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A Message

FROM THE IUVA PRESIDENT

Paul Swaim

I

can’t believe how fast the last year has gone by. In
May 2011, my term as IUVA President kicked off
in Paris, France, with the World Congress Dinner
featuring good food, wine, and yes, mimes. As I write
this in early June 2012, without the benefit of wine (or
mimes), we are less than a week away from our first
IUVA Board of Directors Meeting of 2012, to be held
at the American Water Works Association’s Annual
Conference and Exhibition (ACE) in Dallas, Texas.
As I have been preparing materials for the Board of
Directors meeting, I have been reflecting on what the
IUVA has accomplished in the last year, and also looking ahead to what we have planned for the remaining
15 months of my term. I’m simultaneously preparing
for ACE, and noting that UV technology remains at the
forefront of hot topics at ACE, with special sessions devoted to UV disinfection and advanced oxidation and
to low-wavelength UV validation considerations. The
continued level of interest in UV technology makes our
jobs as leaders of the IUVA easier. At the same time, we
have many accomplishments to be proud of over the
last year, including the following accomplishments:
• We hired an outstanding Executive Director, Deborah Martinez, who has enabled us to “turn up the
lamps”
• Our membership has grown from under 500 to
nearly 600 members
• The IUVA is in a stronger than ever financial position
• We revamped our webpage
• We formed a technical committee to further exert
our technical leadership within our field
• We hired Dr. Wenjun Liu as Asia/Australia Hub
Director (along with the previous hires of Dr. Bertrand Dussert for the Americas and Dr. Andreas
Kolch for Europe/Middle East/Africa) to create
opportunities and growth in these areas
As President, my focus has been on raising our presence
in the marketplace across the globe. We have taken a
number of steps towards this goal by organizing a huge
number of events, including the following:
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• Our first-ever IUVA webinar on implementing
UV for water disinfection in December 2011
• A 1-day workshop in California on Fundamentals
of UV and New Trends in October 2011
• A 1-day workshop in London, UK, on UV for Water Treatment with speakers from across Europe in
December 2011
• 1-day workshops in Germany (in November 2011
on (ballast water disinfection) and Italy (with AccaDueO) in May 2012
• A 1-day symposium on UV Disinfection for
Emerging and Developing Countries with UNESCO in the Netherlands in June 2012
• A seminar on Basics of UV for Water, Wastewater,
and Reuse Applications with the IWA in Mexico in
November 2012
• A webcast on UV for reuse applications (partnered
with the WateReuse Foundation) in May 2012
• A Regional Conference in Washington DC in August 2012
• A Regional Conference in Karlsruhe, Germany, in
early June 2013
• Our 7th World Congress in Las Vegas, Nevada, in
September 2013
Behind the scenes, we’ve been focusing on institutionalizing our best practices to ensure our long-term viability.
I’m proud of what we’ve accomplished in the past year,
and I certainly hope you’ve noticed what we’re up to!
I’d like to thank the aforementioned leaders, our Corporate sponsors and exhibitors, our volunteers on the
Executive Operating Committee and Board of Directors, and you, the IUVA membership for participating
in and supporting these activities.
I look forward to another year and many more accomplishments together.
–Paul Swaim

A Message

FROM IUVA EXECUTIVE DIRECTOR

Deb Martinez

W

ow, has it been an entire year? One year ago I began my role as the Executive Director with IUVA.
From the very beginning, my priorities have been
to improve our communications, increase our membership
and provide sustainability along with growth and visibility.
The mission of the IUVA is clear and our goals are welldefined. We are making great progress in positioning IUVA
as a leading authority on research on the use of Ultraviolet Technology for public health and environmental applications. Our advocacy efforts with the education, industry,
research and public policy sectors worldwide are beginning
to pay off. All of this was accomplished with the collaboration and inspiration of the Hub Directors and the Executive
Operating Committee.

building and marketing our brand value, securing and maintaining our finances, and building strong relations with membership so that the value of an IUVA membership continues
to grow and attract more members. In order to keep us on
this growth path, it is my intention to develop a five-year
strategic plan that will be our guide for the future. Managing growth is sometimes the hardest part of managing an
association.
I want to thank the leadership of IUVA and the many members who have been so supportive and helpful over the last
year. And I encourage everyone to feel free to contact me
with any suggestions, great ideas or comments about how
IUVA can continue to grow and succeed.
All best wishes.

A significant accomplishment was the launching of a new
IUVA website last October. The attractive and user-friendly
website serves as a catalyst for growth and provides us with
more visibility, building recognition and value for our brand.
In particular, it has been useful in engaging our membership
and making their interactions with the association as seamless as possible.

–Deb Martinez
Executive Director

It is my thinking that key component in our outreach efforts to membership and others in the industry must be our
education programs. While our members and others are accomplished professionals in the field, continuing education is
important to everyone because there are always new developments and new breakthroughs in the use of technology.
Working with our Hub Directors and our membership, we
have created education programs, workshops, seminars and
webinars, which provide useful and information content that
UV professionals find very valuable. Most of our programs
were well-subscribed and well-attended, and we are planning
several more in the months to come. The result is that this
education component is adding value to the IUVA membership, and it is also attracting many non-members to interact
with IUVA and learn of the benefits of being a member.
In the future, I hope to increase our engagement in advocacy
of our perspectives with legislative and government officials.
We must be at the table with decision makers when important issues in our industry are being discussed and policy is
being developed.
There are many opportunities for IUVA in all of these areas
and more, and my job is to work with you the members in
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REPORT from IUVA
BERTRAND DUSSERT:
DIRECTOR OF THE IUVA AMERICAS HUB OFFICE
The Americas hub continues to be busy, and it is all good.
The tremendous success of our joint webinar with the WateReuse Association is discussed elsewhere in this magazine.
Building on this success, the WateReuse Association has invited me to make a presentation at their Foundation’s Research Conference in San Diego on June 4-5. My presentation will give an overview of the Use of UV Technologies for
Water Reuse Applications.
The 2012 Americas conference, to be held in Washington,
D.C. on August 12-14, promises to be a great event. The
technical program was just finalized, and it is looking great.
It will consist of 2 parallel tracks and a total of 14 sessions.
Six major themes will be covered; 1) Regulations, Validations
and Certifications; 2) UV AOPs Applications; 3) Emerging
Technologies (including an entire session on UV LEDs!); 4)
Air Treatment and Industrial Water Applications; 5) Wastewater and Water Reuse Disinfection Applications; and 6)
Drinking Water Disinfection. We have also included a panel

discussion on “Surrogates: Impact on Validation.” The discussion will focus on the latest developments related to the
use of surrogate organisms as the industry continues to refine
procedures based on new science.
Last but not least, I wanted to remind each of you about our
first workshop in Mexico, “Basics of UV Disinfection for Water, Wastewater and Reuse Applications,” which will be held
on November 25, 2012, in conjunction with the International Water Association (IWA) Disinfection Conference (Mexico
City, November 26-29). The program has been finalized and
includes a stellar lineup of speakers, all renowned worldwide
leaders in their field. Please check www.iuva.org/events for
more information on each event.
As always, I welcome your thoughts on all the above initiatives and any other relevant topic you want to share with me.
It will be great to hear from you at americas@iuva.org.

–Bertrand Dussert

Many options,
one leading concept.
New intelligent multiple lamp solution for Low Pressure lamps 120 - 800W.
High efficiency, analog and digital controls and preprogrammed lamp characteristic settings for optimal lamp life.

Nedap Light Controls Europe | Head Office | Parallelweg 2 | 7141 DC Groenlo | The Netherlands | +31 (0)544 471888
Nedap Light Controls North America | 14A Industrial Way | Atkinson | NH 03811 | USA | +1 603.458.2089
info@nedap-lightcontrols.com | www.nedap-lightcontrols.com

World leader in UV lamp drivers
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Introducing the Duron, Wedeco’s latest offering for open channel waste water UV disinfection. With more
than 20 years of vertical UV disinfection engineering & research behind its design, the Duron is shining new light on
wastewater treatment. Duron systems take the latest Ecoray high powered energy efficient lamps and incline them
at a 45 Degree angle, saving additional space in the channel. It’s integral lifting device allows for easy maintenance
and accessibility, making it a clear choice in terms of ease of operation.
Find out why the Duron is making waves @ www.wedeco.com

www.wedeco.com

REPORT from IUVA
ANDREAS KOLCH:
DIRECTOR OF THE
IUVA EUROPE AND
AND MIDDLE EAST
(EMEA) HUB

I

t has been exactly a year ago that the IUVA started with the EMEA Hub concept in order to foster
membership relations and generate continuous activities in the region. Now this is the time for a first look
at what has been accomplished:
Three workshops have been conducted on the topics
of ballast water, drinking water and the need for validation in Germany, Italy and the UK. At each of the
events, we were able to team up with such great local
partners as Wrc, BSH or Accedueo.
Another workshop was held in May in Delft, The Netherlands, in conjunction with the UNESCO IHE. That
workshop focused on the use of UV in emerging and
developing countries. In addition the EMEA worked
with Blue Tech Research in Ireland to have a webinar
about UV LED technology.
From a pure statistical standpoint that means that within the EMEA every three months another event in another country about another topic has taken place with
a total exposure to approximately 250 attendees.
We have plans for more events during the second half
of this year and will start the organizational phase for a
larger regional conference for summer 2013 in Germany together with the German company TZW (Water
Technology Center) soon.
With that I would like to sincerely thank our volunteers,
our sponsors, our speakers, all our attendees and all the
numerous people working behind the scenes to make
all of this happen during the last 12 months.
Be assured that we will do everything to keep the pace
we have started with. And last but not least and as always: If you have an idea where to go next, please don’t
hesitate to contact your EMEA office.
- Andreas Kolch
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WENJUN LIU:
DIRECTOR OF THE
IUVA ASIA AND
AUSTRALIA HUB

