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A Message

FROM THE IUVA PRESIDENT

Paul Swaim

A

s I write this report, I have just returned from
Beijing in the People’s Republic of China,
where I participated in the IUVA’s 2012 International Workshop on UV Disinfection of Drinking
Water and Wastewater on Dec. 18, 2012. More than
100 people attended the all-day event, organized by the
IUVA’s Asia/Australia Hub Director, Dr. Wenjun Liu,
working with IUVA Executive Director, Deborah Martinez. Dr. Liu’s hard work in China to raise awareness
of the benefits of UV has resulted in a lot of interest in
UV disinfection, and it was exciting to see that in person, with great presentation topics and so many people
in attendance.

Chinese UV projects and lots of ongoing UV research
in China. I wished I had an interpreter so I could listen
to all of the great, timely material presented. Nevertheless, it was thrilling to see the continued development of
the Chinese UV market.

This was my second trip to Beijing, following an initial
journey in May 2007. In 2007, the focus was on the
state of the science of UV disinfection for drinking water and sharing experiences on projects. We also had
a little bit of time for some sightseeing, taking a journey to see the Great Wall of China, the Summer Palace
and the Forbidden City. What a beautiful country with
amazing sights to see!

–Paul Swaim

This time, I observed that much has changed in the five
and a half years since my previous visit. For example,
there are now successful Chinese UV disinfection projects. In our most recent IUVA awards, the Tianjin, China, TEDA Municipal Drinking Water Plant UV Disinfection Project was the winner for best UV engineering
project. This award recognizes an exemplary engineering project involving UV applications in operation and
is reviewed for innovation and excellence and its impact
on society. This project was a collaboration by universities (Tsinghua: Professor Wenjun Liu), engineering design institutes (BEMEDI: Ms. Yanqie Qie) and water
utilities (Teda: Mr. Ziyi Fang). This system in Tianjin,
China, is the first large-scale municipal drinking water
UV disinfection project in China and the first UV water
disinfection system designed and implemented by local
Chinese engineers.
The presentations at the 2012 event addressed several
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My hotel room had a sign recommending that the tap
water not be consumed. Certainly, UV technology has
the potential for a very bright future contributing to
drinking water quality in a part of the world that really
needs it. For the New Year, I wish for lots of UV disinfection applications to help produce safe drinking water
for the more than 1 billion people in China.
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A Message

FROM IUVA EXECUTIVE DIRECTOR

Deb Martinez

T

he past year has been an exciting time of
growth and increased visibility for IUVA
worldwide. And we are planning a number
of events for the coming year.
During the August 2012 Conference “Moving Forward: Sustainable UV Solutions to Meet Evolving
Regulatory Challenges,” the National Water Research
Institute released the third edition of UV Water Disinfection Guidelines, and provided copies to conference participants. The IUVA conference was also
spotlighted in Diverse Issues in Higher Education for
raising awareness about UV water disinfection technologies with Science, Technology, Engineering and
Math (STEM) students. Perhaps more importantly,
the conference brought together IUVA thought leaders, members and friends for a very fruitful and beneficial sharing of ideas and building of relationships.
On Nov. 25, 2012, IUVA hosted a conference in Mexico City, titled “Basics of UV Disinfection for Water,
Wastewater and Reuse Applications.” The International Water Association convened their annual conference in Mexico City the following day.
In December 2012, IUVA joined with the National
Technical Committee of Ultraviolet Disinfection
Standardization of China and Tsinghua University to
host a one-day workshop, titled “2012 International
Workshop on UV disinfection of Drinking Water and
Waste Water Treatment,” to promote healthy development in China.
We are looking forward to a number of seminars,
workshops and the World Congress in 2013. IUVA
and Puerto Rico’s Professional College of Engineering and Land Surveyors (CIAPR) hosted the “UV
Treatment of Water for Municipal and Industrial Applications” Conference in San Juan, Puerto Rico January 23 – 24, 2013. On Feb. 6, 2013, IUVA will collaborate with NASA and Howard University to hold

NASA Space Science Day on the Howard University
campus, which will be a special day to reach out to
high school STEM students and teachers. On March
21, 2013, IUVA is hosting the “IUVA Special Session on UV for Drinking Water at AMERICANA,”
a symposium held in Montreal, Canada, which will
showcase advancements from experts in the field of
drinking water and UV. Also the EMEA Hub division
of the IUVA is partnering with TZW: DVGW-Technologiezentrum Wasser to produce a UV conference
in Karlsruhe, Germany, June 4-5, 2013. The Call for
Papers is open until March 1, 2013. For more information http://iuva.org/event/karlsruhe-germany.
Finally, IUVA will collaborate with the International
Ozone Association (IOA) for the third annual World
Congress, in Las Vegas, Nevada, September 22-25,
2013. Abstracts are currently being accepted for presentation of papers at the conference, and sponsorship opportunities are available. The Call for Papers
is open until March 15, 2013.
These events are attended by industry leaders, scientists, engineers, students and the public. Here at the
IUVA, we look forward to continuing this momentum
throughout 2013 as we work to educate people about
the benefits of using UV disinfection technologies
worldwide. On behalf of the IUVA leadership and
members, I welcome everyone to participate, learn
and envision the future of UV technology with us.
Best wishes, and thanks for all your support.
–Deb Martinez
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REPORT from IUVA
ANDREAS KOLCH:
DIRECTOR OF THE IUVA EUROPE AND AND MIDDLE EAST
(EMEA) HUB

