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A MESSAGE
FROM THE
PRESIDENT
– Bob Hulsey

AN IMPORTANT
STEP
THIS IS GOOD STUFF! Inside these covers you will
find some of the best minds in drinking water discussing the
USEPA draft UV Disinfection Guidance Manual
(UVDGM). While this issue presents a summary and a
thought-provoking commentary on the draft UVDGM, we
need to think of it as just one aspect of our mission.
Certainly an important step on that mission, but only one of
several that we are taking over the next few years. I wanted to take a moment of your time to go over a few of those.
The first is the application of UV for wastewater treatment. Most of the scientists, engineers, and suppliers who
make up the IUVA have cut their UV teeth on wastewater
treatment (myself included). As demonstrated by many of
the presentations dealing with UV installations for wastewater treatment made at the IUVA's Vienna Congress this
past summer, we can learn a lot from these systems about
what works well and what doesn't. Elliott Whitby, Karl
Scheible, and Gary Hunter are leading IUVA's ad hoc
committee on wastewater treatment. They are doing some
exciting things. Give them a call and see how you can
become involved.
At the time you read this, Jim Bolton will have just led a
successful one-day conference in Chicago on ultraviolet
air treatment, and Jim is planning to produce another
Special Issue of IUVA News, print version to include the
proceedings of this Conference. When working recently
on a value engineering study, I met an HVAC engineer
who started talking about molds and fungus and the havoc
they can play in a building's air handling system. He was
very interested in what UV radiation could be used for in
this application. While at an IOA conference in Las
Vegas, I was speaking to my good friend Shaun Pierson
about using UV and ozone to battle airborne contaminants
in food processing plants. Both were planning on going to
Chicago to hear more. There is growing excitement about
this application that our group is just beginning to tap into.
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There is still more to learn and to share about the advances
in UV generation, monitoring, and modes of action that
extend across all fields. Check out the call for papers for
the Karlsruhe, Germany, conference in September 2004,
from the link on the IUVA e-News or go directly to
http://www.iuva.org/UVKA04-First.pdf. You'll see that
Oluf Hoyer is working with the Deutsche Akademie für
Photobiologie to hold what will be an outstanding event,
getting to the basic science of how UV works.
This brings us back to water treatment. Christine, Rip,
and Jim have assembled the work of a wonderful group of
authors to discuss the UVDGM, and have somehow
brought it together quickly enough to get their commentary out in time for you to review and provide feedback to
the USEPA. Please read, enjoy, ponder, and send us and
USEPA your thoughts on what's great in the document and
what it still needs.
Speaking of documents, let's talk about the one you are
reading right now. You may have noticed several changes
over the last few months in format, layout, and content.
Expect more in the months to come. One of these changes
will be a new name. With our e-News edition providing
timely information on what's happening in the UV world,
this magazine has been providing more detailed presentations of the how and why UV works. Its name needs to
reflect that. The editorial board is leaning towards
Ultraviolet Science and Technology (UVS&T). What do
you think? Get your comments into your board member
or visit us at http://www.iuva.org and send us a message.
This is REALLY good stuff!

First and Second International
Congress on UV Technologies –
2001 and 2003 – Conference
Proceedings
On CD-Rom in Adobe Acrobat (“.pdf”) v. 4.0 or higher
(4.0 is downloadable from CD).
EACH CD CONTAINS: Table of Contents; Search Tool;
Help; Opening Plenary + Complete Papers from Sessions A,
B., C., D, and Poster Session.
COST: $(USD)100 (including regular mail postage). Extra
charge for courier service.
PAYMENT: Master Card, VISA or Check
IUVA T-SHIRTS AVAILABLE !!
Light grey with IUVA logo (in color) – medium, large, and
extra large – $(USD)20 including regular shipping
EQUIPMENT SUPPLIERS: To purchase extra copies
of IUVA News issues for distribution to your customers or
to handout at your booths, contact Rip Rice (Editor – see p.
3) for prices and timing (e.g., back issues vs new issues).

We care about
healthy water.
Worldwide.

With Spektrotherm® HP UV lamps.
• Extra long life time of Spektrotherm® HP
UV lamps

• No photoreactivation effects when using a
UV dose of 400 J/m2

• Safe UV disinfection even in extremely cold
or hot water
• Particularly temperature stable between
4°C and 60°C

• A high level of acceptance globally through
biodosimetric certification in accordance with
DVGW, ÖNORM and SVGW and North
American bioassays from independant parties

• Economic operation through intelligent control

• Own lamp manufacturing

• Low energy costs

• Worldwide subsidiaries and manufacturing
centres

WEDECO AG Water Technology
Ungelsheimer Weg 6
40472 Düsseldorf
Phone: 0211/951 96-0
Fax:
0211/951 96-30
E-Mail: kontakt@wedecoag.com
www.wedecoag.com

Market leader in water treatment with UV and ozone
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A WORD OF INTRODUCTION FROM THE UVDGM
SPECIAL ISSUE EDITOR: The Importance of the USEPA’s
UV Disinfection Guidance Manual to the Water Industry
Christine Cotton, P.E., Project Engineer, Malcolm Pirnie, Inc.
One South Church Avenue, Suite 1120,Tucson, Arizona, 85701 Phone: 520.629.8274; Fax: 520.620.6476;
ccotton@pirnie.com
This special issue of the IUVA News is dedicated solely to
the USEPA's UV Disinfection Guidance Manual
(UVDGM), which was released in July 2003. The
UVDGM provides the requirements and guidelines for
using UV light to disinfect drinking water. It is the first
comprehensive document regarding UV disinfection of
drinking water written in the United States and reflects the
current state of UV technology.
Because the IUVA feels that this document has important
ramifications for the drinking water industry, this special
issue is dedicated to the water industry's perspective of the
UVDGM. In addition, this issue of IUVA News provides
articles addressing the following topics:
• An overview of the Long-Term 2 Enhanced
Surface Water Treatment Rule (LT2ESWTR) and
the Stage 2 Disinfectants/Disinfection Byproducts
Rule (Stage 2 D/DBPR) (the UVDGM was
developed to support these new regulations)
• Overview of the UVDGM itself
• Summary of the draft USEPA validation protocol
that is in the UVDGM and an article that outlines
the current UV equipment validation options
• Description of the state of drinking water UV
disinfection in Canada and how the UVDGM will
affect their UV installations
• Comparison of the status of wastewater and water
UV disinfection, how the UVDGM will impact the
wastewater industry, and how the wastewater
industry impacted the UVDGM development
• The impacts of the UVDGM on water utilities and
UV equipment manufacturers
• Issues that consultants (outside of the UVDGM
development team) believe need to be addressed in
the final UVDGM.
• Summary of how the American Water Works
Association Research Foundation (AwwaRF) has
impacted the UVDGM development through its
funded research.
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Of course, IUVA encourages its membership to read the
UVDGM in its entirety for themselves. The complete
UVDGM can be downloaded from USEPA's website
(www.epa.gov/safewater/lt2/guides.html).. USEPA is
requesting comments on the UVDGM to be submitted by
January 9, 2004. Comments on this draft guidance manual should be submitted to EPA's Water Docket and can be
submitted electronically, by mail, or through hand delivery/courier. The procedure for sending comments is
described below, and the UVDGM also provides this
information. In addition, specific issues for which USEPA
is requesting comments are described in UVDGM pages
xvii to xx.
IUVA would like to thank the authors who wrote these fine
articles in a very short time frame, so that IUVA could
bring the membership this significant document shortly
after the UVDGM release date.
It is still unknown what impact the UVDGM will have on
the water industry; however, this issue of IUVA News provides some initial ideas of what these impacts might be.
The IUVA hopes that this special issue is informative, communicates the impact of the UVDGM on the water industry, and provides a preview of the comments on the draft
UVDGM by the authors in this edition of IUVA News.
REQUEST FOR COMMENTS:
EPA is releasing this manual in draft form in order to solicit public review and comment. The Agency would appreciate comments on the content and organization of technical information presented in this manual. A list of topics
for comment pertaining to specific chapters and appendices is provided later in this manual. Please submit any
comments no later than 90 days after publication of the
Long Term 2 Enhanced Surface Water Treatment Rule
proposal in the Federal Register. Detailed procedures for
submitting comments are stated below.
Procedures for submitting comments:
Comments on this draft guidance manual should be submitted to EPA's Water Docket. You may submit comments
electronically, by mail, or through hand delivery/courier.
To submit comments using EPA's electronic public docket,
go directly to EPA Dockets at: http://www.epa.gov/edocket,

and follow the online instructions for submitting comments.
Once in the system, select "search," and then key in Docket
ID No. OW-2002-0039.
To submit comments by e-mail, send comments to
OW_Docket@epa.gov, Attention Docket ID No. OW2002-0039. If you send an e-mail comment directly to the
Docket without going through EPA's electronic public
docket, EPA's e-mail system automatically captures your
e-mail address, which is included as part of the comment
that is placed in the official public docket.
To submit comments on a disk or CD ROM, mail it to the
address identified below. These electronic submissions
will be accepted in WordPerfect or ASCII file format.
Avoid the use of special characters and any form of
encryption.

Please identify the appropriate docket identification number in the subject line on the first page of your comment.
If you submit an electronic comment, please include your
name, mailing address, and an e-mail address or other contact information in the body of your comment. Also
include this contact information on the outside of any disk
or CD ROM you submit, and in any cover letter accompanying the disk or CD ROM.
For public commenters, please note that EPA's policy is
that public comments, whether submitted electronically or
in paper, will be made available for public viewing in
EPA's electronic public docket as EPA receives them and
without change, unless the comment contains copyrighted
material, confidential business information, or other information whose disclosure is restricted by statute.

To submit comments by mail, send three copies of your
comments and any enclosures to: Water Docket,
Environmental Protection Agency, Mail Code 4101T,
1200 Pennsylvania Ave., NW, Washington, DC, 20460,
Attention Docket ID No. OW-2002-0039.
To submit comments by hand delivery or courier, deliver
your comments to: Water Docket, EPA Docket Center,
Environmental Protection Agency, Room B102, 1301
Constitution Ave., NW, Washington, DC, Attention
Docket ID No. OW-2002-0039.

Environmental
Engineers & Scientists
HydroQual, Inc.
1200 MacArthur Blvd.
Mahwah, New Jersey 07430
(201)529-5151
www.hydroqual.com

UV Verification Testing and Validation
UV Process Design and Consulting
Specialized Bench, Pilot and
Full-Scale Validation Studies
UV System Troubleshooting
Lamp and Fouling Factor Studies
System Modeling including UVDIS
and TULIP2002

Water/Wastewater UV Disinfection
Wastewater Reclamation
Analytical Techniques for UV Measurements
UV Bench and Pilot Testing
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An Overview of the Proposed Long Term 2
Enhanced Surface Water Treatment Rule and Stage
2 Disinfectants and Disinfection Byproducts Rule
Bruce A. Macler, USEPA
75 Hawthorne St,WTR-6, San Francisco, CA 94105, 415 972-3569, macler.bruce@epa.gov
USEPA has recently proposed additional regulations to
control microbial pathogens and disinfection byproducts
in drinking water. These are the Long Term 2 Enhanced
Surface Water Treatment Rule (LT2ESWTR) (1) and
Stage 2 Disinfectants and Disinfection Byproducts Rule
(S2DBPR) (2). The rationale and elements of these rules
are summarized briefly to highlight significant components. The details of these rules are extremely complex;
those wishing a fuller understanding must consult the proposed regulatory language.
BACKGROUND TO THE REGULATORY
PROPOSALS
Following promulgation of the Surface Water Treatment
Rule (SWTR) (3) in 1989, which mandated control of
waterborne microbial pathogens by a combination of filtration and disinfection, interest turned to control of the chemical byproducts resulting from disinfection treatment. It was
appreciated immediately that the known health benefits
from disinfection would have to be maintained and carefully balanced against protections from possible byproductderived health impacts. In order to involve the entire drinking water community in these decisions, USEPA conducted
a negotiated rule-making process to discuss the issues and
determine appropriate approaches to controlling both
pathogens and these byproducts simultaneously.
This resulted in a series of National Primary Drinking Water
Regulations (NPDWRs) and information-gathering activities being brought forward. The Interim Enhanced Surface
Water Treatment Rule (IESWTR) (4) and Long Term 1
Enhanced Surface Water Treatment Rule (LT1ESWTR) (5)
were designed to prevent utility backsliding on disinfection
and to upgrade physical removal of pathogens, especially
the protozoan, Cryptosporidium. This organism had been
singled out for particular attention due to a large waterborne
disease outbreak in Milwaukee that had occurred during this
time frame. It was also seen as more difficult to control than
Giardia, the benchmark organism of the SWTR.
The Stage 1 Disinfectants and Disinfection Byproducts
Rule (S1DBPR) (6) sought to control a number of halogenated organic compounds and other byproducts that had
been associated with possible adverse health consequences.
Maximum contaminant levels (MCLs) for total trihalomethanes (TTHM), five haloacetic acids (HAA5), bromate, and chlorite were established. Requirements to con-
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trol byproduct precursors also were established. An
Information Collection Rule (ICR) (7) was issued to fill in
large occurrence and operational information data gaps. The
recognition of these gaps led to an agreement to revisit open
issues when adequate data were available. Amendments to
the Safe Drinking Water Act in 1996 codified this agreement and required specific regulations and time lines.
Because a suitable disinfectant for Cryptosporidium was
not available at the time of the initial negotiated rulemaking, enhancements to SWTR disinfection criteria could not
be brought forward. Free chlorine and chloramines are
ineffective inactivation agents for Cryptosporidium, and
ozone and chlorine dioxide were not then seen as suitable
for the wide range of necessary applications. In addition,
both ozone and chlorine dioxide can produce adverse
byproducts. In the intervening time, however, the work of
Jennifer Clancy and others demonstrated that ultraviolet
(UV) light effectively inactivated Crytosporidium with
few downsides. While experience from large-scale drinking water applications in the U.S. was limited, the opportunities presented by UV were immediately utilized.
Additionally, early analytical methods for Cryptosporidium
were too problematic to allow adequate quantification of
this organism in source water. As a result, the IESWTR and
LT1ESWTR continued the "one size fits all" SWTR
approach of uniform filtration and disinfection treatment
requirements. Water systems that used filtration treatment
had to ensure 99% (2-logs) removal of Cryptosporidium,
which was determined based on operational criteria.
However, it was acknowledged that surface water sources
varied markedly in their levels of microbial pathogen contamination and that proportional treatment was desirable.
Improved Cryptosporidium analytical methods and data
resulting from the ICR opened the possibility of this
approach.
With respect to disinfection byproducts, it was recognized
that the current compliance approach that averaged monitoring data across both time (running annual average of
quarterly samples) and space (the entire distribution system)
permitted situations where some customers could receive
drinking water with levels above the byproduct MCLs for
long periods of time. However, relatively little was known
about the nature and causes of these byproduct "hot spots",
nor how they could be controlled. Additionally, opportuni-

Warner Power - new
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ties to control byproducts by using alternative disinfectants
required further study.

waters for Cryptosporidium monthly for two years. E. coli
and turbidity monitoring is not required.

A second Microbial/Disinfection Byproducts Federal
Advisory Committee subsequently examined results of the
ICR and other new data. The Stage 2 M-DBP Agreement
in Principle (8), developed in 1999 and 2000, laid out the
components that would comprise two new NPDWRs, the
LT2ESWTR and S2DBPR.

Unfiltered surface water systems serving fewer than
10,000 people must monitor for Cryptosporidium semimonthly for one year. These systems do not monitor for E.
coli or turbidity.

