm–2 rendering 2.79-2.84 logs inactivation and 4-log
inactivation occurring at 4 mJ cm–2. Between 4 and 20 mJ cm–2,
measurements with the cell culture procedure continued to indicate
that oocyst inactivation levels were greater than 4 logs (Figure 2).

Figure 2: Inactivation of C. parvum oocysts with UV light, as
determined by the cell culture-IFA procedure
Where these inactivation data could be compared with previously
published data, using either tissue culture infectivity or mouse
infectivity assays, an excellent agreement was observed (Figure 3).
Numerous studies (Clancy et al. 2000; Craik et al. 2000; Landis et
al. 2000; Shin et al. 2001; Clancy et al. 2004) have assessed levels
of oocyst inactivation delivering UV doses ranging between 1 and
<40 mJ cm–2. Some variability exists in the data generated from
these various studies, which may be associated with differences in
oocyst preparation, disinfection conditions, and methods for
infectivity measurements. Nonetheless, using UV doses between 1
and 3 mJ cm–2, the oocysts inactivation data generated in American
Water studies were within the range of inactivation data generated
in the previous studies. The draft UV guidance manual (USEPA
2003a) indicates that 2.5 log or 3 log inactivation of
Cryptosporidium would require a UV dose of 8.5 mJ cm–2 and
12 mJ cm–2 respectively, which appears to contain an approximate 3
to 4-fold safety factor based on the C. parvum inactivation data
developed with the cell culture-IFA data described here. Additional
safety factors related to validation and monitoring uncertainties
increase the target Reduction Equivalent Dose to 28 mJ cm–2 and 36

mJ cm–2 for 2.5 log or 3 log inactivation, respectively, increasing the
overall safety factor to ten-fold.

Figure 3: Inactivation of C. parvum oocysts with UV light, as
determined by Infectivity

operated in an 8 lamp or 4 lamp configuration at UV doses from 10
to 60 mJ cm–2 (Figure 4) and flow rates of 4 or 13 MGD. The
manufacturer of the latter full-scale UV reactor has factored MS2
bacteriophage biodosimetry data in their UV Dosimeter™ for
optimizing the accuracy of the predicted UV doses. While the
USEPA draft Guidance Manual contains provisions for validation of
reactors that use different methods for predicting the applied UV
dose (i.e., intensity measurements or dose algorithms), from a utility
perspective it may be prudent to scrutinize the UV dose calculation
procedures utilized in the test UV reactors in order to select reactors
with the most robust procedure for determination of the applied UV
dose. This will make it convenient for operators to ensure the
regulatory standard for UV disinfection of finished water are being
met reliably and will also allow fine adjustments of the applied UV
dose (in response to changing water characteristics) to ensure
optimal cost effectiveness during normal operation.

Currently American Water is collaborating with the USEPA and
United Kingdom Water Industry Research Limited (UKWIR) to
validate the cell culture-IFA procedure in “blind” trials to identify
an alternative to mouse infectivity assays for measuring C. parvum
oocysts inactivation following UV treatment. A positive outcome of
these blind trials will be a tremendous asset for both American
Water and the water industry as it would enable bench scale
evaluation of oocyst inactivation using the same water matrix and
target UV doses as those intended for full-scale validation using
biodosimetry surrogate organisms.

FULL SCALE VALIDATION OF
UV REACTORS
During the full-scale biodosimetry experiments conducted in Hays
Mine, the target UV doses were achieved by selection of lamp
configurations based on their pre-calibrated sensor readings as well
as the computational fluid dynamics models used by the
manufacturer. Lamps of operational age between 16 h and 5,800 h
were used and the MS2 bacteriophage inactivation data for a given
target UV dose were very similar irrespective of lamp operation
time. Continuous operation of the reactor for up to 5,800 h did not
demonstrate deterioration in the performance of the lamp cleaning
mechanisms. The correlation between the full scale and bench scale
log inactivation values was greatest at 40 mJ cm–2; however, an
increasing divergence in log inactivation values occurred between
full and bench scale studies when the target UV dose values were
reduced to 20 mJ cm–2 or 10 mJ cm–2 (Figure 4). At both of these
lower UV doses, the levels of inactivation were higher in the fullscale studies compared to the bench scale studies. In the bench scale
studies, both 10 mJ cm-2 and 20 mJ cm–2 demonstrated excellent
reproducibility in organism inactivation, which confirms that the
inactivation data were reliable and the full scale unit actually
delivered higher UV doses when targeting low UV doses (i.e., 10
mJ cm–2 or 20 mJ cm–2). In contrast to this, the St. Louis study
utilized an algorithm in a UV Dosimeter™ to determine the applied
UV dose and demonstrated a considerably improved prediction of
the applied UV dose irrespective of whether the UV reactor was

Figure 4: Verification of UV doses by MS 2 bacteriophage
biodosimetry

IMPACT OF UV ON WATER
QUALITY
In both the Hays Mine and St. Louis studies, total THM and HAA
were examined for both the finished water influent to the reactor as
well as the effluent from the UV reactor. These data indicated that
disinfection by-product (DBP) values were below their respective
maximum contaminant limit (MCL), but most importantly
demonstrated that employment of UV disinfection did not alter
existing DBP levels in the waters tested (Table 1).
Table 1: Chemical parameters at Pennsylvania-American Hays
Mine plant
Compound

Pre-UV

Post-UV

MCL

THM (µg.L–1)

67.2

66.6

80

HAA (µg.L–1)

<5.0

<5.0

60

Nitrates (mg.L–1)

<1.0

<1.0

10

Nitrites (mg.L–1)