Now in its second year of operation, the IUVA EMEA
Hub is planning a conference in collaboration with
the German Water Technology Center (TZW) at
the Convention Center in Karlsruhe, Germany, June
4-5, 2013. The conference will focus on the use of
UV technology worldwide to disinfect water, to reuse
wastewater and other applications. Scientists, engineers and industry leaders will make presentations at
the conference.
The Call for Papers is open until March 1, 2013. Paper topics may include UV applications on drinking
water, pool water, wastewater, any kind of industrial
process water, ballast water and water for reuse. The
technologies comprise disinfection, advanced oxidation processes, photochemical treatment, point-of-entry and point-of-use applications. The conference presentations will be 20 minutes or 5 minutes in length.
Abstracts may be submitted on line. Length is 300500 words. For more information, visit: http://iuva.
org/event/karlsruhe-germany
The last IUVA conference in Karlsruhe took place in
2004 and was a huge success. The new event will have
two parallel sessions together with an industry exhibition. Exhibitors will be allowed to give a five-minute
presentation about their products, latest releases and
innovations.
Don’t miss all the latest information about water treatment related UV technology topics including drinking water, wastewater, advanced oxidation or ballast
water treatment. Hear about new developments, applications, research and technologies and get firsthand
market intelligence. Network with top international
researchers and engineers, and meet regulators and
company representatives to make your involvement
with UV technology a successful one.
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A Preliminary Program for the conference will be
published in March 2013. A Final Program will be
published in May 2013.
IUVA will present an award to the best student paper
and the best innovation/research paper.
Take advantage of the Early Bird registration, which
ends on Feb 28. Full Registration includes lunch and
breaks during the day. Please indicate whether you intend to attend our conference dinner on the evening
of June 4. Space is limited.
Early bird (registration before February 28, 2013) is
€520. Full registration (registration after February 28,
2013) is €590. Student registration is €260. One-Day
registration is €295. All IUVA members will receive a
10 percent discount.
If you have trouble with online registration, call +49
5221 104 143 or e-mail Andreas.Kolch@iuva.org or
the IUVA main office at info@iuva.org
Sponsorship and industry exhibition booth opportunities are available. Email deb.martinez@iuva.org or
call +1-202-422-2445 to inquire about sponsorship or
exhibition booths.

- Andreas Kolch

REPORT from IUVA
WENJUN LIU:
DIRECTOR OF THE IUVA ASIA AND AUSTRALIA HUB

The Asia and Australia HUB Director was involved in
several significant activities over the last few months, including:
1)

The 2012 International Workshop on UV Disinfection of Drinking Water and Wastewater was
successfully held on Dec. 18, 2012, at Tsinghua
University in Beijing. There were 120 attendees
who came from China and overseas working in the
UV-related companies, universities, research institutes and municipal design institutes. Paul Swaim,
the president of IUVA, attended and gave a keynote speech on application and experience of UV
disinfection in North America.
Prof. Wenjun Liu, Asia/Australia Hub Director,
gave a presentation on UV Disinfection Applications for Drinking Water Sources in China. Additionally, presentations from 12 invited experts
covered a number of topics such as Medium Pressure UV Technology and Validation for Drinking
Water, Experience in Tianjin TEDA UV Drinking
Water Disinfection System, Impacting Factors and
Engineering Practice of Wastewater UV Disinfection, Effects of Water Temperature on the Output
Power of Ultraviolet. The workshop provided valuable information and knowledge about ultraviolet
technology to local users and manufacturers.

2) The news of the workshop was published on the
website of the Tsinghua University School of
Environment:
(http://www.tsinghua.edu.cn/
publish/env/6409/2012/2012122109560260443
5033/20121221095602604435033.html), as well
as the most important websites of the water industry
in China: http://www.china-H2O.com. http://
news.h2o-china.com/html/2012/12/111838_1.
shtml

http://news.h2o-china.com/ html/2012/12/111
869_1.shtml
3) The Asia/Australia Hub was launched in March
2012, and since has been steadily making progress
representing and promoting the interests and mission of IUVA. Plans for 2013 include efforts to:
a. Provide more practical knowledge about UV
applications while enhancing the confidence
in using UV in China by communicating information about international experiences
with the technology, organizing workshops and
translating IUVA News into Chinese.
b. Establish a Chinese version of the IUVA website.
c. Seek enhanced cooperation with Asia water
and environment associations to co-host exhibitions and conferences.
d. Invite more potential members to join IUVA.
-Wenjun Liu

IUVA UPCOMING MEETINGS/
EVENTS/WORKSHOPS
IUVA, BSH and PIA 2nd
Ballast Water Workshop
Hamburg, Germany,
March 6, 2013

IUVA and DVGW Meeting
Karlsruhe, Germany
June 4-5, 2013

IUVA Special Session on
UV for Drinking Water at
AMERICANA
Montreal, Canada
March 21, 2013

World Congress
Las Vegas, Nevada,
September 22 -25, 2013

For more information on upcoming events,
visit www.iuva.org
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of the target contaminant in each cell, and hence in the
reactor as a whole.

Figure 4.
Geosmin
concentration vs.
UV Dose in Bench
Tests

NEWS
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Supplied by Berson’s Australian disCFD Design Conditions

BERSON SUPPLIES UV DISINFECTION TECHNOLOGY TO AUSTRALIAN SUPERNATANT
RECYCLING SYSTEM
Berson has supplied an InLine+ UV disinfection system
to a supernatant recycling system used in the filtration
plant of Bathurst Regional Council’s recycling system
in New South Wales, Australia.
Table 4. CFD design conditions
Test ID

tributor CST Wastewater Solutions

Computational Fluid
Dynamic
Modeling
performed
and
installed
by TWS(CFD)
(Ted was
Wilson
&
for each test to predict the performance at the following
Sons) of Blayney, the recycling system
design conditions (See Table 4 below):
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water
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filtration
plant
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has
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water
treatment
capacity
each wavelength was determined using the UVCalc
Fluence
model
Photosciences
Inc., a byof 60,000
m3 per
day.(Bolton
The filter
backwash water,
AB, Canada).
productEdmonton,
of the reverse
flushing of the sand filters in the
filtration plant, is discharged into the system’s three sludge
lagoons, along with sludge from the sedimentation tank.
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7
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89.6%
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The new system involved the construction of a supernatant pumping station to enable the automatic recycling of supernatant from the sludge lagoons into an
in-ground well, and then into the first chamber of the
rapid mix tank.
The water to be recovered at the present annual water
consumption of about 6,000,000 m3 could be as much
as 192,000 m3 per year with overall water to be saved
estimated to be 13,000,000 m3 over 50 years.
The contractor installed two submersible motor pumps
for the pumping station at the in-ground well in addition to an electrical switchboard at the pumping well
and other associated equipment, including a level control for the pumps and lifting chains for raising and lowering them for maintenance.
The Berson UV disinfection system was fitted between
the pumping station and the rapid mix tank to disinfect
the recycled water from the sludge lagoons before returning it to the rapid mix tank. The system fully disinfects up
to a flow rate of 0.06 m3 per second and has a variable
power control to enable the UV dosage to be adjustable
to suit operating conditions. A PLC/SCADA telemetry
system was installed to automatically or remotely control
the operation of the recycle pumps and the UV system.