Among the principles was an explicit acknowledgement
that UV disinfection was a keystone treatment technology
underpinning the proposals. USEPA stated its belief that
UV disinfection was "available and feasible". USEPA also
had mandates to provide several technical documents to
support adoption of UV disinfection
PROPOSED ELEMENTS OF THE LT2ESWTR
The general goal of the LT2ESWTR is to provide additional protection to the public from drinking water from sources
with higher levels of Cryptosporidium. The regulatory elements include an initial assessment of source water levels of
this pathogen, then additional treatment based on the analytical results. In addition, systems must determine current disinfection levels and cover all open finished water reservoirs.
Monitoring Requirements for Filtered Systems
As proposed, surface water systems that filter their water
and serve 10,000 or more people will be required to monitor each of their source waters for Cryptosporidium, E.
coli and turbidity monthly for two years. Either Method
1622 or 1623 may be used, using total oocyst count, unadjusted for recovery. Running annual averages for
Cryptosporidium will be calculated. Systems will be given
the option of monitoring semi-monthly or more often. If
this is done, the mean average Cryptosporidium concentration of all samples may be calculated and used.
Surface water systems that filter their water and serve fewer
than 10,000 people initially will monitor their sources for E.
coli biweekly for one year. In this application, E. coli monitoring is being used as a less expensive surrogate for
Cryptosporidium. If their results are above benchmark levels, they then must monitor for Cryptosporidium semimonthly for an additional year. These benchmarks are mean
E. coli levels of 10/100 mL for lake and reservoir sources,
and 50/100 mL for flowing stream sources. If their results
are below these benchmarks, no further monitoring is
required. The mean average Cryptosporidium concentration
of all samples will be calculated.
Any filtered system can avoid monitoring if they provide
99.9997% (5.5-logs) of total Cryptosporidium control.
Monitoring Requirements for Unfiltered Systems
Unfiltered surface water systems serving 10,000 or more
people will be required to monitor each of their source
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Unfiltered systems can avoid monitoring if they provide
99.9% (3.0-logs) Cryptosporidium inactivation.
Bin Assignment and Treatment Requirements for
Filtered Systems
Filtered systems will be placed into one of four possible
"bins" based on monitoring results. Additional treatment
will be based on bin classification and current filtration
treatment. Systems with source water Cryptosporidium
levels <0.075 oocysts/L fall into Bin 1 and have no additional treatment requirements.
Bin 2 is for Cryptosporidium levels between 0.075 and 1.0
oocysts/L. Systems with conventional, slow sand or
diatomaceous earth filtration must provide an additional
90% (1.0-log) treatment. Systems that use direct filtration
must provide an additional 97% (1.5-log) treatment. This
difference is because conventional, slow sand and
diatomaceous earth filtration currently are given 3.0-logs
removal credit. Direct filtration is only given 2.5-logs
credit. The overall treatment goal for this bin is 99.99% (4logs) filtration and/or inactivation.
Bin 3 is for Cryptosporidium levels between 1.0 and 3.0
oocysts/L. It requires an additional 99% (2.0-logs) treatment for systems with conventional, slow sand or
diatomaceous earth filtration, 99.7% (2.5-logs) for systems with direct filtration. Total treatment is to be
99.999% (5-logs).
Bin 4, for source waters with greater than 3.0 oocysts/L,
requires an additional 99.7% (2.5-logs) treatment for conventional, slow sand or diatomaceous earth systems,
99.9% (3.0-logs) for direct filtration systems. Total treatment is to be 99.9997% (5.5-logs).
Treatment Requirements for Unfiltered Systems
All unfiltered systems must provide at least 99% (2-logs)
Cryptosporidium inactivation, in addition to current
99.9% Giardia lamblia and 99.99% virus inactivation
requirements. If source water levels of Cryptosporidium
are above 0.01 oocysts/L, at least 99.9% (3-logs) inactivation is required. At least two disinfectants must be
used. Each disinfectant must separately achieve the total
inactivation required for Cryptosporidium, Giardia lamblia, or viruses.
Treatment "Toolbox"
Systems may use a number of treatment approaches in various combinations to meet additional requirements. This

"microbial toolbox" includes proactive peer review or validation; watershed pathogen control programs; use of
alternative sources, including intake relocation or operational management; pretreatment by off-stream storage,
bank filtration, presedimentation using coagulation, or
lime softening; upgrades to filtration; and improved disinfection using chlorine dioxide, ozone or UV. All are
defined and have treatment credits assigned, based on specific design and performance criteria.
Guidance manuals to assist compliance also were released
for comment. These include the Source Water Monitoring
Guidance Manual, the Microbial Laboratory Manual and a
Guidance on Grandfathering Cryptosporidium Data.
Treatment manuals include the LT2 Toolbox Guidance
Manual, a Membrane Filtration Guidance Manual and a
Guidance on Challenge Testing of Bag and Cartridge
Filters and Membranes.
With specific respect to UV disinfection, USEPA is providing inactivation tables for Giardia lamblia,
Cryptosporidium and viruses. Compliance standards
include a UV treatment system validation protocol and
requirements for on-site monitoring. A UV Disinfection
Guidance Manual covers treatment plant design and operational issues.
Disinfection Profiling and Benchmarking
All surface water systems serving 10,000 or more people
must conduct disinfection profiling of Giardia and virus
inactivation, as was required for certain systems under the
IESWTR. Systems serving fewer than 10,000 people, with
some exceptions, also must conduct disinfection profiling.
Systems that performed profiling under either the
IESWTR or the LT1ESWTR may grandfather these data.
A disinfection benchmark, based on the disinfection profile, must be calculated by all systems planning to make
significant changes to their disinfection treatment.
Uncovered Finished Water Reservoirs
All uncovered finished water reservoirs must be covered
or the reservoir discharge water treated to provide 99.99%
(4-logs) virus inactivation. Under some circumstances, the
primacy agency may in lieu of this require implementation
of a risk management plan.
Implementation Schedule
Large systems must begin their monitoring activities within six months of rule promulgation. Bin classifications
based on the monitoring results are due three years after
promulgation. Compliance with treatment requirements
begins six years after promulgation.
For systems serving fewer than 10,000 people, monitoring
begins 30 months after promulgation. Bin classification
follows at 5½ years and compliance at 8½ years after
promulgation.

PROPOSED ELEMENTS OF THE S2DBPR
The general goal of the S2DBPR is to provide additional
protection from elevated levels of disinfection byproducts
found at localized points in distribution systems. Current
standards that average results across a system's distribution system will be phased out and replaced with standards
specific to each monitoring point. The regulatory elements
include an initial assessment of byproduct levels in the distribution system, then reconsideration of monitoring locations, followed by monitoring and compliance based on
locational running annual averages.
Initial Distribution System Evaluation (IDSE)
All community water systems, and non-transient non-community water systems that serve 10,000 or more people,
that provide some form of disinfection (except UV) must
conduct an evaluation of disinfection byproduct levels in
their distribution systems. This includes both wholesalers
and retailers, including consecutive systems that provide
little or no additional treatment. The intention is to consider fully the combined distribution system. This evaluation
consists of monitoring for TTHM and HAA5 throughout
the distribution system according to an approved plan. It is
in addition to and separate from normal compliance monitoring. The number and location of the monitoring sites,
and the frequency and timing of sampling are determined
by system size and characteristics. The details of this are
extremely specific and beyond the scope of this article.
The results of the IDSE monitoring will be used to determine a new set of compliance monitoring points representative of the highest byproduct points in the distribution
system. All data, analyses and determinations must be
reported to the primacy agency, which then must approve
the new monitoring plan.
Interim Locational Disinfection Byproduct MCLs
As systems undertake their IDSE, interim ("Stage 2A")
MCLs will apply at each of the existing compliance monitoring points in the distribution system. These will be
based on a locational running annual average of the monitoring results. These are in addition to the existing MCLs,
which are based on the running annual averages across the
entire distribution system. Beginning three years after
promulgation and continuing until new compliance monitoring points are established and necessary treatment is in
place, these locational MCLs are 120 Fg/L for TTHM and
100 Fg/L for HAA5.
Stage 2B Disinfection Byproduct MCLs
Following approval of the IDSE-based monitoring plan,
systems must then comply with the lower TTHM and
HAA5 MCLs currently applicable to the entire distribution system. These are 80 Fg/L for TTHM and 60 Fg/L for
HAA5, based on the locational running annual average.
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Relevant Stage 1 and Stage 2A TTHM and HAA5 standards then will sunset.
Significant Excursions
USEPA additionally is concerned about short-term
byproduct levels much above the MCLs. Primacy agencies
will have to determine what constitutes a "significant
excursion" above these MCL levels. Systems that exceed
the trigger values will be required to conduct and submit
an evaluation of the factors leading to these excursions.
Implementation Schedule
Systems serving >10,000 people and all consecutive systems receiving treated water from a system serving
>10,000 people must begin the IDSE within six months of
rule promulgation. Final reports are due two years after
promulgation. Final compliance with Stage 2b MCLs
begins six years after promulgation, although states may
grant an additional two years if major capital improvements are necessary in order to comply.
Systems serving 10,000 people or fewer begin their IDSEs
30 months following promulgation and must submit their
final reports four years after promulgation. These systems
must comply with Stage 2b MCLs within 7½ years after
promulgation, unless they have to conduct Cryptosporidium
monitoring. In this case, they have an additional year to
comply. Again, the state may grant an additional two years
if major capital improvements are necessary.
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AN OVERVIEW OF THE UV
DISINFECTION GUIDANCE MANUAL
Laurel Passantino, Project Engineer, Malcolm Pirnie, Inc.
4646 E.Van Buren Street, Suite 400, Phoenix, AZ 85008 lpassantino@pirnie.com

Matthew Yonkin, P.E., Project Engineer, Malcolm Pirnie, Inc.
15 Cornell Road, Albany, NY 12210 myonkin@pirnie.com
The UV Disinfection Guidance Manual was developed
under the direction of EPA's Office of Water and was prepared by Malcolm Pirnie, Inc., Carollo Engineers, P.C.,
The Cadmus Group, Inc., Dr. Karl G. Linden, and Dr.
James P. Malley, Jr. The purpose of the manual is to provide technical information relating to the application of
UV light for disinfection of drinking water by public water
systems. The manual supports two of EPA's upcoming
drinking water regulations: the Long Term 2 Enhanced
Surface Water Treatment Rule (LT2ESWTR), which
would require certain systems to provide additional treatment for Cryptosporidium, and the Stage 2 Disinfection
Byproducts Rule (DBP Rule), which places more stringent
limits on certain disinfection byproducts.
The intended audience and objectives of the manual are:
• Provide utilities and designers with technical information
and guidance on the selection, design, and operation of
UV installations and the UV-related requirements for
compliance with LT2ESWTR.
• Provide States with guidance and necessary tools to
assess UV installations at the design, start-up, and
routine operations phases.
• Provide manufacturers with testing and performance
standards for UV components and systems for treating
drinking water
The manual achieves these objectives through 6 Chapters
and 16 Appendices. The key elements of the UVDGM are
as follows:
1.

Summary of LT2ESWTR and Stage 2 DBPR

2.

Summary of the Principles of UV Disinfection

3.

Planning and Design Aspects for UV Installations

4.

UV Reactor Validation

5.

Start-up and Operation of UV Installations

6.

Bench-Scale and Pilot-Scale Testing

7.

UV Lamp Breakage

8.

Additional Reference Material

SUMMARY OF LT2ESWTR AND DBPR
Chapter 1 of the UVDGM begins with an overview of the
manual and a description of each chapter and appendix. It
then continues to summarize the two drinking water regulations the manual was designed to support: the

LT2ESWTR and the Stage 2 DBPR. Information is presented in Chapter 1 that helps utilities determine how
much treatment is required to remain in regulatory compliance. There are also several references to the complete
rules for those instances when the summary information is
not adequate to answer a detailed question. The regulatory information presented in Chapter 1 is supplemented by
a regulations timeline in Appendix L. This timeline indicates the planning and implementation of tasks to achieve
LT2ESWTR compliance for large systems (serving 10,000
or more people) and small systems (serving fewer than
10,000 people). The tasks listed include Rule Proposal,
Rule Promulgation, source water monitoring, bin classification, process evaluation and planning, facility design,
construction and startup, and the compliance deadline.
Chapter 1 also presents the UV dose requirements for filtered and unfiltered systems (Table 1). Note that the dose
requirements presented only account for the uncertainty
surrounding dose-response of microorganisms under highly controlled experimental conditions. As such, to account
for other uncertainties associated with practical application of UV disinfection, the validation protocol assigns a
safety factor to these dose requirements.
The methodology used to determine the UV dose requirements is presented in Appendix B. This appendix includes
information on the data collected for statistical analysis, the
qualitative review to determine what collected data should
be included in the data sets, and the hierarchical Bayesian
statistical approach used to analyze the data mathematically.
SUMMARY OF THE PRINCIPLES OF UV
DISINFECTION
Chapter 2 of the UVDGM provides an overview of the UV
disinfection fundamental concepts. It presents the fundamental aspects of UV disinfection with the goal of providing readers enough background information to understand
the other sections of the manual.
The chapter begins with the history of UV disinfection and
the fundamental aspects of how UV light is generated and
propagated. Chapter 2 also presents information on the
microbial response to UV light, including inactivation and
repair. The basic components of UV reactors are presented with a focus on the differences between the various
components (e.g., the differences between low-pressure
and medium-pressure lamps and the differences between
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Table 1. UV dose (in mJ/cm2) required by LT2ESWTR to inactivate target pathogens

Log Inactivation
0.5

1

1.5

2

Cryptosporidium

1.6

2.5

3.9

5.8

Giardia

1.5

2.1

3.0

5.2

Virus

39

58

79

100

chemical and mechanical lamp sleeve cleaning). The chapter concludes with a discussion of the impacts of water
quality on UV disinfection and the formation of by-products from UV disinfection. The information in Chapter 2 is
supplemented by a more detailed discussion of these fundamental concepts in Appendix A.
PLANNING AND DESIGN ASPECTS OF UV
INSTALLATIONS
Chapter 3 of the UVDGM provides information on planning and designing a post-filter UV installation. The
design process is presented in a flowchart that directs the
reader to the appropriate section within the chapter. The
chapter is organized to follow the design flowchart. The
following list includes issues discussed in Chapter 3:
• UV installation goals
• Potential installation locations
• Key design parameters
• UV reactor validation issues to be considered in design
• UV installation footprint and elements to be considered
in the process layout
• Hydraulic constraints
• Control strategy influence on design
• Electrical power and power quality implications on
design
• Equipment specification
• State regulatory agency coordination and reporting
As previously noted, the information in Chapter 3 focuses
on post-filter installations of UV disinfection. However, it
is also possible to use UV disinfection for other applications such as unfiltered systems, groundwater systems, and
small systems. The majority of the planning and design
information is valid for other installations; however, supplemental information for each system type and how it differs from the design process and considerations outlined in
Chapter 3 is included in the following appendices:
• Appendix G -- Supplemental Information for
Unfiltered Systems
• Appendix H -- Supplemental Information for
Groundwater
• Appendix I -- Supplemental Information for Small
Systems
UV REACTOR VALIDATION
UV reactor validation is critical to ensuring UV reactor
performance. Validation provides confidence that the UV
reactor can produce the level of inactivation desired for a
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given disinfection application.
The LT2ESWTR outlines the
basic components of UV reactor validation. Chapter 4 of
2.5
3
3.5
4
the UVDGM reviews the val8.5
12
idation requirements in the
rule and uses the requirements
7.7
11
as a framework for recom121
143
163
186
mended validation procedures. Additional approaches
to UV reactor validation may be used at the discretion of
the State regulatory agency. The draft EPA validation
approach is summarized in more detail in the article entitled "An Overview of the UVDGM Validation Protocol"
in this issue of IUVA News.
The validation protocol answers the following questions:
• How is the reduction equivalent dose related to log
inactivation credit?
• Does validation take place on-site or off-site?
• How are reactor hydraulics considered in the validation
protocol?
• How old should UV lamps be when the reactor is
validated?
• Which organism should be used as the challenge
organism during testing?
• What additives can be used to decrease the UV
transmittance for testing?
• What are the procedures for microorganism
preparation?
• What is the procedure for collimated beam testing?
• How is a full-scale biodosimetry test performed?
• How should the data be analyzed?
The validation protocol outlined in the UVDGM has two
tiers. Tier 1 has a predetermined safety factor that is
applied to the UV dose requirements listed in Table 1.
Tables 2 and 3 present the resulting UV dose requirements
when the required dose is multiplied by the safety factor
for low and medium pressure UV lamps. The Tier 1 safety factors are based on assumed uncertainties and corrections. As such, the validation conditions should meet the
criteria specified in the UVDGM in order for results to be
practical. Tier 2 allows the user to calculate a reduced
safety factor using site specific and detailed knowledge of
the UV installation, its equipment, and the testing conditions. The derivation of the Tier 1 validation safety factor
is presented in Appendix F along with the method for calculating the Tier 2 safety factor. EPA also developed a
spreadsheet tool that can be downloaded from their website (www.epa.gov/safewater/lt2/) to assist the user in
developing an appropriate Tier 2 safety factor.
Appendix C provides detailed examples of how to complete a validation with either a Tier 1 or Tier 2 approach.
Other appendices that contain information related to validation are Appendix D (Microbiological Methods) and
Appendix E (Collimated Beam Apparatus).

Table 1. UV dose (in mJ/cm2) required by LT2ESWTR to inactivate target pathogens
START-UP AND
OPERATION OF UV
Log Inactivation
INSTALLATIONS
Chapter 5 of the UVDGM
0.5
1
1.5
2
2.5
3
3.5
4
provides information on the
Cryptosporidium
6.8
11
15
21
28
36
start-up activities and routine
operating procedures associGiardia
6.6
9.7
13
20
26
34
ated with a UV disinfection
Virus
55
81
110
139
169
199
227
259
installation.
The chapter
describes the final inspection
and functional testing, includTable 3. Tier 1 RED targets for UV reactors with MP Lamps (in mJ/cm2)
ing verification of mechanical
operation, monitoring equipLog Inactivation
ment, instrumentation and
0.5
1
1.5
2
2.5
3
3.5
4
control systems, and flow distribution and headloss. The
Cryptosporidium
7.7
12
17
24
32
42
chapter also provides the
Giardia
7.5
11
15
23
30
40
requirements and recommendations for operating and
Virus
63
94
128
161
195
231
263
300
maintaining UV facilities.
The only operational requireThe following operational and maintenance tasks are
ment of the LT2ESWTR is that unfiltered systems using
described in Chapter 5:
UV disinfection for Cryptosporidium inactivation credit
• Routine start-up
must demonstrate that at least 95 percent of the water delivered to the public during each month must be from reactors
• Routine shutdown
operating within validated conditions. Although there is no
• Calibration of UVT monitors, UV intensity sensors,
specific requirement for filtered systems, it is recommendand flow meters
ed to minimize the water delivered by reactors that are
• Checking the reactor, lamp sleeves, and wiper seals
operating outside of their validated limits.
for leaks

• Checking the cleaning efficiency
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• Checking the cleaning fluid reservoir (if applicable)
• Replacing UV lamps and disposing used lamps
• Replacing lamp sleeves
Chapter 5 concludes with a section that describes the monitoring, recording, and reporting of UV installation operational data. According to the LT2ESWTR, utilities must
monitor each reactor to determine whether it is operating
within validated conditions and calculate the percentage of
flow that was treated within validated limits. Monthly
monitoring of UV intensity sensor calibration also is
required. The monitoring parameters required depend on
the dose control strategy used and the validation results. It
is recommended that all required monitoring parameters
be monitored continuously for each UV reactor and
recorded at least once every four hours. For installations
in which this frequency is not practical, the utility should
work with the State to develop an approved monitoring
plan. Reports must be submitted to the State on a monthly basis. The reports must include the percentage of offspecification flow and the percentage of UV intensity sensors that were checked for calibration. Example monthly
compliance forms are included in Appendix M of the
UVDGM.
BENCH-SCALE AND PILOT-SCALE TESTING
In addition to providing information for full-scale design,
validation, and operation of UV disinfection installations,
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the UVDGM also provides information on preliminary
evaluation of UV disinfection. The most carefully controlled experiment for evaluating UV disinfection effectiveness for a given microorganism and water quality is to
perform bench-scale collimated beam testing. A protocol
for performing this test is presented in Appendix E. This
protocol outlines the design of the collimated beam test
stand, how to calculate UV dose delivered to the test organism, quality assurance and control recommendations, and
the components of the collimated beam testing report.
Pilot-and demonstration-scale testing can be used to achieve
the following objectives as described in Appendix J:
• Gain operational experience
• Assess lamp sleeve fouling
• Evaluate cleaning systems
• Measure headloss
• Determine the effects of lamp aging
• Evaluate controls and alarm systems
UV LAMP BREAKAGE
The last key element of the UVDGM is a discussion of the
issues associated with UV lamp breakage. There are concerns relating to lamp breakage because most of the commercially available UV lamps contain mercury. Appendix
N addresses regulations that may apply to breaking UV
lamps in water treatment plants, including the maximum
contaminant level for mercury established by the Safe
Drinking Water Act, operator exposure limits as defined
by the Occupational Safety and Health Administration,
and disposal considerations for UV lamps as defined in the
Universal Waste Rule. The appendix also discusses the
amount of mercury in lamps and the potential fate of mercury after lamp breakage. Lastly, the differences between
on-line and off-line lamp breakage is presented along with
causes of lamp breakage and clean-up procedures.
ADDITIONAL REFERENCE MATERIAL
In addition to the major chapters and appendices, the
UVDGM provides additional reference material. Chapter
6 of the manual contains a list of nearly 50 articles, books,
and references cited in Chapters 1 through 5 of the manual. In addition, each appendix contains its own reference
list. The introduction to the UVDGM contains a glossary
for UV disinfection related terminology and also a list of
acronyms and abbreviations used throughout the manual.