ND

ND

1
JUNE 2004 | 17

These data, which substantiate earlier findings, indicated that
application of UV disinfection would be beneficial for utilities with
recurring DBP issues in their finished water, where employment of
UV disinfection would afford the utility an opportunity to reduce
levels of existing chemical disinfectants. In this manner, the
desirable disinfection credit for protozoan parasites could be
attained using UV light, whereas the lowered levels of the chemical
disinfectant would provide the benefit of reduced DBP formation.
An additional benefit of using more than one disinfectant is their
potential synergism for organism inactivation. That is, the level of
inactivation achieved being greater than that obtained with using
each disinfectant alone. Limited data on synergistic effects of UV
light and various chemical disinfectants are available presently
(Ballester and Malley 2003); however, usage of combined (or
sequential) disinfectants seems rational primarily because UV
disinfection occurs instantaneously and does not contribute a
residual in the treated water. Absence of disinfectant residual can
result in growth of biofilms within the distribution system
(LeChevallier et al. 1996; Camper et al. 2000), in turn presenting a
potential public health risk from regrowth of biofilm entrapped
pathogens (i.e., Legionella, Mycobacterium). In addition, there is
evidence to suggest that UV treated bacteria may be capable of
repairing UV damaged DNA by employing dark or light repair
processes (Oguma et al. 2001; Zimmer and Slawson 2002).
Computational fluid dynamics modeling also indicates that the
actual UV dose delivered to individual organisms passing through a
UV reactor can vary (i.e. due to distance of organisms from UV
lamps or organism velocity through the reactor). In order to reduce
the likelihood of organisms damaged with low levels of UV light
from undergoing various repair phenomena, use of a secondary
chemical disinfectant (i.e., chlorine, chlorine dioxide, chloramines,
ozone, ozone/peroxide) would oxidatively inactivate the organisms
damaged by low levels of UV as well as oxidize organic and
inorganic compounds thus depleting the nutrients that could favor
organism regrowth (Solomon et al. 1998).

UV OPERATIONAL ISSUES
Both the Hays Mine and St. Louis studies accrued information on
the reliability and cost effectiveness of employing UV disinfection.
UV reactors from two different manufacturers demonstrated their
own specific operational issues, with majority of these being minor.
These issues were resolved easily by replacing or repairing faulty
components (fuses, reed switch, sleeve bolts, home switch and
magnet) or by performing simple corrective actions (i.e. relocation
of turbidimeters on plant effluents to improve access to the mercury
lamps and quartz sleeves).
The most significant problem with the reactor at Hays Mine was the
malfunctioning of the third party compressor used to drive the
hydraulics on the lamp cleaning mechanism. In the St. Louis study
the lamp cleaning assembly was also the source of the problem;
however in this case it was due to a design flaw, which was
subsequently corrected by the manufacturer. The replacement
prototype wiper assembly functioned without additional operational
problems. In both studies, correction of the problems experienced
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during the commissioning and start-up phase was followed by
normal operation requiring minimal maintenance.
Both these studies were of a short duration (<12 months) and the US
water industry currently lacks experience with long-term
application of UV technology. Information will need to be gathered
on various factors including frequency of parts replacement and
longevity of UV reactors to fully understand the reliability of this
technology. While gaps may still exist in our knowledge on the
reliability of long-term application of UV technology, validation
trials performed by American Water indicate this technology has the
potential to meet the microbial disinfection needs required by state
and federal regulatory agencies. In order to achieve this, the UV
reactors will require either onsite or off site validation using USEPA
guidelines (USEPA 2003a). Usually these validation trials can be
performed in concert with the reactor manufacturer, who can assist
utilities to troubleshoot operational issues during the
commissioning phase and help to develop an experimental design
for the validation studies.

ESTIMATED COSTS OF UV
DISINFECTION
American Water has performed capital cost analysis in a study
reported by Hubel et al. (2001). Using medium pressure UV reactor
costs from one vendor and a nominal dose of 40 mJ cm–2, detailed
take-off construction contract cost estimates were prepared and also
accounted for earthwork, concrete, masonry, other building
elements, pipe, valves, mechanical equipment, process equipment
and electrical work including supplemental instrumentation. Capital
costs were estimated for 78 American Water plants to be $5,000,000
(for 5 MGD systems) with economies of scale affecting the cost of
higher and lower capacity plants. For a given target UV dose, it is
important to optimize flow rate to make the disinfection process
cost effective with respect to power consumption. The treatment
plant needs to consider both the plant production capacity and the
degree of reactor redundancy required (to allow for off spec time
during routine maintenance) when selecting UV reactors for use in
treating finished water. In the St. Louis study (8L24 Trojan
UVSwift™ reactor), using power consumption and lamp
replacement data and operating lamps at 70% power (to simulate
ageing), the daily costs for power and lamp replacement were
estimated to be $99 per day, which would enable a maximum flow
rate of 10.2 MGD at a target a dose of 40 mJ cm–2. Based on these
estimates, a cost of $9.70 per MG was determined for 8L24 Trojan
UVSwift™, which compared well to the cost estimates of $17.40
per MG generated for the Catskill and Delaware study where
approximately two times greater capacity reactor was used (Valade
et al., 2003). Similarly the data in the St. Louis study compared
favorably with the operational and maintenance (O&M) cost
estimates generated in an earlier study (Cotton et al. 2001) This
study utilized annual costs for lamp replacement, sensor calibration,
maintaining inventory of spare parts and cleaning chemicals/
cleaning activities for non-automated systems as well as power
consumption and indicated a range between $5.90 - $16.60 per MG
for a medium sized (average flow 13 MGD) systems. The O&M

costs increased with reducing flow rates and/or poorer water quality
characteristics and were calculated to range from $7.20 to $18.70
per MG at an average flow rate of 8.8 MGD (Cotton et al. 2001).
Data from the American Water Hays Mine study indicated that
increasing hours of lamp operation resulted in an associated
increase in power consumption costs with lamp operation times
between 2,200 h and 3,000 h increasing in power consumption costs
by 67% compared to lamps operating at <2,200 h. Further studies
are required to compare these power consumption costs with lamp
replacement costs to determine optimal time for lamp replacements.
In conclusion, inactivation of waterborne Cryptosporidium oocysts
and reduction of DBPs have been significant challenges for the
water industry for almost two decades. Employing UV disinfection
can be a reliable and cost-effective means for the water industry to
attain a realistic potential to safe guarding public health from
transmission of waterborne protozoan parasites, particularly human
cryptosporidiosis.
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ABSTRACT
Bioassay validation of UV reactors in the United States is
performed using bacteriophage MS2 or Bacillus subtilis spores. The
USEPA draft UV Disinfection Guidance Manual indicates that the
challenge microorganism concentration should be measured within
24 h of collection. Validation typically involves several consecutive
days of field work and can yield up to 200 samples daily. Given that
each sample requires multiple dilutions and triplicate plating, the
number of plates analyzed per day can easily surpass 1,200. For
most laboratories, plating this many samples within 24 h exceeds
the lab's capacity and presents numerous logistical challenges. To
address the issues of sample holding time and sample integrity, a
subset of samples from a reactor validation study were analyzed
within 30 h of collection and for several days thereafter. Results
demonstrated that MS2 remained stable over time and suggest that
the recommended 24 h holding time should be reconsidered.