According to Michael Bambridge, Managing Director
of CST Wastewater Solutions, though the process is not
widely used in Australia, backwash supernatant disinfection can help recover up to 10 percent of the raw
supply, which reduces the demand on the water storage
system and avoids the need for waste flows into the river
system.
Importantly, UV disinfection is effective against Cryptosporidium and Giardia, which could be present in the
backwash water. Mr Bambridge adds that the new
generation Berson SUMMIT lamps are more efficient
than earlier lamps and a have a longer life with Berson’s
power control system.
The supernatant recycling project at Bathurst Regional
Council was partially funded by the Australian Government’s Water for the Future initiative through the National Water Security for Cities and Towns programme.
Berson (www.bersonuv.com) is a UV disinfection specialist based in the Netherlands, with installations
worldwide. The company manufactures UV disinfection systems for municipal drinking water, wastewater
and reuse applications. Berson is one of the few nonGerman UV system suppliers capable of providing a
complete range of UV systems with capacities between
10 – 10,000 m3/hour.

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
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IUVA Industry News continued
HANOVIA APPOINTS NEW SALES AND
MARKETING DIRECTOR
UV disinfection specialist Hanovia has
appointed Tim McDougle as its new
Sales and Marketing Director.
Tim has over 20 years’ experience in
the water industry and joins Hanovia
from Veolia Water Solutions and Technologies, a subsidiary of Veolia Environment, the world leader in environmental services. At
Veolia he held various senior sales and marketing positions in the industrial and municipal water/wastewater
treatment sectors. Through extensive travel he identified new markets for the company in North America,
Europe, Latin America and China.
Tim has a BSc (Hons) Degree in Environmental Science from the University of South West England.
DAIRY PLUS IN THAILAND REPLACES
CHLORINE DISINFECTION WITH HANOVIA UV

“The incoming city water in particular has a high microbial contact – often as much as 20,000 cfu/ml in the
rainy season,” commented Ying Xu, Hanovia’s AsiaPacific Sales Manager. “At these times, high chlorine
doses of even 8ppm were still resulting in microbial
concentrations over 6,000 cfu/ml. Something therefore
had to be done, and that’s where UV was able to help.
“UV, which is a non-chemical disinfection process, was
brought to the attention of Dairy Plus by our local distributor,” continued Miss Xu. “When Dairy Plus saw
the advantages of our medium-pressure UV systems,
which effectively remove microorganisms without any
problems of after-taste or re-infection, the company decided to switch from chlorine to UV as its main disinfection method.”
Five Hanovia UV systems are installed at the plant –
four duty and one standby. Two units disinfect cleanin-place (CIP) water and two are used for treating dairy
mixing water. Each UV system treats up to 130m3/
hour of water. As mentioned there are two sources of
raw water being used with two feeds coming out of the
city water source.
Bacteria targeted for reduction include E. coli and
many other common water-borne coliforms; the expected level of bacterial reduction is a total plate count
of <50 cfu/ml.
“One of the main reasons Dairy Plus selected Hanovia
in particular was due to the efforts of our local distributor, who helped resolve a number of initial complications. Our products are also recognized as offering the
most advanced technology for high purity food and beverage applications like this,” added Ms Xu.

Dairy Plus Co. Ltd. in Thailand has replaced its chlorine-based disinfection system with medium-pressure
UV technology from Hanovia. The company decided
to reduce high levels of chlorine dosage throughout the
process because it was proving ineffective at removing
all microorganisms, particularly in the rainy season. It
was also producing an after-taste in the product.
Water to the plant is from two sources: city water and
deep well water. The chlorine is only dosed at the raw
water feed level, firstly after the clarifier for pre-chlorination and then some low concentration dosing after
the softener.
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“Since our systems were installed the customer is very
satisfied with their performance, reporting that the units
are running well and producing excellent disinfection results. The company is particularly impressed by the lowmaintenance costs, the high-energy output of the systems, and the fact that the frequency of CIP procedures
has been dramatically reduced, meaning less downtime
of the manufacturing process,” she concluded.
Dairy Plus Co. Ltd. produces and distributes UHT
dairy products across Thailand. It is part of the Dutch
Mill Group which accounts for 20 percent of Thailand’s
dairy produce output.

WEST HANOI CROWNE PLAZA TRUSTS ITS
DRINKING WATER TO HANOVIA UV

One of the Hanovia UV systems during installation at the Crowne
Plaza Hotel, West Hanoi

Hanovia’s UV technology is disinfecting drinking water
for the Crowne Plaza Group’s flagship five-star West Hanoi hotel in Vietnam. The UV systems remove potentially harmful microorganisms from the incoming city water
supply, in line with WHO guidelines for drinking water
quality. All the Hanovia UV systems are designed to provide a minimum 99.9 percent reduction in E.coli, Cryptospiridium, Giardia and other harmful microorganisms.
“Although Hanoi’s city water supply is normally free of
E.coli, the design consultant for the Crowne Plaza specified UV disinfection for its five-star hotels in Vietnam
to ensure all water meets the WHO’s drinking water
quality guidelines,” commented Hanovia’s Asia Pacific
Manager Ying Xu. “In this way the hotel group is providing an extra level of health and safety for its residents,” added Ying.
“We selected Hanovia’s UV systems for this installation because of the company’s high-brand recognition
as a supplier of quality, high-end UV systems,” said a
spokesperson from STD&S Co., Ltd, Hanovia’s exclusive Vietnam distributor. “The hotel group is so satisfied with the performance of the UV systems that it has
ordered more units for another hotel currently under
construction in the Vietnamese coastal city of Nhan
Trang,” the spokesperson added.
Ten UV systems are installed in the West Hanoi hotel: four PMD medium-pressure UV units and six
AF3 amalgam UV units, with flow rates ranging from
162m3/h down to 5m3/h. One of the AF3 systems disinfects water for the hotel’s restaurant; the other nine
treat water for all the hotel bedrooms, apartment complexes and offices.

