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A Message

FROM THE IUVA PRESIDENT

Karl G. Linden

T

he IUVA is a grass roots organization focused on delivering education and training to its members and
the wider audience on the use and benefits of ultraviolet light in public health protection ranging from clean water
to healthy buildings. The efforts of the board members and
the membership overall have been absolutely stellar these past
months in moving our mission forward. Many IUVA affiliated
professionals participated in finishing up a book, in conjunction
with the Water Environment Fedaeration on Low-Dose Application Guidance for Secondary and Tertiary Discharges; an effort
spearheaded by our President Elect, Dr. Kati Bell. The IUVA
was out in full force at our first ever UV Research Frontiers Conference in the Netherlands, with over 100 people participating
in deep UV discussions and listening to outstanding presentations by invited UV experts. It was a one of a kind experience
that we hope to replicate in other events to come. IUVA folks
also wrapped up a multi year effort in developing guidance for
expanded use of medium pressure UV systems in disinfection
as part of an industry-wide analysis of the need for action spectra correction factors due to low wavelength impacts that were
recognized a few years ago. This spirit of involvement in real issues to affect the use and adoption of UV systems is what makes
IUVA strong and will sustain us into the future. As we work
on our next generation initiatives in UV sustainability, emerging
technologies, and enhancing public health, IUVA remains the
definitive organization that will lead the way. Staying engaged
and keeping our membership engaged is essential to the growth
of the UV field. We need your knowledge, your energy and
your participation. We have a number of events coming up that

the various committees of IUVA are developing and I hope you
will continue to participate with us to learn and enhance your
field of interest. This of course includes the planning for our
next World Congress, which is poised to be the best one yet – in
Vancouver BC Canada – in January 2016. We also have a new
partnership with the WateReuse Association and will present a
special workshop on the use of UV in reclaimed water applications in September in Seattle – I hope to see many of you there.
While the IUVA is strong in many respects, we do also have
challenges ahead. The transition from our former executive director was not as smooth as hoped for but we will soon partner
with another sister organization to take over some of our dayto-day management activities, which will greatly streamline our
organizational efforts and help interface with our members and
the general public more efficiently. This should save us money
to put on more programs and keep increasing the quality and
creativity of our educational efforts. You probably have noticed
a change in the scheduling of our membership renewals to a
calendar year renewal basis and you will see the IUVA News
coming out a number of times in the remainder of 2015, as we
have a lot to share with you. Please renew your membership as
soon as possible and support IUVA with your advertising dollars, sponsorships, and exhibits at our conferences, to continue
to reach your key audiences and have access to all the great information IUVA produces. We will pledge to make sure we create
programs that meet the needs of our individual and corporate
members and keep you all engaged. I look forward to a great
second half of 2015 and look forward to seeing you all at the
World Congress in Vancouver in a few months!

A Message
JIM BOLTON

S

everal weeks ago, I was brought back from retirement as
the interim Editor-in-Chief of IUVA News. This the first
issue of 2015 and there will be two more issues this year.
I strongly encourage the submission of articles that you think
might be of interest to the readers of IUVA News – send the
manuscript to editorinchief@iuva.org. I also publish UV industry application notes, and two news columns (UV Industry News
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FROM THE EDITOR-IN-CHIEF
and UV News). My aim is to make IUVA News the go-to publication for important news and articles about UV applications.
If you have a comment about anything in IUVA News or an
important UV issue, send it to me and I’ll publish it for reader
reaction. Finally, if you are a UV company, you could not find
a more targeted audience for your advertisement. Send me an
email at editorinchief@iuva.org and I’ll send you the media kit.

our name is our principle

The heart and soul

for your UV equipment – made in Germany
The heart: Our medium pressure
UV lamps
We develop and manufacture most
powerful UV lamps at highest quality
standards.
The soul: Our electronic lamp
controls for UV lamps up to 32 KW
They combine excellent lamp control
performance with highest reliability,
also for marine applications.
www.eta-uv.de
eta plus electronic gmbh

Lauterstrasse 29, 72622 Nuertingen, Germany
phone +49 7022 6002 813, info@eta-uv.de

Many options,
one leading concept.
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 N.V. | Head Oﬃce | Parallelweg 2 | 7141 DC Groenlo | The Netherlands | +31 (0)544 471888
Nedap Inc. | 14A Industrial Way | Atkinson | NH 03811 | USA | +1 603.458.2089
info@nedap-uv.com | www.nedap-uv.com

World leader in UV lamp drivers
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NEWS

UV
Industry News

AquiSense Technologies announces a low cost,
turn-key, portable ultraviolet collimated beam system
http://www.aquisense.com/laboratory.html

Established in 2003, Dot Metrics has become the leading independent UV-C LED device testing company, in
addition to its work in the development of water, air and
surface treatment systems.

This system employs UV-LEDs emitting radiation in
the germicidal range. Its small size and ease of use allows the realization of a table-top scale, homogenized
UV delivery system, which can be operated virtually
anywhere in a laboratory and field locations, and unlike
mercury lamps the AquiSense collimated beam is available in a suite of individually addressable wavelengths.

Bolton Photosciences Inc. (www.boltonuv.com)
announces the launch of UVCalc® Online (www.uvcalc.
com), an online version of UVCalc® that replaces the
desktop UVCalc® versions. UVCalc® is a software
program that allows the calculation of the fluence rate
distribution and the fluence (UV dose) in UV reactors.

Disinfection of Packaging with High Intensity, Cold and Dry UV light (http://www.heraeus-noblelight.com/en/press_2/intensive_uv_light_means_
not_a_chance_for_germs_.html) Heraeus Press Report

Xylem (www.xyleminc.com) to provide breakthrough
water reuse AOP technology for indirect potable reuse See more at: http://www.xylem.com/treatment/us/press/
xylem-technology-to-deliver-clean-water-for-industrialand-drinking-water-use-in-singapore

The use of high-energy UV light reduces the germ load
on packaging surfaces by up to 99.9%. This clearly prolongs the shelf life of foods such as yoghurt, curd or
milk. Just a few seconds of the intensive, yet cold, light
is enough to dispose of microorganisms such as bacteria, yeast and fungi. Compared to chemical and thermal
methods, UV light radiation treatment is a very reliable, economic and, above all, environmentally friendly
method and hence especially suitable for the processing
of organic-products.
New Company Launches Innovative UV-C
LED Systems
AquiSense Technologies (www.aquisense.com)
has announced closing Series A funding to become one
of the world’s first companies to focus exclusively on
water, air, and surface treatment products using UV-C
LEDs. As part of the company launch, AquiSense acquired the PearlAqua product line — a groundbreaking
water treatment product employing mercury-free, UV-C
LED technology — from Aquionics Inc, a subsidiary of
Halma plc. UV-C LEDs replace the traditional use of
mercury lamps and provide a smaller footprint, instant
start-stop, and more system design flexibility. AquiSense
has also acquired Dot Metrics Technologies, a North
Carolina-based UV-C LED development company.
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National Institute of Information and Communications
Technology (NICT) announced that it has achieved
continuous light emission with an output of 90 mW/
cm2 by using a deep ultraviolet (UV) LED (wavelength:
265 nm).
Scottish bacteria-killing light fixture targets
US healthcare market
http://www.upi.com/Healt h_News/2015/06/26/
Bacteria-killing-light-fixture-made-commerciallyavailable/2601435338291/
Kenall Manufacturing has introduced a light fixture
developed by Scotland’s University of Strathclyde that
uses Continuous Environmental Disinfection technology to continuously kill harmful bacteria linked to hospital acquired infections (HAIs). See also http://www.
indigo-clean.com/howitworks.html.
RayVio Achieves Record Performance of
Deep Ultraviolet LEDs
http://www.prnewswire.com/news-releases/rayvio-achievesrecord-performance-of-deep-ultraviolet-leds-300093805.html