INTRODUCTION
The USEPA's Long Term 2 Enhanced Surface Water Treatment Rule
(LT2ESWTR) (USEPA 2003a) requires utilities that intend to use
UV disinfection for controlling pathogens to perform validation
testing of their UV reactors. Testing is conducted by the UV
manufacturer or by the utility at either a UV test facility or on-site
at the water treatment plant (WTP) where the reactor would be
installed and operated. UV reactors are currently validated using
either bacteriophage MS2 or Bacillus subtilis spores as challenge
microbes. Bioassay validation protocols are described in the USEPA
draft UV Disinfection Guidance Manual (UVDGM) (USEPA
2003b), the German DVGW Standard W294 (Hoyer 2000) and the
NWRI/AwwaRF UV guidance manual (NWRI 2003).
Bioassay validation of reactors with capacities of up to 40 million
gallons per day (MGD) can require viral seed concentrations
approaching 1016 organisms per day, with enumerative assays using
up to 5,000 Petri dishes per validation. Large numbers of samples
(i.e., 200) may be collected on any given day of testing and each
sample is assayed with several replicates. The UVDGM indicates
that the challenge microorganism concentration should be measured
within 24 h of collection. Given the scenario of 200 samples per
day, and multiple dilutions of each sample in triplicate, the number
of plates required to analyze all the samples can be as high as 1,500.

For most laboratories, plating this many samples within 24 h
exceeds the lab's capacity and presents numerous logistical
challenges.
The capacity issue is compounded given that field testing occurs for
several consecutive days and that some unknown number of
samples may need to be re-assayed to obtain counts within the
statistically valid range (plates having plaque forming units (pfu)
ranging from 20-200). In addition, the dose response of MS2 must
be determined at the bench scale using a collimated beam (CB)
apparatus to establish the microbial inactivation kinetics for a given
water (Bolton and Linden 2003). In effect, the CB apparatus is used
to calibrate the challenge organism's response to UV. CB tests are
performed in duplicate each day of reactor testing. CBs generate
additional samples that must be assayed within 24 h. Hence, given
the enormity of large scale reactor validation, sample holding time
and sample integrity become critical issues.
To address the issues of sample holding time and integrity, we
conducted a study wherein a subset of reactor samples were assayed
within 30 h of sample collection and for several days thereafter to
determine the stability of MS2 over time. Inlet and outlet samples as
well as bench scale CB samples were selected to allow comparison
of UV-treated versus UV-untreated conditions. Another aspect of
MS2 stability examined was whether or not MS2's response to UV
changes as a function of time. To address this question, the CB dose
response curves of MS2 exposed to UV on Day 1 were compared to
dose response curves of MS2 exposed to UV on Day 7. Lastly, two
stocks of high titer phage [1011 plaque forming units (pfu) per mL]
were assayed several times over the course of an eight month period
to determine if the concentration of MS2 in each stock was stable.

MATERIALS AND METHODS
Preparation of MS2 Stocks
Bacteriophage MS2 (ATCC#15597-B1) was propagated using a
large volume liquid culture method in E. coli HS(pFamp)R
(ATCC#700891). Phage were propagated in 6 L batches and the titer
determined within 24 h of production. Batches with an acceptable
titer (≥2 x 1011 pfu/mL) were pooled into a single 20 L volume,
mixed, redistributed in 1 L polypropylene bottles, retitered, and
stored in a dedicated refrigerator at 4°C. Phage stocks were shipped
by overnight express to the test facility and were stored at 4°C. All
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phage used in the validation study was less than 2 months old. Viral
stocks were diluted with carrier water prior to injection in all but the
highest flow and target dose tests.

measured using the 250 mL sample taken at the reactor inlet as
described above. Exposures of sufficient duration were made to
provide the following UV doses: 0, 10, 20, 40, 60, 80, 100 mJ/cm2.

Enumerative MS2 Assay

Sample Assay Schedule

Samples were analyzed by the double agar-layer method (Adams
1959). In brief, serial 10-fold dilutions of the samples in phosphate
buffered water (PBW) were prepared. The appropriate volume of
sample, based on predicted inactivation and spike dose level, was
added to a tube of tempered overlay agar containing 100 µL of E.
coli Famp host. The tube was poured onto a plate of bottom agar
(Tryptic Soy Agar supplemented with streptomycin and ampicillin)
and allowed to harden for 10 min. Samples were plated in triplicate,
inverted, and incubated at 35ºC for a minimum of 14 h. Negative
controls (host bacteria with PBW) were plated at the beginning and
end of each run, and at intervals in between depending on the length
of the plating run. Plaque counts from dilutions in the countable
range were recorded and the concentration of phage were calculated
as pfu/mL.

The two sets of UV reactor inlet and outlet samples (101/401 and
105/405) were assayed everyday for 6 days (101/401 were also
assayed on Day 8), then held for 2 weeks and re-assayed on Day 20.
The CB samples associated with reactor samples 101/401(CB1)
were assayed on Days 1, 3, 5, 7 and 16. CB1 samples irradiated with
80 and 100 mJ/cm2 were not plated on Day 16 due to insufficient
sample volume. Two other distinct sets of CBs (CB75 and CB92)
were exposed and plated on Day 1. A second set of sub-samples
from these were also exposed and assayed on Day 7. The high titer
MS2 stocks were sub-sampled and assayed intermittently over the
course of an 8 month period.

Sample Generation, Selection, Collection and
Storage
The water source used in this study was chlorine free groundwater
with a UV transmittance (UVT) greater than 98% (1 cm). Lignin
sulfonate was added as a UV absorber to decrease the UVT to
>75%. MS2 phage were injected into the inlet of a UV reactor
upstream of static mixers. A sample port between the mixer and UV
reactor served as the inlet sample site. The outlet port was situated
downstream of the reactor and a second static mixer.
Two sets of UV reactor inlet/outlet samples (101/401 and 105/405)
were collected in triplicate in sterile 15 mL polypropylene tubes and
were stored on ice in a cooler immediately after collection.
Additional seeded inlet (untreated) samples were collected in sterile
250 mL polypropylene bottles and stored in the same manner. These
larger sample were used for CB experiments which were conducted
at the laboratory. Samples were shipped by overnight express
courier to the laboratory. Upon receipt, samples were logged in and
stored at 4°C. All samples were analyzed within 30 h of collection
and for several days thereafter.

RESULTS
The mean viral concentrations for the two sets of UV reactor inlet
and outlet samples are shown in Figure 1. Data for the CB samples
are presented in Figures 2 and 3. Figure 2 shows the mean viral
concentrations of the exposed and unexposed CB samples over time
while Figure 3 shows the resulting log viral inactivation [log(N/No)]
at each of the UV doses applied at Days 1, 3, 5, 7 and 16.