All the UV systems treat water from a storage tank
that has passed through a water softener and sand filter. Water passing through the UV system serving the
restaurant also passes through a RO (reverse osmosis)
filter immediately prior to UV disinfection, offering an
additional level of protection.
Additional benefits of Hanovia’s UV technology mentioned by the contractor include low maintenance;
ease of use; low-operating costs; no high-temperature
issues with the AF3 systems, which are quite capable of
handling high water temperatures; and the multi-functionality of the PMD systems’ control systems, which
are easily integrated with bleed valves to control water
temperature.
Commenting on the installation, Hanovia’s Managing
Director John Ryan said: “This is an interesting installation for Hanovia. Many of our existing hotel installations are for swimming pools and spas, but our expertise in providing UV water disinfection systems for
high purity applications in the pharmaceutical, food
and beverage industries means we are well-placed to
provide similar systems for water treatment in hotels or
other public buildings.”
The WHO describes UV radiation as “biocidal between wavelengths of 180 and 320 nm. It can be used
to inactivate protozoa, bacteria, bacteriophages, yeast,
viruses, fungi and algae.”
Based in the United Kingdom, with a worldwide distributor network, Hanovia is a world leader in UV disinfection technology for industrial applications. With
over 85 years’ experience in the design, development,
manufacture and distribution of UV systems worldwide, Hanovia has been supplying systems for pool water treatment since 1993. Hanovia is a subsidiary of
Halma p.l.c.
HERAEUS NOBLELIGHT ACQUIRES THE
FUSION UV BUSINESS GROUP
Heraeus Noblelight, a business group of the Germanbased precious metal and technology group Heraeus,
is acquiring the Fusion UV business group, headquartered in Gaithersburg, Md,. from British manufacturer
Spectris. The acquisition is subject to customary regulatory approvals.
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IUVA Industry News continued
Heraeus Noblelight is a leader in the production of
specialty light sources and systems. The globally active
Fusion US business group is a specialist in microwave
based UV curing applications.
“We believe the activities of the two companies complement each other superbly. The new combined technology portfolio covers distinct methods for producing UV
light, enabling us to now offer new areas of application,” says Rainer Küchler, managing director of Heraeus Noblelight.
While Heraeus Noblelight has focused on the printing
industry and on the UV disinfection of packaging materials, drinking water, and industrial water, Fusion UV
has applied UV technology in the production of optical fibers and screens for smartphones and other applications. The companies have also focused on different
regions, so the combination now yields broad market
coverage with direct access to all key industrial markets
in the United States, Europe and Asia.
With headquarters in Hanau, Germany, and subsidiaries in the United States, the United Kingdom, France,
China and Australia, Heraeus Noblelight GmbH is a
global market and technology leader in the production
of specialty light sources.
MARS EXPLORATION PROGRAM DIRECTOR
DOUG MCCUISTION TO SPEAK AT PRODUCT
INNOVATION 2013 IN BERLIN

Former Mars Exploration Program Director Doug McCuistion will talk about his experiences with the program at the Product Innovation (PI) 2013 Congress in
Berlin, Feb. 19-20, 2013.
On August 6th 2012, Curiosity, the NASA Mars Rover,
made a successful landing in Gale Crater on Mars. This
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marked the culmination of many years of preparation
and a journey of more than 350 million miles. The
project required ingenuity, continual design innovation
and the management of an entirely unique set of challenges encountered when trying to land a car-sized robotic rover on a planet with conditions not replicable
on Earth.
Other PI 2013 speakers include Steve Wozniak, cofounder of Apple; Professor Alfred Katzenbach, Director Information Technology for Engineering at Daimler; and Mark Chapman, the Chief Engineer at the
Bloodhound Supersonic Car.
Product Innovation 2013 is an event at the nexus between R&D, engineering and information technology,
providing insight and inspiration into product information creation, development and management. It builds
on the years of success of the PLM Innovation Congress
and brings information about the exciting developments
and applications in CAD, CAE and simulation.
For more information: www.picongress.com
CU-BOULDER TEAM HEADED BY KARL
LINDEN WINS $777,000 ‘REINVENT THE
TOILET CHALLENGE’ GRANT FROM GATES
FOUNDATION
An interdisciplinary team of students and faculty environmental and chemical engineers from the University
of Colorado Boulder headed by IUVA president-elect
Karl Linden has been awarded a $777,000 grant from
the Bill and Melinda Gates Foundation for its proposal
to develop a solar-biochar toilet for use in developing
countries.
The grant is part of the “Reinvent the Toilet Challenge” (RTTC) initiated by the Gates Foundation to
address a sanitation challenge affecting nearly 40 percent of the world’s population. According to the Gates
Foundation, 2.5 billion people around the world don’t
have safe and sustainable sanitation and have no place
to put human waste.
“We need a radical shift in how over 2 billion people
around the world are going to safely dispose of their human waste, and we need it as soon as possible,” says Dr.
Linden, who is a professor of environmental engineering at the University of Colorado Boulder.

The University of Colorado team began work on the
16-month-long grant starting Sept. 1.
The team’s project involves a solar toilet that concentrates solar energy via a concentrator and transmits that
heat to disinfect liquid and solid waste and create charlike material that can be used as a soil amendment in
agriculture or as a possible fuel source.
The solar concentrator raises the waste chamber temperature to 400 to 700 degrees Centigrade, which results in pyrolysis of fecal material. When solar light gets
released, Dr. Linden explains, the photons transfer heat
to the reaction chamber. Pyrolysis is a thermochemical
decomposition of organic material at elevated temperatures in the absence of oxygen.
The solar concentrator design consists of a series of
collectors dishes located next to a latrine which collect
solar energy and then concentrate it into a small area (1
to 2 cm²) and direct it with the use of fiber optics to the
reaction vessel.
“This project integrates areas of expertise at CU in
solar-thermal processes, disinfection and biochar that
would not typically work together and creates a great
team to tackle such a complex and important problem
as sustainable sanitation solutions in developing countries,” says Dr. Linden, who is the principal investigator
on the project. The team expects to have a prototype
developed by December of this year.
The RTTC program targets technologies that have the potential to quickly render fecal waste safe to handle, without
using fossil fuels, and produce a valuable end product at a
price point that developing communities can afford.
NEW IWA BOOK ON THE ‘CHEMISTRY
OF OZONE IN WATER IN WASTEWATER
TREATMENT’
IWA (International Water Association) has recently published the book titled “Chemistry of Ozone in Water
and Wastewater Treatment -- From Basic Principles to
Applications” The authors are Professor Clemens von
Sonntag of the Max Planck Institute for Bioinorganic
Chemistry in Mülheim an der Ruhr, Germany, and the
University of Duisburg-Essen in Essen, Germany; and
Professor Urs Von Gunten, of the Swiss Federal Institute of Aquatic Science and Technology in Dübendorf,
Switzerland and the Ecole Polytechnique Federal de