As California faces one of the most severe droughts
on record, water reuse is an essential and sustainable
solution that will help secure the state’s water needs.
Xylem (NYSE: XYL), a leading global water technology
company dedicated to solving the world’s most challenging water issues, has been commissioned to deliver a
unique water reuse solution to help increase the supply of purified, recycled water in Los Angeles. Xylem’s
Wedeco MiPRO photo Advanced Oxidation Process
(AOP) will ensure that the City of Los Angeles Terminal Island Water Reclamation Plant complies with California’s stringent groundwater recharge regulations for
indirect potable reuse in the safest and most cost-effective way possible.

HAYWARD, Calif., June 4, 2015 /PRNewswire/ -RayVio Corporation, the world leader in the development and commercialization of deep ultraviolet
(UV) LEDs and solutions, announced today they have
demonstrated record performance of deep UV LEDs.
RayVio’s unique and proprietary LED technology enables high optical output power and efficiency, resulting
in a single chip device capable of delivering 45 mW continuous power in the deep UV wavelengths from a 0.15
mm2 emitting area. This delivers a record CW power
density of 30 W/cm2 at the emission surface.
Ushio and Columbia University Have Entered
into Exclusive License and Research Agreements for Ultraviolet Disinfection Method to
Reduce Microbial Infection
http://www.businesswire.com/news/
home/20150623005659/en/Ushio-Columbia-UniversityEntered-Exclusive-License-Research#.VY1pQRNVhBc

NICT Announces High-output Deep UV LED
(http://techon.nikkeibp.co.jp/english/NEWS_
EN/20150403/412622/)
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TOKYO--(BUSINESS WIRE)--USHIO INC. (TOKYO:6925) (HQ: Tokyo, President and CEO: Kenji
Hamashima) today (23 June 2015) announced that the
company has entered into exclusive license and research
agreements for narrowband- spectrum ultraviolet light
technology with Columbia University (location: New
York City, USA). The aim is to promote research and
development as well as productization of an Ultraviolet
Disinfection Method that utilizes UV radiation within
a particular wavelength range to, for example, prevent
surgical site infection.
Xylem technology to deliver clean water for
industrial and drinking water use in Singapore
http://www.xylem.com/treatment/nz/press/xylemtechnology-to-deliver-clean-water-for-industrial-anddrinking-water-use-in-singapore
SINGAPORE, Singapore, July 1, 2015 – Xylem Inc.
(NYSE: XYL), a leading global water technology company dedicated to solving the world’s most challenging
water issues, has been awarded a contract worth more
than $500,000 to supply ultraviolet (UV) disinfection
solutions to a major municipal water reclamation facility
in Singapore. As a result of the extensive treatment including Xylem’s Wedeco UV disinfection solution, the
city’s industrial sector and communities living in the east
of the city, will benefit from an additional 228,000 tons
(50 million gallons) of reclaimed water per day.
The second Changi Water Reclamation Plant will include microfiltration, reverse osmosis and Xylem’s Wedeco Spektron 2000e UV disinfection system and is an
initiative of the Singapore Water Reclamation Study,
also known as the NEWater Study. NEWater is highgrade reclaimed water produced from treated used water that is further purified using advanced membrane
technologies and ultra-violet disinfection, making it ultra-clean and safe to drink. Currently up to 30 percent
of Singapore’s water needs are met by reused water.
NEWater is working to meet 55 percent of Singapore’s
water demand with reclaimed water by 2060.
IUVA News Important Links
American Society of Heating, Refrigerating & Air-Conditioning Engineers (ASHRAE) – https://www.ashrae.org/
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American
Water
Works
Association
Webinars – http://echo4.bluehornet.com/hostedemail/
email.htm?CID=30031461479&ch=317B0C36C2DDF991FA5D00BAA09DEBA6&h=d75023a6174aff92d658a7ef9a61c9c2&ei=7_qKjgmkN
American Water Works Association Total Water Solutions – http://www.awwa.org/resources-tools/
water-and-wastewater-utility-management/total-water-solutions.aspx
American
Water
Works
Association
Conferences
and
Events
–
http://www.aww a.org/conferences-education/
events-calendar.aspx
National Swimming Pool Foundation Newsletter - http://www.icontact-archive.com/wIoS_83LaSB2nMEgZwXjj_MDRKs_xiL9?w=4
Water Research Foundation Newsletter –http://
enews.mg2mail.com/q/abFFlLhCcQ9PNd5A09BaUVnpIKJqVZWzmBi0wYLZTbqEYp-QhAoevWhcA
Water Environment Federation Buyers’ Guide
– http://wefbuyersguide.wef.org/
Water Environment Federation Storm water
Report – http://stormwater.wef.org/
Water Environment Federation Newsletter –
http://news.wef.org/
Water and Wastewater Asia – http://www.waterwastewaterasia.com/
World Stormwater Newsletter – http://edition.pagesuite-professional.co.uk/launch.aspx?pbid=c13ed934-91ae-4134-ac54-f2fbe7995937

Upcoming UV Conferences, Meetings,
Announcements and Events
18 July 2015 – IUVA Workshop -- Building
Applications for UVGI
University of Colorado at Boulder, Boulder, CO – The
workshop will focus on the science related to germicidal
UV treatment for building applications. The IUVA, with
the assistance of Dr. Shelly Miller has pulled together
some of the leading researchers in this field. Attendees
will be able to gain a broad appreciation of the applied
science. In addition, Dr. Peter Gordon will chair a
Manufacturers Showcase where attendees will be able to
gain an appreciation of the latest technology hardware
for deploying these applications. So whether you are
a building operator, consulting engineer, regulator,
researcher, or manufacturer, make this workshop a key
part of your learning this year.
13 September 2015 – IUVA Workshop -- Water
Scarcity Solutions
Sheraton Seattle Hotel, Seattle, WA – Done in association
with the 30th Annual WateReuse Symposium
15 September 2015 – RadTech UV/EB Printing
& Packaging Meeting at CPP Expo
McCormick Place, Chicago, IL Meeting Details &
Registration, Website for CPP Expo
13 September – 16 September
Photopolymerization Fundamentals
St. Julien Hotel – Boulder, Colorado, USA
Website: http://pfmeeting.org/2015

2015

–

13 – 15 October 2015 – RadTech Europe 2015
Prague, Czech Republic
Website: http://www.radtech-europe.com/events/radtech15

28 – 29 October 2015 – UV LED 2015
Hilton Garden Inn – Troy, New York, USA
Conference and reception on October 28 discussing the
latest advancements in UV LED technology followed
by a tour on October 29 of the RPI Smart Lighting
Engineering Research Center.
Website: http://www.uvled2015.com