Figure 1: Viral Log Concentration of UV Reactor Inlet (101/105)
and Outlet (401/405) Triplicate Samples Over Time.

A CB apparatus which delivers a controlled UV dose to a stirred
suspension of microorganisms was used to determine the UV dose
response of MS2. UV dose delivery to the suspension was
controlled by varying the exposure time using a solenoid-controlled
shutter. A non-reflective PVC tube (6.4 cm ID x 50 cm length) was
used to ensure the UV light incident onto the suspension was
parallel. Test solutions were mixed constantly, with care taken to
minimize air bubbles and vortices. Prior to irradiating any
organisms, the fluence rate was determined using the method
described by Bolton and Linden (2003). Incident UV irradiance was
measured using two radiometers (International Light model
IL1400A/SEL 240) and Gigahertz Optik X911. Both instruments
were calibrated at 254 nm, traceable to NIST standards, within 12
months of testing. The UV dose response of MS2 phage was
22 | IUVA NEWS

pfu

UV Irradiation: UV Dose Response Determinations

Figure 2: Viral Concentration of CB1 Samples Over Time

Viral concentrations in CB1 samples also appeared to remain fairly
constant as illustrated in Figure 2. Moreover, the data suggest that
viral concentrations in samples irradiated with UV behave similarly
to samples that have not been exposed to UV. That is, MS2
infectivity over time is constant following exposure to UV. Figure 3
presents log inactivation data of a CB sample exposed to various
UV doses analyzed out to 16 days. These data again illustrate the
stability of MS2 in these UV-exposed samples.

Figure 3. Log Inactivation of CB1 Exposed Samples as Analyzed
Over Time.
Results from CB samples (CB 75 and CB92) that were independently exposed and assayed on Day 1 and Day 7 are presented in
Figures 4 and 5.

Figure 6. Two MS2 High Titer Stock Concentrations Over Time.

Figure 4. CB Sample 75 Exposed on Day 1 and Day 7, analyzed
immediately after exposure.

Figure 5. CB Sample 92 Exposed on Day 1 and Day 7, analyzed
immediately after exposure.
Two high titer MS2 stocks were assayed numerous times over the
course of 8 months. The viral log concentrations are presented in
Figure 6.

DISCUSSION
The MS2 bacteriophage concentrations in both inlet and outlet
samples appeared to remain stable over the course of this study, or
approximately 3 weeks. Outlet samples showed more variability
than inlet samples, however the concentrations after 20 days were
similar from the concentrations on Day 1, as shown in Figure 1.

Results from CB samples exposed initially and one week later
(CB75 and CB92) suggest that the dose response curves of MS2 do
not change as a function of time. As Figures 4 and 5 demonstrate,
the dose response curves of CB experiments performed on Day 1
are very similar as those performed on Day 7.
Two high titer MS2 stocks that were monitored intermittently over
the course of an eight month period remained relatively stable. In
general, titers exhibited an initial decrease by approximately one
half log, then stabilized for the remaining 8 month period. Our
laboratory routinely propagates phage in large batches and typically
uses these batches in the field within 3 months of propagation.
These data suggest that an even longer shelf life is acceptable for
MS2.
The results from this study indicate that MS2 remains stable over
time in the samples analyzed for UV reactor validation. Caution is
recommended in approaching any validation, as others have noted
that certain water qualities may negatively affect this stability (Petri
et al. 2000). Analyses of samples collected from a different reactor
validation are underway which indicate phage concentrations may
not always be as stable as the above findings demonstrate.
The implications regarding sample holding time and sample
integrity are significant considering the laboratory's logistical
challenges of analyzing such a large number of samples within a
short timeframe. Furthermore, for those samples that are re-assayed
to obtain plaque counts within a statistically valid range - and are
therefore not analyzed within the recommended 24 h holding time the quality of data does not appear to be compromised in the study
presented above. However, preliminary trials are recommended to
assure there are no impacts to phage stability due to site specific
water quality characteristics.
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A Review
nAdvanced
Oxidation
for Waterand
Processes
Treatment",
Wastewater
2004 @ublished
editedby SimonParsons,
WaterAssociation,
by the lnternational
London,UK; ISBN:1 84339017 5)

by Jim Bolton,IUVA
This book is an edited volume wilh 22 authors and 12
contributions.This book is a must have for anyone doing
researchor interestedin practical applicationsof Advanced
(AOP$. In general,the contributionsare
OxidationProcesses
at a very high standard. Many of the chapters deal with
ultraviolet light driven AOPs; hence this book would be of
considerable interest to those involved in ultraviolet
applications.
Chap. 1- Inhoduction by S.A. Parsonsand M. Williams - an
excellentintroduction to AOPs with interestingstatisticson
AOP publicationrates.
Chap. 2 - UV photolysis: backgroundby M.I. Stefan - a
superbly written chapterthat provides essentialbackground

material on UV fundamentals and UV lamps for all the
chaptersthat dealswith UV-drivenAOPs.
Chap.3 - W light basedapplicationsby M.I. StefanandC.T.
Williamson - provides an excellent survey of the range of
applicationsdriven by UV
Chap. 4 - IJVIH1O1processesby T.A. Tuhkanen- a good
review of certainly the most important UV-based AOP.
However, it is strange that there is no reference to the
excellentbook on AOPspublishedby T. Oppenliinderin2002.
Chap. 5 - Fentonprocessesby S. Wadleyand T.D. Waite - a
very good review of this importantAOP including dark and
photo-Fentonprooesses.
byA. Mills and S.-K.
Chap.6 - Semiconductorphotocatalysis
Lee - a goodreview of this subjectthat is of largelyacademic
interest.The authorsdo not mentionthat the quantumyield for
the UV/TiO, processis only about5%, which is the principal
reason why this processhas limited practical applications.
Also eq. 6.5 on p.142 is nonsense,since it violatesthe First
Law of Photochemistry namely that photons must be
absorbedto driven photochemistry.
processes
by T.A. Egertonand
Chap.7 - Photoelectrocatalysis
AOP,
but no mention
good
of
this
review
P.A. Christensen- a
of the classicalpaperby Fuijishima and Hondan 1912.
by T.J,MasonandC. PdtrierChap.8 - Ultrasoundprocesses
a well-written chapter explaining this interesting AOP.
Unfortunately,thg economicsof this processare not very
favorable.
Chap. 9 - Radiation processesby W.J. Cooper et al. - an
excellent presentationexplaining t\e fundamentalsand the
wide rangeof applications,as well Asa very good economic
analysis.
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Chap. 10 - Wet air oxidation by L. Petria et al. - this is one
of the non-W drivenAOPs; it is well written explainingthe
fundamentalchemicalprocessesas well as a wide rangeof
applications.
Chap. ll - AOPs for VOC and odour treatmentby K. Van
Craeyrestet al. - this is the only chapterthat dealswithAOP
treatment in air. It is well written and covers many
applications.
Chap. l2 - Advanced oxidation of textile industry dyesby I.
Arslan-Alaton - the treatment and decolorizationof textile
dyes is an important AOP application and is well reviewed
here.
Chap. 13 - Watertreatmentapplicationsby S.A. Parsonsand
A. Byrne - this is another practically important AOP
applicationand is well presentedhere.
In general, this is a highly recommended book.
Unfortunately, the editors did not do an effective job in
rationalizing terms and definitions among the various
chapters.For example, the terms (all meaning the same
thing) molar absorption coefftcient (Chap. 2 - the correct
term), molar extinction coefficient (Chap. a) and molar
absorptivity (Chap. l1) appearto confusethe reader.