The following is a summary of the major activities conducted by the Asia and Australia Hub Director:
1. The annual conference of National Technical
Committee of Ultraviolet Disinfection Standardization of China was successfully held on May 18th
in Beijing, with 35 people in attendance.
2. The news of this conference was published on
the most important website of water industry in China www.china-H2O.com. The link
is:
http://news.h2o-china.com/html/2012/
05/1151337523945_1.shtml
3. Wenjun Liu paid a visit to Australia May 20-30 in
an effort to reach out to IUVA members in Australia.
4. Ms Xiaoou Ding, the assistant to the Hub Director,
is translating the IUVA News and preparing the
Chinese version of IUVA homepage. The frame of
Chinese version of IUVA homepage was finished,
and the details will be discussed with Deb.
5. IUVA News has been sent to the members of National Technical Committee of Ultraviolet Disinfection Standardization of China.
6. In the coming months we plan to prepare a survey
of the use of UV technologies for drinking water
and wastewater disinfection.
7. We will be working on recruiting more potential
members join IUVA.
–Wenjun Liu

NEWS

IUVA
Industry News

LAMP SPECIALIST HERAEUS
NOBLELIGHT UNVEILS
D2PLUS LIGHT MODULE AT
ANALYTICA 2012
Heraeus Noblelight, one of the
technology and market leaders in
the field of specialty light sources,
introduced its “Seven Good Reasons for D2plus Light modules”
at the Analytica show in Munich,
making the lives of instrument developers easier.
Developing new analytical instruments places ever-increasing demands on engineers, to design-in
the best available light-source and
avoid future operational problems. And as system performance
is expected to increase with the
faster release of new models, even
relatively simple instruments create more pressure to get the lightsource right.
Expertise to optimize lamp operation is rare - electrical, thermal and
environmental conditions all contribute to ‘Pass’ or ‘Fail’. That’s
why Heraeus uses its long experience to support OEMs by customdesigning their own optimized
Light Module. Instrument manu-

D2plus Deuterium Lamps from Heraeus provide the critical light source in Heraeus Light
Modules

Ray tracing techniques are used by Heraeus
to optimize the design of Light Modules

facturers just integrate the Heraeus
Light Module into their instrument,
and benefit from lower engineering
cost, shorter R&D and faster-tomarket time.
The Heraeus D2plus light module
consists of a D2plus Deuterium
Lamp, a sophisticated power supply, air cooling and lamp housing.
Both electronics and housing will be
engineered with Heraeus´ knowledge, providing best lamp operation
conditions for optimal lamp performance in the instrument.
Heraeus has developed the next
generation of Deuterium lamps
D2plus, a revolutionary new concept that instrument manufacturers
can design into their systems, with
the resulting benefits from higher
throughput and the best precision
analytical results. D2plus is available application-specific with a
quartz or UV glass envelope. Highquality light sources made by Heraeus are not only designed for long
life but also for maximum precision
and stability.
Instrument manufacturers can use
the “Seven Good Reasons” to get
their instrument faster to market.

Heraeus offers optimized mechanical, thermal and electronic environments for Deuterium Lamps to
achieve the best performance in
customer-specific instruments.
Heraeus Noblelight, a leading manufacturer of specialty light sources,
is a global player in the industry.
Deuterium and Hollow Cathode
Lamps, PID and specialty lighting
from Heraeus are not only engineered for long lifetime, but also for
the highest precision and stability.
Extensive testing of all light sources
ensures they meet the specifications
needed to give reliable and reproducible performance for the most
demanding applications. Heraeus
technology provides high quality
and capability in modern analytical
equipment, reducing cost of ownership and supporting the most sensitive analysis.
Heraeus Noblelight develops and
manufactures specialty light sources
and power supplies for a wide range
of analytical applications.
Heraeus Noblelight GmbH and
Heraeus are headquartered in
Hanau, Germany, with subsidiaries
in the USA, Great Britain, France,
China and Australia. For more information, visit www.heraeus-noblelight.com.
ETS ANNOUNCES NEW
PROJECTS
ETS has completed the manufacture of seven 20-foot ISO containers for a major oilfield service company. The containers are certified
in accordance with D.N.V2.7-1 and
Lloyds of London. The containers
are used to disinfect water containing SRB organisms. Like many waterborne organisms, this species is
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IUVA Industry News continued
readily deactivated using a very low
dose of UV light, often between 5
and 15 m J /cm2.

prises three closed vessel medium
pressure systems, each containing
eight lamps. The systems have automatic wipers and advanced positional locators that use optical pulse
counters rather than limit switches.
The control enclosures are UL 508
listed and are each controlled with
a CompactLogix PLC and HMI.
The system will be on line by June.
ETS has also been awarded a number of major contracts using the
800watt Amalgam system. These
energy efficient lamps have been
designed specifically for reuse water
applications where a high delivered
dose needs to be applied , but without the high connected load associated with medium pressure technology. The City of Horizon, Texas,
will use four of the closed vessel
systems each containing 16 of the
800 watt Amalgam lamps for high
level reuse.

ETS has supplied a 10MGD high
quality wastewater facility in the city
of Dundee, Ore. The system com-
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Based in Beaver Dam, Wisconsin,
Engineered Treatment Systems
(ETS) is a pioneer in the custom
design and production of Ultraviolet disinfection systems for a
range of applications. With three
decades of experience and over
1500 successful case studies, ETS
is leading the way in this rapidly
growing market.
THOMAS & BETTS PRODUCT
SPECIFICATION GUIDE IS
NOW AVAILABLE ONLINE
Thomas & Betts’ Product Specification Guide, a compilation of
various specifications that govern
the selection, use and specification
of T&B products, is now available
online at http://www.tnb.com/
productspecguide. These Thomas
& Betts product guide specifications
have been prepared as an aid to
specifying engineers for the proper
selection, use and specification of
electrical products.
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Similar to the print and compact
disc (CD) versions, the online Product Specification Guide is organized
by product category, but adds the extra functionality of being searched
by brand as well. Each product
category offers a set of specifications that can be downloaded from
the site in Microsoft Word format,
which enables the specifying engineer to copy and paste information
to other documents. Specifications
include those from Underwriters
Laboratories (UL), Canadian Standard Association (CSA), National
Fire Protection Association (NFPA)
and National Electrical Manufacturers Association (NEMA), as well
as U.S. Federal Government and
U.S. Military specifications, among
others.
For more information about Thomas & Betts’ Product Specification
Guide, visit http://www.tnb.com/
productspecguide, or call (800) 8167809.
Thomas & Betts Corporation
(NYSE: TNB) is a global leader in
the design, manufacture and marketing of essential components used
to manage the connection, distribution, transmission and reliability
of electrical power in industrial,
construction and utility applications. With a portfolio of more than
200,000 products marketed under more than 45 premium brand
names, Thomas & Betts products
are found wherever electricity is
used. With headquarters in Memphis, Tenn., Thomas & Betts reported revenues of $2.3 billion and
had approximately 9,400 employees in 2010. For more information,
please visit www.tnb.com.

IUVA
Events
IUVA/WATEREUSE ASSOCIATION JOINT
WEBINAR “UV APPLICATIONS IN WATER
REUSE” IS WELL ATTENDED
In May, IUVA successfully teamed up with the WateReuse Association to carry out a webcast on “UV Applications in Water Reuse.”
Building on the successful format from our first webinar
in December 2011, the participants heard perspectives
from three key stakeholders and industry leaders, i.e. a
consulting engineering firm, an equipment manufacturer, and an utility.
The event featured an excellent lineup of speakers, including Dr. Katherine Bell (CDM Smith), Adam Festger (Trojan Technologies) and Mehul Patel (Orange
County Water District). Mr. Patel is the Program Manager for the Groundwater Replenishment System, the
world’s largest UV/AOP installation for water reuse.
More than 200 people attended, and in a follow-up sur-

vey, most participants rated the webcast “very good” or
“excellent.”
I would like to thank CDM Smith and Trojan Technologies for sponsoring this event, which was free to
members of either organization.
I would also like to thank Mr. Wade Miller, Executive
Director of the WateReuse Association, for his enthusiasm in exploring collaboration opportunities with the
IUVA. I am also very thankful to Mr. Zach Dorsey,
WateReuse Association’s Publications and Communications Manager, for his tireless efforts in producing and
managing the webinar.
The IUVA continues to build expertise in running webcasts on in-depth topics, which is a great new benefit to
our members. Stay tuned for our future webinars!
- Bertrand Dussert

shedding new light…
on uv disinfection.

UV Reactor Models Using
Computational Fluid Dynamics
AwwaRF Project 2977
Design and Performance Guidelines
for UV Sensor Systems

Carollo’s leadership in UV research, regulations, validation, design and
commissioning provides innovative and sustainable UV solutions for
drinking water and wastewater utilities across the United States. With
offices coast to coast, Carollo understands the challenges unique to your
region. For 75 years, we have been “Working Wonders With Water®.” Today
we remain committed to our single focus—working to help solve our clients’
toughest water challenges every day.