16-18 May 2016 – RadTech UV&EB Technology &
Conference 2016 (http://www.radtech2016.com/) –
Hyatt Regency O’Hare in Rosemont, IL Call for Papers
– deadline 4 September 2015.
31 January – 3 February 2016 – IUVA World
Congress
Vancouver, British Columbia, Canada
This event continues a long series of successful
congresses organized worldwide by IUVA to provide
an international forum on recent advancements in
technology and research addressing the environmental,
health, and treatment process challenges of today, as well
as to discuss the current trends in UV regulations and
new applications.
Call for Abstracts!
The focus of this conference is to present the recent
advancements in technology and research addressing the
environmental and treatment process challenges of today,
as well as to discuss the current trends in UV regulations
and technology. Abstracts are due 30 September 2015.
Click here https://www.iuva.org/sites/default/files/world_
congress_2016_call_for_abstracts_2.pdf for the official
Call for Papers. The abstracts need to be submitted
through an Abstract Submittal Form to be located on the
conference website www.worldcongress2015.org.
Online Guest Room Reservations
IUVA has reserved guest rooms at a special conference
rate at the Fairmont Vancouver Hotel. Click here to
make room reservations for the World Congress https://
resweb.passkey.com/go/iuva2016
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Award Nominations
The following awards will be presented at the World
Congress. A one-page (maximum) submission is required
by 1 November 2015, explaining how the nomination
meets the brief of the award. Both nominations and
self-nominations are acceptable. Submissions must be
emailed to Michael Templeton at m.templeton@imperial.
ac.uk, who will reply to confirm receipt. Each submission
will be reviewed independently by at least three members
of the IUVA Awards Committee. All nominations will
be kept confidential and only the recipients will be
announced (no runners up).
• Lifetime Achievement Award
• UV Engineering Project of the Year
• UV Light Award for Volunteer Recognition
• UV Young Professional Award
• Best Paper Awards
• UV Product Innovation Award
• Green UV Award
Call for President Elect Nominations
The IUVA is seeking nominations for the next IUVA
International President. The next presidential term will
run from the World Congress in January 2016 thru
the World Congress in 2017. The President-Elect will
serve on the IUVA Executive Operating Committee
(EOC) beginning in January 2016, and will continue as
Immediate Past-President on the EOC until the 2021
World Congress. Refer to the Board Bylaws for more
information on the President’s responsibilities.
Each candidate who has an interest in running for
President Elect should send short CV and a statement
including candidate’s own background and his vision on
leading the IUVA.
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The IUVA is also seeking nominations to serve for a two
year (renewable) term as regional Vice President. The
overall role of the Regional VP is to:
1.

Develop a detailed strategic direction for the IUVA
in the region.

2. Plan concrete activities that work towards this
strategic direction for the region.
3. Spread the IUVA brand within the region as much
as possible, with the aim of expanding IUVA
membership numbers and corporate members in
the region.
Specific responsibilities include:
1.

Participate in monthly IUVA Executive Organizing
Committee and quarterly Board meetings and
provide feedback on IUVA documents and policies.

2. Lead the organization of IUVA events in the region,
with support from the wider IUVA team. A minimum
of 2 events in the region per year is desirable.
3. Promote IUVA at related conferences and events in
the region as much as possible.
Nominations will be accepted from now until October
31st, 2015. Nominations are to be emailed to Bram
Martijn, Nominations Committee Chair (bmartijn@
pwntechnologies.nl) and must conform to the following
guidelines:
• Nominee must be IUVA member
• Nominee must have experience serving on the
IUVA Board for a minimum of 1 term
• Self nomination permitted
Upon receipt of nominations, the Nominations
Committee will review all nominees to ensure eligibility
and confirm nomination, and pass the nominees to EOC
for final review and inclusion on an electronic ballot.

R

Report from the UV Research Frontiers Conference –
A fresh way to get your conference on.
By Karl G. Linden, PhD
Professor of Environmental Engineering at University of Colorado Boulder
IUVA President
The IUVA, in conjunction with Wetsus (the European
Centre of Excellence for Sustainable Water Technology),
hosted the first ever UV Research Frontiers conference
in the city of Leeuwarden in the Netherlands in May
2015. The event was sold out with over 100 participants
attending from 18 different countries and representing
many more nationalities. About half the attendees were
from industry and consulting and half from universities
and research institutes. The meeting was designed to be
a ‘slow’ conference; rather than jumping from session to
session listening to 15-20 minutes talks one after another;
hence, we designed this meeting to allow for extended
presentations and discussions with everyone in the same
room at all times. The program consisted of all invited
speakers, many rising stars in the UV research field, on
a variety of UV topics and included many opportunities
for informal discussion during afternoon excursions and
evening socials.
The program started with a welcome dinner followed
by evening presentation on advanced oxidation.
Joop Kruitof and Bram Martjin (Wetsus and PWN,
Netherlands) reported on the 25 year experience of
PWN in going with AOP in their water treatment process
for control of pesticides and micropollutants, and recent
work on the impact of medium pressure UV (MPUV)
and toxicity signals in nitrate rich water matrices. Prof.
Urs von Gunten (Eawag/EPFL, Switzerland) presented
his latest synthesis of AOP research into mechanisms of
abatement and potential biological effects, providing an
interesting comparison of UV and ozone based AOP
options and their tradeoffs regarding efficiency and
transformation product issues. Some key discussions,
moderated by Karl Linden (Univ. of Colorado, USA)
centered around the use of UV in combination with
sorption and/or biofiltration processes and the relative
importance of transformation products. Discussions
continued into the night at the bar on the top floor of
the hotel.