Leaders in Drinking Water UV Disinfection:
n UV facility planning, design, & start-up services
n Project manager & co-authors of the EPA’s UV
Disinfection Guidance Manual
n AwwaRF, EPA, and NYSERDA funded
collaborative research projects
n Co-authors of UV disinfection chapter in
AWWA WTP Design Manual

800-759-5020 n
offices nationwide
www.pirnie.com
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Comparison of Safety Factor Approaches for UV
and Chemical Disinfection
Harold Wright and Dennis Greene, Carollo Engineers
12592 West Explorer Drive, Suite 200, Boise, ID 83713hwright@carollo.com, dgreene@carollo.com
accounts for systematic and random error in dose monitoring and validation, is derived and multiplied by the regulatory pathogen dose requirements to give the RED that
should be demonstrated by validation. The Tier 1
approach specifies RED values needed to demonstrate different levels of target pathogen inactivation based on a
safety factor calculated for a UV reactor that meets specific criteria on dose monitoring and validation. Any UV
reactor that meets those criteria can use the Tier 1 RED
values to demonstrate pathogen inactivation. The Tier 2
allows the user to calculate the safety factor and target
RED values specific to their reactor and its validation.
The Tier 2 approach allows the use of UV reactors that do
not meet Tier 1 criteria and allows the user to apply smaller safety factors if justified.

INTRODUCTION
The UV Disinfection Guidance Manual (UVDGM) provides test protocols for validating dose delivery and monitoring by UV reactors. Validation involves measuring the
dose delivery of the UV reactor under various test conditions of flow, water UV transmittance, and lamp output,
and verifying the ability of the reactors monitoring system
to indicate that dose delivery. The test conditions should
span the operating range of these variables expected at the
water treatment plant (WTP) where the reactor will be
installed (USEPA, 2003).
Dose delivery is measured using a technique termed biodosimetry. With biodosimetry, the UV reactor is installed
in a test train. Water carrying a challenge microbe is
passed through the reactor at a controlled flow and UV
transmittance. Log inactivation of the challenge microbe
by the UV reactor is measured. The UV dose-response of
the challenge microbe also is measured using a benchscale collimated beam apparatus. The UV dose-response
is used to relate the log inactivation measured through the
reactor to a dose value termed the Reduction Equivalent
Dose (RED) (Figure 1).

SAFETY FACTOR
The safety factor is determined using the following
equation:

S .F . = B RED B poly (1 − eT )

where BRED is the RED bias, Bpoly is the polychromatic
bias, and eT is the total random uncertainty.

The validation protocol in the UVDGM provides two
approaches, termed Tier 1 and Tier 2, for relating RED
measured during validation to the log inactivation of the
target pathogens, namely Cryptosporidium, Giardia, and
viruses. With both approaches, a "safety factor," which

UV Dose (mJ/cm2)

120
100
80
60

RED

40
20

Log Inactivation

0
-1

0

1

2

3

4

5

Log Inactivation
Figure 1. UV dose-response of the challenge microbe, measured using a bench-scale collimated beam apparatus, is used to relate log
inactivation measured through the reactor to RED.
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RED BIAS
The RED bias accounts for an important error that occurs
when the challenge microbe used during validation and
the target pathogen have different inactivation kinetics. If
the challenge microbe is more resistant to UV light than
the target pathogen, the RED measured with the challenge
microbe will be greater than that of the pathogen (Cabaj et
al, 1996; Wright and Lawryshyn, 2000; Petri and Olson,
2003). The magnitude of the error depends on the dose
distribution delivered by the reactor – the wider the dose
distribution, the larger the error.
In the UVDGM, the Tier 2 approach provides a method for
determining the RED bias based on the UV dose-response
of the challenge microbe observed during validation, the
UV dose-response of the target pathogen as defined by the
regulatory dose requirements, and a dose distribution representing commercial UV reactors. The Tier 1 RED values for Cryptosporidium were determined using an RED
bias of 2.14. This value was determined assuming MS2
phage with a UV sensitivity of 25 mJ/cm2 per log inactivation unit was used during validation. How the RED bias
used for Tier 1 compares with the bias that actually would
occur with commercial UV reactors is uncertain, because
there is little published data on the dose distribution delivered by those reactors. However, Petri and Olson (2003),
modeling dose delivery by medium-pressure (MP) reactors, report a factor ranging from 1.3 to 2.0 for a "good" 8lamp reactor design and 2 to 4 for a "poor" 2-lamp design.
This data indicates that the Tier 1 value may be reasonable
for good reactor designs and optimistic for poorer designs.

POLYCHROMATIC BIAS
The polychromatic bias accounts for errors in dose delivery and monitoring that can occur with polychromatic UV
systems (MP or pulsed UV systems). The error does not
occur with monochromatic UV systems [LP (low-pressure) or LPHO (low-pressure high output) UV). This error
can occur for three reasons:
First, there can be a significant difference between the UV
absorbance spectrum of the additive used during reactor
validation and the UV absorbance spectrum of the water at
the WTP (water treatment plant). Typically, coffee and
lignin sulfonic acid are used during validation. While UV
absorbance of WTP waters tends to decrease as wavelength increases from 200 to 400 nm, the UV absorbance
spectra of lignin sulfonate and coffee have local minima
near 254 nm. Thus, for a given UV absorbance at 254 nm,
the UV additives have greater absorbance at other wavelengths than do WTP waters. This difference affects both
the RED delivered by the UV reactor and the UV intensity measured by the UV sensor. Both are lower during validation than at the WTP. However, the impact of the dif-
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ference on the sensor measurement depends on the distance from the lamps to the sensor. If the sensors are relatively close, the impact on the sensor reading is small
compared to the impact on RED, and a UV intensity alarm
set point established during validation will be a conservative indicator of dose at the WTP. On the other hand, if the
sensor is relatively far away, the impact on the sensor
reading will be large compared to the impact on RED, and
a UV intensity alarm set point established during validation could lead to under-dosing at the WTP.
Second, spectral shifts in the UV output of the lamps, the
UV transmittance of the quartz sleeves (aging, internal or
external fouling), or the UV transmittance of the UV sensor window could cause a bias error in dose delivery monitoring. Typically, these phenomena have a greater impact
at lower wavelengths than at higher wavelengths. The
bias error occurs if the UV sensor responds to higher
wavelengths more than the microbes. The error is small if
the sensors have a germicidal response and are not located
too far from the lamps. Minimizing this error is the reason
for requiring germicidal sensors for Tier 1.
Third, differences in the wavelength response or action
spectra of the challenge microbe used during validation
and the target pathogen can cause a polychromatic bias.
For example, Petri and Olson (2003) modeled dose delivery by a MP UV reactor and reported that the RED measured with B. subtilis spores can be 10 to 20% higher than
the RED measured with MS2 phage. They attribute the
difference to the action spectra of the microbes.
The Tier 1 and Tier 2 approaches in the UVDGM account
only for the impact of the absorbance spectra on the polychromatic bias. However, the background to the validation
protocol describes the potential impact of spectral shifts and
differences in the action spectra. Furthermore, an Excel
spreadsheet, provided as support to the UVDGM, allows
the user to calculate the polychromatic bias using spectral
data on the lamp output, sleeve UV transmittance, water UV
absorbance, microbe response, and UV sensor response.
TOTAL RANDOM UNCERTAINTY
The total random uncertainty accounts for sources of random error associated with validation and monitoring.
Random error is associated with the following:
1.

Log inactivation of the challenge microbe measured
during validation;

2.

UV dose-response of the challenge microbe
measured during validation and used to relate log
inactivation to RED;

3.

Measurement uncertainties of the sensors (flow, UV
transmittance, UV intensity) used during validation
and at the WTP;

Perfection preser ved by the purest of light.
In a world where the impor tance of our environment is increasingly recognized Philips has
pioneered the use of technology to reduce the mercury level of the lamps. As a result, we
are very proud to have by far the lowest mercury level in UV lamps in the industry.
This resulted in the first Low Pressure Mercury lamp that complies with the stringest TCLP
regulations that recognizes this Philips

as non-hazardous waste.

For further information please contact Philips Lighting by Tel: +1-732-5633000 or Fax: +1-732-5633428
or Philips Lighting Company, 200 Franklin Square Drive, Somerset N.J 08875 6800, USA.
Visit www.uvdisinfection.philips.com to find out more.
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4.

Uncertainty monitoring lamp output if the number of
sensors is less than the number of lamps;

5.

Interpolation of validation data.

The total random uncertainty is calculated as the square
root of the sum of squares of the above mentioned random
errors.
COMPARING UV TO CHEMICAL
DISINFECTION
The approach used by the UVDGM to relate validation
data to target pathogen dose requirements differs from the
approach used with chemical disinfection. There is a concern that UV disinfection is being held to a higher standard
than chemical disinfection. This concern should be
addressed.
The Surface Water Treatment Rule (SWTR) provides concentration x time (CT) or chemical dose requirements for
the inactivation of Giardia and virus by chlorine, chlorine
dioxide, ozone, and conventional chloramination. Many
WTPs monitor chemical disinfection by calculating CT as
the residual disinfectant concentration multiplied by the
10th percentile of the chemical reactor's residence time
distribution (t10).
DOSE REQUIREMENTS
CT requirements in the SWTR were determined by applying a conservative statistical analysis or a safety factor to
pathogen inactivation data obtained using bench-scale
studies. With chlorine inactivation of Giardia, the CT
requirements were determined by interpolating the 99 percent confidence interval of the CT needed for 4-logs inactivation to other levels of inactivation using first order
kinetics. Because the dose-response data demonstrated
curvature, the interpolation was considered conservative,
especially at mid-range levels of CT. For example, for
0.5- and 3-logs inactivation of Giardia, this approach
gives a CT value 2 and 1.5 times higher, respectively, than
the mean predicted CT at pH 6 and 5°C using 2 mg/L as
Cl2 (USEPA, 1991, Appendix F, Figure 1). With other disinfectants, safety factors were applied as shown in Table 1.

With the UVDGM, the UV dose requirements for Giardia,
Cryptosporidium, and virus were obtained by fitting 80
percent credible intervals to the dose-response data. The
UV dose requirements for 3-logs Cryptosporidium and
Giardia inactivation, respectively, are 2.6 and 4.4 times
the median UV doses. The UV dose requirement for 4logs virus inactivation is 1.2 times the median UV dose.
In summary, the approach used by UVDGM is comparable to the approach used by the SWTR to develop dose
requirements for the inactivation of Giardia by chlorine.
Both approaches account for the reported variability in
dose-response data obtained using bench-scale studies.
T10 AND MS2
While MS2 commonly is used to measure dose delivery by
UV reactors, the product of residual chemical concentration and T10 often is used to indicate dose delivery by
chemical systems. To compare the relative factor of safety applied to UV and chemical disinfection under the
UVDGM and SWTR guidance, hypothetical examples of
disinfection performance were simulated for each technology. The simulation involves calculating the log inactivation achieved with a given UV dose distribution for a
given microbe and relating that inactivation to a RED.
Figure 2 presents the UV dose distribution of the simulated
UV system operating to achieve 3-logs Cryptosporidium
inactivation. Figure 2 also includes the UV dose distribution
of a simulated chlorine contact chamber operating to
achieve 0.5-log Giardia inactivation. Both UV dose distributions represent relatively challenging hydraulics through
the reactors.
Figure 3 presents the UV dose-response of Cryptosporidium
and virus, taken from proposed regulatory UV dose requirements, and the UV dose response of MS2 phage with a UV
sensitivity of 25 mJ/cm2. Figure 3 also presents the chlorine dose-response for Giardia and virus at pH 6 and 0.5°C
using 0.4 mg/L as Cl2, taken from SWTR guidance. The
log inactivation of a given microbe by each reactor was calculated by numerically integrating the inactivation achieved
by each UV dose in the UV dose distribution. The log inactivation then was converted into an RED using the UV

Table 1. Safety Factors Incorporated into SWTR CT Requirements

Disinfectant

Pathogen

Safety Factor Used to Determine SWTR CT Requirements

Chlorine

Virus

Safety factor of 3 applied to the highest CT for a given inactivation

ClO2

Giardia

Safety factor of 1.5 applied to the mean CT for 2 log inactivation

Virus

Safety factor of 2 applied to the average CT needed at pH 6

Giardia

Safety factor of 2 applied to the highest CT for 2 log inactivation

Virus

Safety factor of 3

Giardia

No safety factor applied to bench-scale data obtained with preformed chloramines
because conventional chloramination is more effective than preformed chloramines

Ozone

Chloramines

Virus
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dose-response curves in Figure 3. Table 2 presents the RED
values for the inactivation of Giardia and virus by chlorine
and the inactivation of Cryptosporidium, MS2 phage, and
adenovirus by UV. For comparison, Table 2 also provides
CT10 values for the chlorine dose distribution.
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Figure 2. Dose distributions for a yypothetical UV reactor and
chlorine contactor.
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As expected from the relative UV sensitivity of the
microbes, MS2 RED is a conservative estimator of RED
delivered to adenovirus. However, the MS2 RED is
greater than the Cryptosporidium RED by a factor of 2
with the UV dose distribution represented. On the other
hand, CT10 is a conservative indicator of the Giardia RED
by chlorine by a factor of 2.5 and is a good indicator of
virus RED.
In summary, the use of CT10 to indicate Giardia inactivation by chemical disinfection is conservative, while using
MS2 phage to indicate Cryptosporidium inactivation by
UV is not. Therefore, applying the RED bias to account
for these errors with UV disinfection does not hold UV to
a higher standard. Indeed, in the example shown here,
using CT10 to indicate Giardia inactivation by chemical
disinfection is more conservative than applying the RED
bias as a safety factor to UV validation data.
Standard Methods for Dose Monitoring and Uncertainty.
The SWTR specifies approaches for determining CT
delivered by a chemical disinfection system. Standard
Methods for the Examination of Water and Wastewater
provides standardized approaches for measuring the concentration of ozone, chlorine, chloramines, and chlorine
dioxide. Measurement uncertainty with the methods is on
the order of 5 to 10% or better.
UV reactor validation protocols from Germany (DVGW)
and Austria (ÖNORM) define standards for monitoring
UV dose delivery by UV reactors. Both protocols specify
the properties and dimensions of the UV sensors used on
reactors, the method whereby UV sensor measurements
are used to indicate UV dose delivery, and the test protocol for calibrating that method (through biodosimetric
testing). Furthermore, both protocols require application
of a safety factor to account for sensor measurement
uncertainty.

log Inactivation
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Figure 3. Inactivation kinetics of target pathogens by chlorine
and UV and MS2 phage by UV.

The UVDGM describes three approaches for monitoring
UV dose delivery by UV reactors and provides approaches for validating UV dose delivery and monitoring with
each approach. The UVDGM provides criteria for the
measurement uncertainty, spectral response, and positioning of the UV sensors under Tier 1. The UVDGM does not
provide criteria for sensor properties and placement under
Tier 2. However, the Tier 2 approach does account for
those properties in the determination of the polychromatic
bias and the total random uncertainty.
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Table 2. REDs for chemical and UV inactivation.

Disinfectant

Microbe

Log Inactivation

RED

CT10 or MS2
RED

Ratio

Chlorine

Giardia

0.50

23 mg/L-min

9.3 mg/L-min

2.5

Chlorine

Virus (HAV)

3.2

9.5 mg/L-min

9.3 mg/L-min

1.0

UV

Cryptosporidium

3.0

12 mJ/cm2

24 mJ/cm2

0.5

UV

Virus (adenovirus)

0.6

28 mJ/cm2

24 mJ/cm2

1.2

Note: RED is calculated from the dose distribution using the equation:
D

1  max
RED = − ln  ∫ p ( D ) exp( − kD )dD 
k  0


where D is the dose, p(D) is the dose distribution, and k is the first order inactivation coefficient of the modeled microbe.

The UVDGM approach was selected for the following
reasons:
1.

Major UV manufacturers are using monitoring
approaches and sensor technologies that do not meet
DVGW and ÖNORM requirements.

2.

US regulators did not want to restrict monitoring to a
single approach.

3.

Available performance data on UV sensors and
validation are limited, so that specifying
performance criteria that are too stringent was a
concern.

4.

Large measurement uncertainties can occur with
relaxed criteria and should be addressed.