1.800.523.5826 | carollo.com
12-CARO-05_UV Ad_Final2_No75_R.indd 1

6/1/12 4:14 PM
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IUVA Events continued
THE ANNUAL CONFERENCE OF NATIONAL
TECHNICAL COMMITTEE OF ULTRAVIOLET
DISINFECTION STANDARDIZATION OF CHINA
WAS HELD AT TSINGHUA UNIVERSITY IN
BEIJING
The annual conference of National Technical Committee of Ultraviolet Disinfection Standardization of China was held May 18 at Tsinghua University in Beijing.
The National Technical Committee of Ultraviolet Disinfection Standardization is an official organization,
which was established by National Standardization
Management Committee of China in 2007. It currently comprises 28 members.
A total of 35 members, invited experts and other interested individuals attended this conference. Government
officials from the Ministry of Housing and Urban-Rural
Development of China and National Standard Committee made presentations. Several of the people at the
meeting, including 18 committee members, are working
with UV-related companies.
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Prof. Wenjun Liu, the IUVA Asia/Australia Hub Director and the chair of National Technical Committee
of Ultraviolet Disinfection Standardization of China,
presided at the conference.
The conference discussion focused on UV standards in
China, developing a report of work over the past year
and creating a plan for the coming year. Professor Liu
introduced the work and mission of IUVA to the meeting and, in particular, discussed the creation of the
IUVA Asia/Australia Hub.

IUVA Events continued
The meeting attendees also worked on the draft of two
documents, the Terminology of UV Technology and
Bioassay Procedures of UV Dose, and the publication
and dissemination of the documents are expected soon.
FERRARA WORKSHOP

Clean water
is a matter of trust.

UMEA Hub Director Andreas Kolch recently organized a workshop at the H2O Accadueo conference in
Ferrara, Italy in May. Attendance was good, despite a
major earthquake just a few days earlier.

UV radiation is a reliable way to disinfect water
and eliminate harmful substances. That applies to
treating drinking water – the essence of life – and
waste water alike.
UV lamps from Heraeus Noblelight are particularly
efficient and thus stand out due to their very low
energy consumption. Our lamps offer this recognized
standard of quality throughout their long service life.
Heraeus UV lamps combine exceptional reliability
with cost-effectiveness.
Each of our UV lamps is tailored to the specific
requirements of our customers.

The panelists at the workshop were: In the back from
left to right are Wiljan Coppens (Berson), Guiseppe
Faretra (Xylem), Jean Phillippe Cailleres (Trojan); in
the front from left to right are Philip Reichle (Xylem),
Andreas Kolch, and Prof. Gradilone (University of Bologna). Stefano Salvatore (Trojan) also participated in
the panel.

Your partner for
reliable UV solutions

www.heraeus-noblelight.com
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A Conversation between NSF and IUVA
about NSF’s UV Standards

I

UVA asked NSF International if they would like to
provide an article about UV standards, perhaps via
an interview for the quarterly newsletter. The following are NSF’s responses to IUVA’s questions.

purpose was to meet the needs of the drinking water
treatment community, especially small systems and international requirements, as well as the NSF Standard 50
Joint Committee mandate.

Why did NSF decide that a UV protocol was needed? Why is the NSF protocol needed in addition to
the UVDGM?
Small system drinking water and recreational water
stakeholders wanted NSF to develop a very simple welldefined protocol with less room for interpretation than
is in the Ultraviolet Disinfection Guidance Manual
(UVDGM-2006). During 2008 through 2009, NSF received many calls from drinking water regulators and
engineers to consider involvement in the oversight and
review of existing validation reports for drinking water
applications. There appeared to be a need for a very simplified single sensor set point approach in validation with
clarification on what are the mandatory requirements.

Who will use the NSF protocol?
We expect that all stakeholders will use or benefit from
its use. However, small drinking water systems and recreational water facilities like spray parks and pools will be
the primary beneficiaries. With the protocol being used
for drinking water and recreational water treatment applications, there is expected to be cost savings for the UV
industry by having one protocol for validation to meet the
requirements for NSF 50 and small drinking water systems. In addition, the protocol is expected to also meet
international agency requirements such as for the Norwegian Institute of Public Health.

During the summer of 2005 and 2006 there were numerous outbreaks of Cryptosporidiosis in recreational spray
water parks and public swimming pools. Some of the
facilities were treated using UV. Thus the recreational
water treatment community of regulators and industry
requested the Joint Committee for NSF Standard 50 to
change its UV reactor performance test requirements to
be consistent with the EPA drinking water regulations.
The Joint Committee took on the task of working with
NSF to develop a testing protocol consistent with the
EPA’s UVDGM. The Joint Committee agreed that the
approach suggested for drinking water through the ETV
process was also acceptable for NSF 50.
NSF also received requests for international UV manufacturers to test their equipment to meet European criteria
such as the Norwegian Institute of Public Health. NSF
also received a request to meet several state requirements
for a 40 RED using MS2, so the protocol also includes a
way to validate to a specific dose rather than validate for
the purpose of log reduction of Cryptosporidium or viruses.
NSF under the ETV Program began assembling a group
of technical experts to develop a simplified set point control strategy protocol for validating UV reactors. The
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Is the protocol something that will continue to
evolve through new versions?
The ETV as well as NSF Protocol and Standards processes require periodic reviews by stakeholders to update and
improve the testing protocol or standard. For NSF Standards, there is an annual meeting of the Joint Committee
that reviews updates to the standard, which includes testing procedures. For ETV and NSF Protocols, the review
is done through email and mail, on an as-needed based on
comments received by stakeholders. The ETV and NSF
protocols are typically reviewed and updated once per
year. Anyone can comment on any protocol or standard at
any time. However, the comments are typically addressed
once per year for efficiency.
As the state of science and engineering progresses and
stakeholders have other performance needs, the protocol
and standards evolve. As an accredited standards body,
NSF expects these documents to be continually improved
by stakeholders to meet their needs through building a
consensus of what should be included in these protocols
and standards . The UVDGM is now six years old. Both
the science and technologies have changed in this period.
So have the needs of stakeholders. ETV Protocols and
NSF Standards provide a mechanism to address those
needs and advances.

Is it written for manufacturers, utilities and design
engineers, others or all of these groups?
The protocol is written for all UV stakeholders who need
some standardized way of testing UV performance.
Is there a size (flow capacity) system that NSF is focused on?
The protocol is based on the single sensor set point control strategy, which is primarily for small systems. In general we assumed the protocol would be used to validate
reactors for small drinking water systems and recreational
water treatment (pools and spray parks) applications. An
estimate of about 1 MGD seemed like a reasonable flow
capacity. For larger flow rate applications, the use of the
UVDGM-2006 by industry seemed to be working well as
is, with no further need for NSF to create another protocol specific to larger systems.
How is it different from the UVDGM?
The UVDGM-2006 allows for considerable flexibility in
validation testing and planning. This is the strength of
the UVDGM. However, such flexibility can intrinsically
create a lack of uniformity in testing. The ETV Protocol
is not “different” as much as it is a subset of the UVDGM.
It defines certain aspects of testing that otherwise are left
to interpretation. It also can be used to validate to a specific dose versus Cryptosporidium and virus credits.
What would NSF like IUVA members to know about
their process, protocol and role?
NSF has six standards and protocols that address UV
performance and several under development. These
standards and protocols cover USA and international requirements for the UV treatment of water from residential point of use, emergency treatment, public drinking
water and waste water applications. NSF needs the input
of IUVA members in the development and improvement
all of these standards and protocols to assure they are current and meet stakeholder needs.
Contact person at NSF for these issues:
C. Bruce Bartley
Manager, Drinking Water Equipment Performance Program
NSF International
789 Dixboro Road
Ann Arbor, Michigan 48105
Tel: 734-769-5148
Fax: 734-827-7160
Paul Swaim and Karl Linden developed the questions for this interview.
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ABSTRACT
As many new ultraviolet (UV) systems are being designed and constructed for disinfection of
secondary wastewater effluent, it is important to confirm both the design and the systems’ ability
to meet the discharge permit requirements through performance testing. Performance testing is
recommended for all wastewater UV disinfection system projects and should include evaluation of
the UV system under “worst-case” conditions. Additionally, it is important to confirm the actual
headloss through the reactors and verify the power consumption to confirm that the system can
meet the required design specifications. This case study presents the test protocols and the results
of the testing.
Keywords: Ultraviolet disinfection; UV; wastewater disinfection; total suspended solids; performance testing

INTRODUCTION
ith increasing risk management requirements and the desire to avoid multiple
chemical feed systems (e.g., chlorination/
dechlorination), many municipalities are looking to utilize ultraviolet (UV) disinfection systems at wastewater
treatment facilities (WWTFs) as an alternative to conventional chlorine systems. In many instances, UV disinfection has a lower cost of operation than chlorinebased systems, if the system size, design and operations
are optimized. One of the most important factors in
implementing an efficient wastewater UV disinfection
system is addressing the upstream processes with respect
to the key parameters, UV transmittance (UVT) and total suspended solids (TSS). Even with the best operating
conditions, WWTFs that do not have tertiary filtration
implemented as part of the treatment train can experience periodic upsets that may result in effluent TSS
concentrations that approach permit limits of up to 30
milligrams per liter (mg/L) or more.