The morning of Day 2 started with reports on the
latest trends in UV disinfection. Prof. Kumiko Oguma
(Univ of Tokyo, Japan) presented a synopsis of the
application of UV-LEDs from her research discussing
wavelength importance, design of novel UV LED
disinfection systems, and presented some work on virus
disinfection. Prof. Hadas Mamane (Tel Aviv Univ,
Israel) described her research advances in the areas of
solar processes, molecular techniques for evaluating
disinfection mechanisms, and wastewater disinfection
frontiers. Discussion was moderated by Mike Templeton
(Imperial College, UK) and touched on the importance
of emerging UV sources and the potential they provide
for future design of UV systems and the applications of
innovative molecular methods for microbe detection and
in emerging areas of disinfection.
After lunch, the group took a field trip to Wetsus,
received a welcome from their Director and took an
extensive laboratory tour – very impressive! Upon
returning, an industrial panel discussion was held to
establish research wish lists and priorities. The short
presentations by the industry leaders was insightful as
was the ensuing discussion, moderated by Jim Malley
(Univ. of New Hampshire, USA) on how universities and
research institutes can best work together with industry to
promote advances in the UV field. The topic of ballast
water treatment was of high interest.
Following dinner, the evening session focused on sunlight
driven processes and featured Tamar Kohn (EPFL,
Switzerland) who reported on her research portfolio in the
solar disinfection of viruses and the mechanisms behind
this, compared to deep UV disinfection. Prof. Kara
Nelson (Univ of California, Berkeley, USA) built on the
presentation by Tamar and presented her research into
sunlight inactivation of bacteria, looking at how to best
model this including both direct and indirect UV driven
processes in natural systems. A spirited discussion was
moderated by Kris McNeil (ETH Zurich, Switzerland).
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Again, the conversations moved up to the bar and lasted
well past midnight.
The morning of Day 3 started with a session on Reactor
Validation and Modeling. Bas Wols (KWR, Netherlands)
reported on some innovative modeling of AOP processes
using CFD approaches and the applications to validation
and design of AOP systems. Prof. Regina Sommer
(Medical Univ. of Vienna, Austria) explained the latest
public health protection paradigm in Austria with a focus
on the role of UV and validation of disinfection systems
in water safety plans. The discussion, moderated by Chip
Blatchley (Purdue Univ, USA), focused on modeling and
validation issues.
Keeping with our theme of providing plenty of time for
informal discussion and interaction, following lunch,
the attendees enjoyed a boat ride along the canals of
Leeuwarden and a visit to the Frysk Museum and
a city tour. After dinner the final technical session of
the conference focused on New UV Sources. Fariborz
Taghipour (Univ. British Columbia, Canada) described
what he called the good, the bad, and the beautiful of
UV LED technology, describing his latest research in
application and reactor design innovations. He was
followed by Professor Jaehong Kim (Yale Univ., USA)
who reported on an innovative process he developed
that upconverts solar wavelengths to higher energy UV
photon emission, and its potential future applications in
and out of the water industry. The discussion moderated
by Oliver Lawal (AquiSense, USA) looked into the future
of UV applications with the availability of unique light
sources and the potential and realities of the progress in
this area. This discussion was carried up to the bar in
discussions well past midnight.
The day of departure included an amazing tour of the
PWN Technologies Andijk treatment facilities, including
an extensive inside look at the full-scale innovations
occurring at PWN and their efforts to promote a new
paradigm in drinking water treatment. After a light lunch
attendees were dropped off at the Amsterdam airport.
Attendees left the meeting very energized with lots
of information and ideas to move forward with in the
coming years – both in industry and in academia. We
hope to have more IUVA organized events like this in
the future that breaks down the barriers of traditional
conferences and provides innovative experiences for
attendees and the chance to interact in both formal and
informal settings.
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Protocol for the Determination of Fluence
(UV Dose) Using A Low-Pressure or
Low-Pressure High-Output UV Lamp in
Bench-Scale Collimated Beam
Ultraviolet Experiments
James R. Bolton,1 Sara E. Beck,2 and Karl G. Linden2
1. Bolton Photosciences Inc., 628 Cheriton Cres., NW, Edmonton, AB, Canada T6R 2M5;
Tel: 780-439-4709; Fax: 780-439-7792; Email: jbolton@boltonuv.com
2. Department of Civil, Environmental and Architectural Engineering, 428 UCB, University of Colorado at Boulder, Boulder, CO,
80309; Tel: 303-492-4798; Fax: 303-492-7317.
The following Protocol was adopted by the IUVA Board of Directors in April, 2015. The Board agreed that the Protocol should
be published as a Draft Protocol and allow comments to be submitted over a period of one year. If you wish to submit a comment
for suggested changes, please send it to the Technical Committee at editorinchief@iuva.org. Revisions, if any, that result from these
comments will be presented to the IUVA Board in April 2016 for final endorsement.

INTRODUCTION
This Protocol is based on the paper by Bolton and Linden
(2003), but it is set out in a step-by-step manner to make
it easier to follow for experimental measurements. The
reader should first read the Bolton and Linden (2003)
paper to understand the background for this Protocol.
Also, convenient Excel spreadsheets are available either
from the authors or in the Member Zone of the web
site of the International Ultraviolet Association (www.
iuva.org). The users of this Protocol should also consult
Appendix C of the USEPA Ultraviolet Disinfection
Guidance Manual (UVDGM, 2006), which is largely
based on the Bolton and Linden (2003) paper. This
Protocol provides more detail than does the UVDGM.
However, the UVDGM also provides an excellent
analysis of uncertainties in collimated beam testing. At
various points in this Protocol, reference will be made
to UVDGM (2006) where this Protocol differs from or
expands on the protocol in the UVDGM.
BACKGROUND
It is assumed that the user has available a quasi-collimated
beam apparatus set up according to the instructions in
Bolton and Linden (2003), a radiometer and detector
calibrated within the past 12 months at 254 nm, a Petri
dish to contain the suspension of microorganisms, a small

Teflon® coated stir bar and a stirring motor mounted on
a platform that can be adjusted vertically. This Protocol is
specific for the use of low-pressure (LP) or low-pressure
high-output (LPHO) mercury vapor lamp(s). A separate
Protocol for medium-pressure (MP) lamps is being
developed.
Figure 1 shows two examples of a suitable collimated
beam apparatus.

Figure 1. Examples of suitable collimated beam setups: (top) a
setup using apertures to define the beam; (bottom) setup using a
collimating tube to define the beam [taken from Bolton and Linden
(2003)]
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TERMS AND UNITS
Irradiance (symbol E; units W m–2) is defined as the
total radiant power incident from all directions in a
hemispherical solid angle on an infinitesimal element
of surface of area dS containing the point under
consideration divided by dS.

• Enter the volume of the stir bar into cell G32 in
the Fluence Calculations worksheet of the Excel
spreadsheet. This volume can be determined from
caliper measurements of the length and diameter of
the stir bar or by displacement using at least 10 stir
bars of equal size.

Fluence Rate (symbol Eo; units W m–2) is defined as the
total radiant power incident from all directions through
an infinitesimally small sphere of cross-sectional area dA,
divided by dA.

Determination of the incident irradiance
• It is most important to place the radiometer detector
such that it reads the irradiance incident on the top
surface of the water in the Petri dish. One method
is to have a ruler mounted vertically beside the
stirring motor platform so that the Petri dish can be
raised, such that it is at the same vertical position as
the calibration plane1 of the radiometer detector.
Another method is to use a laser beam to define the
vertical position of the top of the solution in the Petri
dish. Enter the incident irradiance at the center of
the Petri dish into cell G40 in the Fluence Calculations
worksheet of the Excel spreadsheet.

Note that in a collimated beam the irradiance and the
fluence rate are virtually the same.
The fluence (symbol F, units J m–2) (also called UV dose)
is the time integral of the fluence rate and is defined as
the total radiant energy of all wavelengths passing from
all directions through an infinitesimally small sphere of
cross-sectional area dA, divided by dA. If the irradiance
is constant in time, the fluence (UV dose) is given by E ×
t, where t is the exposure time in seconds.
In North America, it is common to use the units mW
cm–2 for fluence rate or irradiance and mJ cm–2 for
fluence (UV dose). Note that 1 mW cm–2 = 10 W m–2 and
1 mJ cm–2 = 10 J m–2.
PROCEDURE WHEN A LOW PRESSURE OR
LOW PRESSURE HIGH OUTPUT UV LAMP IS
USED
In this case, the UV output from the UV lamp is emitted
almost exclusively at 253.7 nm (at least in the germicidal
200 – 300 nm range). Hence, it can be considered to be
essentially a monochromatic UV source. In the Protocol
below, reference is made to the Excel spreadsheet
“Fluence - LP - (revised - 12-Dec-2014)_Final_for_IUVA
Board.xlsx”. It is assumed that the radiometer detector
is not sensitive outside of the germicidally relevant
wavelength range (such as with an International Light
240 SEL or SED detector, or with a NS254 interference
filter).
Preliminary setup
• Choose a sample volume for the suspension of
microorganisms and enter this volume into cell
G31 in the Fluence Calculations worksheet of the
Excel spreadsheet. This volume, plus the volume
of the stir bar, is used to calculate the sample depth.
Alternatively, the user may choose to measure the
sample depth directly and put this value into cell G35.
1