New York City UV - The Light before
the End of the Tunnel
Donna Potorti, P.E., DEE,* Christopher R. Schulz, P.E., DEE*, Richard J. Fahey, P.E.,
DEE†, Michael Borsykowsky, P.E., Deborah E. Keesler, P.E.‡, and Paul D. Smith, P.E.‡.
*Camp, Dresser and McKee; †Hazen and Sawyer, P.C.; ‡New York City Department of Environmental Protection
* Corresponding Author: Christopher Schulz, SchulzCR@cdm.com

ABSTRACT
New York City is moving forward with the design of the world's
largest drinking water disinfection facility – a 2 billion gallon per day
ultraviolet light (UV) facility to treat unfiltered water from the Catskill
and Delaware reservoir systems. The UV facility will be designed to
provide up to 99.9 percent (3-log) inactivation of Cryptosporidium to
meet future regulatory requirements for unfiltered water supplies. This
paper presents an overview of how UV was selected for this water
supply and highlights the key design issues for the project including:
UV system design criteria, technology selection, performance
validation requirements and site selection.

INTRODUCTION
New York City has the largest unfiltered surface water supply in the
world. Every day, about 1.3 billion gallons (4.9 billion liters) of
water from this vast system is delivered to 9 million consumers - 8
million New York City residents and 1 million upstate consumers.
New York City is fortunate to possess what is arguably the greatest
metropolitan water supply system in the world.
Foresight by our predecessors, as far back as the mid-1800s, has
provided a system with exceptional source water quality, and is
almost entirely supplied by gravity. The New York City water
supply includes three upstate reservoir systems: the Croton, Catskill
(Figure 1), and Delaware. Together these supplies include 19
reservoirs and three controlled lakes, with a total available storage
capacity of approximately 580 billion gallons (2,195 million liters).

The New York City water supply system (Figure 2) includes a
1,969-square-mile (5,100-square-kilometer) watershed across eight
counties north and west of the City. The three water systems were
designed and built with various interconnections to increase
flexibility by allowing the exchange of water from one system to
another. Water is conveyed to the City from the Croton, Catskill,
and Delaware reservoirs by gravity through large aqueducts and two
balancing reservoirs. Water is distributed to the City through three
tunnels and distribution reservoirs. Overall, the New York Water
Supply system contains 300 miles (480 km) of aqueduct and tunnel.

EXISTING TREATMENT
Historically, the water supply from all three of New York City's
reservoir systems is of high quality and has received minimal
treatment (primarily disinfection with chlorine). The City is
currently under a Consent Decree with the United States
Environmental Protection Agency (EPA) to build filtration facilities
for the Croton System, which provides 10% of the normal daily
supply. In 1993, the EPA issued a Filtration Avoidance
Determination (FAD) to New York City for the Catskill and
Delaware systems, which provide 90% of the City's daily demand.
The determination was related to compliance with federal drinking
water regulations, and allowed the City to extend its filtration
avoidance program for the Catskill and Delaware water systems.
Under the terms of the Catskill and Delaware determination, the
City was required to pursue both a comprehensive watershed
protection program and planning/design of filtration facilities, on
parallel tracks to comply with Surface Water Treatment Rule
(SWTR) requirements. In response, New York City entered into an
agreement with the joint venture (JV) of Hazen and Sawyer/CDM
and developed a program for meeting the goals of the SWTR. The
program includes both non-filtration activities to ensure filtration
avoidance, and an agreement to plan for the world's largest filtration
facilities, should there be a future need for a water treatment facility.

Figure 1. Ashokan Reservoir of the Catskill System
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UV SYSTEM DESIGN CRITERIA
Given the planning horizon for a project this size, the City has
continuously been faced with making treatment decisions amid an
ever-changing myriad of regulations, technologies, and public
perceptions. The inactivation of viruses and waterborne pathogens
such as Giardia and Cryptosporidium is an essential component of
New York City's overall drinking water treatment process.
Currently, the City utilizes free chlorine as both a primary and
secondary (residual) disinfectant. While chlorine does provide
inactivation of Giardia and viruses, it is not effective against
Cryptosporidium and other chlorine-resistant pathogens.
The proposed Long Term 2 Enhanced Surface Water Treatment
Rule (LT2ESWTR) will require more stringent inactivation
treatment for Cryptosporidium for unfiltered water supplies. Unfiltered systems, such as New York City's will be required to
continue to meet filtration avoidance criteria and provide treatment
to achieve 4-log virus, 3-log Giardia, and 2-log Cryptosporidium
inactivation using a minimum of two disinfectants. The Catskill and
Delaware UV disinfection facility will be designed to meet these
requirements with UV and chlorine as the two required
disinfectants.
Figure 2. New York City Water Supply System.
As a result of the ongoing success of the watershed protection
program and continued excellent water quality of the Catskill and
Delaware systems, EPA has granted New York City relief from the
remaining filtration planning/design requirements of the FAD,
including the completion of the filtration facility's final design. In
place of this deliverable, the City committed to initiating an indepth look at UV disinfection as a possible alternative to filtration
for the Catskill and Delaware water systems.
In 2001, the City completed a feasibility study and determined UV
disinfection to be appropriate for providing disinfection levels
necessary to meet anticipated regulations. EPA has concurred that
UV disinfection is feasible for the Catskill and Delaware systems,
and the City is presently implementing the preliminary design of a
UV disinfection facility for both systems.