Lausanne in Lausanne, Switzerland.
The book discusses mechanistic details of ozone reactions as much as they are known to date and applies
them to the large body of studies on micropollutant
degradation (such as pharmaceuticals and endocrine
disruptors) that is already available.
For more information about the book and how to purchase a copy visit: http://www.iwapublishing.com/template.cfm?name=isbn9781843393139
UV PURE TECHNOLOGIES SELECTED BY
ALWAYSON AS A GOINGGREEN SILICON
VALLEY GLOBAL 200 WINNER
UV Pure Technologies, which develops and manufactures
technically advanced UV water purification systems, has
been chosen by AlwaysOn as one of the GoingGreen
Silicon Valley Global 200 winners. Inclusion in the GoingGreen Silicon Valley Global 200 signifies leadership
among peers and game-changing approaches and technologies. UV Pure Technologies was specially selected by the
AlwaysOn editorial team and industry experts worldwide
based on five criteria: innovation, market potential, commercialization, stakeholder value and media buzz.
UV Pure Technologies and the GoingGreen Silicon
Valley Global 200 companies were honored in November at the AlwaysOn’s seventh annual GoingGreen Silicon Valley, at the Golden Gate Club in San Francisco.
“This is the first time UV Pure has been recognized by
the GoingGreen Silicon Valley Global 200,” said Rick
VanSant, president and CEO of UV Pure Technologies. “It is truly an honor to be included in this year’s
Going Green Global 200 and to be acknowledged for
our company’s successful commercialization of its patented Crossfire Technology. UV Pure Technologies has
over 12,000 applications globally using its advanced
UV water disinfection systems.”
The GoingGreen Global 200 winners were selected
from among thousands of domestic and international
technology companies nominated by investors, bankers, journalists, and green technology industry insiders.
The AlwaysOn editorial team conducted a rigorous
three-month selection process to finalize the 2012 list.
A full list of all the AlwaysOn GoingGreen Silicon Valley 200 winners can be found on the AlwaysOn website
at http://goo.gl/zMfGT.

WINTER 2012

11

IUVA
Events
THE 2ND IUVA BALLAST WATER WORKSHOP
HAMBURG, GERMANY, HANDWERKSKAMMER
(HAMBURG CHAMBER OF TRADE)
MARCH 6, 2013
IUVA will join with BSH (Germany’s Federal Maritime
and Hydrographic Agency) and PIA (Testing Institute
for Wastewater Technology) to present a half-day workshop on ballast water on Wednesday, March 6 from
1-4:30 p.m. at the Handwerkskammer in Hamburg,
Germany.
The program’s agenda includes topics such as: “Retrofit Requirements for UV Systems,” “UV Ballast Water
Systems – A Shipyard’s View,” “Update from a Testing
Facility,” and “U.S. Update on UV Testing.”
Registration is €120 for IUVA members and €150 for
non-members.
The workshop will be followed by a regulation and
compliance conference hosted by BSH on March 7,
and a wastewater treatment conference hosted by PIA
on March 8.
Register on line at www.iuva.org. For more information
contact: +49 5221 104 143 or e-mail Andreas.Kolch@
iuva.org or Deborah Martinez at the IUVA main office
at info@iuva.org
IUVA REGIONAL CONFERENCE IN
KARLSRUHE, GERMANY
The IUVA EMEA Hub is planning a conference in collaboration with the German Water Technology Center
(TZW) at the Convention Center in Karlsruhe, Germany, June 4-5, 2013. The conference will focus on the
use of UV technology worldwide to disinfect water, to
reuse wastewater and other applications. Scientists, engineers and industry leaders will make presentations at
the conference.
The Call for Papers is open until March 1, 2013. Paper
topics may include UV applications on drinking water,
pool water, wastewater, any kind of industrial process
water, ballast water and water for reuse. The technologies comprise disinfection, advanced oxidation process-
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es, photochemical treatment, point-of-entry and pointof-use applications. Abstracts may be submitted on line.
Length is 300-500 words. For more information, visit:
http://iuva.org/event/karlsruhe-germany
Don’t miss all the latest information about water treatment related UV technology topics including e.g. drinking water, wastewater, advanced oxidation or ballast
water treatment. Hear about new developments, applications, research and technologies and get firsthand
market intelligence. Network with top international researchers and engineers, and meet regulators and company representatives to make your involvement with
UV technology a successful one.
Take advantage of the Early Bird registration, which
ends on Feb. 28. Full Registration includes lunch and
breaks during the day. Please indicate whether you intend to attend the conference dinner on the evening of
June 4. Space is limited.
Early Bird Registration is €520. Full Registration is
€590. Student Registration is €260. A one-day Registration is available at €295.
Register on line at www.iuva.org. For more information
contact: +49 5221 104 143 or e-mail Andreas.Kolch@
iuva.org or Deborah Martinez at the IUVA main office
at info@iuva.org
WORLD CONGRESS AND EXHIBITION 2013
MIRAGE HOTEL AND CASINO
LAS VEGAS, NEVADA
SEPTEMBER 22-25, 2013
This event continues a long series of successful congresses organized worldwide by the IOA and IUVA
associations to provide an international forum for all
concerned with fundamental, engineering and applied
aspects of oxidation techniques involving ozone and related oxidants and/or UV techniques.
It will be the third joint IOA and IUVA World Congress
and Exhibition that will combine the 20th IOA World
Congress and 6th IUVA World Congress.

The conference will provide current technical, process
and operational information for engineers, scientists,
and end users of UV, Ozone, and Advanced Oxidation
technologies.
The Call for Papers for the World Congress has been
extended until March 1, 2013. Share your exciting Ultraviolet and Ozone technological advancements and
experiences in this unique forum showcasing the world’s
premier advanced treatment technologies. Join a group
of industry leaders, scholars, scientists, engineers and
other experts at the world’s top venue for state-of-the-art
knowledge and insights on UV, Ozone, and Advanced
Oxidation!
Abstracts accepted for oral presentation will include a
25-minute oral presentation followed by 5 minutes of
Q&A. Abstracts accepted for poster presentation will
include a 5-minute oral presentation session followed by
45 minute Q&A session at each poster session.
The Executive Committee and membership of The International Ultraviolet Association (IUVA) are proud to
present seven different achievement awards in the field
of UV technologies. The IUVA makes these awards every two years to formally acknowledge major achievements and milestones by scientists, engineers, and students studying UV technology and its applications.
Nominations for the following awards are being solicited:
• Lifetime Achievement Award (Feb. 15, 2013, nomination deadline)
• Best Student Paper/Poster Award (more information will soon be provided in the call for papers and
posters)
• UV Engineering Project of the Year (Feb. 15, 2013,
self-nominations welcome)
• UV Light Award for Volunteer Recognition (Feb.
15, 2013, self-nominations welcome)
• Best UV Paper Award (Feb. 15, 2013, self-nominations welcome)
• UV Product Innovation Award (Feb. 15, 2013, selfnominations welcome)
• Green UV Award (Feb. 15, 2013, self-nominations
welcome)
For more information, visit: www.iuva.org
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UV Lamp Temperature Characteristics
Zhiming He
Foshan Comwin Light & Electricity Co., Ltd.
(Mingcheng Chengqi Rd. Cangjiang Industrial Park, Gaoming District, Foshan,Guangdong,China) (hezhiming@
comwinlight.com)