W

As part of the selection and sizing of a UV disinfection
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system for a WWTF, it is important to conduct a rigorous evaluation of treated effluent quality. While it is not
always possible to collect water quality samples if the
WWTF is new construction, it is usually feasible to collect information from a similar facility within the same
region that would produce a similar effluent quality. In
either case, there is no certain method for predicting the
exact characteristics of treated wastewater. However,
the use of third-party validated bioassays, in conjunction with good estimates of treated wastewater quality,
results in a system properly selected and sized to deliver
the appropriate dose for a given facility. In addition to
careful equipment selection and sizing, performance
testing should be required for every installed UV disinfection system. Often, because performance testing is
conducted at the facility near the beginning of its design
life, the worst-case, specified conditions are not always
tested. These test conditions should include the maximum design flows at the lowest specified UV transmittance and highest specified TSS concentrations. Testing
should also be conducted to confirm system headloss
and power consumption at these conditions.

This paper presents a case study of UV disinfection
system performance tests that were conducted for a recently constructed wastewater UV disinfection system
in Colorado Springs, Colorado at Colorado Springs
Utilities’ Las Vegas Street Wastewater Treatment Facility (LVSWWTF). The UV system, as shown in Figure
1, was designed to meet a peak hour flow of 135 million
gallons per day (mgd). The LVSWWTF has a permitted capacity of 65 to 75 mgd depending on the time
of year. Currently the plant has an average daily flow
of approximately 35 mgd. During design, third-party
validated bioassays were used in selecting and sizing
the equipment. As a requirement of the project, performance testing was specified to confirm that the UV
disinfection system is capable of meeting the final effluent Escherichia coli (E. coli) design value of 65 cfu/100mL
under the specified worst-case conditions (i.e., peak
flow, minimum UV dose, the lowest UV transmittance,
and the highest suspended solids concentrations). Additionally, system power consumption was measured
under these conditions to demonstrate that the system
does not exceed the system peak power consumption
specified. The specified headloss was also confirmed for
each channel.

flows below the UV system capacity with each channel
being tested independently. Each channel was tested for
48 hours resulting in a six-day test duration. Flows to
the UV system peaked at approximately 37.5 mgd during the performance testing, which is approximately 83
percent of each channel’s capacity.
During performance testing, the UV system was operated automatically, using a flow-paced control strategy,
which turns the lamps on and off and controls the lamp
output based on the measured flow in the downstream
Parshall flume. Approximately every two hours, influent
and effluent samples were collected concurrently from
the channel in operation. Five sets of grab samples (a set
of grab samples is defined as one influent and one effluent sample) were collected daily between 7:00 a.m. and
4:00 p.m. so that the lab could perform the required
tests. All samples were collected and preserved in accordance with the Standard Methods for Examination of Water and Wastewater (20th edition) and tested at Colorado
Springs Utilities’ laboratory. The influent samples were
collected 3 feet upstream of the first UV bank of modules and represented undisinfected secondary effluent.
The effluent samples were collected 3 feet downstream
of the last UV bank and represented disinfected wastewater. The first influent sample collected on each day of
testing was analyzed for the following parameters:
•
•
•
•
•

Figure 1. 135 mgd UV Disinfection Facility

TESTING PROTOCOLS
Performance Testing Protocol
The vertical UV system consists of three channels with
the hydraulic and treatment capacity designed for up to
45 mgd. The UV system was designed around a minimum UV dose of 30 mJ/cm2 (based on an MS-2 bioassay) and a minimum UVT of 65 percent. In order
to conduct performance testing near the peak flow, the
testing protocol required routing the entire plant secondary effluent flow in to the UV influent channel. Due
to the fact that the system was designed to meet future
flows, there were limitations with respect to testing peak
flows, thus testing was performed with available plant

BOD5
Conductivity
Calcium hardness
Total iron
Turbidity

Online instruments were used to record TSS, UVT, pH,
temperature and particle size distribution during testing; all grab samples were analyzed for E. coli using the
quanti-tray test method. During performance testing,
the flow, number of lamps “ON,” UV intensity and operational UV dose were recorded. Any alarm condition
(e.g. lamp failure, low UV intensity, etc.) was logged and
addressed immediately during testing.
The parameters monitored were used to characterize
the secondary effluent quality and to aid in troubleshooting the UV system performance in the event that
the system was not producing effluent that met the design effluent E. coli value. For example, the particle size
distribution test was performed because particles larger
than 20 microns are known to have a significant effect
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on decreasing UV irradiation by shielding the bacteria
when compared to smaller particles (Qualls et al., 1983
and 1985).
TSS Test
As part of the performance testing, a high TSS concentration secondary effluent was artificially produced
to determine whether the UV system could meet the
design disinfection target. The TSS concentration in
treated wastewater effluent is a key factor in UV system
performance because it can have two major effects on
UV disinfection. First, an increase in TSS may cause a
decrease in the disinfection rate, especially at lower UV
doses (Janex et al., 1998; Whitby and Palmateer, 1993).
Second, it may also cause tailing of the dose-response
curve (Nieuwstad and Havelaar, 1993). Even though
this tailing effect does not appear until low concentrations of the target bacteria species are reached, it is often considered the primary limiting factor to reaching
regulatory standards (Qualls et al., 1983). Many studies have confirmed that disinfection rate reductions are
attributable to solids in treated wastewater effluent by
showing an increase in UV disinfection performance
with filtration (Darby et al., 1993; Johnson and Qualls,
1984; Jolis et al., 2001; Lazarova et al., 1998). However,
in the U.S., it is a common practice to implement UV
disinfection following secondary treatment without tertiary filtration (Bell, et al., 2011).
Currently at the LVSWWTF, UV disinfection is directly downstream of the secondary clarifiers with
no tertiary filtration between the two processes. The
plant has a 30-day average effluent limit for TSS of 30
mg/L. During the test period, the plant was producing
an effluent with TSS concentrations between 2 and 4
mg/L. To simulate worst-case conditions, the secondary effluent needed to be spiked with solids to achieve a
TSS concentration of approximately 30 mg/L. For this
project, it took several attempts to get the TSS concentration up near 30 mg/L. First, mixed liquor suspended
solids (MLSS) was pumped from the center-well of the
secondary clarifiers to the clarifier troughs. This did not
produce high TSS concentrations at the UV system because of a long residence time in the pipeline between
the clarifiers and the UV channels.
Ultimately, the TSS test protocol used two vacuum
trucks that collected MLSS from the aeration basins.
The trucks delivered the solids to the UV influent channel, where they were pumped into the channel and
mixed to produce a concentration of approximately
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30 mg/L, as shown in Figure 2. Because the vacuum
truck delivery capacity was limited, tests were run for
a brief period; however, an adequate number of bacterial samples and other water quality data were collected
during the test period to evaluate system performance
under this “worst-case” scenario.

Figure 2. High TSS Secondary Effluent during Performance Testing

Headloss Test Protocol
To evaluate the conformance of the UV system headloss with specifications, a headloss test was conducted
by HydroQual as part of a third-party verification of
the system. During headloss testing, secondary effluent flows were routed to a single UV channel to ensure
the headloss between the up- and downstream banks
was less than the specified value of 9.55 inches. Flow
through the UV channel was measured using the downstream Parshall flume. The Parshall flume is equipped
with a calibrated ultrasonic transducer that measures
the water depth and calculated the flow automatically.
Flow was continuously recorded and synchronized with
the water level readings in the channels. The headloss
was measured in each channel by measuring the channel depths at locations up- and downstream of the installed UV modules. In order to achieve flows near the
channel hydraulic capacity of 45 mgd, flow was diverted around Colorado Springs Utilities’ other treatment
facility, J.D. Phillips Water Reclamation Facility, to the
LVSWWTF.
Depth measurements were taken at zero flow in each
channel and were used as the channel baseline conditions. These elevations were used to adjust the upstream
water depths to a common datum due to the UV channels having “step-downs” on the channel floor between
UV banks. The “step-downs” account for approximately 5-inches channel floor difference. Flow depth
measurements were collected approximately 3 feet upstream of the first UV bank and 3 feet downstream of
the last UV bank in each channel. Seven measurements

were taken at equal segments across the width of the
channel at the upstream side of each channel, with the
first reading being ½ the segment length at the channel
wall. The downstream depth measurement only had six
measurement readings taken as a result of a mud valve
obstructing the reading at the 7th measurement position. For channel one, depth readings were performed
at six different flow rates, ranging from approximately
16 through 44 mgd. Depth readings in channels two
and three were only performed for a single flow rate
that was near the maximum design flow per channel.
For the depth measurements, a wooden board was
placed across the channel directly above the open edge
of the eyeshield (located 3 feet up or downstream of
the UV banks), and was used to support the measuring rod and mark the cross-channel measurement locations. A measuring rod was inserted in the bottom
of the channel using the board edge as a brace. True
vertical was maintained with two levels attached to the
measurement bar. The water depth was then read and
recorded, along with the time of the measurement.
Power Consumption Test Protocol
As part of the startup the installed UV system was tested
to verify that the energy consumption was within that
specified by the manufacturer during the analysis phase.
Typically a 20-year life cycle cost analysis is performed
to compare different systems. Energy costs compose
the highest fraction of the annual operations costs for
most UV systems. Often, specifications for power consumption rates can result in liquidated damages if the
system does not meet the contract specifications. Power
consumption testing for this project was performed by a
third party, Square D Engineering Services. The power
consumption was measured on one randomly selected
UV bank that was set to manually operate at full intensity (all lamps ignited at 100 percent output) and a portable Square D–ION meter, model 7650, was installed
at the primary of channel one, bank one’s isolation
transformer to measure power draw. Power measurements were logged every 15 minutes during a 24-hour
test period; following the test period, power consumption data were downloaded and analyzed.
RESULTS
Performance Test Results
Results of the performance testing provided valuable effluent water quality data and indicated the UV system’s
ability to disinfect the secondary effluent. Performance
testing confirmed that the system consistently met the

disinfection target of 65 cfu/100mL of E. coli. During
the six-day performance test, influent E. coli concentrations ranged from 2,130 to 10,460 cfu/100mL, with
the influent geometric mean concentration being 4,340
cfu/100mL. The effluent E. coli concentration ranged
from non-detect to a maximum E. coli concentration
of 8 cfu/100mL, well below the disinfection target of
65 cfu/100mL. During testing, the average UVT value
was 72 percent, with the minimum UVT of 69.4 percent being notably better than the design UVT of 65
percent. The influent and effluent E. coli concentrations
have been plotted with UVT on the secondary axis in
Figure 3. There were two missing influent and effluent
E. coli test results due to laboratory issues.