MAJOR DESIGN CONSIDERATIONS
The City has been faced with many design challenges - UV
equipment capacity, lamp technology, electrical system reliability,
and performance validation - in addition to regulatory compliance
without clear targets for dose requirements. UV disinfection has
never been used at a capacity even within an order of magnitude of
2 billion gallons per day (bgd) [7.6 billion liters per day (bld)]. In
order to reduce the size, construction cost, and operational
difficulties, the City decided to evaluate UV units larger than any
that had been built at the inception of the project. Each UV unit will
be sized to handle 40 million gallons per day (mgd) [150 million
liters per day (mld)] - more than twice the size of any existing UV
unit, and comparable in size to many of the largest existing UV
facilities. Not surprisingly, UV units of this size also present a
challenge for performance validation.
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New York City has previously established conservative Cryptosporidium removal/inactivation goals as part of the filtration
planning and preliminary design. Similarly, the City has adopted a
conservative dose of 40 mJ/cm2 to achieve at least 3-log
inactivation of Cryptosporidium. This goal will provide flexibility
should greater inactivation be desirable in the future either for
Cryptosporidium or other emerging pathogens.

EQUIPMENT CAPACITY
An evaluation was performed to determine the optimum capacity of
individual UV units to disinfect the Catskill and Delaware water
systems. Unit capacities ranging from 20 mgd (75 mld) to more than
100 mgd (380 mld) were considered in the evaluation for systems
containing either low pressure high output (LPHO) or medium
pressure (MP) UV lamps. The evaluation concluded that significant
cost benefits existed with 40 mgd (150 mld) units as compared to 20
mgd (75 mld) units, while reduced cost benefits were apparent for
units larger than 40 mgd (150 mld) (see Figure 3). Full-scale
validation of UV units was also an important factor in evaluating a

Figure 3. Cost Comparison by Unit Capacity

preferred capacity, since the art and complexity of performing fullscale validation of a unit increases with capacity. The ability to
manufacture the large units was also a concern. Based on the
equipment analysis and discussions with several major UV
equipment suppliers, a capacity of 40 mgd (150 mld) was selected
for the UV units. A total of 56 UV units are required for the Catskill
and Delaware UV disinfection facility.

EQUIPMENT TECHNOLOGY
A major challenge has been to identify manufacturers capable of
producing a UV system with a unit capacity of 40 mgd (150 mld), a
size which, up to the start of the Catskill and Delaware design, had
never been commercially available. During the UV facility's
conceptual design, both LPHO and MP systems were evaluated and
determined feasible for providing the disinfection level needed to
meet anticipated regulations for Cryptosporidium inactivation.
Considerable research and evaluation was conducted on the relative
merits and drawbacks of the two systems. The evaluation process
included a series of meetings with potential manufacturers and site
visits to large operating facilities. For the Catskill and Delaware
systems, MP and LPHO systems were considered to be about equal
with respect to disinfection effectiveness, proven experience, space
requirements (overall footprint), procurement flexibility and
hydraulics, although each system offered its own unique set of
advantages and disadvantages.
As part of the decision-making process, non-economic categories
were tabulated and relative weights were applied in proportion to
their importance. Within the non-economic criteria, maintenance
efforts (lamp cleaning/replacement and electrical equipment
replacement/testing), procurement flexibility, and sensor
coverage/reliability (monitoring dose and lamp failure) were
considered to be the most important with respect to evaluating the
advantages and disadvantages of UV systems. Maintenance efforts
involve long-term staff commitments and recurring costs, while
sensor coverage and reliability affect regulatory compliance and the
ability to keep a unit in service.
An economic evaluation was conducted to compare 30-year life
cycle costs (capital and operations and maintenance) for both UV
technologies. Weighing factors were applied to both the economic
and non-economic criteria, and each type was scored against the
weighted criteria. Input was solicited from several bureaus within
the New York City Department of Environmental Protection
(NYCDEP) to confirm the relative importance of the criteria from
the NYCDEP's standpoint. The economic advantage of LPHO and
its lower operating cost weighed in favor of LPHO, with noneconomic factors being comparable. Overall, the decision for
selection of one system over the other was very close, and it was
necessary for the City to proceed with one system to avoid delays,
additional design costs, and procurement difficulties. Although the
LPHO system requires a greater number of lamp changes than a MP
system, LPHO lamps are easier to replace. Additionally NYCDEP
determined that this operation is routine, making it possible to
readily train operators. The MP system on the other hand, requires
less lamp replacement activity, but would involve other tasks that

require more specialized personnel (such as electrical maintenance
tasks and the operation/exercising of standby generators). A MP
system also has higher operating costs and electrical power
requirements (about 5 to 8 MW higher for the Catskill and Delaware
system). Therefore, NYCDEP determined that the LPHO system
was a better selection for the City.
To confirm the decision for LPHO, site visits to facilities with 20
mgd (75 mld) UV units of both types were conducted to gain further
information and a better understanding of how both systems
operate. Lamp and ballast replacements, access to units, and
cleaning systems were observed. Many of the maintenance issues
originally understood to require more effort for LPHO systems no
longer appeared to be as critical. The site visits and NYCDEP's
available manpower with respect to lamp/sleeve/ballast
replacements (in comparison to electrical facility maintenance),
reinforced the decision to proceed with the LPHO system.
Arrangements are presently being made to purchase UV units from
two or possibly three manufacturers for full-scale validation at an
independent validation facility in Johnstown, N.Y. Selection of one
UV manufacturer will be made following the validation testing and
will be dependent on successful testing combined with costs and
non-economic factors.

PERFORMANCE VALIDATION
The performance of UV units requires verification that the
appropriate level of pathogen disinfection will occur within a given
set of operating parameters. For most commercially available UV
units, the use of biodosimetry (bioassay) testing can be used to
confirm the delivered UV dose of the unit under varying flow and
water-quality conditions. At the start of the Catskill and Delaware
facility's design, logistical difficulties existed in performing fullscale bioassay testing of UV units greater than 20 mgd (75 mld), and
larger-scale UV units were unproven as to inactivation
effectiveness. For this reason, the City considered additional
methods, such as computer modeling to validate the performance of
larger UV units.
The goal of the computer modeling is to demonstrate that integrated
models of UV light intensity distribution (LID) and computational
fluid dynamics (CFD) used to simulate the distribution of flow
through the UV units will effectively predict UV unit performance
(see Figure 4). The coupled LID and CFD models will predict
performance of 20 mgd (75 mld) UV units based on a comparison
with biodosimetric results. Calibrated models will then be used to
predict the performance of 40 mgd (150 mld) UV units, which have
not yet been validated with biodosimetry.
However, with the increasing appeal of UV disinfection technologies
for drinking water applications, performance validation has quickly
become a requirement for acceptance of commercial systems.
HydroQual, Inc. operates a centralized UV validation facility at the
Gloversville-Johnstown joint wastewater treatment facility in
Johnstown, N.Y., funded by the New York State Energy Research and
Development Authority and several subscribing UV manufacturers.
The City has selected the Johnstown facility as the location to perform
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its anticipated validation testing. More than one LPHO unit will be
validated at this facility, and only one manufacturer will be selected
to proceed with the construction of the additional units required for
the full-scale UV disinfection facility. Selection will be based on
system performance and several evaluation criteria. A correlation of
model predictions and bioassay testing will be evaluated for the
selected system once the testing is complete.