In summary, the UVDGM has flexible criteria for UV dose
monitoring, but provides checks and balances in the form
of safety factors for polychromatic bias and total random
uncertainty to account for possible errors that could arise.
This differs from chemical disinfection and DVGW and
ÖNORM UV standards that specify monitoring approaches with minimal error but provide little flexibility.
CONCLUSIONS
In summary, the UVDGM provides one approach for relating validation data to pathogen UV dose requirements. The
approach uses a safety factor that accounts for total random
uncertainty and two bias errors associated with UV dose
monitoring and validation. A Tier 1 approach specifies the
safety factor for UV reactors that meet specific criteria on
UV dose monitoring and validation. The Tier 2 approach
allows the user to calculate the safety factor and take
advantage of technologies that do not fall within Tier 1 criteria or take advantage of improved methods for monitoring and validation that lead to smaller safety factors.
The safety factor approach specified by the UVDGM is
comparable if not less conservative than the approaches
used with chemical disinfection. Like Giardia inactivation
by chlorine, UV dose requirements for UV were selected
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by applying statistical analysis to bench-scale UV doseresponse data to define an upper confidence level. On the
other hand, dose requirements for other disinfectants in the
SWTR were obtained by applying conservative multipliers
to limited bench-scale data. The product of residual C and
T10 used to indicate dose delivery by a chemical contactor
is a good measure of CT delivered to virus and a conservative measure of CT delivered to Giardia. However, MS2
RED is a conservative indicator of the UV dose delivered
to adenovirus and is notably greater than the UV dose
delivered to Giardia and Cryptosporidium. Errors in UV
dose monitoring that can occur with polychromatic UV
systems are unique to those systems and do not have analogy to chemical systems. Last, monitoring with chemical
disinfection uses relatively accurate techniques defined by
Standard Methods. The DVGW and ÖNORM UV standards also specify standards for UV dose monitoring. The
UVDGM, on the other hand, does not restrict monitoring to
one approach but does identify potential errors in monitoring that should be accounted for using a safety factor.
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UV Validation and Research Center of New York
Operated by HydroQual,
the Center is supported by
the New York State Energy
Research and Development
Authority (NYSERDA)
and major UV equipment
suppliers:

HydroQual, Inc. specializes in
water and wastewater treatment
process design, mathematical
modeling of natural water systems,
hydrodynamic and sediment
transport modeling and
environmental assessments.
HydroQual is internationally
recognized for its expertise in the
application of ultraviolet (UV)
radiation to water, reuse waters and
wastewater disinfection.
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* LightStream Technologies

Verification and validation testing for
reuse, drinking water and wet weather
flows applications
USEPA UVDGM, ETV, DVGW and
NWRI Protocols
Energy efficiency evaluation
Collimated beam testing
Lamp and fouling-factor testing
Specialized bench, pilot and full-scale
validation studies
UV system troubleshooting and modeling

Bringing the strength of 25 years
experience in UV disinfection,
HydroQual has pioneered the use of
UV, developed design and testing
protocols, authored design manuals
and designed mathematical models
for UV dosing and reactor intensity
calculations.
For further information and assistance with
your application, please contact:

O. Karl Scheible
HydroQual, Inc.
1200 MacArthur Boulevard
Mahwah, New Jersey 07430
Phone: (201) 529-5151
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http://www.hydroqual.com
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Syracuse, New York
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Field Operation Offices in:
New York City, New York
Boston, Massachusetts
Environmental
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VALIDATION FACILITIES FOR
DRINKING WATER UV SYSTEMS
Karl Scheible1, Harold Wright2, Alexander Cabaj3 and Oluf Hoyer4
1. HydroQual, Inc. 1200 MacArthur Blvd., Mahwah, NJ 07430, kscheible@hydroqual.com; 2. Carollo Engineers, 12592 West Explorer
Drive, Suite 200, Boise, ID 83713, hwright@carollo.com; 3. Institut für Medizinische Physik und Biostatistik,Veterinärmedizinische
Universität Wien, A 1210 Wien,Veterinärplatz 1. alexander.cabaj@vu-wien.ac.at; 4. DVGW Test Facility for UV-Systems at
Wahnbachtalsperrenverband,Postfach 1933 and D-53709 Siegburg, Germany, hoyer@wahnbach.de
A key component in the design and application of UV light
to drinking waters is the requirement to confirm the UV
reactor's ability to deliver the targeted dose under prescribed operating conditions, and verify its ability to monitor, control and report this dose under varying conditions
within the reactor's rated operating range. Regulatory
frameworks have been built about this validation process,
and a number of protocols have been developed to establish minimum testing requirements. Engineers use these
validation data to verify that a UV system is properly sized
to deliver a required UV dose under design conditions of
flow, water UV transmittance (UVT), and UV output from
the lamps to the water. Drinking water utilities use validation data to relate on-line measurements of flow rate, UV
intensity, and water UV transmittance to dose delivery for
the purpose of obtaining disinfection credit.
The validation process generally entails operating a fullscale reactor through its design operating range and confirming its dose-delivery claims via a microbial challenge
with a microorganism of known UV dose-response.
Concurrently, the system's monitors and control logic are
validated to ensure that the reactor will always report
accurately the delivery of the prescribed minimum dose.
With the increasing demand for such testing, the need for
test facilities also has emerged. UV validation testing can
be conducted either at a dedicated test facility or on-site at
the utility interested in implementing UV disinfection.
On-site validations obviously are project-specific, and
accomplished with temporary test stands or with the
installed systems. Dedicated test facilities allow for
greater flexibility and economies, and minimize the need
for multiple on-site validations with equivalent reactors.
Table 1 presents a summary of potential advantages and
disadvantages associated with the on- and off-site options.
These were excerpted, in large part, from the USEPA's
Draft UV Guidance Manual (June 2003).
At present, four such facilities are operating, two in North
America and two in Europe:
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•

DVGW Test Facility, Siegburg, Germany

•

UV Validation and Research Center of New York,
Johnstown, New York, USA.

•

ÖNORM Test Facility, Austria

•

Portland UV Validation Facility, Portland, Oregon,
USA.

Each of these facilities provides the key components for
conducting validation testing for UV reactors:
•

Bioassay test stand to mount and operate the UV
reactor

•

Collimated beam apparatus to calibrate the challenge
organism's response to UV.

•

Microbiology lab to generate and harvest the
challenge organism and to enumerate the challenge
organism.

•

UV sensor, lamp and quartz testing apparatus.

The bioassay test stand is designed to pass water carrying
a challenge microbe through the UV reactor under controlled conditions of flow rate and water UV transmittance. The source water used for testing typically has high
UV transmittance and a UV-absorbing chemical is added
to obtain the UV transmittance used for testing. The test
water should be free of disinfectants and coagulants that
could interfere with the inactivation and assay of the challenge microbe. The added UV absorber and challenge
microbe should be well-mixed spatially and temporally at
the inlet sampling point prior to entering the UV reactor.
The challenge microbe surviving UV disinfection should
be well-mixed prior to the effluent sampling port. Static
mixers and long pipe lengths can be used for mixing.
Alternatively, the additives can be mixed with the source
water contained in a feed tank before testing. Once water
passes through the reactor, it should be properly wasted.
During testing, water samples are collected from the reactor influent and effluent. The log-inactivation of the challenge microbe by the UV reactor is determined by measuring concentrations of the viable challenge microbe in
those samples.
The collimated beam apparatus is a bench-scale device used
to irradiate volumes of water with a known dose. During
validation, the apparatus is used to determine the UV doseresponse of the challenge microbe used for validation. The
UV dose-response curve is used to relate the log-inactiva-

Table 1. Advantages and Disadvantages of On-Site and Off-Site Testing Options

Testing Option
Off-Site Testing at a
Dedicated Facility

Advantages

Disadvantages

Greater flexibility, and cost efficiency

May require re-validation (on- or off-site)
if site-specific conditions had not been
previously tested

Provides performance data to support the
design of a facility
Ability to test over a wide range of operating
conditions (UVT, flow, etc.), including inlet/outlet
piping configurations
On-Site Validation at the
Subject Application

Match exact piping configuration

UV installation has to be completed before
benefit of validation

Providing testing support equipment on-site
allows for future testing, if needed.

Limited to water quality (UVT) available
Costs tend to be higher
Logistics may be very difficult (Isolated test train
and possible permitting)

tion of the challenge microbe by the full-scale UV reactor to
a dose value termed the Reduction Equivalent Dose (RED).
The microbiology lab prepares stock solutions of the challenge microbe used to bioassay the UV reactor and measures the concentration of the challenge microbe in water
samples obtained from the bioassay test train or irradiated
by the collimated beam apparatus.
The UV sensor test stand is used to verify the properties of
the UV sensors. Verified properties can include spectral
and angular response, linearity and calibration, and temperature response. Other component testing may include verification of lamp spectral output and quartz transmittance.
DVGW TEST FACILITY SIEGBURG, GERMANY
The DVGW Test Facility was established at the Wahnbach
Reservoir Association (WTV) near Bonn (Hoyer, 2002).
Since 1998, the test facility has conducted more than 500
test runs with UV systems from all major UV-firms worldwide at flows up to 3,000 m³/h (19 mgd) capacity in accordance with the DVGW Standard W 294. The challenge
microbe is B. subtilis spores and the UV absorber is lignin
sulfonic acid. B. subtilis spores are grown and assayed onsite. Figure 1 presents a schematic of the test facility and
a photograph of the large-test train. The water source is
groundwater with a UVT greater than 98% (1 cm). The
challenge microbe and UV absorbers are pumped into a
side stream to ensure good temporal mixing. Static mixers are used to obtained good spatial mixing. Water passed
through the reactor is discharged to the Rhine River.
UV VALIDATION AND RESEARCH CENTER OF
NEW YORK, JOHNSTOWN, NY, USA
The New York test facility was brought on-line in June
2003 and has since been conducting validation tests on
both large and small reactors. Test flows have ranged
between 158 and 3,500 m³/h (1 and 22 mgd), and transmittances between 70 and 97% (1 cm). The facility is assem-

bled to be expandable. With negotiations underway to
conduct validation, the reactor design that will be selected
by the New York City Department of Environmental
Protection for its planned 320,000 m³/h (2.0 billion gallons
per day, bgd) Catskill-Delaware UV Disinfection Facility,
the capacity of the validation facility will be increased to
approximately 9,500 m³/h (60 mgd). The current facility
was assembled with support from the New York State
Energy and Research Authority (NYSERDA) and several
major UV manufacturers and is operated by HydroQual,
Inc. All field and laboratory support is provided by
HydroQual, Inc., and the Lighting Research Center at
Rensselaer Polytechnic Institute assists with sensor and
lamp measurement issues.
A schematic diagram and photographs of the facility are
provided on Figure 2. A filtered, dechlorinated surface
water supply is used for testing, with UV transmittances
levels up to 98.5% (1 cm). Feed water is held in a 2,725 m³
(0.72-MG) tank, with an additional 4,920 m³ (1.3-MG)
tank available for feed water storage. Multiple centrifugal
pumps are installed (with the ability to expand the number
of pumps) to draw water from the tank and discharge to a
manifold pipe. Injection of the challenge organism (MS2
coliphage) and a UV absorber (lignin sulfonate) is done
downstream of the primary feed pump. Flow can be to
either of two piping trains, one for larger system validations and the second for reactors up to approximately 1,100
m³/h (7 mgd). In-line mixing is provided both upstream and
downstream of the test reactors. Flow is measured via
magnetic flow meters. The facility can accommodate different inlet and outlet piping configurations, depending on
the test requirements. Discharge of seeded/adjusted waters
is to a 4,920 m³ (1.3-MG) tank, with a second 3,030 m³
(0.8-MG) tank available. To conserve water when operating with unadjusted waters, both trains are equipped with a
recycle line back to the clean water tank.
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Figure 1. Schematic and photograph of the DVGW test facility (Hoyer, 2002).

Figure 2. Schematic and Photographs of the UV Validation and Research Center of New York

PORTLAND UV VALIDATION FACILITY,
PORTLAND, OR, USA.
The Portland Test Facility (Figure 3) is located on the site
of the Groundwater Pump Station of Portland's 14,200
m³/h (90 mgd) South Shore well field (Wright et al, 2003).
The facility, funded by Calgon Carbon Corporation and
WEDECO-Ideal Horizons, has been operational since
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March 2003, validating large-scale UV reactors at flows
from 158 to 6,300 m³/h (1 to 40 mgd) and UV transmittance from 70 to 98% (1 cm). The water source is chlorine-free groundwater with UVT greater than 98% (1 cm).
A 7,570 m³ (2 million gallon) reservoir provides constant
head to the test train.
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Static
Reactor Mixer
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Figure 3. Schematic and photographs of the Portland Test Facility.

MS2 phage and lignin sulfonate currently are used as challenge microbes and UV absorbers. MS2 phage is grown
and assayed off-site by Clancy Environmental
Consultants. Similar to DVGW, the additives are injected
into a sidestream to promote temporal mixing, and static
mixers are used for spatial mixing. Inlet piping to the reactor is flexible and velocity profiles can be measured using
pitot tubes. Water passed through the UV reactor discharges to the Columbia River under existing permits.
Validation testing is conducted as per the draft USEPA UV
Guidance Manual with oversight by Carollo Engineers.
VIENNA UV VALIDATION FACILITY, AUSTRIA.
In Austria, the installation of new UV reactors in public
water works only is allowed if the plant has been type-tested and if it has received the quality sign of the ÖVGW.
Biodosimetric tests are conducted following the Austrian
national standards ÖNORM M 5873-1 (2001) for plants
with low-pressure mercury lamps and the recently finished
ÖNORM M5873-2 (2003) for plants with medium-pressure mercury lamps.
The test facility is at Arsenal Research in Vienna and has
a capacity up to approximately 520 m³/h (3.3 mgd). About
40 UV plants (low-pressure and medium-pressure) have
been tested since 1990. A new test facility is planned near
Vienna with a capacity up to approximately 3,150 m³/h (20

mgd). The microbiological work is done by the Klinisches
Institut für Medizinische Mikrobiologie, Universität Wien
(Univ.-Prof. Dr. Regina Sommer), the UV-measurements
are conducted by the optical laboratory of the Institut für
Medizinische Physik und Biostatistik (IMP),
Veterinärmedizinische Universität Wien (Dipl.-Ing.
Alexander Cabaj), and the test stand in the Arsenal is operated by Ing. Georg Hirschmann. A schematic diagram of
the test stand and photographs are found in Figure 4.
Type testing of sensors and other optical measurements,
which are especially demanding under Part 2 of ÖNORM
M5873, are conducted in the optical laboratory of the IMP
before biodosimetric testing. Microbiological testing is
performed with spores of Bacillus subtilis. UV absorbers
added to the test waters are sodium thiosulfate (low-pressure lamps) or coffee (medium-pressure lamps). The UVsensitivity of the challenge organism is calibrated in an
apparatus with quasi-parallel radiation from low-pressure
mercury lamps.
SUMMARY
The application of UV radiation to drinking water systems
is accelerating in the United States, and the regulatory and
design frameworks are being established to enssure that
critical public health objectives are met with this technology. Performance and monitor validation is key to this
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Figure 4. Schematic and photographs of the Vienna Test Facility.

ensurance, with owners and their design consultants having
the option to conduct such validation testing either at their
site, or at a dedicated off-site facility. Experience with both
options likely will be gained over the next few years; the
availability of off-site facilities allows such a choice, and
responds to a critical need within the water industry.
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INTRODUCTION
In Canada, drinking water standards are a provincial
responsibility.
There are no Federal regulations.
However, a Federal/Provincial Subcommittee of Health
Canada publishes the "Guidelines for Canadian Drinking
Water Quality" (GCDWQ). The most recent guidelines
(April 2003) are now available online in electronic form
(www.hc-sc.gc.ca/hecs-sesc/water/dwgsup.htm). Each
province is free to adopt as much or as little of the
GCDWQ as it sees fit. As discussed in this article, while
the GCDWQ form a foundation, the differences in drinking water regulations among the provinces are substantial.

USEPA Enhanced Surface Water Treatment Rule also were
used as reference standards for Canadian applications.

This regulatory approach differs significantly from the
approach used in the USA, where the Environmental
Protection Agency (EPA) establishes Rules that are the
basis for the standards in that country. Thus, in the USA,
the Ultraviolet Disinfection Guidance Manual (UVDGM)
will form a common reference for application across the
entire country.

IMPLEMENTATION OF UV TECHNOLOGY
ACROSS CANADA
As previously noted, the differences between the various
provincial drinking water regulations are substantial. In
most cases, UV disinfection is not specifically addressed in
the legislation. However, the regulators in some provinces
have several provinces have recognized UV disinfection as
an alternative disinfectant. The result is that application of
UV disinfection is widespread across Canada.

One difficulty with the GCDWQ is that specific treatment
requirements for Giardia cyst and Cryptosporidium oocyst
inactivation/removal based on source water quality characteristics have not yet been established. Within the
GCWWQ, Health Canada has recommended that if past
experience demonstrates that a particular raw water supply
source could harbor pathogens for which E. coli are not
good indicators (i.e., Giardia cysts and Cryptosporidium
oocysts), then the source should receive treatment known to
remove or inactivate these pathogens. This 'hands-off'
approach places the onus on the owner of the public waterworks system to ensure that the necessary, yet undefined,
level of treatment is provided. Both of these pathogens are
found in many surface waters in Canada and so are of concern. Since the USEPA Surface Water Treatment Rule was
promulgated in 1989, it has been used frequently as a reference standard in Canada by many engineers, municipal utilities and some provincial regulators. Following the
Cryptosporidium outbreak in Milwaukee, Wisconsin (USA)
and several smaller outbreaks in Canada, aspects of the

Thus, the impetus to use UV disinfection has come substantially from the municipal utilities faced either with
local regulations that draw, in part, upon the USEPA, or
out of concern regarding public health or future regulations. This impetus is significant. Several large UV installations either are already in service or nearing completion
and others are in design. Numerous other communities are
evaluating UV disinfection. Table 1 is a summary of some
of the UV disinfection systems in Canada.