Figure 3. Performance Testing Results

During the six-day performance test period, TSS
ranged between 2 and 4 mg/L, which is well below
the 30-day average TSS limit. Also, as previously discussed, particle sizes greater than 20 microns have been
shown to have an impact on the UV system’s ability
to effectively treat the wastewater. During the performance testing, the particle sizes greater than 20 microns ranged between 3 and 5 percent.
TSS Test Results
During the TSS test, the spiked TSS concentration
ranged between 9 and 35 mg/L, with the average
concentration being 20 mg/L. As a result of injecting MLSS into the secondary effluent, the influent E.
coli concentration was greatly increased, ranging from
5,460 to 43,520 cfu/100mL, with the geometric mean
concentration being 18,166 cfu/100mL. Although the
influent suspended solids and E. coli concentrations increased, disinfected effluent still met the discharge E.
coli requirements with concentrations ranging between
2 and 36 cfu/100mL, and a geometric mean of 11.4
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cfu/100mL. The TSS concentrations and influent and
effluent E. coli concentrations throughout the testing
are provided in Figure 4. It is evident, from Figure 4 that
spiked TSS concentrations resulted in secondary effluent
that contained more solids particles. The additional solids in the secondary effluent resulted in wastewater that
was more difficult to disinfect, however it resulted in only
slightly higher effluent E. coli concentrations, when compared to the previous performance testing where the TSS
concentrations ranged between 2 to 4 mg/L.

Figure 5. Influent and Effluent Depth-Flow Relationship

Figure 4. TSS Testing Results

Due to delivery capacity limitations with the vacuum
trucks, two trucks were used to supply MLSS to the injection point. The decrease in the TSS concentration
in the data series is a result of the vacuum trucks not
being able to supply a continuous dose of MLSS to the
injection point. The trucks needed to refill with more
MLSS from the aeration basins. However, the variation
of TSS concentrations demonstrated disinfection capabilities over a range of operating conditions. The UVT
during the test ranged between 62.7 and 67.3 percent,
with the average being 66.1 percent. UVT values during the TSS test dropped below the typical UVT values
at the plant, which are normally above 67 percent. No
correlation was evident between the UVT and the TSS
concentration.
Headloss Test Results
Using the upstream (adjusted for baseline) and downstream water depths recorded for channel one, the data
points were correlated with the flows by linear regression and are presented in Figure 5. The equations derived for the influent and effluent depth-flow relationship are as follows:
Influent Depth (inches) = 0.3266Flow (mgd) + 60.137
Effluent Depth (inches) = 0.1095Flow (mgd) + 62.013
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Correlation coefficients (R2) in both cases are greater
than 0.98. Figure 5 also shows the 95th-percentile confidence interval (CI) plotted for each regression line. The
high flow checks for channels two and three are also
plotted on Figure 5. Although the data are offset slightly
from channel one, the differential (between influent
and effluent measurements) is similar to that shown for
channel one.
The influent and effluent water elevation differential
was calculated and the resulting headloss and 95th-percentile CI (determined by adding the upper and lower
95th percentile bounds from both the influent and effluent depth measurements) were plotted in Figure 6,
showing headloss as function of flow. Note that channel
two and three high flow checks agree with the predicted
line. The resulting equation to estimate the headloss at
any given flow is determined by linear regression:
Headloss (inches of Water) = 0.2171(Flow, mgd) - 1.876

Figure 6. Headloss Equation

The headloss determined at the maximum flow tested
(44.6 mgd) is 7.81 inches, well below the maximum allowable headloss of 9.55 inches. The upper 95th-percentile at this flow is 8.52 inches, also below the maximum allowable. Note that this equation can be used
only within the actual flow range tested, 12.3 to 44.6
mgd. Based on the results of the headloss test, it was
determined that the installed UV system met the specification requirements.
Power Consumption Test Results
The contract documents for this project required that
the power consumption on the line side of the isolation
transformer not exceed 46.66kW and that the power
factor be at least 0.98. Upon analyzing power consumption data from the 24-hour test, it was determined that
the input power factor remained above 0.98 and that
the power consumption measurements to the UV bank
averaged approximately 46.6kW over the 24-hour test
period as shown in Figure 7. The initial data points
were eliminated because UV lamps were warming up,
and operators were adjusting the UV system to operate
manually at full intensity. Based on the results of the
power consumption test, it was determined that the UV
system met the specified requirements.

system during startup to confirm the design and operation of the UV system, including determining whether
the design dose is adequate in meeting the disinfection
goals for the “worst-case” design conditions.
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INTRODUCTION
he ultraviolet (UV) disinfection market continues to grow and expand for municipal, industrial, and private applications because of UV’s
numerous benefits. These benefits include the ability
to inactivate chlorine-resistant microorganisms, such as
Cryptosporidium, while minimizing regulated disinfection
byproducts (in drinking water applications) and to provide effective disinfection without the need for chemical
chlorination and dechlorination (in wastewater applications). Typical criticisms of current UV disinfection
systems include the mercury content of the UV lamps,
lamp replacement costs, and high energy usage. Thus,
alternative sources of UV radiation, specifically within
the germicidal or UV-C range, continue to be investigated (Heering, 2004). One promising technology is
UV light emitting diodes (UV LEDs). UV LEDs do not
contain mercury, do not require a significant warm-up
time period, provide design flexibility due to their small
size, and have the potential for a longer operational life
than conventional mercury lamps (Bowker et al., 2010).

T

The potential applications for more efficient UV LEDs
are considerable as companies continue to expand the
efficiency and availability of these devices. UV LED
technology delivers several value-added solutions to industries, in applications where traditional UV sources
are too bulky, slow switching, or not capable of providing the desired wavelength spectrum. Some examples
of current markets include: protein analysis, medical
diagnostics, drug discovery, gas detection, end point detection and bio-threat detection (Birtalan, 2010; Shur
& Gaska, 2010). Similar to existing technologies, accelerating UV LED production is expected to significantly
drive down the cost and further improve the performance. This reduction in cost will open several large
consumer-oriented markets, such as phototherapy, UV
curing, and water and air disinfection.
UV LED ARCHITECTURE
Light emitting diodes (LEDs) are created by combining
a p-type semiconductor with an n-type semiconductor.
When connected to a power source, electrons will flow
to the junction of the p-type and n-type semiconductors,
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fall into the empty orbitals of the valence band and
cause energy to be released as light (Casiday and Frey,
2007). Over recent decades, visible LED technology
emerged from low intensity indicators to LED backlit
TVs and lighting. Advanced red and blue LEDs can
now deliver wall plug efficiency (WPE) values above
60 percent (Semiconductor Today, 2011; Laubsch et
al., 2010). Wall plug efficiency can be defined as the
ratio between the total output radiant power to the
input electrical power. The LED theory and recent
experiments show that LED WPE could, in principle,
exceed 100 percent (Zukauskas et al., 2002; Santhanam
et al., 2012).
The wavelength of the electromagnetic energy emitted
by an LED depends on the bandgap between the semiconductor materials. The use of LEDs to produce red
light was discovered in the 1960s and, since then, the
implementation of various materials as semiconductors has allowed the emission of wavelengths ranging
from the infrared range through the visible range and
into the UV range. The semiconductor materials that
display the most potential for LEDs in the UV-B and
UV-C spectral range are gallium nitride (GaN) and aluminum nitride (AlN) (Kneissl et al., 2010). UV LEDs
consist of a semiconductor chip packaged into a transistor outline (TO) or surface mount device (SMD) to
facilitate electrical connections. For the emission in the
UV-C spectral range (i.e., λ < 280 nm), all of the layers
of the LED chip are typically made of AlGaN epitaxially grown on sapphire or AlN substrate. As shown in
Figure 1, after the growth and device fabrication steps,
the UV LED chips are cingulated and flip-chip bonded
on to carriers for electrical connections and heat-sinking. UV emission is generated in the multiple quantum
well region (MQW) surrounded by the p- and n-AlGaN
layers that form the p-n junction (Zhang et al., 2005).

– 275 nanometers (nm) with 20 percent wall-plug
efficiency. Each of the manufacturing techniques
currently in use has unique challenges in achieving
high quality conduction layers. For example, with
LED layers deposited on sapphire, issues can arise
from an atomic mismatch between the substrate and
nitride layers, which generates a very high density of
dislocations (up to 1010 cm-2). By tuning proprietary
material deposition processes and using patent-pending
designs of LED chips and packages, a 278 nm UV LED
with wall-plug efficiency well over 5 percent has been
recently demonstrated (SETi and US Army Research
Laboratory: Shatalov et al., 2012).
Figure 1. Schematic View of a UV LED Chip Structure.