INTRODUCTION
The optical and electrical parameters of low-pressure
(LP) ultraviolet (UV) lamps are closely related to the
mercury vapor pressure in the lamp, which in turn are
closely related to the temperature. Thus a temperature
change will cause a substantial change in the UV lamp
output.

cesses. Because of the very high frequency of these processes, an atom that absorbs a photon has no time to
produce radiation and impact with the electrons and
other atoms. The atom may be excited to a higher energy level and emit visible light. Or the energy of the atom
can be decreased by impact, which causes a reduction
of the 253.7 nm UV conversion efficiency.

Many LP UV lamps now employ the use of a mercury
amalgam, with one or more other elements (e.g., indium), to control the mercury vapor pressure in the lamp.
Different amalgams have different characteristics, and
the variation of characteristics of some amalgam types
is very large; for example, the temperature limits can
change by a factor of 5–10, and the UV output can decrease to 50 percent of its normal level. So one should
pay more attention to the characteristics of the lamp
UV output, which will be a function of different operating temperature circumstances.

There is an optimimal mercury vapor pressure (Popt) in
the LP UV lamp, at which the 253.7 nm UV conversion
efficiency is the highest. When the actual mercury vapor
pressure deviates from Popt, the 253.7 nm UV conversion efficiency will decrease.

THEORETICAL ANALYSIS
In a LP UV lamp, the mercury vapor pressure PHg is
proportional to the mercury atom concentration. When
the PHg increases, the probability of impact between
the mercury atoms and the electrons increases, and the
253.7 nm UV radiation efficiency ηUV also increases.
On the other hand, there is a negative effect on the UV
output when the mercury atom concentration increases.
That is, the 253.7 nm radiation that is emitted from a
given atom can be absorbed by a nearby ground-state
atom; this is called resonance absorption. When the mercury vapor pressure is low, resonance absorption obviously will not decrease the UV output; however, when
the mercury vapor pressure is high enough, the effect of
the resonance absorption cannot be neglected.
A 253.7 nm photon, which is emitted from an atom
and radiated from the UV lamp will, on average, pass
through 100 to 1000 absorption and re-emission pro-

14

IUVA NEWS / VOL. 14 NO. 4

The mercury vapor pressure increases with increasing
temperature (see Figs. 1 and 2). The η curve of Fig. 1 is
characteristic of the UV relative output, which changes
as a function of different liquid mercury temperature in
the standard T4 (φ = 12 mm) and T2 (φ = 8 mm) UV
lamps.

Figure 1. Characteristic curves of standard T4 and T2 UV lamps
relative to the liquid mercury vapor pressure.

vapor pressure is 107 ℃. Hence, the mercury vapor
pressure will be lower, and the relative UV output drops
to about 40 percent. So it is obvious that any change of
the mercury vapor pressure will influence significantly
the UV output.

Figure 2. Characteristic curves for the standard T4 UV lamp with
either a Bi-In-4.5 or a Bi-In-1.5 amalgam

In Fig. 2, when the Bi-In-Hg4.5% amalgam temperature is 105 ℃, the mercury vapor pressure is at a minimum, and the relative UV output is only 78 percent.
As the lamp burns, the mercury content of the amalgam Bi-In-Hg3.5 percent decreases from 3.5 percent to
1.5 percent because the mercury is lost (e.g., by reaction with the impurities from the lamp) in the process
of lamp burning. At this time, the temperature of the
Bi-In-Hg1.5 percent amalgam for minimum mercury
a

CHARACTERISTICS OF UV RELATIVE
OUTPUT AS A FUNCTION OF WATER
TEMPERATURE
1. The UV output (UV intensity) should maintain a
high level and have small fluctuations over the actual
operating temperature range. Figs. 3a-d show the relative UV output characteristics as a function of water
temperature for several typical UV lamps. Fig. 3d shows
a high UV output and small fluctuation over the operating water temperature range.
2. In water disinfection applications, one should ensure
at any time that a good disinfection effect is obtained
for various operating temperature circumstances. So
one should pay more attention to the relative UV output characteristics as a function of water temperature
at the beginning of the lamp lifetime. At the same time,
the relative UV output characteristics as a function of
water temperature near the end of the lamp life is also
important. In order to get a good disinfection effect for
b
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Figure 3. Characteristic curves of the UV lamp output versus temperature for several amalgams: (a) amalgam 1; (b) amalgam 2; (c) amalgam
3; (d) amalgam 4
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the water disinfection equipment, one should use the
minimum UV output value as a function of temperature to calculate the UV dose.
Figs. 4a-d show the relative UV output characteristics
as a function of water temperature at the beginning of
the lamp lifetime (0 h) and near the end of the lifetime
(12,000 h) for a 320 W UV lamp from several typical
UV lamp manufactures,
Some water disinfection equipment designers do not
pay attention to the lamp characteristics when calculating the UV dose. Normally, they multiply the UV
data by an aging factor to calculate UV dose, using data
supplied by the lamp manufacturer. Generally, the UV
output data is the maximum UV output value of the
lamp.