QUEBEC EXPERIENCE
Within the Drinking Water Treatment Technologies
Assessment Procedure, Environment Quebec has compiled information on the implementation of various leading-edge technologies such as UV from across the global
waterworks industry into a single technology assessment
protocol. This protocol provides a well-established and
proven testing, monitoring and reporting framework for
experimental technologies to transition from pilot-scale
demonstration through full-scale validation through to
becoming accepted as a 'mature' technology.
Environment Quebec specifically acknowledges UV as an
acceptable alternate disinfection technology within the
Regulation Respecting Drinking Water and its accompanying documents. The Design Guidelines identify the following effective doses for a given level of inactivation: 20
mJ/cm2 for 2.0-log (99%) inactivation of Cryptosporidium
oocysts, 40 mJ/cm2 for 3.0-log (99.9%) inactivation of
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Giardia cysts, and 80 mJ/cm2 for 4.0-log (99.99%) inactivation of viruses.
Environment Quebec mandates that for all proposed UV
drinking water treatment systems, the equipment manufacturer must validate the performance of the UV equipment
according to industry-acceptable standards across the
range of site-specific operating conditions. In particular,
validation must confirm the effective dose delivered by the
Partial List of Canadian UV Disinfection Systems
Location

Province/
Territory

Capacity

Status

Edmonton (EPCOR E.L.
Smith)

Alberta

240 ML/d
63 MGD

Operational

Edmonton (EPCOR
Rossdale)

Alberta

275 ML/d
73 MGD

On-line 2004?

Lethbridge

Alberta

150 ML/d
40 MGD

On-line 2003

Canmore

Alberta

11 ML/d
2.9 MGD

Operational

Camrose

Alberta

13 ML/d
3.4 MGD

Operational
Victoria

(Capital Regional
District)

B.C.

580 ML/d
153 MGD

On-line 2003
Vancouver

(Seymour/Capilano)

B.C.

1800 ML/d
475 MGD

On-line 2006
Sunshine

Coast Regional District

B.C.
32 ML/d

8.4 MGD
On-line

2003

Swan River

Manitoba

5 ML/d
1.3 MGD

Operational

Winnipeg

Manitoba

490ML/d
129 MGD

On-line 2004

R.M. McDonald

Manitoba

6 ML/d
1.6 MGD

Operational

Iqaluit

Nunavut

9 ML/d
2.4 MGD

On-line 2003

St. John's

Nfld

20 ML/d
5.3 MGD

Operational

Deer Lake

Nfld

8 ML/d
2.1 MGD

R.M.Waterloo
(Mannheim)

Ontario

72 ML/d
19 MGD

Operational

North Bay

Ontario

11 ML/d
2.9 MGD

Operational

Owen Sound

Ontario

27 ML/d
7.1 MGD

On-line 2003

Brockville

Ontario

36 ML/d
9.5 MGD

On-line 2003

Eglin

Ontario

23 ML/d
6.1 MGD

Operational

Sudbury

Ontario

40 ML/d
10.6 MGD

On-line 2003

L'Epiphanie

Quebec

5 ML/d
1.3 MGD

On-line 2003

North Battleford

Sask.

6 ML/d
1.6 MGD

Operational
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UV reactor across the range of site-specific operating conditions and confirm sensor calibration on the basis of the
effective dose delivered. The Design
Guidelines identify the following validation protocols as
benchmarks: German (DVGW-W294), Austrian
(ÖNORM 5873-1) or American (NWRI/AWWARF, Draft
EPA -- UVDGM and NSF-55). If validation will be completed at the installation site and not one of the approved
validation facilities, the protocol used must comply with
one of the above protocols and approval must be obtained
prior to commencing the testing. To obtain approvals, the
equipment manufacturer must provide to the design engineer a copy of all test results, the validation procedure
used, and the name of the independent agency that supervised the bioassay testing.
Ontario Experience
Within the Procedure for Disinfection of Drinking Water
in Ontario, the Ministry of the Environment has provided
some guidance with respect to the implementation of various leading-edge technologies such as UV irradiation.
The Ministry of the Environment specifically acknowledges UV as an acceptable alternate disinfection technology within the Drinking Water Systems Regulation and its
accompanying documents.
The Ministry of the Environment does not identify specific effective doses for a given level of inactivation of target
organisms. However, as UV irradiation would be
employed in conjunction with secondary chlorination for
most surface water supplies and groundwater supplies
under the direct influence of surface water, an effective
dose of 40 mJ/cm2 has been acknowledged to provide the
minimum 2.0-log (99%) inactivation of Cryptosporidium
oocysts and the minimum 3.0-log (99.9%) inactivation of
Giardia cysts, while secondary chlorination would address
the minimum 4.0-log (99.99%) inactivation of viruses.
The Ministry of the Environment mandates that for all proposed UV drinking water treatment systems, the equipment manufacturer must validate the performance of the
UV equipment according to industry-acceptable standards
across the range of site-specific operating conditions.
Similar to Quebec, the Ministry of the Environment has
acknowledged the following validation protocols as
benchmarks: German (DVGW-W294), Austrian
(ÖNORM 5873-1) or American (NWRI/AWWARF, Draft
EPA - UVDGM and NSF-55), and requires certified biodosimetry test results as part of the approvals process. The
Ministry of the Environment also has prepared some internal documents as well as identified the 'Ten States
Standards' as reference material for the design of UV systems. These documents provide additional guidance with
respect to monitoring, control, alarming, and reporting of
proposed UV systems.

Saskatchewan Experience
Although not specifically mentioned within the Water
Regulations, Saskatchewan Environment regards UV
irradiation as an acceptable alternate disinfection technology. An effective dose range of 24 - 45 mJ/cm2 has been
identified within "A Guide to Waterworks Design" for the
necessary level of Giardia cyst and Cryptosporidium
oocyst inactivation. Similar to the approach taken by
many of the other Provinces and Territories,
Saskatchewan Environment envisions UV equipment validation based on industry-acceptable standards across the
range of site-specific operating conditions.
Alberta Experience
At the time of preparing the existing Standards and
Guidelines for Municipal Waterworks, Wastewater and
Storm Drainage Systems (1997), UV irradiation was not
included as an acceptable alternate disinfection technology. However, since then, Alberta Environment has been
instrumental in assisting to develop much of the research
that has lead to the widespread recognition and acceptance of UV technology in North America. In 2000,
Alberta Environment issued a white paper on UV technology and acknowledged its acceptance as an alternate disinfection technology.
UV irradiation will be included in the suite of disinfection
technologies in the revised 2004 Standards and Guidelines
anticipated to be introduced in 2004. For successful
implementation and approvals, Alberta Environment will
continue to require full-scale validation of the proposed
UV reactor based on one of the industry-accepted standards across the range of site-specific operating conditions. Alberta Environment has indicated that within the
revised (2004) Standards and Guidelines, specific monitoring and reporting compliance requirements will also be
identified for all drinking water UV systems.
British Columbia Experience
British Columbia has relatively few conventional water
treatment plants. Many of the water sources in British
Columbia have relatively low turbidity and, in some cases,
well protected watersheds. Water treatment requirements
are also substantially "outcome based" through negotiation with the local Drinking Water or Health Officer. As
such, there is considerable interest in UV disinfection for
both filtered and unfiltered drinking water applications.
The regulators presently are relying on the design engineer
in conjunction with the selected equipment manufacturer
to demonstrate performance validation of the UV equipment according to industry-acceptable standards. These
have been based largely on the current American and
German standards with 40 mJ/cm2 being the common
dose required to achieve 3.0-log (99.9%) Giardia cyst and
3.0-log (99.9%) Cryptosporidium oocyst inactivation.

Remaining Provinces and Territories
Although not specifically mentioned within the respective
health acts or drinking water regulations, the regulatory
agencies from Prince Edwards Island, Labrador and
Newfoundland, Nova Scotia, New Brunswick, Manitoba,
Yukon, Northwest Territories and Nunavut regard UV irradiation as an acceptable alternate disinfection technology
in conjunction with secondary chlorination to ensure distribution system integrity maintenance for surface water
supplies and groundwater supplies under the direct influence of surface water.
As the implementation of UV irradiation at public waterworks systems is predominantly still relatively new within all of these regions, the various regulatory agencies are
approaching implementation and approvals on an individual and site-specific basis. The various regulatory agencies are relying on the design engineer in conjunction with
the selected equipment manufacturer to demonstrate performance validation of the UV equipment according to
industry-acceptable standards across the range of site-specific operating conditions.
USEPA UV DISINFECTION GUIDANCE
MANUAL
Traditionally, there have been close ties between water supply practices in Canada and the USA. As already discussed, Canadian engineers, municipalities and regulators
frequently draw upon the USEPA Rules to establish treatment objectives or standards. In addition, the American
Water Works Association (AWWA) includes Canada in its
area of service. Specific to UV disinfection of protozoans,
a considerable amount of development work was carried
out by Canadian companies and institutes that has contributed to the development of the UVDGM. Likewise,
Canadians frequently have drawn upon US specialists and
companies in the development of UV disinfection projects.
Therefore, the UVDGM is very much in line with practices in Canada and it is expected to become a fundamental design reference across Canada. The manual establishes the basic considerations and criteria for system location
and design. Suggestions regarding design techniques such
as the use of Computational Flow Dynamic (CFD) models
will be valuable.
It is also expected that the UVDGM will be used to form the
basis for at least some of the provincial regulations and
design guidelines. The specifics pertaining to which validation protocol should be employed, or which design, monitoring and reporting standards should be considered, have
yet to be established in the regulatory framework. For these
criteria, the UVDGM will provide an excellent resource for
many regulatory agencies as well as design engineers and
waterworks personnel in assisting with the successful
implementation of UV technology across Canada.
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A common design basis for existing UV disinfection systems in Canada has been a validated 40 mJ/cm2 dose using
at least the 95th percentile transmittance. This will bring
most, if not all, current installations in line with the
UVDGM "Tier 1" criteria with little or no change.
Possibly of more interest to some utilities and regulators
will be the finalization of the UVDGM "Tier 2" approach.
Larger utilities, in particular, may elect to use this approach
where the additional costs of determining the site specific
UV disinfection performance are offset by a more costeffective end product along with greater knowledge of the
performance of the system. Using this approach, some
existing UV system owners may be able to demonstrate
qualification for an increase in their permitted capacity by
going through the "Tier 2" evaluation procedure.
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THE LINKS BETWEEN WATER AND
WASTEWATER UV DISINFECTION:
The Past, Present, and Future
Sam Jeyanayagam, Ph.D., P.E., DEE, Malcolm Pirnie, Inc.
1900 Polaris Parkway, Suite 200, Columbus, OH 43240 sjeyanayagam@pirnie.com
BACKGROUND
The development of drinking water and wastewater UV
disinfection has paralleled each other with strong links
between the two. The first use of UV disinfection was
directed towards drinking water application in the early
1900s. However, the interest in its continued use for this
purpose waned. This may be attributed to high cost relative to chlorination and the failure of the enumeration
methods (e.g. staining and excystation) to detect inactivation by UV light. Meanwhile, the wastewater industry
became interested in the potential application of UV disinfection and borrowed and improved upon the drinking
water UV disinfection expertise. Again, the ready availability of chlorine at low cost delayed the further development of the technology in wastewater treatment until the
1970s when harmful effects of chlorine were recognized.
Fueled by the desire to eliminate aquatic toxicity of chlorine residual, prevent formation of chlorinated byproducts,
and enhance plant safety, wastewater treatment plants were
turning to UV disinfection. This resulted in a rapid technological development of wastewater UV systems over the
last 20 years. During this period, the drinking water UV
disinfection market was virtually at a standstill.
In late 1990s, Bolton et al. (1998) first presented evidence
of the efficacy of Cryptosporidium inactivation with relatively low UV doses. This work, based on mouse infectivity assay, was published later by Bukhari, et al. (1999).
Craik et al. (2000) published similar findings with respect
to Giardia inactivation. As a result of these studies, a
resurgence of interest occurred in UV technology, and the
drinking water industry turned to the wastewater field to
capture and use the state of knowledge in UV disinfection
to develop application-specific UV systems for potable
water disinfection. The table below provides examples of
how the wastewater industry has influenced the development of the UVDGM and vice versa.
RELEVANT DEVELOPMENT IN WASTEWATER
UV EQUIPMENT
A review of the history of wastewater UV disinfection
reveals the following crucial developments, which have
influenced the design of the present day drinking water
UV reactor (Whitby, 2002):

• The use in 1972 of a system consisting of UV lamps surrounding Teflon tubes carrying the effluent. Although
successful, the system could not be scaled-up.
• In 1978, one of the first gravity flow UV systems in
North America was developed using lamps arranged perpendicular to the flow. This system also included an inplace chemical cleaning system and a UV intensity sensor. This system required 100 percent standby if the
quartz sleeve or lamps needed to be replaced.
• An open channel system using horizontal lamps arranged
perpendicular to the flow and equipped with automatic
cleaning was developed in 1983. The close spacing of
the lamps overcame issues related to low UV transmission. However, the perpendicular to the flow configuration of the lamps resulted in debris accumulation, which
disturbed the alignment of the cleaning system causing
the quartz sleeve and lamps to break. Because of this,
the use of automatic cleaning systems disappeared until
the 1990s. The system had to be taken out of service to
replace the quartz sleeve or UV lamp.
• In 1984, a US patent was issued for an open-channel, horizontal lamp, parallel to the flow configuration. This milestone UV system design involved the use of UV lamps
arranged in modules. This allowed a set of lamps to be
removed for servicing without shutting down the UV system, which eliminated the need for 100 percent standby. In
addition, the UV system was configured so that it could be
installed in an existing channel. These features have rendered the UV system cost competitive with chlorine.
• In 1989, the single-ended sleeve design replaced the
double-ended design, thereby preventing flooding of
all UV lamps in the module when one seal or quartz
sleeve broke.
• Ballasts used in UV systems generate heat and must be
cooled. Air used for cooling also is a source of
moisture, dust, and insects. This required the use of
filters, which require frequent maintenance. In order to
correct this situation, a submerged ballast was
developed in 2001. In this design, the ballast is
attached to the UV lamp and submerged in the effluent.
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Key Impacts of
Wastewater Industry on UVDGM
• UV lamp technology
• Ballast technology
• Concepts of UV equipment validation
• Sleeve cleaning mechanisms
• CFD modeling of open channel reactor
• Basis for O&M requirements
• Historically, low-pressure lamps have been used in
wastewater disinfection. In 1995, a medium pressure
system was introduced, which reduced the number of
UV lamps required significantly. A few years later, in
1998, the low-pressure high output technology was
unveiled incorporating the advantages of both low and
medium pressure technologies.
• Effective cleaning of the quartz sleeve surrounding
the UV lamp has always been a challenge. Since the
first reported use of a cleaning mechanism in 1935,
several materials have been used including felt, rubber, metal, plastic, and Teflon. In addition, brushes,
ultrasonic, air scouring, and chemicals have also been
used for the purpose.

STATUS OF WASTEWATER UV
DISINFECTION
In wastewater treatment, UV light is the preferred disinfection alternative to chlorine. Presently, approximately
15 to 20 percent of the municipal wastewater treatment
plants in the USA use UV disinfection and the number is
rising. The most common secondary fecal coliform discharge standard is a 30-day geometric mean of 200
MPN/100 mL. The typical UV dose required to achieve
this limit at an activated sludge facility is 25 - 35 mJ/cm2.
With respect to reuse of wastewater application, California
Title 22 requires 5-logs poliovirus inactivation and a 7-day
median total coliform of 2.2 MPN (Most Probable
Number)/100mL. In Florida, the requirements are total
suspended solids of less than 5 mg/L and non-detectable
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UVDGM on the Wastewater Industry
• Dose requirements for reclaimed water use
• Advancements in UV equipment validation
• UV sensor reliability
• Power quality
• Enhanced mercury safety

fecal coliform in 75 percent of all samples. Depending on
the filtration technology used, the National Water
Research Institute (2003) guidelines specify the following
minimum UV dose criteria (in addition to turbidity limits)
for meeting the above reuse standards:
• Media Filtration: Design UV dose of at least 100 mJ/cm2
under maximum day flow at filtered effluent UVT of 55
percent or greater at 254 nm.
• Membrane Filtration: Design UV dose of at least 80
mJ/cm2 under maximum day flow at filtered effluent
UVT of 65 percent or greater at 254 nm.
• Reverse Osmosis: Design UV dose of at least 50 mJ/cm2
under maximum day flow at filtered effluent UVT of 90
percent or greater at 254 nm.