Figure 2. Typical package types of single chip UVTOP® LEDs and
multiple chip UVCLEAN® LED lamps (www.s-et.com)

A standard UV LED from SETi is packaged into a
TO-39 can with a diameter of 0.32 inch (see Figure 2).
Packages can be supplied with variety of optics ranging from flat window (e.g., UVTOP-270-TO39-FW)
to hemispherical (e.g., UVTOP-270-TO39-HS) or ball
(e.g., UVTOP-270-TO39-BL) lenses that allow the angular emission distribution to vary from +/- 60o (FW)
to 6o (HS) divergence or achievement of a focused spot
(BL). Multiple chip UVCLEAN LED “lamps” can be
supplied with output power ranges of 1-3mW, 3-5mW,
10-15mW, and 30-50mW packaged in either TO-39
or larger TO-3 packages depending on the number
of LED chips, wavelengths, and built-in optical power
thermal controls.
UV INTENSITY, EFFICIENCY, AND
ELECTRICAL REQUIREMENTS
Most commercially-available UV LEDs have typical
wall plug efficiencies of 0.5-2 percent, which is
primarily related to the quality of the epitaxialy-grown
AlGaN layers and optical losses during extraction of
generated light from the LED chip. Several UV LED
developers address these deficiencies under the support
from DARPA’s (Defense Advanced Research Projects
Agency) Compact Mid-Ultraviolet Technology
(CMUVT) program that targets development of 100
milliwatt (mW) LEDs operating in the range of 250

Since the technology is still in its infancy, there are many
challenges with UV LEDs in the germicidal range (also
referred to as deep UV LEDs or UVC LEDs). Issues
with the current technology include the potential for
device self heating and defect formation in the active
region of the chips. The result of these issues include
power outputs around 1 mW at 20 mA, low wall-plug
efficiencies, and typical device lifetimes of approximately 1,000 hours (Hwang et al., 2011; Shatalov et al.,
2010). Researchers are therefore focusing on improving and optimizing the UV LED design and packaging
to improve output power and device reliability (Hwang
et al., 2011).
Table 1 displays the power output and wavelength of
UV LEDs represented in the literature. As shown, UV
LEDs in the literature have generally produced a power
output of 1 mW or less per LED, with a few exceptions. The UV LEDs with significantly higher output
correspond with a higher input current than the commonly used 20 mA. The power outputs are a function
of the emitting wavelength and the current provided.
However, a higher input current will generally lead to
an increased tendency for self-heating, causing shorter
lifetimes. Electrical current values above the common
20-25 mA will lead to more heat being dissipated than
the amount of the UV energy emitted by the LED. As
the manufacturing technology improves, this excess
heat problem may be lessened.
A few manufacturers are trying to improve the deep
UV LED technology by growing a low defect bulk AlN
substrate (Khan, 2008). Grandusky et al. grew the AlN
substrates for this configuration using “conventional
metal organic chemical vapor disposition” (2010). For
a 248 nm UV LED, pulsed operation provided an output power ranging from 1.44 mW to 16.3 mW, depend-
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ing on the input current. Continuous wave mode for a
243 nm UV LED provided an output power of 1 mW
at 25 mA, but it was reported that the continuously
running LEDs had the tendency for self heating (Grandusky et al., 2010).
As with most semiconductor devices, the manufacturing techniques and material combinations are extensive for production of UV LEDs. Several studies have
investigated the use of a single large area chip design
as opposed to the more commonly used small active
area chip for UV LEDs. Adivarahan et al. (2009) used
a large area chip combined with a flip-chip packaging
scheme for the design of a 280 nm UV LED and reported a maximum output power of 42 mW at 1 A
with a lifetime over 1,500 hours. Shatalov et al. (2010)
also reported improved power by utilizing a single large
area chip design. For a 273 nm emission, a peak UV
LED output of 30 mW at 700 mA was reached, while a
247 nm emission produced an output of 6 mW at 300
mA. However, the wall-plug efficiency for the 247 nm
UV LED setup remained at a low value of 0.25 percent
(Shatalov et al., 2010). Recently, SETi has achieved a
considerable improvement of LED performance in the
275-280 nm spectral range with the peak wall-plug efficiency reaching 8 percent (Shatalov et al., 2012).
Table 1. UV LED Wavelength and Power Outputs

Wavelength
(nm)

Output (mW)*

Reference

268.6

5.8 (10 LEDs)

Vilhunen et al. 2009

276.1

11.6 (10 LEDs)

Vilhunen et al. 2009

280

22 (400 mA input)

Adivarahan et al. 2009

265

unknown

Chatterley and Linden
2010

255

0.3

Bowker et al. 2010

275

0.5

Bowker et al. 2010

247

6 (300 mA input)

Shatalov et al. 2010

243

1

Grandusky et al. 2010

273

30 (700 mA input)

Shatalov et al. 2010

269

0.33

Wurtele et al. 2011

282

0.65

Wurtele et al. 2011

276

0.4

Hwang et al. 2011

278

9.8

Shatalov et al. 2012

* Power output varies greatly by input current. Higher power
outputs require higher currents that may lead to shorter
lifetimes.
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To address power-demanding applications, such as microbial and viral disinfection, SETi has developed and
launched multiple chip UVCLEAN® LED lamps and
products with powers over 100 mW at 275 nm. Efforts
at producing high-power single-chip LEDs with similar
output are underway and 100 mW output from a single
LED chip with an active area of 1 mm2 has been demonstrated.
COMPARISON TO MERCURY EXCITATION
LAMPS
Through the years, UV electromagnetic radiation has
primarily been based on tube technology first developed
in the early 20th century (Hewitt, 1901). UV lamps
are capable of generating high optical output levels but
have several potential drawbacks. The advantages and
disadvantages of mercury-filled lamps compared to
UV LEDs are shown in Table 2.
Unlike mercury arc lamps, UV LED sources consume
relatively low current (<1A) with a typical operating
voltage less than 10 V. A mercury lamp requires a
switching and startup time on the order of several seconds to minutes, whereas the switch-on time characteristic of a UV LED is measured in nanoseconds. Much
faster switching provides the possibility of constructing
on-demand disinfection systems, which can be normally switched off and turned on only when needed. This
added flexibility translates into a tremendous increase
of the system life even if the LED and lamp continuous operation lifetimes are comparable. Further, the
emission wavelength from a UV LED can be tuned to
a specific target required by the application, which can
allow more flexibility in design.
In comparison to the UV LED output values, low-pressure UV mercury lamps currently have a higher electrical to germicidal efficiency of around 35-38 percent
and generate a higher germicidal UV output of 0.2 W/
cm (USEPA, 2006). Thus, the use of LEDs for water
disinfection is now limited to very low flow and batchtype devices. Although deep UV LEDs still suffer
from low efficiency and low power output, researchers
predict that the technology will improve dramatically
within several years. Khan (2008) describes the current UV LED progress as similar to the mid-1990s visible nitride LEDs. Blue visible nitride LEDs have since
reached wall-plug efficiencies of 60 percent (Kneissl et
al., 2010).

DISINFECTION RESEARCH WITH UV LEDS
Several studies have researched the effects of irradiation
by UV LEDs on different strains of E. coli. Mori et al.
(2007) investigated the inactivation of E. coli DH5α when
exposed to irradiation from a sterilization device that
connected 8 UV-A LEDs emitting at a wavelength of 365
nm. Mori et al. (2007) also conducted batch experiments
to find the E. coli inactivation due to an LED emitting
light at 405 nm and a low-pressure mercury lamp emitting light at 254 nm. Results showed that a UV-A fluence
(365 nm) of 54 J/cm2 resulted in a 3.9 log reduction of
E. coli DH5α, while irradiation by the 405 nm UV LED
resulted in no inactivation (Mori et al., 2007).
Table 2. Advantages and Disadvantages of UV LEDs and Mercury
Vapor Lamps

UV Mercury
Vapor Lamps

UV LEDs

Advantages *

Disadvantages *

• High wall plug
efficiency
compared to
LEDs
• High output power
• Readily available
• Long lamp life

• Fragile
• Mercury poses a
potential biological
hazard
• Potential for ozone
production
• Used lamps require
proper disposal or
recycling
• Fixed spectral output
• Slow on/off switching

• Consume low
current (<1 A)
• Typical operating
voltages less than
10 V
• Nanosecond
switch on/off time
• Emission
wavelength
can be tuned to
application

•
•
•
•

Low output power
Low efficiency
High unit price
Sensitive to input
power magnitude
and fluctuation
• Short usable life

*Based on current technologies.

Vilhunen et al. (2009) investigated the effect of UV irradiation from 269 and 276 nm UV LEDs on another
strain of E. coli (K12). The setup consisted of two batch
reactors with ten LEDs in each. The radiant fluxes from
the 269 and 276 nm LED systems were measured as 5.8
and 11.6 mW, respectively. Results showed 3- to 4-log
reductions within 5 minutes for experiments using both
wavelengths (Vilhunen et al., 2009). However, since the
results were not reported in terms of UV fluence or UV
dose, they are difficult to compare to other UV LED
disinfection literature results.