UV FACILITY SITE
The proposed site for the UV facility is on city-owned property
within Westchester County, N.Y. The City purchased the property in
the early and mid-1900s and constructed the Catskill and Delaware
aqueducts with connections in anticipation of the potential future
need for a water treatment facility. To increase the dependability of
the New York City water supply system, a 2.5 mile ( 4 km) section
of the Catskill Aqueduct upstream of the UV facility will be
pressurized so that it can serve as a second raw water conduit (in
addition to the Delaware Aqueduct). Pressurization of the Catskill
Aqueduct may also permit increased future flow to the UV facility.
To determine the feasibility of pressurizing the Catskill Aqueduct,
the City performed an intensive aqueduct inspection program,
which included non-destructive testing (seismic/ultrasound, electromagnetic resistivity, ground penetrating radar), core boring and
testing with fiber-optic probing of bore holes, and other appropriate
inspection techniques. After evaluating possible methods, such as
grouting and inserting a lining, a pressurization program will be
formulated. The program will include the design and
implementation of selected methods for converting the gravity, nonpressurized aqueduct to a pressurized tunnel.

TEAMWORK LEADS TO SUCCESS
Figure 4. Model Output Showing Particles Tracked Trough UV
Unit to Calculate Applied UV Dose.

By applying recent scientific findings on the effectiveness of UV
disinfection in drinking water applications, coupled with innovative
design decisions, the City and the JV have significantly contributed
to protecting the public health of 9 million consumers. The City has
received the New York Association of Consulting Engineers
Diamond Award (First place) for the planning and conceptual
design of the world's largest UV disinfection facility.

Every project, every day.
Black & Veatch applies
tomorrow's technologies
to today's needs.

For information on water solutions, call 913-458-2000 or visit
www.bv.com
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UV FAQS
Often we get questionsabout UV. I have collected these
questions and my answers. I have posted all of the
questions (and answers) from previous issues of IUVA
e-News and articles as a "pdf' file that can be
downloaded from IUVA e-News. The following are a

radicals" (OH), which attack and oxidize the organic
oxidation
advanced
UV-based
contaminants.
generation
of OH
technologies usually involve the
radicals by the photolysis of added hydrogen peroxide.
Question:
What is meant by the terms "intensity", "irradiance"
and "fluence rate" when applied to UV?

few of the more interesting UV FAQs'

Answer:

If you would like to submit a question, please send it to
me at jbolton@iuva.org

These terms are very similar and all describe in a
general way the "intensity" of UV at a given region in
a UV reactor or around a UV lamP.

Jim Bolton, Editor

whv is UV

important for the disinfection of water and

air?
Answer:
The portion of the UV spectrum (the "germicidal"
region) that is important for the disinfection of water
and air is the range that is absorbed by DNA (RNA in
"germicidal range" is
some viruses). This
with a peak germicidal
nm,
200
300
approximately
The
mechanisminvolves
effectivenessat about 260 nm.
absorption of a UV photon by pyrimidine bases
(principally thymine) where two pyrimidine bases are
next to each other on the DNA chain. The
"photochemistry" involves formation of a "dimer" that
links the two basestogether.This causesa disruption in
the DNA chain, such that when the cell undergoes
mitosis (cell division), the replication of DNA is
inhibited.
Question:
What are the major commercial applications of UV?

Intensity: this term should only be used to describein a
qualitative sensethe magnitude of the UV power in a
given region. For example, the 'intensity' of the low
pressureUV lamp is rather low, while the 'intensity'of
a medium pressureUV lamp is quite high.
Iradiance: this term has a very specific meaning and is
used to describethe amount of UV power impinging on
a surface. The exact definition of irradiance (symbol E;
units W m-2) is: the total radiant power incident from
all upward directions on an infinitesimal element of
surface of area dA containing 'the point under
considerationdivided by dA.
Fluence Rate: this term is used to describe the
"intensity" of UV power impinging on a small spherical
volume (e.g., a bacterium) from all directions. The
exact definition of fluence ratg'(symbol E'; units
W mJ) is defined as the total radiant power incident
from all directions onto an infinitesimally small sphere
of cross-sectionalarea dA, dividedby dA.
Question:
What is the difference between MP and LP lamps?

Answer:

Answer:

UV has many commercial applications in society. The
major ones are: UV disinfection of water and air, UV
curing of inks and coatings, UV disinfection of foods,
and UV-based Advanced Oxidation destruction of

A low pressure(LP) UV lamp has a relatively small UV
output. For example, the common 4 foot long 40 W
fluorescent lamp could be made into a LP UV lamp by
replacing the glass with a qtattz tube' This 40 W
"germicidal" lamp would put out about 15 W of UV
power, almost all at 254 nm. The mercury vapor
pressure (even when the lamp is "hot" is only a few
millitorr (less than 10-s atm). A medium pressure(MP

pollutants in water and air.
Question:
What is "Advanced Oxidation"?