KEY DIFFERENCES BETWEEN DRINKING
WATER AND WASTEWATER UV SYSTEMS
Wright et al (2002) compared the UV systems used in drinking water application with those used in wastewater disinfection. The following are some of the key differences:
• Unfiltered wastewater effluents contain dispersed and
particle-associated microbes, while filtered drinking
waters contain mostly dispersed microbes. Particle association results in dose-response curves with a tailing
effect, indicating the need for higher UV doses for inactivation due to shielding of the microbes by the particles.
• Wastewater regulations are based on meeting not-toexceed levels of the indicator organism, such as fecal or
total coliforms, which are used as surrogates for the
pathogens of interest. In the case of drinking water
treatment, regulations require non-detectable levels of
the target pathogens in the finished water.
Consequently, compliance monitoring in wastewater
entails measuring the concentration of the indicator
organism (typically 7 or 30-day geometric mean). In
drinking water disinfection, primacy agencies are likely
to require a target UV dose to be delivered.
• Validation testing in drinking water provides proof that
the UV dose indicated by the UV reactor's on-line
monitoring system is equal to or greater than the
required dose. In wastewater treatment, validation
often is used to assess the performance of a UV reactor
under extreme operating conditions or to compare the
performance of different UV systems.
CONCLUSIONS AND A LOOK INTO THE
FUTURE
The past 20 to 30 years have witnessed a tremendous
growth in the UV market and a phenomenal increase in
state of knowledge. The ability of UV light to meet proposed drinking water regulations continues to generate a
wellspring of interest in the technology. Likewise an
increasing number of wastewater treatment facilities are
converting to UV disinfection in an effort to enhance public health and safety. As the UV disinfection technology
for water and wastewater matures over the next several
years, the following trends may be anticipated, which
could result in reduced design and validation safety factors
and lower capital and O&M costs:
• Enhanced germicidal efficiency of input power
• UV lamps containing minimal or no mercury
• Improved UV sensor performance
• Increased UV reactor efficiency
• Improved sleeve material with reduced tendency to foul

• Longer UV lamp life
• Improved ballast life
• Enhanced monitoring and control capability
• Availability of off-the-shelf validated reactors for
standard conditions
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A Compilation of Manufacturers'
Perspectives on the Requirements and
Recommendations in the UVDGM
Contributing Manufacturers: WEDECO AG Water Technology, Severn Trent Services, Calgon Carbon Corporation
The recently released draft of the Ultraviolet Disinfection
Guidance Manual (UVDGM) by the EPA is a complex
guideline governing the use of this new technology in the
potable water disinfection market.
Overall the UVDGM is a very welcome addition to the
UV disinfection business. It provides legitimacy to the
use of UV for the treatment of drinking water and the
obtaining of disinfection credits. It helps to level the playing field for all manufacturers to offer systems on an equal
footing and along with the proposed rule will open the
door for UV to be used in the USA and elsewhere in the
world where the USEPA regulations are adopted.
When reviewing the UVDGM from a manufacturer's perspective, specific aspects of the draft can impact the ability
for a manufacturer to supply equipment and service into the
marketplace. The following is a discussion of these aspects.
1. A New Regulation Can Be An Obstacle to
Product Development and Innovation.
The UVDGM addresses this briefly (Introduction, 1.4
Alternative Approaches for Disinfecting with UV-Light).
This gives the manufacturers the possibility to alter their
technologies and thus the new UVDGM should not be an
obstacle to new developments. Acceptance of alternative
designs and UV technologies allows for product design
innovation and improvement on product operation and
efficiencies.
In general the UVDGM should be commended for the
manner in which it provides general guidance without dictating specific design solutions and for the scientific basis
underpinning all the recommendations. This will allow for
improvements to be made to the equipment and methods
while still maintaining compliance with the Guidelines.
2. The elements of the UVDGM are complex
and may be confusing to the regulators and
utilities.
The complexity and scale of the UDVGM is rather high. In
general this may result in some reluctance, especially at
smaller water utilities, to use UV disinfection if there are
alternatives. Nevertheless, it must be noted that, from a
manufacturer's point of view, a simple-to-understand booklet summarizing the validation protocol and other complex
aspects of the UVDGM would be useful to relay these
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details to end users and third party consultants. However,
the summary should not compromise the flexibility that is
currently afforded by the manner in which Section 5.0
details validation protocol. Compromising this detail will
limit the end user's ability to see the applicability of various manufacturers' products under various conditions.
3. A highly-regulated technology can yield
increased costs.
Due to the complexity of the guidelines, there will be a
need for in-house or third party consulting expertise to
review and implement them. In comparison to other existing UV standards, the UVDGM is relatively flexible
regarding the use of different technologies and does not
specify more than is necessary, which is actually one of
the reasons for the complexity. These have to be weighed
against each other.
A foreseeable problem exists in the regulatory acceptance
of validations based on product specific criteria. For
example, manufacturer's have piping configurations that
might not always correlate to site-specific piping configurations. If the installation of that system follows the currently drafted UVDGM validation protocol, a decision
then must be made as to whether or not to re-perform validation to confirm that the difference in piping configuration does not compromise the specific UV product's performance. If a decision to re-perform validation due to
these specific circumstances occurs, who bears the financial responsibility to perform the validation? Validating a
UV system has proven to be an increasingly costly
endeavor further plagued by a lack of available off-site
validation facilities that result in timely validations, potentially delaying project schedules.
There is also the potential for the UVDGM protocol to be
modified on a state-by-state or even regional basis; similar
to the way in which other environmental regulations have
been interpreted.
4. Validation of a technology adds additional
cost to the supplied product.
The costs of validation are considerable, and must be
borne by the manufacturer and ultimately the water
industry, warranting a review of the return on investment
(ROI) before engaging in any given project. Without
adequate ROI, a manufacturer must develop and offer a

selective product offering to the marketplace, limiting
the variability of offered products to those that would fall
under these guidelines.
It remains to be seen how the market will react to the additional costs as not all the suppliers will be able to reduce
their margins in a highly competitive environment, and
thus will pass on these costs to the customers. One problem is that the suppliers have to invest significantly before
they will get a probable return on this investment. This is
not necessarily only the pure investment for the validation,
but also the complete infrastructure within the company to
manage the process. From the impacts of similar standards in other countries it is quite obvious now, that these
kinds of complex validation processes need experienced
people within a company who are dedicated full-time to
this process. In other words, a company has to invest in
new human resources to manage this aspect. There also
will need to be a competitive environment on the validation side to put a manufacturer in the position to compare
costs and services.
Due to the limited availability of validation facilities and
the increased requirements of the UVDGM, manufacturers'
costs for performing validation are increasing. This
increase forces the manufacturer to evaluate the product
variations it offers the marketplace, because each variation,
whether it be number of lamps, reactor configuration, lamp
wattage, and/or inlet/outlet size, must be validated to prove
that the reactor meets manufacturer claims. Therefore, if
an end-user needs a special UV system design to meet
his/her project demands, the end user will bear the brunt of
the costs for validation because there is no possibility of
obtaining an ROI on a one-off product design and absorb
the validation costs as well. This may reduce the flexibility of UV systems in various installations.
Applying the UVDGM validation and operational guidelines in the field raises several problems that should be
evaluated. It is very apparent that the scientific community has had a heavy influence in developing the protocol.
Many of the technical requirements for monitoring exceed
currently available technology, specifically sensors and
UV Transmittance (UVT) monitors.
For UV systems, sensor technologies utilized today most
likely will improve over time, thus increasing the accuracy. This improvement, in turn, will reduce the validation
uncertainty/-safety factors. This decrease in uncertainty,
in time, will increase the efficiency of operating UV systems, helping to reduce the energy costs of operating a UV
system. The safety factors, as currently calculated, are
causing UV manufacturers potentially to de-rate or oversize their UV reactors in order to supply UV systems into
the potable water market that are validated through the
UVDGM proposed procedures.

In the case of UVT monitors, the better the accuracy of the
instrument, the smaller will be the uncertainty/safety factor within the validation process. A high level of accuracy
is impractical for a field instrument. Accuracy of this
instrumentation comes with a cost, and could limit technology currently provided by the manufacturing community. Many specifications for potable water UV projects
require an accuracy of "1% for the readings offered by the
UVT monitor. Manufacturers can supply this accuracy,
but it can be provided only at the detriment of real-time
data delivery.
The UVDGM also may place medium-pressure UV at a
competitive disadvantage compared to other technologies.
The Tier 1 reduction equivalent doses (REDs) for inactivation of Cryptosporidium and Giardia (Tables 4.1 and 4.2
within the UVDGM) with medium-pressure UV systems
are higher than for low-pressure and low-pressure high
output systems. The underlying data and assumptions
used to determine the RED values should be revisited to
determine if the difference suggested truly exists.
5. The marketplace is lacking the capacity to
meet current and future validation demands.
This point again deals more with execution side of the
UVDGM rather than with the content itself. Experiences
from other countries show that bottlenecks in the capacity
to validate systems can have a huge impact on the time
required for a manufacturer to bring a product to market.
Thus the validation capacity should be planned carefully
for both saving costs and securing competition.
The validation process is time-consuming and requires a
good deal of operational resources for coordination and
execution. Without adequate off-site validation capacity,
end-users and third party consultants must perform on-site
validation, consuming considerable time, money and
resources, in order to meet project demands.
Long wait times and unavailability of adequate validation
facilities will slow down the ability of manufacturers to
introduce products to the market and to meet project
demands. End users and third party consultants may need
to consider performing on-site validations as a viable
alternative to meet their project schedules.
6. Multiple Global Validation Protocols.
Without a globally accepted general validation protocol,
manufacturers are subject to performing multiple validations, which sometimes are just variations on the same
theme in order to supply their products in the global potable
water marketplace. The presence of a generally accepted
validation protocol will help to alleviate market confusion.
The UVDGM is a guidance document and does not
demand absolute adherence; therefore manufacturers who
have already performed validations under alternative pro-
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tocols, such as DVGW, Ö-Norm, NWRI/AWWARF, will
not be required to perform another validation for a product
already proven under another protocol. The regulatory
agencies and third party consultant community must allow
alternative validation protocols performed by the manufacturers provided the protocol meets basic minimum
requirements and the protocol is able to prove manufacturer claims for product performance.
7. Transparency of Technical Solutions.
This should be the biggest advantage of the UVDGM.
Due to a clear specified base, customers will be in the
position to make a decision based on the same factors for
different kinds of technologies. This creates a fair and
transparent atmosphere in which every stakeholder of the
process knows exactly what and for what reasons something happens or does not happen.
The guidelines allow for flexibility in UV system design
and permits innovation; however, new product offerings
need to meet certain minimum standards, as outlined in the
UVDGM. The UVDGM promotes a fair and equitable
solution for manufacturers and offers a level playing field
to maintain a competitive environment. It also sets a basic
standard for innovative systems to achieve when introduced to the marketplace.
8. Guidelines create comfort in technology.
The UVDGM provides an opportunity for end users, regulators and third party consultants to feel comfortable
installing a UV system that has been evaluated, proving
manufacturer claims. The biggest hurdle for the regulatory community has been how one measures the effectiveness of UV light in disinfecting water systems, since there
is no current quick, analytical technology to know if a UV
system is performing as claimed by the manufacturer. A
certain comfort level can be achieved by obtaining operational data from an installed UV system and comparing it
to the system's specific validated operating parameters.
9. New guidelines generate attention.
A new guideline like the UVDGM generates a market
itself, by forcing people to pay attention to the technology,
which they may not have heard of before they became
aware of the new guidelines. The USEPA's publication of
the UVDGM will allow UV to be introduced into other
areas of the world that are still sceptical of using UV for
primary potable water disinfection applications. This will
provide a big boost to the adoption of UV disinfection
worldwide.
SUMMARY
The UVDGM will have a positive impact on implementing UV disinfection systems in potable water applications
within the North American market as well as others around
the world.
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In general, the UV equipment manufacturing community
views the following aspects favorably:
1.

Projects can be specified on a neutral base, which
makes it more transparent for customers to compare
between different technologies.

2.

The new guidelines will make customers feel more
comfortable with the technology.

3.

The new guidelines will create more attention for the
use of UV in general.

4.

The new guidelines incorporate pre-existing
validation protocols, helping to eliminate market
confusion.

However, one big question in the future will be the situation during the execution of the requirements and especially the validation process. Every step has to be taken to
keep the costs down and to avoid bottlenecks to make the
technology attractive and available.
The UVDGM is a result of significant effort on the part of
the USEPA as well as the UV stakeholders to put forward a
protocol inclusive of the best of all previous protocols,
NWRI/AWWARF, Ö-Norm, DVGW, and NSF, as well as
taking the validation process the next step to include all current UV capabilities and technologies. It will demand that
current sensor technology improve over time to allow manufacturers the ability to reduce the uncertainty in their systems and improve the overall operational efficiency. The
validation process, requiring manufacturers to stand behind
performance claims, will help to improve the quality and
consistency of UV products introduced into the marketplace. Steps will need to be taken to reduce the costs of validations to improve manufacturer ROI decisions; this may
be accomplished through competition among validation
operations and/or increased validation capacity. Also, once
the user community develops a comfort level with UV, the
requirement to validate may be reduced as manufacturer
Computation Fluid Dynamics (CFD) modelling capabilities
more closely predict validation results.
As UV disinfection continues to gain popularity for use in
potable water applications and implementation of the systems follow approved protocol, utilities and state regulators
increasingly will see UV disinfection as viable technology.

EDITOR's NOTE: The UV equipment manufacturers were
asked to submit their comments on the UVDGM for a combined
UV manufacturer article in this issue of IUVA News. The intent
of this article was to present one contribution that combined the
manufacturers' ideas, comments, and issues about the UVDGM.
However, contributions were split into two articles because the
comments of Trojan Technologies (following) were substantially
different from those of the other responding manufacturers.

A Manufacturer's Perspective on the
Requirements and Recommendationsin the UV
Disinfection Guidance Manual (UVDGM)
Trojan Technologies Inc.
Enquiries to: Linda Gowman, Ph.D., P.Eng.,Vice-President. Research and Development
3020 Gore Road, London, Ontario, Canada N5V 4T7; LGowman@trojanuv.com
The UVDGM is a complex document in support of a relatively simple technology that has been used for over two
decades in several parts of the world for drinking water
treatment. The document is a testament to the extensive
knowledge already known about UV and the perspectives
of many on how to use UV. Preparation of the UVDGM
was a huge task, and few other technologies have been
lavished with such a wealth and breadth of information
prior to their extensive use in the water treatment industry.
This is a credit to both the EPA and to the authors and contributors to the manual.
The intent to be supportive with an abundance of knowledge could backfire, however, if the complexity masks the
simplicity, or if the UVDGM doesn't lead the reader quickly and concisely to the priorities that users must address to
ensure that the UV installations they are designing or UV
equipment they are selecting can achieve the target performance objectives.
The UVDGM has to carefully distinguish those aspects
which are guidance from those which should become
regulation, and to distinguish empirically validated content from speculation, or evolving theory. Confusion of
these extremes could result in excess requirements for
UV compared with other disinfection technologies and
increase technology costs beyond what was intended and
what can be demonstrated to be a contribution to public
health protection.
Identification within the UVDGM of empirical validation
as being a key principle of UV technology acceptance is a
significant contribution, and one that we support strongly.
Nonetheless, validation is costly, and if different regulators were to interpret the guidelines and enact different
validation requirements, the costs for compliance could
become prohibitive, inhibiting the introduction of new
technologies or limiting their use to certain jurisdictions.
In addition, we are concerned that the document as it reads
will inhibit our ability to bring new innovations to market.
The guidelines should speak not only to the details but also
the intent of validation, the latter being the fundamental
principles by which validation protocols for new technologies can be assessed. While section 1.4 speaks to the
acceptance of UV technologies other than those currently

available commercially, we are concerned that the
endorsement for innovation is not strong enough.
Adequate empirical validation must be defined by the
UVDGM as relevant validation, where relevance is determined by both the intent of the testing and the details of
the current or new technology being validated.
The UVDGM rightly strikes a conservative approach with
respect to the implementation of UV technology for water
treatment. However, the selection of a virus inactivation
dose based on adenovirus may be seen as being more conservative than epidemiological considerations would warrant. Such a conservative dose target, combined with
equipment safety factors based on mathematical analyses
of data, which are yet to be understood theoretically by the
industry and which have not been demonstrated empirically, can lead to significant oversizing of equipment and
unnecessary increases in user costs.
The full impact of the UVDGM can be assessed only after
we have experience with how the document is used by regulators, consultants, municipalities and the UV industry
itself. The UVDGM is in fact only a primer from which
others will derive implementation practices and regulations
that impact upon the use of UV. Therefore, we pose some
questions for consideration by all users who must critically
assess the content of the UVDGM and move ahead to the
implementation of practical UV regulations and installations that benefit public health in a cost-effective manner.
Those questions are:
Has the UVDGM clearly prioritized the key guidance
elements that, if adhered to during design or equipment
selection, would ensure a high-level confidence in
performance of the installed UV equipment? For
example, empirical validation of UV technology should
be clearly identified as the top element on the list of
priorities. (It is first discussed in earnest in Section
3.1.4.3.) While validation is not a guide to competitive
shopping for UV technology, it is clear that once UV
technologies from different suppliers can be designed or
assessed to be functional in meeting target disinfection
objectives, then the purchaser can select the technology
most suitable for the specific site on the basis of cost,
supplier experience, monitoring technology features,
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the site-specific considerations. For
example, placing UV technology after
filtration may be a common practice, and
some would even suggest common guidance
or strong recommendation, but it is not a
limitation that should be transformed into a
regulation. Again, a listing of priorities and
recommendations would be helpful.