2
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• Alternatively, a sensor can be mounted beside the Petri
dish to measure continuously the relative incident
irradiance. By averaging this sensor reading over the
time of the UV exposure, and by comparison with
calibrated radiometer readings, the average absolute
incident irradiance can be determined accurately.
• It is also important that the radiometer and detector
have been calibrated by the radiometer manufacturer
within a period of no more than 12 months before the
date of the measurements using a NIST2 -traceable
(or other equivalent national standards laboratory)
calibration procedure. Calibration can be achieved
either by returning the radiometer and detector to
the manufacturer for recalibration or by using the KI/
KIO3 actinometer calibration Protocol (Bolton et al.,
2011) [see separate IUVA Protocol (in preparation)].
Furthermore, the user should be aware that if the
irradiance is too high, the detector will saturate. This
information can be obtained from the radiometer
manufacturer. Thus one should make sure that the
irradiance level is well below the point where saturation
sets in. Typical collimated beam experiments have
an incident irradiance between 0.1 and 1 mW cm–2.
Note that the UVDGM (UVDGM, 2006, Section
C2.2, page C5) requires the use of two radiometers
and detectors. Recalibration is required only if the
two instruments give readings that differ by more than
5%. Nevertheless, each radiometer must have been
recalibrated within 12 months prior to the date of use.

The calibration plane is specified in the calibration certificate from the manufacturer of the radiometer detector. It may not be the top of the detector. In some
detectors, it is the groove between the detector body and the filter element.
National Institute for Science and Technology, Gaithersburg, MD.
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Determination of the Petri Factor (PF)
• Determine the inner diameter (cm) of the Petri dish
and enter it into cell G33 of the Petri Factor worksheet
of the Excel spreadsheet.

• The absorption coefficient a is given by A/l, where l
is the absorption cell path length (cm). Enter a into
cell G37 in the Fluence Calculations worksheet of
the Excel spreadsheet.

• On a light-colored cardboard, draw two perpendicular
lines that cross at the center of the cardboard. Draw
ticks every 0.5 cm from the center intersection and label
the ticks according to the distance from the center.

• The Water Factor is displayed in cell K31.

• Place the light-colored cardboard on the stir motor
and the radiometer detector on top of the cardboard.
Adjust the level so that the calibration plane of the
radiometer detector is at the level that the top surface
of the water in the Petri dish will be during exposure.
• Center the stir motor so that the center of the lightcolored cardboard is at the center of the light circle
projected by the collimated beam.
• Allow the UV lamp to warm up until the output
stabilizes, typically for at least 10 min.
• Place the radiometer detector so that the center
of the detector is at the center of the light-colored
cardboard; record the irradiance and the position of
the radiometer detector.
• Progressively move the detector in 0.5 cm steps
in the +x, –x, +y, and –y directions, recording the
irradiance at each position. Go out far enough so
that the distance is greater than the inner radius of
the Petri dish.
• Enter the radiometer detector data into columns
S and X of the Petri Factor worksheet of the Excel
spreadsheet.
• Note the value of the Petri Factor in cell K34 or
CW148. If the Petri Factor is less than 0.90, use a
Petri dish with a smaller diameter or a larger diameter
collimator. For best practice, the Petri Factor should
not be less than 0.90.
Determination of the Water Factor (WF)
• Place a sample of the suspension of microorganisms
into a quartz spectro¬photometer cell and determine
the absorbance at 254 nm. If the absorbance in a cell
with a 1 cm path length is less than 0.0458 (UVT >
90%), the UVDGM recommends use of a cell with a
path length of at least 4 cm.
3

Determination of the Divergence Factor (DF)
• Measure the distance (cm) from the top surface of
the Petri dish to the axial centerline of the UV lamp
(i.e., half the diameter of the lamp). Enter this value
into cell G36 in the Fluence Calculations worksheet
of the Excel spreadsheet.
Reflection Factor (RF)
• Assuming that water is the medium, the Reflection
Factor for a wavelength of 254 nm is 0.975 (cell K33
in the Fluence Calculations worksheet of the Excel
spreadsheet).
Determination of the average irradiance in the
suspension of microorganisms
• The average irradiance Eavg in the suspension of
microorganisms is given by
Eavg = Eincident × PF × WF × DF × RF
and is displayed in cell G43 in the Fluence Calculations
worksheet of the Excel spreadsheet.
Determination of the exposure times for the
target fluences (UV doses)
• Enter the target fluences (UV doses) in to cells E46
to E52 in the Fluence Calculations worksheet of the
Excel spreadsheet.
• The exposure times for the target fluences (UV
doses) are the given in cells I46 to J52 in the Fluence
Calculations worksheet of the Excel spreadsheet.
• Note that ideally, the exposure times should be at
least 30 seconds3 to minimize any time measurement
errors. If the calculated exposure times are less than
30 seconds, it is suggested to move the platform to a
greater distance from the UV lamp to decrease the
irradiance. The Petri factor will also need to be redetermined for this new distance.

The UVDGM (2006, Section C.2.1, page C-4) specifies a minimum of 20 seconds exposure, but this Protocol recommends a minimum of 30 seconds, to
further minimize the uncertainty in the exposure time.
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Determination of fluence (UV dose) – Response
Curves
The following is an example of a suggested protocol
for determining fluence (UV dose) response curves.
Experienced users will use best practice and standard
operating procedures to establish their own protocol.
• Prepare a set of culture plates sufficient in number to
handle the exposures planned.
• Choose a set (normally at least 6 including zero) of
target fluences (UV doses) that cover an inactivation
range of at least 4 logs. For example, the set might
be 0, 15, 30, 45, 60, 75 mJ cm–2. The actual fluence
values will depend on the UV sensitivity of the
specific microorganism. If collimated beam testing is
being used for the purposes of UV reactor validation,
it is important to consider that extrapolation of the
dose response curve outside of the measured range
of UV dose is not recommended per section C.3
of the UVDGM. Thus, in the development of the
collimated beam test plan, it is recommended that
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• Randomize the set. In a study where triplicate
determinations are conducted, a possible sequence
of exposures and corresponding target fluences
(UV doses) could be 60, 15, 75, 45, 0, 30, 75, 30,
0, 15, 45, 60, 15, 45, 0, 30, 75, 60. If only duplicate
measurements are conducted, use 12 of the above
target UV doses. Randomization assures that any
systematic errors are converted to random errors.
• In accordance with UVDGM (2006, Section
C.2.3, page C6), the incident irradiance should be
re-measured with the calibrated radiometer and
detector before and after each sample exposure. The
irradiance value used to calculate UV dose should be
the average of the pre- and post-exposure radiometer
readings. If a second radiometer is utilized, in
accordance with UVDGM (2006, Section C.2.2, page
C-4), at a minimum, the second radiometer should
be used to determine the measurement accuracy of
the CB radiometer at least at the beginning and the
end of each collimated beam test session.
• The ‘0’ samples in the above set should be placed
into position in the collimated beam apparatus and
left there stirring for a certain time, but with the
shutter closed. If three ‘0’ samples are used, one
should be for the longest exposure time used, one
for the shortest and one a middle time.
The assay of any microorganisms should be performed by
a qualified micro¬biologist. The steps below are general
guidelines and suggestions learned from experience in
carrying out collimated beam testing, and refer to culture
analysis methods. Cell culture analyses will have different
steps, but detailed micro¬biological procedures are
beyond the scope of this protocol.
• UV exposed samples should be diluted 10-fold
according to the expected viable cell count levels. At
least two dilutions that bracket the expected count
levels should be used.

www.americanultraviolet.com

Headquarters: Lebanon, IN

the maximum UV dose be selected to provide a log
inactivation that is slightly greater than the maximum
log inactivation expected for the biodosimetry testing
conducted on the same day as the collimated beam
sample is collected4.