Table 1. Calculation of UV dose for various lamps
UV Irradiancea / µW cm–2

UV Irradiancea / µW cm–2

2,600

2,080

2,040

0.850

4b

2,550

2.040

1,400

0.686

4c

2,580

2,064

1,340

0.632

4d

2,240

1,792

880

0.746

Note:
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In Fig. 4a, the maximum UV irradiance is 2,600 µW/
cm2; if one multiplies 2,600 µW/cm2 by an aging factor of 0.80, one obtains the revised UV output value
2,080 µW/cm2; this value is only slightly larger than the
actual UV output minimum value of 2,040 µW/cm2
(over the 5-40 operating temperature range). Table 1
summarizes similar calculations for the various lamps.
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Figure 4. Characteristic curves versus water temperature for 320 W UV lamps from several manufacturers: (a) manufacturer A; (b) manufacturer B; (c) manufacturer C; (d) manufacturer D
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Note that for Figs. 4b-4d, the UV output after the aging factor is applied is far larger than the minimum UV
output over the temperature range.
According to the above data, if one multiplies the maximum value by the aging factor to revise the UV output
value and use these data to calculate the UV dose, then
one would obtain a far larger UV dose than the actual
UV dose. If one designs the water disinfection equipment based on these data, the UV dose would not be
sufficient to obtain a good disinfection effect over some
period of lifetime and over the water temperature operating range.
Now the UV output value and aging factor value are
supplied by the lamp manufacturer, but some values
lack strict and specific data to support them. The lamp
manufacturer should supply accurate UV output characteristics, which change as a function of water temperature at the beginning of the lamp lifetime and near
the end of the lamp lifetime to support the calculation
of UV dose and the design of water disinfection equipment. The equipment designers should select good
quality low-pressure, high-intensity UV lamps (to cover
different lamp operating temperature conditions) to
make sure of a good disinfection effect and lowest cost
of the equipment.
REMINDER: UV EQUIPMENT DESIGNERS NEED TO PAY MORE ATTENTION TO THE UV LAMP OUTPUT CHARACTERISTICS AS A FUNCTION OF DIFFERENT OPERATING TEMPERATURE CIRCUMSTANCES.
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Low Wavelength Medium-Pressure UV
Disinfection – Communication Update
This article was submitted by Kati Bell (CDM Smith) and Oliver Lawal (Aquionics) who serve on the joint IUVA/
AWWA Communications Subgroup of the Low Wavelength UV Disinfection Working Group.

BACKGROUND
se of ultraviolet (UV) light to disinfect drinking
water has become a cost-effective treatment
technology to address regulatory requirements
for reducing microbial contaminants. In addition to the
fact that UV light can inactivate pathogenic microorganisms without forming regulated disinfection byproducts (DBPs), it is also effective against some pathogens,
such as Cryptosporidium, that are resistant to commonly used disinfectants like chlorine or ozone (EPA, 1999).

U

Research in the late 1990s demonstrated that UV light
inactivates Cryptosporidium and Giardia at low UV
doses (Bukhari et al., 1998), and this research resulted
in the development of the United States Environmental
Protection Agency’s (USEPA) Long Term 2 Enhanced
Surface Water Treatment Rule (LT2ESWTR), which
lists UV disinfection as a viable technology for achieving
Cryptosporidium, Giardia, and virus credit, resulting in
greater acceptance of UV disinfection by state and provincial regulators throughout North America. Today,
hundreds of surface water treatment plants (WTPs) in
the U.S. and Canada have either installed UV disinfection or are planning to install UV disinfection for applications ranging from 0.5 to 2,200 million gallons per
day (mgd). Approximately 75 percent of those systems
use polychromatic medium-pressure (MP) mercury vapor lamps (Wright et al., 2012) due to their smaller footprint requirement and a potential for more effectiveness
against adenovirus (Linden 2009). MP lamps generate
germicidal UV light at wavelengths from 200 to 320 nm.
In the U.S., the LT2ESWTR specifies that UV systems
receive disinfection credit based on a biodosimetry
validation. With UV validation, the inactivation of a
non-pathogenic surrogate microbe, like MS2 phage, is
measured as a function of flow through the reactor, UV
transmittance of the water at 254nm, and lamp power
settings. Results are analyzed with respect to a reference
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dose-response curve, to define a UV dose monitoring
algorithm that is programmed into the UV reactor’s
controller. Recent validation testing and computational
fluid dynamics (CFD) modeling has raised the awareness that the validation process used to characterize
some MP UV systems may not account for disinfection
from low wavelength (i.e., less than 240 nm) UV light.
The discrepancy is between the dose proven in full-scale
testing with surrogate organisms and the level necessary
for targeted organisms (e.g., Cryptosporidium). Some
surrogates (e.g., MS2 phage) are inactivated more easily than target pathogens (e.g., Cryptosporidium) by the
light in the low wavelength UV spectra. This development is important to both current and future design and
operation of medium-pressure UV systems. Low-pressure lamps that emit monochromatic light primarily at
253.7nm and MP UV systems that block wavelengths
below 240nm are not impacted.
PROCESS TO RESOLVE
To address this issue, technical experts, including academicians, water utilities, consulting engineers, manufacturers and validators, have held a series of working
meetings to share information, better define this issue
and develop an interim solution for existing MP UV facilities while a more detailed protocol is developed to
assure appropriate inactivation levels are achieved by
current and future MP UV disinfection systems. The
first meeting was held at the May 2011 IUVA Biennial Conference in Paris, France, where the issue was
initially presented to the UV industry. Since that meeting, North American stakeholders have developed and
begun to implement a plan to collect data to address
the issue. While critical research is ongoing, the working
group also understood the need to provide information
that could be communicated to utilities, regulators, design engineers and other stakeholders about the issue
and options for resolution.

In August 2012, the working group released this communication brief that provided a brief description of
the issue, interim options for utilities that have already
installed MP UV systems, as well as a summary of the
ongoing research being conducted to bring the issue to
resolution. Additional information will be provided in
future issues of the IUVA News as the Working Group
continues to make progress. It is also of note that since
the release of the August 2012 communication, WaterRF Project 4478 has been initiated. The goal of this
project is to develop a set of action spectra correction
factors, using specific medium-pressure (MP) UV reactors and their associated validation conditions, which
will allow utilities to continue to use these UV systems to
confidently achieve regulatory credit for pathogen disinfection. Additional information on the project can be
obtained at: http://www.waterrf.org/Pages/Projects.
aspx?PID=4478

Linden, K.G., Shin, G.A., Lee, J.K., Scheible, K., Shen,
C.Y., and Posy, P. (2009). Demonstrating 4-log adenovirus inactivation in a medium-pressure UV disinfection
reactor. Journal American Water Works Association,
101(4): 90-+.
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Light. In Proc. of the Annual AWWA Conference and Exposition . Denver, Colo: AWWA.
Wright, H.W., Gaithuma, D., Heath, M., Schulz,
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Low Wavelength Medium Pressure UV
Disinfection Update
AWWA/IUVA Working Group, August 2012
For additional information, contact Steve Via at sviaa@awwa.org