Can the new guidance in the UVDGM or
new regulations that jurisdictions might
build from these become an obstacle to new
UV technology or process developments?
Benign Sterilization/Sanitation
For example, if UV were required to be
placed after filtration, could this impede
Unit For Lab Use
efforts to explore pre-filtration UV to kill
Designed for the research microbi- sunlight. It’s effective against 99% of
parasites and increase the safety of recycling
ologist; a benign sterilization/sanita- microorganisms including B. subtilis
filter backwash water to the head of the
tion in-line (process) unit with short and B. anthracis. And it’s free of
duration pulses of extreme ultravio- chemicals and ionizing radiation.
plant? Can preconceived ideas on
let intensity that can sterilize sub- For research on food, water, air, mail
requirements for UV intensity sensors in
strates in seconds. The SteriPulse- and mad cow disease, SteriPulseearlier intensity set point monitoring methods
XL® 3000 has pulse power up to XL® 3000 ensures purity. Visit our
preclude acceptance of different
90,000 times brighter than normal web site for Bacillus subtilis spores
requirements for sensors used in more recent
validation data.
dose monitoring methods? Can guidance
Call 1 800 XENON-XL
that end-of-life lamps and sleeves be used in
20 Commerce Way • Woburn, MA 01801 U.S.A.
validation become a barrier to the validation
Tel: (781) 938-3594 • Fax: (781) 933-8804
of new technology designs that use sleeves
xenon@xenon-corp.com • www.xenoncorp.com
with a 10 to 20-year lifetime? We worry that
service availability, or other desired features. The
the answers to questions like these questions may be
UVDGM provides legitimacy to the use of UV, and a
"yes", and that innovation resulting in superior offerings
comfort level for the water industry, but it is not always
to the public could be delayed in coming to market or
easy for the reader to identify primary concerns for
abandoned.
equipment design or selection and their relative priority.
Is adenovirus a relevant target virus for UV disinfection
Such a listing of priorities would be helpful.
considering its limited epidemiological importance in
Can the complexity of the UVDGM be a barrier to use
drinking water and its sensitivity to other disinfectants
of UV technology by those communities that could
or unit operations that are part of the treatment
benefit from the technology, but who do not have access
process? Due to adenovirus becoming the proposed
to resources to interpret the UVDGM in terms of the
target virus, the UV doses proposed for 4-logs of virus
fundamental guidance elements? For example, will
control have been increased by up to 750% above what
communities attempt to get Cryptosporidium removal/has been successfully used in the water industry for the
inactivation credits by alternative more costly routes, or
last several decades without compromising public health,
implement expensive prolonged monitoring programs
as evidenced by the European experience. We are
rather than gravitate to a cost-effective UV solution
concerned that the selection of adenovirus as the target
simply because their local consultants are overwhelmed
organism is extremely conservative, and will
by the UVDGM? Perhaps the call for clarity and
significantly increase the cost of using UV. Such an
prioritization prescribed earlier might help.
increase in cost serves no group well, as the increased
costs make the technology less competitive, inhibiting
Is the UVDGM clear on what are the key elements of
public access to a fundamentally robust, environmentally
guidance (leading to practice) and what are the
responsible, and cost-effective technology.
mandatory requirements (leading to regulation) for UV
system design? This question is similar to the preceding
Has the UVDGM guided regulators, consultants and
one, but speaks more specifically to whether state
end-users to better position UV use within the context
regulators will be able to build for their jurisdictions
of the entire treatment process? Should the concepts of
enforceable requirements that embody the priority
UV disinfection be integrated with other unit
elements for all UV installations, but leave flexibility for
operations? In North America, a residual disinfectant is

40

added following primary disinfection. We are concerned
that the determination of required UV design dose be
compatible with the overall process. The end-user is best
served when the entire process is considered as an
integrated whole when selecting and designing for a
single unit operation within that process.
Has the UVDGM introduced to UV, relative to other disinfection options, a level of overguidance that will
increase the cost of UV technology to the end user? Is
there an excessive level of conservatism? It is clear that
it is within the purview of regulatory guidance to set safety factors on the target design doses for various organisms
based on peer review of solid data. It is less clear that
equipment safety factors should move away from purely
empirically-based values derived during equipment validation and become reliant upon a mathematical derivation
from an expanded list of uncertainties without some analysis indicating that the anticipated risks to public health and
the need for elevated doses are realities in the field. The
issue of safety factors and the methods of their application
need to be considered carefully, since extremely conservative assumptions ultimately serve no group well. We do
not have epidemiological evidence that public health has
been compromised by previously regulated design doses,
nor do we have empirical evidence that pushing design
doses higher has a cost-effective benefit. Some of the concepts in the UVDGM warrant additional research to assess
the actual values that should appear in guidance. It is
especially of concern that the UVDGM that was focussed
on supporting the two new regulations [LT2ESWTR and
S2DBPR] has been extended to address the virus issues
without the apparent level of review and discussion that
went into preparing the content of the UVDGM for the
Cryptosporidium and Giardia issues.

igating these issues. We would hope that all stakeholders
would play an active role to that end and certainly support
this endeavor. The benefits for all end users would be a
UVDGM that identifies and prioritizes the primary concerns that can be addressed to ensure that equipment will
meet design objectives and performance once installed,
and provides a helpful, concise, roadmap through the
design and/or equipment selection process.

Trojan System UV4000™; 4 channels, 150 MGD flow rate

Has the UVDGM presented practical validation protocols
that are not adding significant cost to the technology?
There is concern that a technology may have to undergo validation in different jurisdictions even within the US. The
number of manufacturers that offer UV technologies combined with the number of different technologies that are
available could lead to backlogs for testing in order to gain
approval to provide the technology in different jurisdictions.
Whether this becomes a problem is hard to predict.
It might be asked whether the UVDGM serves its purpose
of facilitating access to a readily available and cost-effective technology that can benefit public health. We feel that
the issues surrounding the clarity of guidance priorities,
potential costs of validation, conservatism in dose selection and safety factor implementation, and the possible
inhibition of longer-term or radically new innovations
could have a negative effect on the ability of the UVDGM
to reach this goal. However, careful attention to detail and
intent in the next phases of the process could go far to mit-
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Outside Perspectives: Consultants'
Review of the Draft UVDGM
Paul Swaim, P.E., Senior Water Treatment Technologist, CH2M HILL, 9193 S. Jamaica St., Englewood, CO 80112
Joan Oppenheimer, Principal Scientist, MWH, 300 N. Lake Ave., Suite 1200, Pasadena, CA 91101
Kuang-Ping Chiu, Ph.D., Engineer, MWH, 300 N. Lake Ave., Suite 1200, Pasadena, CA 91101
Heather Mackey, Environmental Engineer, Black & Veatch, 8400 Ward Parkway, Kansas City, MO 64114
The USEPA's Draft UVDGM was officially issued for
public comment on July 11, 2003. However, this is not the
first request for comments and participation, as representatives of the drinking water treatment community have
been provided the opportunity to review and comment on
the document over the past two years. Thanks to the
approach taken by the USEPA in developing this document, the firms represented by the authors of this article
have been part of the group of stakeholders that were
given the opportunity to provide input on the document
since its inception. For this opportunity, we express our
gratitude to the USEPA, to the consultant team that developed the Draft UVDGM, to the American Water Works
Association, and to the Association of Metropolitan Water
Agencies. Along with the USEPA, the latter two organizations organized and hosted two UVDGM Review
Meetings in 2002 following the publication of the preliminary draft document in late 2001.

RESPONSIBILITIES ASSIGNED TO THE STATES
(Paul Swaim, CH2M HILL)
With the approach taken in the Draft UVDGM, the primacy agency (or "State") has a great deal of leeway and
responsibility in deciding which of the UVDGM's many
recommendations to turn into requirements. For example,
it will be the State's responsibility to examine alternative
application points for UV disinfection, determine redundancy requirements, consider alternative approaches to
reactor validation, determine compliance with Tier I validation requirements, evaluate Tier II validation approaches, develop monitoring requirements, establish requirements limiting off-specification operation for filtered
water applications, approve protocols for UV intensity
sensor calibration checks and recalibration criteria, and
determine when revalidation is necessary. This is a great
deal of responsibility covering a wide range of new topics
for drinking water systems.

The authors of this article are very pleased with the
changes to the UVDGM document since the preliminary
draft. One of the key comments by the group of stakeholders at these UVDGM Review Meetings was that the
document needed to be made more accessible and userfriendly, with better defined approaches for practitioners
and State regulators to understand and implement. From
this input, the Tier I and Tier II concepts were developed
to greatly simplify the validation of UV reactors for drinking water applications.

UV disinfection is a developing technology with a multitude of new issues and concerns to evaluate and understand. While the States have very capable people to complete this task, in many cases, they may not have the time
to digest the nearly 500-page UVDGM document and to
gain a thorough understanding of the issues involved
before they are faced with the need to make decisions on
specific projects. To avoid significant discrepancies in
requirements from state-to-state and to ensure that a uniform level of public health protection is provided by all
systems implementing UV disinfection, additional guidance from the USEPA is likely to be necessary. Additional
definition in the UVDGM on sensor calibration checking
requirements, sensor recalibration criteria, and reactor
changes that require revalidation would help to address
this issue. To facilitate knowledge transfer, utilities and
consulting engineers should encourage the involvement of
State regulators in UV disinfection projects from the planning stages through startup.

The Draft UVDGM is a comprehensive document that
brings together the current state-of-the-science in UV disinfection. The body of the document includes important, tothe-point information for project implementation, while the
appendices provide a wealth of information for practitioners
to understand the science behind the recommendations and
requirements. The entire team responsible for the Draft
UVDGM should be acknowledged for a job well done.
From our reviews of the UVDGM, we offer the following
discussions related to a few of the topics addressed in the
document, with the intent of providing some new perspectives on these issues.
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UV REACTOR VALIDATION AND MONTHLY
MONITORING REQUIREMENTS (Heather
Mackey, Black & Veatch)
According to the LT2ESWTR, in order for the utility to
receive Cryptosporidium credit, the UV reactor performance must be validated and the validation test results must

be sent to the State. Several validation protocols are available, including DVGW, ÖNORM, NWRI/AwwaRF, NSF
Standard 55, and the UVDGM Tier approaches.
According to the UVDGM, reactors previously validated
under DVGW and ÖNORM protocols should receive 3log credit for Cryptosporidium inactivation, while reactors
validated under NWRI/AwwaRF Guidelines and NSF
Standard 55 should be evaluated on a case-by-case basis.
Reactors that are validated following the procedure outlined in the UVDGM (Tier I approach) can receive 3-log
inactivation credit for Cryptosporidium at a reduction
equivalent dose (RED) of 36 mJ/cm2 with an LP or LPHO
UV system and at a RED of 42 mJ/cm2 with an MP UV
system. The UVDGM also describes a Tier II approach
that allows users to develop their own RED. However,
there is little guidance on how to apply existing UV reactor validation test data based on test protocols that do not
precisely follow the UVDGM approaches.
In addition to the validation report, monthly reports also
must be prepared and submitted to the State. The monthly reports must list the percentage of water entering the
distribution system that is not treated within validated conditions by the UV reactors. This percentage of water is
referred to as "off-specification". For unfiltered systems,
the LT2ESWTR allows 5 percent of the monthly water
volume to be off-specification. Off-specification requirements for filtered systems are not stated in the
LT2ESWTR; instead, they will be defined by the States.
Unfortunately, the UVDGM offers little guidance to the
States regarding the allowable percentage of off-specification water for filtered systems. Also, the UVDGM does
not specifically correlate the potential needs of the UV
system, such as a UPS or reactor redundancy, with the
allowable percentage of off-specification water and the
log-inactivation required for credit. In many cases, the
costs of a UPS could meet or exceed the cost of the UV
reactors. To prevent over-conservative designs, the
UVDGM should include guidance on the percentage of
off-specification water allowed for filtered systems.
The monthly report must also include the percentage of
sensors that were checked for calibration. According to
the UVDGM, the duty sensor should undergo a monthly
calibration check using a reference sensor, and the result
must be reported to the State as required by the
LT2ESWTR. To compare the duty sensor to the reference
sensor, the power level should be set at the typical operating level. However, the UVDGM does not discuss the
issues associated with checking the calibration of wet or
dry sensors.
Calibration checks of wet sensors would require taking
the reactor off-line and replacing the duty sensor with the
reference sensor. The system then would be restarted and
operated at the same power levels as before the shutdown

to determine whether the duty sensor is still calibrated.
For checking dry sensors, the reactor can remain on-line
and the duty sensor can be removed and replaced with the
reference sensor. However, if the duty sensor output is
tied into the dose-pacing strategy of the reactor, changing
a dry sensor while the reactor is on-line could trigger an
alarm. Therefore, the UVDGM should address these
issues by providing examples of sensor checking protocols that will avoid complications such as nuisance
alarms and shutdowns.
IMPORTANCE OF ESTABLISHING ACCURATE
LAMP OUTPUT FACTORS IN UV SYSTEM
DESIGN (Joan Oppenheimer and Kuang-Ping
Chiu, MWH)
Proper sizing of UV systems to achieve a minimum dose
requirement under a specified range of flows is a function
of the system's lamp technology, lamp geometry, quartzsleeve cleaning efficiency, and reactor hydraulics, as well
as the water quality conditions and redundancy requirements at the installed location. The LT2ESWTR requires
that UV equipment is validated [40 CFR 141.729(d)]
through an on-site or off-site process and the design and
installation footprint can be affected by the specific
approach selected for validation. The UVDGM does a
good job of discussing some of the pros and cons of onsite versus off-site validation.
When the off-site validation approach is selected, State regulators may still require an on-site commissioning study,
particularly if any deviations have occurred between offsite validation and on-site installation conditions. When
this situation occurs, the design criteria utilized for lamp
aging and lamp fouling factors can have a critical influence
on whether the commissioning study successfully demonstrates compliance with design specifications. Appendix J
of the UVDGM discusses the impacts of sleeve fouling and
lamp aging on system design performance and discusses
on-site testing methodologies that can be performed to
optimize lamp output performance. Such testing is considered to be independent of reactor microbial inactivation
performance validation and, therefore, is not necessarily
included even when on-site validation is performed.

Helsinki, Finland, Low Pressure High Output UV System
(Photo courtesy WEDECO AG Water Technology)
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Since final UV vendor selection frequently is based on
cost considerations, lamp performance factors can become
a critical element in vendor specification costs. The use of
more or less conservative factors for aging and fouling can
shift the distribution of capital and O&M costs and impact
the present worth assessment. Therefore, it is imperative
that engineers perform due diligence investigations before
accepting lamp aging and fouling factors provided by vendors whenever on-site testing as described in Appendix J
is not included as part of the design process.
THE NEED TO REVISIT THE UVDGM AND
SAFETY FACTORS IN THE FUTURE (PAUL
SWAIM, CH2M HILL)
The Tier I approach presented in the Draft UVDGM incorporates a great deal of progress and refinement to the safety factor approach for establishing operational setpoints
since the preliminary draft UVDGM was issued in 2001.
Even so, many of the safety factor components addressed
in the Draft UVDGM utilize assumptions and very small
data sets to identify appropriate safety factors. For example, the "RED bias" safety factor, which accounts for dose
distribution and delivery by UV reactors, was developed
based on an assumed worst-case reactor adapted from a
wastewater UV installation documented in the literature.

Albany, NY, USA - Medium Pressure UV System, 40 mgd
(Photo courtesy Trojan Technologies, Inc.)

In the coming years, new developments and advances in
the state of the science related to UV disinfection are anticipated. Research throughout the drinking water community will result in advancements, such as better sensor positioning, new generations of lamp and sensor technology,
greater understanding of sleeve and lamp performance over
time, as well as new reactor validation techniques. Some
of these developments will directly affect the safety factors
incorporated in the Tier I validation approach. Therefore,
the USEPA should consider incorporating a scheduled
review of the UVDGM as part of the LT2ESWTR. This
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review should be conducted in three to five years. With
this planned review, unnecessary conservatism associated
with UV system operation can be limited to further
enhance the cost-effectiveness of UV facilities.

Photo courtesy WEDECO AG Water Technology

The Water Utility Perspective: LT2 and UVDGM
Leave Several Important Issues in the Dark
Richard E. Hubel, Director-Design, American Water, Voorhees, NJ, and
Christopher R. McMeen,Water Quality Engineer,Tacoma Water,Tacoma,WA
The proposed Long-Term 2 Enhanced Surface Water
Treatment Rule (LT2) is a major next step by the USEPA
in protecting the public health from waterborne disease.
Many water utilities (Utilities) in the United States will
need to provide an additional treatment barrier(s) to comply with the LT2 regulation, depending on their source
water characterizations. As a relatively cost-effective barrier, ultraviolet (UV) light disinfection is anticipated to
receive serious consideration by most utilities that treat
and deliver surface water supplies to their customers.
The draft UV Disinfection Guidance Manual (UVDGM)
consolidates a tremendous amount of technical information
about UV disinfection, and it is the best available compilation for those utilities that are considering UV disinfection.
The UVDGM is exemplary in addressing how to implement UV disinfection, which was the intent of the USEPA.
However, understanding "how to implement UV disinfection" is not enough for most utilities, and several important
questions remain:
• Is UV disinfection or an alternative enhanced
disinfection process necessary?
• If yes, what are the scheduling logistics for
implementation?
• How will the primacy agencies interpret the
UVDGM, and how rigidly will they enforce its
guidelines?
• How do the LT2 regulation and UV disinfection
affect customer communications?
• And most importantly, how can a utility ensure
continuous compliance with the LT2 regulation
after implementing UV disinfection, especially as
regards the potential for off-specification (off-spec)
operation? [Note: off-spec operation happens
when a UV disinfection system operates outside of
its validated range of conditions.]
Answering the first question will require a source water
characterization, as is explained in the proposed LT2 regulation. The number of utilities needing UV disinfection or
an alternative enhanced disinfection process to comply with
the LT2 regulation is unknown at this time, but is potentially significant. Likewise, many utilities will not need UV
disinfection or an alternative enhanced disinfection process,
either because their source water characterization does not
indicate a need for additional treatment, or because lower

cost LT2 Toolbox alternatives are sufficient. These utilities
then must weigh the cost of UV disinfection against their
risk policies and public health obligations. In other words,
some utilities may implement UV disinfection regardless of
their source water characterization - several have already.
Appendix L of the UVDGM outlines the necessary tasks
and provides an example time line for implementation of
UV disinfection by a single utility. However, the USEPA
and primacy agencies should address the logistics for a
large group of utilities. Both public and investor-owned
utilities will need substantial time to:
• Complete the source water characterization as well
as the regulatory and risk policy evaluations to
decide whether or not to implement UV disinfection
• Request and secure financing to proceed with
implementation
• Solicit and procure engineering services if not
available in-house
• Solicit and procure the UV disinfection equipment
in coordination with a design schedule, which may
entail two steps
• In the case of severe site constraints, purchase or
condemn adjacent property to create enough space
for the UV disinfection system
• Arrange for validation of the selected UV
disinfection equipment
• Apply for and obtain approval of both the
equipment validation and the UV disinfection
system design from the primacy agency
• Administer construction of the project in
accordance with utility policies as well as
municipal, state and federal laws
• Develop standard operating procedures (SOPs),
and train staff as regards UV disinfection system
operation and maintenance (O&M), health and
safety, and LT2 reporting requirements
Consider the ramifications if hundreds or thousands of utilities wait until they complete 24 months of source water
characterization and then decide to implement UV disinfection. Think of the potential traffic jam! The LT2 regulation allows a total of six years including the 24-month
source water characterization for an affected utility to
achieve compliance without an extension from their primacy agency. This situation has great potential to create a
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seller's market for the equipment vendors, engineering consultants, and UV disinfection system validators along with
a serious design (plans and specifications) review/approval
backlog for the primacy agencies. The traffic jam also has
potential to cause frustration among the utilities, especially
the smaller ones with fewer resources and less clout. Are
quick, less thoughtful decisions, artificially inflated prices,
and early violations of the LT2 rule in our collective future?
The wiser utilities will initiate their source water characterizations and start planning for UV or an alternative
enhanced disinfection process early (i.e., now!). They also
will develop at least enough in-house expertise to make
educated decisions and avoid victimization along the way.
It is very interesting that the example timeline in Appendix
L includes a 2-year extension as allowed by USEPA when
capital improvements are necessary to achieve compliance.
However, the granting of an extension to a utility is at the
discretion of the respective primacy agency and not a guarantee. Any utility that misses the compliance deadline is
required to issue a Public Notice. Hence, the consequences
of a traffic jam are very serious for the each affected utility.
Once the UV disinfection system is installed and in service, reality hits the utility as regards day-to-day operations
and compliance with the LT2 rule. The UVDGM provides
a starting point for utilities to develop SOPs and train their
operators for UV disinfection system O&M. It also reiterates the terms of the LT2 rule for unfiltered water supplies:
on a monthly basis, not greater than 5% of the water supply can pass the UV disinfection system during off-spec
operation. The UVDGM mentions that primacy agencies
may impose different off-spec limitations for filtered
water supplies, but otherwise leaves the filtered water suppliers in the dark. The consequences are serious if primacy agencies impose stricter off-spec limitations for filtered
water supplies. Understanding that time and volume bases
are not necessarily the same, due to variations in flow rate,
here are a few examples:
Limitation