1-800-288-9288

• Assay at least three culture plates with each diluted
suspension. Maintain a sterile environment during
the assays.

UVDGM (2006, Section C.1, page C-1) recommends UV doses should be selected to cover the range of targeted values, resulting in inactivation ranging from
0.5 – 1 log unit higher than the highest log inactivation to be demonstrated by the UV reactor.
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• Culture the plates for the specified time at the
specified temperature for the microorganism used,
and then count the colonies or plaques on each plate.
• Follow best practices for determining the plates with
countable colonies/plaques or plaques based on the
size of the culture plate and the type of organism
assayed. For instance, this may be those plates with
between 20 and 200 colonies. For each set of plates
that falls within the countable range, average the
counts and, using the dilution factor, determine the
viable concentration in the original suspension.
• While it is typical to use only one dilution range with
countable colonies, it is also acceptable to calculate
the viable count using a weighted average across
different dilutions that are countable (Standard
Methods, 2012).
• Determine the average log inactivation for each test
condition from log[N0/N], where N is the viable
concentration for a given fluence (UV dose) and
N0 is the average of the viable counts for zero UV
dose. Alternatively, one can use the y-intercept of a
regression line calculated from the experimental data
points (recommended by the UVDGM Protocol,
Section C.3, page C-8, Step 1).
• The Fluence (UV dose) – Response Curve is a plot
of log[N0/N] on the Y-axis as a function of the fluence
(UV dose) on the X-axis. An example is shown in
Figure 2. Alternatively, the UV dose can be plotted on
the Y-axis versus the log(N0/N) values on the X-axis as
is recommended by the UVDGM Protocol.
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Figure 2. An example of a fluence-response curve, from the USEPA
UV Disinfection Guidance Manual (UVDGM, 2006). Figure A.1. UVDose response of MS2 phage.
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INTRODUCTION
It has been 15 years since the first designs of UV
disinfection systems for Cryptosporidium inactivation credit
commenced in the United States. Those first projects
were designed with significant conservatism as they predated the development of United States Environmental
Protection Agency’s (USEPA’s) Ultraviolet Disinfection
Guidance Manual (UVDGM, 2006) and were designed to
provide flexibility as the regulations were developed and
promulgated. The early UV disinfection projects often
included design based on an MS2 reduction equivalent
dose (RED) of 40 mJ/cm2, a target level of inactivation
of at least 2.5 log Cryptosporidium, room within the UV
reactors for additional rows of lamps or more lamps,
electrical capacity for more lamps or more reactors, and
additional building space for adding reactor trains.
Today, with UV disinfection entrenched across North
America, many UV design projects have followed
the UVDGM framework, with validation testing that
minimizes the Validation Factor, UV equipment
selected based on an in-depth analysis of operations and
maintenance cost, and in some cases, design based on
the target level of inactivation only (e.g., 1-log Giardia
inactivation). These approaches may result in reduced
conservatism compared to the first UV designs completed
in North America. While incremental cost capital and
operational cost savings can be achieved in some cases,
it may be accompanied by a reduced level of disinfection
and less resiliency for risks. This article discusses sources
of conservatism in UV systems and methods to achieve
balance between a cost-effective system and a conservative
design.

CONSERVATISM IN UV DESIGN AND
OPERATION
The US EPA’s UVDGM (2006) incorporates many
sources of conservatism in its recommended UV
reactor validation and UV design approaches. In
addition, engineers, operators and regulators typically
add additional layers of conservatism. Examples of
conservatism incorporated into UV systems include:
• Applying UV disinfection as a multi-barrier treatment
process when it is not required to comply with Long
Term 2 Enhanced Surface Water Treatment Rule
(LT2ESWTR) (USEPA, 2006).
• Using the UV dose table provided in the LT2ESWTR
to establish the required UV dose. For example,
more recent analysis of the Cryptosporidium data used
to develop the UV dose table in the UVDGM (2006)
suggest required UV dose of 3 to 6 mJ/cm2 for 3-log
Cryptosporidium inactivation instead of the 12 mJ/cm2
required (Qian, 2005).
• Validating UV reactor performance using a hydraulic
configuration that is worse than the actual installation
at the water treatment plant (e.g., installing a 90
degree elbow on the UV reactor inlet flange).
• Designing UV systems for simultaneous worst-case
flow, UVT, lamp age, and fouling conditions.
• Placing the lowest output/oldest low-pressure, highoutput lamp adjacent to the UV intensity sensor.
• Operating the UV system with a UV dose safety
factor.
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On one hand, an overly conservative design can waste
energy due to overdosing. Optimizing the UV system
during design can be attractive to limit capital and operating
costs. On the other hand, having additional conservatism
in the system can provide a buffer against unplanned
water quality degradation (e.g., a drop in UVT), rapid
quartz sleeve fouling, a higher than anticipated action
spectrum correction factor, and greater inactivation
targets in the future (e.g., an increase in LT2ESWTR
Bin classification). Recent developments, which require
calculating the action spectrum correction factor for
medium pressure UV systems, represent a good example
of how unforeseen conditions can adversely impact UV
disinfection conservatism and operating approaches.
Implementing additional UV disinfection capacity after
the system is already installed is much more difficult and
expensive than providing the added level of conservatism
during the initial installation. As discussed in this article,
providing additional conservatism can still be economical.
Impact of UV Transmittance (UVT)
System size and cost depend heavily on UVT. Selecting a
design UVT value requires careful consideration as it can
have significant cost impacts. For example, Figure 1 shows
estimated capital and operating costs for a 60 MGD UV
disinfection facility achieving 2.5-log Cryptosporidium
inactivation. The estimated capital cost for 80% UVT
is about $10M, compared to $8.4M for 95% UVT.
Operating costs are impacted even more by UVT. The
estimated operating costs at 80% UVT, are approximately
6 times greater than the operating costs at 95% UVT. It
should be noted that capital and operating costs can vary
widely due to site specific conditions. The operating costs
in this example are based on medium pressure lamps
and include energy costs, lamp replacements, sleeve
replacements, ballast replacements, intensity sensor
replacements, and intensity sensor recalibration, but
excludes labor.

By looking at the water treatment plant as an integrated
system, design and operation of the UV system can be
enhanced. For systems with low UVT, optimization of
upstream water treatment processes for organics removal
(e.g., enhanced coagulation, enhanced softening,
biological filtration) may be desirable to improve UVT
and reduce capital and/or operating costs.
Level of Inactivation
System size and cost also depend on the target level of
inactivation selected as the basis of design. The level of
inactivation may be driven by regulatory requirements
or by the level of conservatism desired by the utility.
Figure 2 shows the estimated capital costs for 1-log and
2.5-log Cryptosporidium inactivation for 20 MGD, 100
MGD, and 150 MGD facilities with 90% UVT. The
capital cost increase to achieve 2.5-log Cryptosporidium
inactivation instead of 1-log inactivation is about $210,000
(8%), $430,000 (6%), and $2,500,000 (19%), respectively.
For smaller systems, the capital cost impact tends to
be minimized when log-inactivation is increased since
modifying reactor size or number of lamps may be able
to be accomplished in lieu of adding additional UV
reactors.