Chatterley and Linden (2010) also evaluated UV LEDs
(265 nm) for the inactivation of E. coli K12 by comparing the results to inactivation caused by low-pressure
mercury lamps. Along with bench scale experiments,
their research also involved an evaluation of a flowthrough UV LED reactor using biodosimetry with
the same strain of E. coli. It was reported that for the
same UV dose, E. coli inactivation was not statistically
different for LED and low-pressure mercury lamp irradiation at a 95 percent confidence interval. For the
flow-through experiments, the reactor consisted of 40
LEDs at 265 nm producing an approximate dose of 40
mJ/cm2 at a flow rate of 11.1 mL/min (Chatterley and
Linden, 2010).
More recently, Wurtele et al. (2011) investigated the inactivation of B. subtilis spores using irradiation by 269
nm and 282 nm UV LEDs, including flow-through experiments using the 282 nm LEDs. The results indicated that both wavelengths produced effective B. subtilis
inactivation, but only after exposure times longer than
three minutes. Also, despite the germicidal effectiveness of the 269 nm LEDs being greater than the 282
nm LEDs, the higher power output allowed the 282 nm
LEDs to produce higher B. subtilis inactivation.
Bowker et al. (2010) conducted collimated beam experiments with UV LEDs to determine the UV response
kinetics of three different challenge microorganisms
(MS-2, T7, and E. coli). Experimental tests were performed with UV LEDs emitting two unique wavelengths (255 and 275 nm). The LED arrays used within
the collimated beam apparatus for each of these wavelengths is shown in Figure 3. The collimated beam apparatus used 8 UV LEDs for the 255 nm setup and 4
UV LEDs for the 275 nm setup. For a manufacturerrecommended current value of 20 mA, the 255 nm and
275 nm UV LEDs produced a power output of approximately 0.3 mW and 0.5 mW, respectively. One objective of the study was to determine the impact, if any, on
the UV response kinetics of the microorganisms given
the difference in wavelengths and power outputs. The
results were compared with the dose-response from a
low-pressure mercury lamp (Bowker et al., 2010).
The range of average UV fluences used in Bowker et
al. (2010) paralleled the UV fluence ranges in Sommer
et al. (1998) and Bohrerova et al. (2008), which contain
the UV dose-response curves for MS-2, E. coli, and T7
irradiated by a UV low-pressure mercury lamp (0-60
mJ/cm2 for MS-2, 0-20 mJ/cm2 for T7, and 0-12 mJ/

SUMMER 2012

23

cm2 for E. coli). To illustrate the effect of decrease in light
source power output on the exposure time to achieve
a specific dose, the average exposure time required to
achieve 45 mJ/cm2 for the MS-2 experiments is shown
for each light source in Table 3.

(a)
(b)
Figure 3. LED Arrays Within Collimated Beam for 255-nm (a) and
275-nm (b)
Table 3. Exposure Times Required to achieve 45 mJ/cm2 for the
MS-2 Experiments (Bowker et al., 2010)

UV Light
Source

Low-Pressure
Lamp

255 nm
LED

275 nm
LED

Average Exposure
Time (sec)

160

1,200

640

Table 4 displays a subset of the results of the bench
scale collimated beam experiments in Bowker et al.
(2010). The MS-2 bacteriophage responded with lower
reduction rates for the 255 nm UV LED experiments
than for the low-pressure mercury lamp experiments.
However, the decrease in inactivation rates from lowpressure to 255 nm UV LEDs was much smaller than
with the E. coli experiments. The MS-2 experiments
with UV LEDs emitting at 275 nm resulted in very
similar UV dose response kinetics to the 255 nm LED
experiments with slightly lower inactivation values at
higher UV doses. The spectral sensitivity of MS-2
displays a peak around 260 nm, which may explain the
slightly higher inactivation for 255 nm compared to 275
nm LEDs (Mamane-Gravetz et al., 2005). The results
for E. coli and T7 are reported in Bowker et al. (2010).
Table 4. MS-2 Inactivation by UV LEDs and Low-Pressure Lamps
(Bowker et al., 2010)

255 nm LED

275 nm LED

Low-Pressure
Lamp

Dose
(mJ/
cm2)

Log
(N0/N)

Std Dev

Log
(N0/N)

Std Dev

Log
(N0/N)

Std Dev

15

0.636

0.109

0.678

0.109

0.848

0.211

30

1.208

0.031

1.182

0.031

1.562

0.069

45

1.848

0.095

1.776

0.095

2.165

0.242
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Table 5. T7 Inactivation by UV LEDs and Low-Pressure Lamps
(Bowker et al., 2010)

255 nm LED

275 nm LED

Low-Pressure
Lamp

Dose
(mJ/
cm2)

Log
(N0/N)

Std Dev

Log
(N0/N)

Std Dev

Log
(N0/N)

Std Dev

5

1.697

0.144

1.797

0.016

1.785

0.051

10

2.465

0.163

2.703

0.042

2.798

0.140

15

3.162

0.215

3.639

0.018

3.572

-

As shown in Table 5, T7 bacteriophage experiments
resulted in slightly lower inactivation values for the same
UV fluences with irradiation by 255 nm UV LEDs
compared to low-pressure mercury lamp irradiation.
Unlike MS-2, the T7 275 nm LED experiments resulted
in very similar UV fluence-response kinetics to the lowpressure mercury lamp results and a slightly higher log
inactivation for each UV fluence value when compared
to the 255 nm UV LED experiments (Bowker et al.,
2010). The action spectrum of T7 displays a small peak
around 270 nm, which may explain the increased
inactivation by the 275 nm UV LEDs compared to the
255 nm UV LEDs (Ronto et al., 1992).
Low-Flow Reactors
While the efficiency of deep UV LEDs is still being improved, LED sources are already being used in various water disinfection studies (Gaska et al., 2011; Bowker et al.,
2011; Vilhunen et al., 2009; Wurtele et al., 2011). SETi
reported the design and fabrication of several low-flow
UV LED water disinfection chambers. Intense effort was
placed on designing a unit that could meet Class A drinking water standards as categorized under the NSF 55 standard for point-of-use (POU) and point-of-entry (POE) nonpublic water supply (non-PWS) ultraviolet systems. Testing
was geared towards achieving the NSF-55 standard 6-log
reduction of bacterial contamination and 4-log reduction
of viruses in drinking water. In a recent report, a small
point-of-use chamber (~0.7L) based on four UVCLEAN®
LED lamps was designed for water flow rates ranging from
0.5 L/min to 2 L/min (Gaska et al., 2011). E.coli (ATCC
11303) and Enterococcus (ATCC 10541) were selected as
bacterial contaminants for reactor testing. At an input power of less than 20 W, an almost 7-log reduction of E.coli
and a 5-log reduction of Enterococcus were achieved, as
shown in Figure 4. As expected, the disinfection efficacy of
the chamber declined with increased flow rate up to 2 liters
per minute. Additional tests performed for MS-2 showed
more than 2-log reduction at 0.5 L/min flow rate.

Figure 4. LED-based POU Disinfection Chamber Performance for
Enterococcus and E.coli at Different Flow Rates.

While UV LEDS have the potential to increase the design flexibility of continuous flow UV reactors, current
arrangements that have been proposed with these point
light sources still include almost standard configurations
used today (i.e., LEDs placed in a cylindrical quartz
sleeve or placed along the walls). One of the challenges
that remains is the ability to energize these UV LEDs
at optimal locations that may be difficult to place due to
reactor manufacturing limitations. UV LEDs will still
require a quartz window as a barrier between the LED
chip and the surrounding water. Inductive coupling to
wirelessly power electronic devices dispersed in water
is being developed and will significantly affect how UV
LEDs are deployed spatially within continuous flow UV
reactors (Kuipers et al, 2012).
RESEARCH & PRODUCT DEVELOPMENT NEEDS
Research using UV LEDs for water disinfection has
proven that UV LED technology is capable of microbial
inactivation but only with long exposure times or very
low flow rates in continuous flow-through systems. The
application of UV LEDs to date under these conditions is
mainly due to the currently low-power output of the LED
technology. Thus, the primary product development
need continues to be improving the design and manufacture of the LED chip to increase both wall plug efficiency
and overall output power. However, if the growth curve
associated with visible light LEDs is any indication, UV
LED efficiencies should grow exponentially over the next
decade. The main aspects of the UV LED technology
under investigation now are the material selection and
chip manufacturing, as characteristics such as substrate
and dislocation density ultimately influence LED efficiency and output. With the current technologies under
development, projected values have been estimated at 20
mW output and 5% efficiency, with a large-step decrease
in unit price, within the next 24 months.

CONCLUSIONS AND RECOMMENDATIONS
UV LED technology, especially for water disinfection, can
still be considered to be in the development stage. The
output powers and radiant efficiencies are currently too
low, and the LED unit cost too high, for UV LEDs in the
germicidal wavelength range to be considered practical
for municipal water disinfection applications. UV LEDs,
however, could be viable for point of use applications in
a much shorter time frame than their projected application in larger municipal systems. Moreover, the current
market is strong for UV LEDs in various other industries.
IUVA recently co-sponsored a webinar on UV LEDs and
panelists presented many current and potential uses within the health, water, air, energy, and food applications. UV
LEDs are proposed to replace mercury lamps within some
applications as well as open up new opportunities for UVdriven processes.
Given the current UV LED power output characteristics,
the first commercial markets are, and will likely continue
to be, industrial applications such as security identification, medical disinfection and food safety. Flow-through
UV LED water disinfection devices are currently limited
to very low flows (< 1 gallon per minute) for effective disinfection, due to the significant long exposure times required.