Advanced oxidation describes processes that induce
acceleratedoxidation oforganic pollutants in water and
air. When carried to completion, the only products are
water, carbon dioxide and mineral acids from any
chlorine, nitrogen or sulfur present. This process is
oxidation
Advanced
"mineralization".
called
technologies come in many varieties and usually
involve the generation of highly reactive "hydroxyl

UV lamp has a much higher UV output. For example, a
4 foot long MP lamp can have an electrical power of
about 30,000 W, with about 7,500 W being emitted over
a broad spectrum in the 200 - 300 nm region. The MP
lamp operates at a very high temperature (surface
temperature about 800'C) and the mercury vapor
pressure (when hot) is about l-2 atm). The MP lamp has
about half the germicidal efficiency compared to the LP
lamp.
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Question:
What parametersdictate which system would be the best for
a potable water application (i.e., primary disinfection)? Are
low pressuresystemstypically installed on low flow sources
and medium pressure systems on higher flow sources?Do
water quality parameters(i.e., UV adsorbance,DOC) dictate
the applications?
Answer:
In drinking water applications, low pressure (LP) systems
are generally applicable to small water flow systems
(perhapscommunities of 10,000 people or less) and medium
pressure (MP) systems to larger flow rates' The reason is
that a LP lamp has about twice the efficiency of producing
germicidal UV as compared with an MP lamp: Thus the LP
system has an operating cost advantage' However, MP
lamps have about 80 times the power output per unit length
as compared with a LP lamp' This means far fewer lamps
and power supplies for the same flow rate' Thus the much
lower maintenance costs of an MP system usually overtake
the advantageof lower operating costs in the LP systems'

Can disinfectionbe achievedunderAOP conditions?
Answer:

peroxide) to bring about the oxidative degradation of
organic contaminants. The fluence (UV Dose) required to
achieve this type of degradation is certainly greater than
10.00017.n2(1000 mJlcmz);hence,no microorganismcould
survive in such a Process.
Question:
What is a "black light" fluorescent UV lamp, and why do
some clothes (e.g., white shirts) glow brightly in the dark
when such UV lamPs are used?
Answer:
A "black light" fluorescent UV lamp is a low-pressure
mercury lamp that has a "phosphor" on the inner surface of
the lamp that absorbs the254 nm emission from the mercury
atoms and emits UV radiation with wavelengths around 365
nm. This is below the detection limit of the eye (400 nm) and
thus the lamp appearsto be "black". However, the 365 nm
UV radiation is absorbed strongly by the "brighteners"
(compounds addedto enhancethe "brightness" of the white)
in a white shirt, which then "fluoresce" at longer
wavelengths into the visible range and so the shirt "glows"'
Question:
How do I calculate the numbers of W lamps for a system'
I'm talking about low-pressure lamps' Why do some of the
companies say that I need only 3 lamps where another

(AOP$ usually
Yes indeed.AdvancedOxidationProcesses
involve the use of UV plus someactivator(e'g', hydrogen companywill use l0 lamPs?
Answer:

Is Your

The number of UV lamps required for ri UV reactor depends
on several factors including:
1. Transmittance of the water at 254 nm (the lower the
transmittance, the more lamps will be required)
2. Flow Rate (the higher the flow rate, the more W
will be required)

lamps

3. The path length of the UV in the reactor (if the irradiance
is still high at the walls, UV is lost by absorption in the
walls)
4. Turbidly [if the turbidity is high (>2-5 NTU), UV will be
absorbedand more lamps will be required]

UV Reactors
betterl
that pertorm

TXrriIIrJIt 6rj
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All of the above points assume that a certain minimum
fluence (UV dose) will be required (e'g', 400 Jlmz ot 40
mJlcrf,).
The sizing of a UV reactor is a complex matter and usually
requires an analysis of the irradiance distribution in the UV
reactor using a calculational model' Alternatively, the UV
reactor can be subjected to biodosimetry analysis, using a
surrogate, such as Bacillus subtilis spores'
The sizing of a UV reactor is not a simple matter - this is
why UV companies employ engineers to design their UV
reactors. There are also UV consultantswho can help in the
design of UV reactors.
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Whistler,BritishColumbia
CALL FORPAPERSFOR

TheThirdInternational
Congresson Ultraviolet
Technologies
May 24-27, 2005
Whistler,BritishColumbia,Ganada
Sponsoredby the International
UltravioletAssociation
Abstracts for papersare sought for UV-relatedtopics that include (but are not
limitedto):
DrinkingWaterDisinfection
WasteWaterDisinfection
UV Air Treatment
UV-BasedAdvanced
Oxidation
Designand Full-Scale
Experiences
Regulatory
ApprovalProcess

Hardware
Technological
Advances
'
By-products
NewUV lightsources
Operatorlssues
UV Curing
UV for Foodand Packaging
Disinfection

UV Photochemistry/
Photobiology
SmallUV Systems
Modeling
SensorTechnology

Deadlinefor Abstracts:Nov. '1,2004
AbstractProtocol:

Abstractsshouldbe no morethanone page(A4 or lettersize),singlespacedin 12 pt. TimesRoman
Font.Abstractsmust be receivedby November1,2004.Preferredmethodto receiveabstractsis
, electronically
by emailto kharvey@iuva.orq
Othenryise
by fax to (519-632-9827)
or by mailto (P.O.
Box1110,Ayr,ON,Canada,
NOB1E0)
PLEASENOTETHAT ABSTRACTSRECEIVED
AFTERTHE DEADLINE
WILL BE RETURNED
AND NOTACCEPTED.

Authorswill be notifiedconcerningthe acceptanceor rejectionof their abstractsby January 10,
preparation
2005.The deadline
for receiptof thefull paperwillbe March1,2005.Detailsconcerning
of the paperswill be sentout withthe noticeof acceptance
of the Abstract.
Ongoinginformation
updatesaboutthe conference
and otherIUVA-related
activitiesmaybe foundon
IUVA'sweb site:www.iuva.orq.
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Pure- the way waterdhouldalwaystaste.
Trojanis giving municipalitiesa new option io keep their drinkingwater
safe, pure, odor free and tasting good - no matterwhat the season.
Trojanoffers uniquetreatmentsolutionsto eliminatethe harmfulmicrobial
and chemicalcontaminantsin drinkingwater.At the same time,taste
and odor causingcompoundscan be treatedwith Trojan'sUV solutions.
It's all done in a way that helps ensureyour treatmentfacilitiescomply
with ever-increasing
regulatorypressures.
For an effective,reliableand environmentally-responsible
treatment
solution,the world is turningto Trojan.
www.trojanuv.com
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levelof the lamps.As a result,we
pioneeredthe us* of technologyt* r*ducethe r-nercury
ar* v*ry prnud tn haveby {ar the lowest mercury levelin UV larnpsin the industry.
TCLP
This rcsultedin th* first L*w Pressurelvlercurylamp that complieswith thc stringest
waste"
s this Phitips$t*riLamp'asn*n-hazardnus
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F*r further infcrmari*n plea*econract PhilipsLightingbyT*t: +l-73?-56330SSor Fax:+l-732-56334?8
*r PhilipsLightingCompany,?$0 FranklinSquareSrive-S*merset NJ S$87568**, USA.
Visit www.uvdisinfection.philips.com tc find s*t mo'-e.
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