Figure 2. Estimated Capital and Operating Costs for 2.5-log Cryptosporidium Inactivation

Figure 1. Estimated Capital and Operating Costs for 2.5 log Cryptosporidium Inactivation for 60-MGD Medium-Pressure UV Facility
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Although these results will vary based on site specifics, the
cost increase associated with higher log inactivation levels
is on par with other facility design decisions with cost
impacts. For example, decreasing the header pipe sizing,
building area, or building materials of construction could
save more than $1 million for a 100 mgd facility. Overall
project costs could be even less if UV can be retrofit into
an existing facility.

Validation Test Challenge Organism
In addition to the target level of log inactivation, the
validation testing challenge organism (e.g., MS2, T1, T7)
also impacts UV capital and operating costs. MS2 phage
has been the most commonly used challenge organism
for UV reactor sizing, but alternatives like T1 phage have
recently become more prevalent. The challenge organism
used on a project should be discussed with the primacy
regulatory agency and UV system manufacturer during
the design phase as there may be limitations on which
organism can be used.
Figure 3 compares the estimated operating costs for three
scenarios: MS2 RED of 40 mJ/cm2, MS2 RED based on
UVDGM guidance, and T1 RED based on UVDGM
guidance. Both medium pressure and low-pressure, highoutput reactor costs are shown. Operating costs are based
on an example UV facility with an average flow of 45
mgd, 93% UVT, and 2.5-log Cryptosporidium inactivation
and includes energy and lamp, sleeve, intensity sensor,
and ballast replacement. In this example, operating the
system based on an MS2 RED per UVDGM guidelines
reduces operating costs by about 50% compared to
using an MS2 RED of 40 mJ/cm2. Utilizing T1 RED
reduces operating costs by another 20%. In this example,
utilizing low-pressure, high-output lamps further reduced
operating costs compared to medium-pressure lamps,
excluding labor, due to the specific assumptions on unit
power cost and the exclusion of labor from the estimates.

Figure 3. Example annual operating costs for 45 mgd facility with
93% UVT, and 2.5-log Cryptosporidium inactivation and $0.14/kW
electrical cost.

Case Study Example
The Syracuse Water Department (SWD) is an
unfiltered system with an open finished water reservoir
and therefore was required to modify their treatment
approach to comply with LT2ESWTR. The SWD
chose to provide UV disinfection at both Woodland
and Westcott Reservoirs to comply. Figure 4 shows a

photograph of one of the UV installations. To minimize
the cost impacts, SWD negotiated with the State of New
York Department of Health (DOH) to allow the use of
T1 phage as the basis of the operating UV dose. To our
knowledge, this was the first acceptance of a UV dose
less than 40 mJ/cm2 in the State of New York by the
DOH and will save SWD an estimated $40,000 per year
in electrical costs.

Figure 4. Photograph of the low-pressure, high-output UV reactors
at a SWD UV disinfection facility.

The UV system was still designed to accommodate an
MS2 RED of 40 mJ/cm2. Therefore, obtaining a high
range of UV dose turndown was important to take
advantage of the T1 phage operating dose. Through a
preselection process, low-pressure, high-output UV
reactors by Xylem, Inc. were selected for installation at the
3 UV disinfection facilities. The greater power turndown
and lower power draw associated with the low-pressure,
high-output UV reactor proved beneficial for SWD given
the high local electrical cost of $0.14/kWh. The large
turndown potential of the low-pressure, high-output UV
reactor was able to be leveraged to minimize the total
power consumption of the UV reactor, saving the City
of Syracuse approximately $150,000 per year in energy
costs compared to medium pressure reactors. The City
of Syracuse also had a City-wide initiative to incorporate
“green” design concepts into new SWD facilities. For the
new UV system and associated finished water reservoir,
a hydroturbine and solar panels were installed at one of
the sites. The combined energy production is returned
to the local electrical utility for credit, which will offset
some of the additional operating costs of the UV system
for years to come.
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CONCLUSION
USEPA’s UVDGM provides a solid basis for public
health protection and should continue to serve as the
“go-to” reference for UV system design. Attempting to
achieve the minimum capital cost UV approach may not
be the best long-term decision, as it may limit flexibility
to achieve higher levels of disinfection or protect against
unforeseen conditions. Instead, focusing on ways to
minimize capital and operating cost while maintaining
adequate conservatism in the overall system design is
recommended. In the author’s opinion, the design level
of inactivation is not the first place to skimp to save cost.
For example, the incremental cost to provide 2.5-log vs.
1.0-log inactivation is commonly small compared to the
overall cost to implement UV. Also, retrofitting a UV
system into an existing facility could save significant capital
costs that far outweigh the cost for higher disinfection
levels.
Recommended considerations for new UV systems
include:
• Design for higher level of pathogen inactivation for
capital sizing, while considering operating at a lower
level of inactivation to meet current disinfection
targets
• Evaluate full project cost impacts for the UV system
facility and identify ways to reduce costs without
negatively impacting UV design conservatism
• Provide space within reactors to add lamps or rows
of lamps, space for an additional reactor, and/or
additional electrical capacity to accommodate future
expansion
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Coming of Age - UV-C LED Technology Update
Jennifer Pagan PhD and Oliver Lawal
AquiSense Technologies www.aquisense.com

INTRODUCTION - A CLASSIC PARADIGM SHIFT
Sometimes technology innovations come along which
cause a paradigm shift in how products are designed. A
classic example is television, where the shift from cathode
ray tubes to flat panel technologies, such as plasma and
liquid crystal displays (LCD), caused furniture makers to
scramble to redesign their entire entertainment product
lines. Large bulky entertainment cases which covered most
of a living room wall were reduced to narrow consoles,
and there has been a continual trickle-down effect on all
the associated peripheral devices (DVD players, gaming
consoles, streaming devices). So what does this have
to do with ultraviolet disinfection? It is actually a good
comparison for the coming changes, and
UV-C LED STRUCTURAL AND OPERATIONAL
DIFFERENCES
UV-C LEDs are both structurally and operationally
different than mercury lamps. From a structural
standpoint, UV-C LEDs are smaller and offer higher
ultraviolet power densities than mercury based UV lamps
[Figure 1]. Meaning one can concentrate more light in a
given area without the aid of external optical components
and at a very small footprint. This is the primary reason
UV-C LEDs were first used in analytical products despite
their low output power.
While the vast differences in package size between a
UV-C LED and a mercury lamp are easily identifiable, the
optical and thermal differences can have an even larger
impact on system design. UV-C LEDs theoretically emit
in all directions, however they are limited by material
and package restrictions to be directional point sources.
A typical beam profile from a packaged UV-C LED will
have most of the light fall within a 100-120 degree beam.
This is usually defined by the viewing angle where the light
intensity has fallen to 50% of the maximum. Such specific
optical output characteristics allow a wide variety of
possible intensity distributions in a LED based disinfection
system. For instance, spot disinfection at a critical process
point could be achieved with a single device, or alternately,
a broad homogeneous intensity could be distributed over

a specified area. The intensity could also be tailored to a
specific pattern of lower intensity spots and higher intensity
spots directly adjacent to each other. The optical output
characteristics of UV-C LEDs raise the question of how to
best exploit these features at the system level.