Improving HVAC Results
Since 1960
Just as new technology improves our lives,
for well over 50 years American Ultraviolet
has improved the results of close to
60,000 HVAC systems worldwide, along
with the quality of air we breathe. All our
commercial and residential Germicidal
Systems are manufactured in the U.S.A.
and will certainly:
• Increase HVAC efﬁciency
• Prolong equipment life, including blowers
• Improve Indoor Air Quality

low-mercury (<8 mg)
high-output (800mA)
“green” UVC Lamps
2-YEAR
GUARANTEE

Invite American Ultraviolet to help you
improve HVAC results at your facility.
Call today to ﬁnd a location near you.

www.americanultraviolet.com • (800) 288-9288
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However, the predicted increase in power and efficiency in
the near future may allow more cost effective point-of-use
devices to be developed. Further, size and lifecycle advantages of UV LEDs may eventually lead to more rigorous
water treatment devices for use in developing countries.

pulse and continuous-wave UV irradiation technologies. Water
Research, 42, 2975-2982.

The mercury-based UV lamp remains the market choice
for UV disinfection systems. The disadvantages of existing lamps are driving research of alternative germicidal
UV sources. UV LEDs have come a long way over the
past decade and based on the current levels of research
funding and venture capital being invested in the technology, UV LEDs may eventually develop into a costeffective option for water disinfection. Currently, several
companies have made UV LEDs in the UV-C spectrum
commercially available, while others are in the research
and development stages. For example, UV LEDs with
emission wavelength from 240 nm to 355 nm are commercially available from SETi with a pricing strategy that
is aligned for early adopters that are relatively cost-insensitive to design and prototype systems based on emerging
LED technology. As the UV LED market grows, commodity products are expected to demand low price, which
will be achieved through large volume manufacturing and
corresponding LED price reductions predicted to be in
the $10 per unit price for larger volumes (above 1 million
pieces). For additional information on the availability and
uses of UV LEDs, readers are encouraged to visit the following websites:

Casiday, R. & Frey, R. (2007). Bonds, Bands, and Doping: How
Do LEDs Work?. Retrieved from http://www.chemistry.wustl.
edu/~courses/genchem/Tutorials/LED/151_T2_07_LED.
pdf

Sensor Electronic Technology, Inc.:
http://www.s-et.com/
Aquionics: http://www.aquionics.com/main/
Dot Metrics: www.dotmetricstech.com/
Crystal IS, Inc.: http://www.crystal-is.com/
Seoul Semiconductor: http://www.acrich.com/en/
HexaTech, Inc.: http://www.hexatechinc.com/
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SETi and Cascade Designs To Develop
Next Generation of Portable Water
Purification Systems

S

ensor Electronic Technology, Inc. (SETi) and Cascade Designs,Inc. of Seattle recently announced they
have entered into a Joint Development Agreement
to develop the next generation of portable water purification systems for commercial,military and disaster relief/
humanitarian applications. The water purification systems
will takeadvantage of SETi’s germicidal ultraviolet light
emitting diodes (UV LEDs) to provide potablewater to
small groups from any source of fresh water anywhere.
Germicidal UV LEDs are a new technology that offers an
alternative to mercury lamps or chemical treatment and
enables a compact, lightweight and mechanically robust
disinfection solution that can stand up to the rigors of military and humanitarian use and, when powered with an
alternative energy source, can offer a sustainable source of
drinking water for many months.
Through a development program funded by the National
Science Foundation (NSF), SETi has already successfully
demonstrated the use of its germicidal UV LEDs in a
bench top disinfection chamber. The collaborative effort
with Cascade Designs will further this work and lead to
the development of the first multi-stage UV LED-based
water purification system.
Cascade Designs has 40 years of experience developing
and manufacturing innovative products for the outdoor
and military markets. Under the MSR® (Mountain Safety Research) and Platypus® brand names, the company
has a significant share of the portable, point-of-use water
treatment market. Cascade Designs is the standard-issue
supplier of sleep pads, snowshoes, camp stoves, and onthe-move water treatment systems for the U.S. Army and
Marine Corps. Together, the companies believe that UV
LEDs, combined with proprietary filtration and absorption technologies, will have breakthrough potential for the
military and humanitarian relief efforts.
“We see great potential in partnering with SETi,” said
Joe McSwiney, president of Cascade Designs, Inc.
“With SETi’s UV LED technology and our experience
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in designing and manufacturing a broad range of
water treatment products, we believe we can develop
revolutionary new water treatment systems that will
advance the work we’re already doing to supply the U.S.
military and bring sustainable relief to people around the
world who lack potable water.”
Dr. Remis Gaska, president and CEO of SETi agrees.
“With a strong track record of taking new technologies to
market, Cascade Designs is the obvious choice for SETi
to partner with,” Dr. Gaska said. “This collaborative
effort will demonstrate the effectiveness in UV LEDs for
disinfection and will not only address the need of the
public sector markets, but will also pave the way for the
development of UV LED-based disinfection products in
the private sector.”
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eta plus derives from η+ : a continual increase in efficiency;
for over 20 years we have committed ourselves to this
principle in R&D, manufacturing and customer service.
Our own medium pressure UV lamps and perfectly
matched ELC® – electronic lamp control units will provide
you with reliable customised solutions for systems up to
32 kW.

H2O + UV = η+
eta plus electronic gmbh
Lauterstrasse 29
D- 72622 Nuertingen/Germany
info@eta-uv.de, www.eta-uv.de

contact:
Anne O’Callaghan
Tel.: +49 7022 6002 813
Fax: +49 7022 658 54

With Advanced Oxidation Technologies
from Calgon Carbon,

the advantage is

CLEAR
More than 25 years ago, Calgon Carbon pioneered an advanced oxidation
process to treat contaminated groundwater. Today our Advanced
Oxidation Technologies treat a broad range of chemicals, including MIB
and Geosmin (taste-and odor-causing compounds), NDMA, 1,4-dioxane,
as well as many of the emerging contaminants of concern.
Sized to ﬁt your needs
• 48˝ SENTINEL Chevron reactor
offers the industry’s highest output
capacity—up to 360 kW of treatment
capacity for ﬂow rates up to 52 million
gallons (197 million liters) per day
®

• 24˝ SENTINEL® Chevron 9x10
reactor addresses smaller ﬂows more
effectively—up to 90 kW for ﬂow rates
up to 20 million gallons (76 million liters)
per day

Third-party validated—performance
guaranteed
• All SENTINEL reactors have been
validated per the EPA’s UV disinfection
guidance manual for disinfection credit
under the Long Term 2 Enhanced
Surface Water Treatment rule (LT2)

• Both in a compact footprint for ease of
installation in tight spaces
Proprietary quenching technology
• PEROXCARB® catalytic carbon
removes residual peroxide from the
treated water while also providing
additional taste and odor control

Calgon Carbon UV Technologies: The Clear Choice
Making Water and Air Safer and Cleaner
www.calgoncarbon.com/uv
ISO 9001: 2008 Certiﬁed

Now safe water is
always within reach
Philips Lighting has announced a new, innovative water
disinfection solution, Philips InstantTrust. It has been
optimized for point-of-use applications (like table-top
purifiers and dispensers) and is based on a cutting-edge
disinfection technology. InstantTrust disinfects both
hot and cold water instantly and efficiently, making safe
drinking water available at anytime, anywhere.

The need for clean water

a patented disinfection technology – InstantTrust.

example. Other point-of-use applications include

Many people are concerned with the quality

It breaks new ground, overcoming four key

hot and cold water systems with taps and under-

of water, because microorganisms present in

limitations of existing UV disinfection systems:

the-sink water treatment systems.

water can make them ill. In emerging economies

size, run-up time, temperature sensitivity and

the water infrastructure is often to blame,

environmental impact. InstantTrust is half the

With the introduction of InstantTrust, Philips

yet even in developed countries incidents of

size or less of existing disinfection functions,

has a unique and innovative UV-based water

contamination still occur. As one study shows,

which means it can be built into almost any

disinfection solution that improves access to safe

in North America alone 85% of sicknesses in

POU application, from fixed taps to portable

drinking water around the world.

children and 65% of adult diseases are a result

pitchers. Moreover, it provides an instant start

of waterborne viruses and bacteria1.

with no run-up period so that safe water is
delivered from the very first second onwards

Disinfection of water

– eliminating waiting time and the risk that the

UV technology is a natural way to make

water is not always disinfected. It can be used

sure water is safe to drink. UVC deactivates

for both cold (4°C) and hot water applications

microorganisms, rendering them harmless.

– an industry first – thanks to its constant

It is effective against all types of bacteria,

temperature curve. From an environmental

viruses and protozoa and there are no

perspective it is completely mercury free.

known pathogens resistant to it. Moreover,
it does not add chemicals or other additives

A broad range of applications

that may be harmful to human health or the

With demand for residential purifiers increasing

environment. It doesn’t alter the taste, pH value

every day2, this new technology with its promise

or other properties of the water either.

of almost complete design freedom comes at
a good time. Its benefits make it ideally suited

InstantTrust: a new cutting-edge
disinfection technology

for instantly disinfecting small quantities of

Philips has developed a complete disinfection

dispensing equipment such as bottle refill

solution for point-of-use equipment based on

stations, bottled water dispensers and for

cold water (up to 4 liters/minute) taken from

www.philips.com/uvpurification
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