Basis

Allowance for Off-Spec Operation

5%

Monthly 36 hours per month

1%

Monthly 7.3 hours per month

0.1%

Monthly 44 minutes per month

5%

Daily

72 minutes per day

1%

Daily

14.4 minutes per day

0.1%

Daily

1.4 minutes per day

Definition of these limitations is critical in the design and
operation of a UV disinfection system, particularly as
regards the provision of standby power or an uninterruptible power supply (UPS) to minimize off-spec operation.
These limitations also are critical for utilities to maintain
continuous compliance with the drinking water regulations. A related issue is that many utilities are likely to
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implement UV disinfection to achieve inactivation credit
for Giardia in addition to Cryptosporidium and, therefore,
may reduce their reliance on chlorination. In such cases,
must the utility adhere to a different and more stringent
off-spec limitation to ensure compliance with the original
SWTR (Surface Water Treatment Rule)? The USEPA is
providing a great disservice to utilities by skirting the offspec limitation issue for filtered water supplies and passing the buck to the primacy agencies.
The LT2 rule and UVDGM require monthly reporting of
UV disinfection system performance to the primacy agencies, but the documents are unclear regarding several customer communication issues. The proposed LT2 rule
requires a Tier 2 Public Notice for violations, and 40 CFR
141 allows primacy agencies to elevate such a violation to a
Tier 1 Public Notice. However, it is not clear whether an
off-spec excursion of a UV disinfection system is considered a treatment technique violation when all other treatment processes continue to operate in accordance with the
original SWTR and other aspects of the LT2 rule. It seems
unreasonable to issue a Boil Water Advisory for a temporary
off-spec excursion. Also, although the risk of contaminating the water supply with mercury is very small, how should
a utility communicate to the public if mercury from a broken lamp enters the distribution system? Furthermore,
Consumer Confidence Reports include warnings about
Cryptosporidium and other waterborne pathogens for subpopulations with weakened immune systems. Are those
warnings still necessary after the implementation of UV disinfection? Clarification of these customer communication
issues in the UVDGM would go a long way in helping utilities as well as the primacy agencies.
IN CONCLUSION
Utilities are encouraged to plan early (i.e., now!) and lay the
financial and other groundwork for implementation of UV
disinfection. An early source water characterization can
make all the difference in avoiding the traffic jam and
achieving compliance with the LT2 rule. Utilities also are
encouraged to review the proposed LT2 regulation, the
UVDGM and related documents, and appeal to the USEPA
and primacy agencies for a clearer definition of the off-spec
limitations for filtered water supplies as well as the expected response in the case of an off-spec excursion for both
unfiltered and filtered water supplies. Finally, utilities are
encouraged to develop enough in-house expertise to make
educated decisions when
considering, and even
more so, when implementing UV disinfection.
Stockholm, Sweden UV
water treatment (Photo
courtesy WEDECO AG
Water Technology)

American Water Works Association Research
Foundation's Impacts on the UV Disinfection
Regulatory Process
Albert Ilges, American Water Works Association Research Foundation
Denver, CO; ailges@awwarf.com
Starting in 1992, the American Waterworks Association
Research Foundation (AwwaRF) has had an active research
program to study UV light, and in particular, UV disinfection of drinking waters. Results of AwwaRF's research
have contributed greatly to the body of knowledge that permitted EPA to declare UV disinfection an "available technology". As a result, UV disinfection is gaining widespread acceptance in the USA, resulting in increased public health protection against many pathogens.
When the Surface Water Treatment Rule was promulgated
in 1989, UV light was not recognized as an effective disinfectant for protozoans such as Giardia and
Cryptosporidium. Nearly a decade later, in 1998, the
Stage 1 Microbial and Disinfection By-Product Rules did
not consider UV disinfection, as its effectiveness against
Cryptosporidium was still unknown.
By the late 1990s the U.S. Environmental Protection
Agency (USEPA) had begun work on the Stage 2
Microbial - Disinfection By-Product Rules. Under the
Federal Advisory Committee Act (FACA), the regulatory
process allowed for negotiations between a broad group of
stakeholders and federal regulators. A Microbial and
Disinfection By-Products FACA group met with federal
regulators to discuss the Stage 2 rules. This group relied
heavily on the AwwaRF's work and other scientific
advances. Several AwwaRF researchers, including recognized leaders in UV research and design, such as Dr.
James Bolton; Dr. Jennifer Clancy; Christine Cotton, P.E.;
Robert Cushing, P.E.; Robert Hulsey, P.E.; Dr. Karl
Linden; Dr. Erin Mackey, P.E.; Dr. James Malley; Doug
Owen, P.E.; and Harold Wright, P.E.; served as technical
advisors to this process.
As a result, the FACA Committee recommended that EPA
incorporate provisions into the Long Term 2 Surface Water
Treatment Rule (LT2ESWTR) to facilitate approval and
implementation of UV technologies.
In addition, AwwaRF cosponsored with the National
Water Research Institute a project to revise the UV disinfection guidelines for reuse, wastewater, and drinking
water treatment.
Many AwwaRF researchers continue to work with EPA to
develop a UV disinfection guidance manual. AwwaRF's

efforts truly have been a collaborative effort with partners in
North America and throughout the European community,
and have assisted this "new" technology to be implemented
in the USA at an unprecedented pace. The table below summarizes AwwaRF's funded research on UV disinfection.
AwwaRF will continue to collaborate with the water
industry to bring research advancements to the state of UV
disinfection. These research efforts will help EPA make
better decisions when developing regulatory requirements
and providing guidance for UV disinfection.
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Project No. Project Title

Funded

180

UV Inactivation of Viruses in Natural Waters

1994

282

Innovative Electrotechnologies for Cryptosporidium Inactivation

1995

289

Advanced Oxidation and Biodegradation Processes for the Destruction of TOC and DBP
Precursors

1995

442

Inactivation of Waterborne Emerging Pathogens by Selected Disinfectants

1997

474

Full-Scale Implementation of Ultraviolet Disinfection in Groundwater Treatment Systems

1997

621

Alternative Disinfection Technologies for Small Drinking Water Systems

1990

809

Evaluation of the By-products Produced by the Treatment of Groundwaters With Ultraviolet 1992
Radiation (UV)

2593

Inactivation of Pathogens by Innovative UV Technologies

1999

2599

Innovative UV Technologies to Oxidize Organic and Organoleptic Chemicals

1999

2601

Removal of MTBE With Advanced Oxidation Processes

1999

2623

Practical Aspects of UV Disinfection

1999

2641

Application of KI Actinometry to UV Reactor Dosimetry

1999

2668

Disinfection Efficiency and Dose Measurement of Polychromatic UV Light

1999

2669

Cryptosporidium Oocyst Repair Following UV Disinfection

2000

2674

Protocol for Designing and Conducting UV Disinfection Studies

2000

2682

Hydrodynamic Characterization of UV Reactors

2000

2721

Susceptibility of Multiple Strains of C. parvum to UV Light

2000

2723

Impact of UV Disinfection on Biological Stability

2000

2747

UV Disinfection and Disinfection By-Product Characteristics of Unfiltered Waters

2001

2749

Evaluation of Ozone and Ultraviolet Light

2001

2750

Application of the LT2ESWTR Toolbox to Retrofit Existing Water Plants

2001

2768

UV Disinfection for Large Water Treatment Plants

2001

2788

Removal of Contrast Media

2001

2790

Effectiveness of UV Inactivation of Cryptosporidium Oocysts Under Realistic Conditions
Using Cell Culture Techniques

2001

2817

Development of a Particle Actinometer

2001

2861

Integrating UV Disinfection Into Existing Water Treatment Plants

2002

2897

Impact of UV and UV Advanced Oxidation Processes on Toxicity of Endocrine Disrupting
Compounds in Water

2002

2949

Dosimeters for UV Dose Verification and Monitoring

2003

2977

Design and Performance Guidelines for UV Sensor Systems

2003

2983

Optimization of UV Reactor Validation

2003

Recent UV Technology
Abstracts
FORMULATION OF A MATHEMATICAL MODEL
TO PREDICT SOLAR WATER DISINFECTION
Fadhil M. Salih Department of Clinical and Biomedical Physics,
College of Medicine and Health Sciences, Sultan Qaboos
University, P.O. Box 35, Al-Khod 123, Sultanate of, Oman. Water
Research 37(16):3921-3927, September 2003.

A mathematical model was formulated that will facilitate
the prediction of solar disinfection by analyzing the effect
of sunlight exposure (i1) and the load of bacterial contamination (i2), as predictor variables, on the efficiency of
solar disinfection (y). Aliquots of 0.1 mL containing average numbers of E. coli, ranging between 1 and 5H103
cells/mL raw water, were introduced into each of the 96
wells of polystyrene microtiter plates. Plates, with the lid
on, were exposed to sunlight for varying exposures ranging
between 1.04H103 and 8.40H103 kJ -2. Double strength
nutrient broth was then added. After 48 h incubation wells
containing visible contamination were considered as containing one cell or more that survived the exposure. Data
showed that disinfection is dependent both on the load of
bacterial contamination and sunlight exposure. This relationship is characterized by curves having shoulders followed by a steep decline and then tailing off in an asymptotic fashion. The shoulder size increased with the increase
of the contamination load, however, the slope remains the
same. Statistical analysis indicates a positive correlation
among the variables (R2 = 0.893); the mathematical model,
y=1-(1-e-ki1)i2, represents the relationship, with k being
the solar inactivation constant. The exposure required to
produce a given decontamination level can be predicted
using the equation: i1=-1/k ln[1-(1-y)-1/i2]e-:/DAm/A ,
where : is the linear attenuation coefficient (m-1), D is the
density, m is the mass and A is the area of the exposed part
of the sample. The predictor variables (i1, i2 ) strongly
influence the efficiency of solar disinfection, which can be
predicted using the suggested mathematical model. The
present data provides a means to predict the efficiency of
solar disinfection as an approach to improve the quality of
drinking water mainly in developing countries with adequate sunshine all year-round.
PHOTODEGRADATION OF 2,4-DICHLOROPHENOXYACETIC ACID IN VARIOUS IRONMEDIATED OXIDATION SYSTEMS
C. Y. Kwan and W. Chu [Corresponding Author Tel.: +852-27666075; fax: +852-2334-6389] Department of Civil and Structural
Engineering, Research Centre for Urban Environmental
Technology and Management, The Hong Kong Polytechnic
University, Hunghom, Kowloon, Hong Kong. Water Research,
37(18):4405-4412, November 2003.

The oxidation of herbicide 2,4-dichlorophenoxyacetic
acid (2,4-D) by different iron-mediated processes, with or

without the presence of ultraviolet (at 253.7 nm) and
oxalate, was investigated and compared. The initial decay
rate and the overall removal percentage were used as the
performance indexes. To extensively explore the associated processes, the following combinations or blank systems
were investigated: UV radiation only, Fe2+/H2O2,
Fe2+/H2O2/UV, ferrous oxalate/H2O2, ferrous
oxalate/H2O2/UV, Fe3+/H2O2, Fe3+/H2O2/UV, ferrioxalate/H2O2, and ferrioxalate/H2O2/UV. This study
showed that the degradation of 2,4-D by sole UV or dark
processes (without UV) is generally slow, except by the
conventional Fenton's process (Fe2+/H2O2). However,
these slow reactions can be accelerated by exposure to UV
irradiation, which can increase the initial 2,4-D decay rate
from ten to more than one hundred times. Furthermore, if
the reaction is initiated by ferrous oxalate or ferrioxalate
instead of Fe2+ or Fe3+ ions, the rates can be further
improved, because of the higher light sensitivity of the
organometallic complexes. These reactions were also
found sensitive to the initial hydrogen peroxide concentration. The competition of hydroxyl free radicals by the primary intermediate, 2,4-dichlorophenol, was also observed.
USE OF PULSED-UV PROCESSES TO
DESTROY NDMA
Sun Liang, Joon H. Min, Marshall K. Davis, James F. Green,
and Donald S. Remer, Metropolitan Water District of southern
California, 700 Moreno Ave., La Verne, CA 91750. J. Am.
Water Works Assoc. 95(9):121-131, Sept. 2003.
(sliang@mwdH2O.com.us)

Bench-scale experiments were conducted to determine the
effectiveness of using pulsed-ultraviolet (UV) irradiation
and pulsed UV/hydrogen peroxide (H2O2) processes to
destroy N-nitrosodimethylamine (NDMA). The effects of
various UV and H2O2 dosages and source waters, as well
as nitrate (NO3-) and initial NDMA concentrations, were
investigated as control parameters for both completely
mixed batch reactor and continuously stirred tank reactor
tests. The presence of compounds that interfere with UV
light (e.g., NO3-) and the formation of total trihalomethanes
after pulsed UV-treatment also were studied. Pulsed-UV
technology was highly effective for destroying NDMA. The
pseudo-first order rate constants were calculated to be in the
range of 1.4 to 12.2 min-1. This technology offers other
benefits (e.g., disinfection) and can be applied directly to
drinking water treatment. However, potential concerns in
pulsed-UV photolysis of NDMA include (1) the formation
of undesirable chemicals as reaction intermediates and (2)
possible reformation/regeneration of NDMA after chlorination of pulsed-UV-treated effluent. Pulsed-UV with a small
amount of H2O2 could be used to control the reaction
byproducts and to inhibit the reformation of NDMA by
using hydroxyl radicals generated during an advanced oxidation process. In contrast, pulsed-UV with a larger amount
of H2O2 could inhibit NDMA decay by direct photolysis.
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Recent Internet News
of UV Activities

30 September 2003: Pepsi launches Aquafina bulk
water packs (http://www.businessstandard.com/today/story.asp?Menu-=23&story=24116), Business Standard,
Hyderabad, India.

29 September 2003: Results Released of Water Evaluation
Trial Study Conducted at American Water Plant; No
Difference Found Between Tap and Filtered Water In
Preventing Gastrointestinal Illness (http://home.businesswire.com/-portal/site/google/index.jsp?ndmViewId=
news_view`"wsId=20030929005561`"wsLang=en),
Business Wire.

Pepsi India launched its first Aquafina bulk water packs in
the country here. The company has set up a water purification and bottling plant with a capacity of 10,000 jars a
day at Cherlapally, about 25 km from here.

VOORHEES, N.J.–(BUSINESS WIRE)–Sept. 29, 2003 The University of California at Berkeley, the United States
Environmental Protection Agency (USEPA), the Centers
for Disease Control and Prevention (CDC), and American
Water recently announced the results of a year-long water
evaluation trial study. The goal of the $3 million research
project mandated by Congress was to evaluate whether
healthy people contract gastrointestinal illness by drinking
tap water in homes served by well-run water districts. The
research found no evidence that gastrointestinal illness
was transmitted.
The study involved installing a microfilter and ultraviolet
treatment device on the kitchen faucet of 450 healthy
households. The participants were unaware that half of
the devices installed were active filters and the other half
were inactive placebo devices that were identical to the
active filters. In the randomized and blinded intervention
trial, researchers found no significant reduction in ill
effects for those who used the home-filtered water compared with those who used the placebo device. The UC
Berkeley-led research team included scientists from the
USEPA and the CDC.
23 September 2003: Taunton plant upgrades water
treatment process (http://www.tauntongazette.com/site/
news.cfm?-newsid=10206593&BRD=1711&PAG=
461&dept_id=24232&rfi=6), by Maria Krajnak, Tauton
Gazette, Tauton, MA.
The city's water treatment plant is undergoing an $11.9
million renovation that will create a state of the art water
treatment plant. The plant, which opened in 1981 in
Lakeville, will be the first surface water supply plant in the
state to utilize a new disinfection process, an ultraviolet
system, which will cost $1.5 million. An ultraviolet disinfection system will be installed in the plant to meet future
state drinking water regulations. The UV disinfection system will be another filtration process the water will go
through. It will use no chemicals and will decrease the use
of chlorine in the water.
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Explaining the purification process in packaging the
water, Subroto Chattopadhyay, the executive director (new
business initiative) of the company, said that the process
involved chlorination, sand filtration, activated carbon
purifier, five micron polisher, ultraviolet, reverse osmosis,
one micron polisher and ozonation.
1 October 2003: Reservoir fix to save Murray water
(http://www.abc.net.au/news/newsitems/s957260.htm),
ABC News Online, Australia
Eight hundred megalitres of water is expected to be saved
from the River Murray, with the Beetaloo Reservoir soon
to become a useable water source for South Australia's
mid-north. Water in the reservoir has been unsuitable for
drinking for about six years because of a presence of
harmful organisms. But Administrative Services Minister
Jay Weatherill says a UV disinfection process will make
the water useable for people in Crystal Book, Port Pirie,
Port Augusta and Whyalla, and cut the use of piped-in
water from the ailing Murray.
PITTSBURGH, PA, July 1, 2003 Calgon Carbon
Awarded a Second U.S. Patent for Protecting the
Public from Cryptosporidium in Drinking Water.
Calgon Carbon Corporation (NYSE: CCC) announced
today that it has been granted U.S. Patent No. 6,565,803,
its second U.S. patent for preventing infection from
Cryptospordium (crypto) found in drinking water using
ultraviolet (UV) light. The patent also includes the use
of UV to control Giardia.
Commenting on the announcement, Jim Fishburne, senior
vice president of Calgon Carbon, said, "Our new patent
demonstrates that even lower doses of UV energy can be
used, enhancing the efficiency and cost advantages of UV
technology."
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