Figure 1: Optical Power Density comparisons between a 30 mW UV-C
LED, and typical low pressure mercury lamp (LP-Hg), typical medium
pressure mercury lamp (MP-Hg), and typical amalgam lamp. Emitting
surface area is given by the glass envelope (no ballast) in the case of
the lamps and by the semiconductor chip in the case of the LED.

Figure 2: Output power of a low pressure mercury lamp and a 265 nm
LED as a function of temperature. The data is normalized at 26°C.
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Thermal considerations are important in LED systems
as well as mercury systems. UV-C LEDs generate
heat from the solid piece of semiconductor (the LED
chip), this heat is extracted from the backside of the
package holding the chip. Because the footprint of
the packaged LED is small, cooling techniques can be
used such as Peltier coolers or fans. These are located
on the back of the package and can be as small as
a centimeter. Active cooling techniques make it
relatively easy to cool the LED to room temperature
under hotter ambient conditions. This is fortunate
since UV-C LEDs have an opposite reaction to
ambient temperatures than mercury sources. Unlike
mercury sources, UV-C LEDs increase their optical
output at cold ambient temperatures with decreasing
outputs occurring at higher temperatures. [Figure 2]
This makes UV-C LEDs ideal for refrigerated/cold
applications where they require less heat management
and no warm up time.
From an operating standpoint UV-C LEDs offer key
design freedoms over traditional Hg technology. UV-C
LEDs operate off of direct current (DC), which allows
for portable, battery powered system operation, and
in general minimizes system electronics. One of the
more neglected aspects of system design using UV-C
LEDs may be in the area of back end electronics.
Back end electronics can be used in ways similar to
those of mercury lamps; by providing power to the
LEDs as well as adding functionality to the system.
Back end electronics can be used to drive LEDs in
pulsed or continuous modes of operation; they can
monitor changes in the LED itself such as changes
in forward voltage or intensity which can be used
in feedback modes to bring the LED back within
specified operating criteria, or to signal failure. Back
end electronics can incorporate temperature control
feedback or even perform wireless data logging and
because the entire system is DC the entire circuit
can co-locate with the LED source in a very small
footprint.

3, between 2012 and 2015 UV-C LED were made
commercially available by seven new manufacturers
with four of those having volume scale production
capabilities. Current single chip optical output powers
are as high as 30 mW with lifetimes in the thousands
of hours. Hero devices reported in the literature,
and engineering grade samples were excluded from
consideration, and this list should not be considered
exhaustive of the field of manufacturers attempting to
come into production.

Figure 3: Historical, commercially available, single chip UV-C LED
output power, broken

SYSTEM DEVELOPMENT

As those flat screen TVs enabled smaller
entertainment centers and accessories; the recent
influx of commercial UV-C LED manufacturers, and
the lower associated device costs, have paved the way
for systems developed with smaller, lower cost, UVLED sources. However, for any UV system developer
wishing to exploit the technology benefits, it is key to
understand the various elements that combine and
interact to enable an efficient UV system [Figure 4].
System design methods for traditional mercury lamp
based UV systems have evolved considerably over the

PROGRESSION TO HIGHER POWER

As mentioned earlier, UV-C LEDs are currently
largely used in analytical products; however a recent
uptick since 2012 in the number of manufacturers
producing UV-C LEDs has opened the door for
more widespread applications. As indicated in Figure
22
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Figure 4: Elements of an efficient UV system

past 20 years, with the use of Computational Fluid
Dynamics, and biodosimetry now common place.
These tools remain key to the development of UV-C
LED based UV systems. However, the starting point
for design assumptions are very different, due to the
fundamental structural and operational differences
of the light-sources discussed earlier. In addition,
and crucially, the skill set needed to understand the
integration of non-traditional reactor designs, with the
unique thermal management and electronic design
requirements of UV-C LED’s are very different
from those developed in mercury lamp UV system
design. Just as new flat screen TV technology entered
the market, so cathode ray tube TV manufacturers
found themselves with a choice of either exiting the
business, or acquiring new expertise. Perhaps this
can best be illustrated when comparing UV-C LED
system performance figures published over the past
few years [Figure 5]. The three highest performing
units, systems a, b and c, were all developed by
commercial companies not currently manufacturing
traditional mercury based UV systems. The highest
performing unit, system a, was developed by Dot
Metrics Technologies, now acquired by AquiSense
Technologies, a group solely focused on holistic
UV-C LED system design as shown in Figure 4.

high cost of UV-C LED’s and immature UV-C LED
system product design. However, through pioneering
early release products [Figure 6], it is clear that
there are many potential applications where UV
is not currently used which could be enabled by a
UV-C LED system, as well as a host of existing UV
applications which will switch near term to an LED
based treatment system.

Figure 6: Early UV-C LED based products for water and surface
disinfection

The first applications have proven to be within less
price sensitive, low flow water disinfection markets.
A new wave of lower cost UV-C LED sources will
rapidly open larger market segments over the coming
18 months, as point-of-use UV-C LED based water

New LED Company,
New LED Technology
Figure 5: UV-C LED system performance comparison versus flow
rate. Bubble size corresponds to the UV-C optical input power to
the system.

APPLICATION CONSIDERATIONS

UV-C LED technology benefits such as; instant start/
stop, low voltage supply, portability, and mercury-free
safety have made LED based systems attractive for
many existing and new applications. However, early
stage definition of market for UV-C LED based UV
systems has been challenging, due to the historical

Integrating the best available UV-C LED sources
into products that solve real world problems in
water, air and surface applications.
www.aquisense.com | info@aquisense.com
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disinfection system prices are expected to fall to
within 50% of equivalent mercury based systems.
Ultimately the speed of market growth for UV-C
LED technology in disinfection applications will
likely follow those of other LED applications and
be determined by a combination of LED supply
volume/cost and the execution expertize of the early
system manufacturers. Product reliability, 3rd party
certifications and supply chain management are not
unique issues to LED technology, but must still be
handled efficiently.
Applications outside of water disinfection are likely
to grow based on the same core technology benefits.
Advanced oxidation, surface disinfection and air
treatment applications all have particular areas where
the characteristics of UV-C LED’s can provide unique
solutions.
SUMMARY

There is no doubt that current UV-C LED’s are low
power devices, with lower wall plug efficiencies than
traditional mercury based UV lamps. However, there
is also no doubt that these devices have benefited
from very large investments and huge performance
advances over a very short period of time. Large
wafer processing capacity in Asia for visible LED’s
has led manufacturers to explore adjacent markets
– with water providing a compelling case. Increasing
volume manufacturing of these devices have a well
understood price reduction relationship. Historically
semiconductor device technology has overtaken
analog applications with increasing awareness of
power consumption and heavy metal use, peaking the
interest of many users, creating demand. By taking
a holistic design approach to system efficiency and
drawing on expertise not found within traditional
UV system design offices, new UV-C LED based
disinfection systems have shown strong performance
results. Perhaps then it is not a case of “if” LED’s will
penetrate disinfection markets, but “when” and “how”.
Just as the home entertainment industry underwent a
paradigm shift in the transition from cathode ray tubes
to flat screen technology, so too are we poised to see a
historic shift in UV system design and operation.
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