Context: UV Disinfection of Cryptosporidium and
Giardia
The EPA UV Disinfection Guidance Manual
(UVDGM1) was released in 2001 and 2003, and a final
version was released in 2006. During its development,
the UVDGM was challenged by limited experience with
full-scale UV system validation and operation. Recent
validation testing and computational fluid dynamics
(CFD) modeling raises the possibility that the validation
process used for some medium-pressure UV systems
may not account for disinfection from low wavelength
(i.e., less than 240 nm) UV light. This is because some
test surrogates (e.g. MS2 phage) are inactivated more
easily than target pathogens (e.g. Cryptosporidium) at
these low wavelengths. There has been considerable
evolution in the understanding of UV disinfection in the
last decade, and this communication describes factors
not fully addressed by the UVDGM that impact some
medium-pressure UV applications.
Note that this document does not pertain to UV
applications that:
1. Use low-pressure mercury vapor lamps
that do not produce output in wavelengths
below 240nm (as illustrated in Figure 2.13
of the UVDGM), or
2. Have irradiation penetrating into the
water, at wavelengths below 240 nm, that
amounts to no more than 2 percent of the
total radiant power emission in the spectral
region between 240 and 290nm (verified by
data provided by the manufacturer of the
UV lamp or sleeve) per DVGW Technical
Standard 2942
1

US EPA, Ultraviolet Disenfection Guidance Manual for the Final
Long Term 2 Enhanced Surface Water Treatment Rule. Nov. 2006.
http://www.epa.gov/ogwdw/disinfection/lt2/pdfs/guide_lt2_
uvguidance.pdf

2

DVGW, Deutsche Vereinigung des Gas und Wasserfaches (German
Association of Gas and Water). http://www.dvgw.de/english-pages/
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ACTION SPECTRA FACTORS
Recent research indicates that there are differences in
sensitivity among target pathogens and test surrogates
used for validation of UV reactors; this is illustrated
in Figure 1 (reproduced from Wright et al.3) for
Cryptosporidium and the surrogate MS2. There
is ongoing Water Research Foundation (WaterRF)
research into more clearly defining action spectra of
both target pathogens and test surrogates (WaterRF
Projects 4376 and 4478)45

3 Wright et al. 2011. What the UVDGM Does Not Address on UV
Disinfection. Proceedings from IUVA World Congress 2011.
4 WaterRF Project 4376, Guidance Document for Testing MediumPressure UV Inactivation of Viruses and Cryptosporidium.
Additional information available from: http://www.waterrf.org/
Pages/Projects.aspx?PID=4376
Objectives: For inactivation of adenovirus, Cryptosporidium
oocysts, and validation test microbes by medium-pressure
ultraviolet light, this project will (1) develop the action spectra data,
(2) develop and demonstrate models that predict the inactivation,
(3) understand the impact of lamp output, sleeve UV transmittance
and water UV absorbance spectra, (4) develop UV dose monitoring
algorithms and validation matrices, and (5) develop a guidance
document.
5 WaterRF Project 4478, Integrating Action Spectra and CFD Analysis
for Optimizing Inactivation Credit of Regulated Pathogens in
Medium-Pressure UV Disinfection Systems
This project has only recently been approved by the Water
Research Foundation, and there will not be a web page for this
project until the research contract is executed.

VALIDATION FACTORS
There are factors that may exacerbate these differences
and can affect UV reactor dose delivery, including:
• UV reactor lamp configuration
• Type and absorbance properties of quartz
• UV absorber used during validation testing
• Absorbance of water at both validation and
installation sites
• Lamp output spectrum
INTERIM OPTIONS UNTIL FINAL GUIDANCE
IS DEVELOPED
Several potential options have been proposed by the
working group to address the factors described herein:
1. Rely on Conservatism in UV Design.
The UVDGM imposes several safety factors in
calculation of the required (credited) UV dose
for inactivation of Cryptosporidium and Giardia.
For example, the UVDGM requires UV dose of
12 or 11 mJ/cm² for validating 3-log inactivation
of Cryptosporidium or Giardia, respectively. More
recent analysis of the Cryptosporidium data6 used
to develop the UVDGM suggests that UV dose
for 3-log inactivation is between 3 and 6 mJ/
cm²; further, preliminary results from more
rigorous follow-up research7 also suggests lower
doses than required per the UVDGM.
2. Apply a Blanket Action Spectra
Correction Factor (ASCF). In order to
resolve the purported differences among
microorganism sensitivity to polychromatic
UV emission, some states are using general
correction factors to conservatively account for
the action spectra factor. The AWWA/IUVA
working group is considering values based on
new WaterRF research8 that measures and
6

Qian, S.S., Linden, K., and Donnelly, M. 2005. A Bayesian analysis
of mouse infectivity data to evaluate the effectiveness of using
ultraviolet light as a drinking water disinfectant. Water Research,
39:4229-4239.

models the effects of these factors.
3. Apply a Site-Specific ASCF. Using
lamp emission spectra, water absorbance
spectra, surrogate response data and reactor
characteristics, numerical techniques can be
used to determine a site-specific ASCF. This
factor should be established in collaboration
with the UV manufacturer and local regulatory
agency; and, in some cases modeling may
demonstrate that an ASCF is not required. The
AWWA/IUVA working group is coordinating
efforts with WaterRF research on measurement,
CFD and other modeling methods to provide
guidance in standardizing these calculations.9
4. Modify Validation Protocols. A reactor can
be validated or revalidated using conditions that
minimize or eliminate the need for a revised
correction factor once the new action spectra
have been determined.10 Some reactors may
have already been validated in a manner such
that the ASCF is less than 1.06 and, as such, no
action correction may be required.

confidence in continuing to assign such credit.
WaterRF Project 4478, Integrating Action Spectra and CFD Analysis
for Optimizing Inactivation Credit of Regulated Pathogens in
Medium-Pressure UV Disinfection Systems

7 WaterRF Project 4376, Integrating Action Spectra and CFD Analysis
for Optimizing Inactivation Credit of Regulated Pathogens in
Medium-Pressure UV Disinfection Systems

9 WaterRF Project 4421, Development of Validation Factors for
Possible Low-Wavelength Biases in Assessing UV Inactivation of
Cryptosporidium.

8

10 WaterRF Project 4376, Integrating Action Spectra and CFD
Analysis for Optimizing Inactivation Credit of Regulated Pathogens
in Medium-Pressure UV Disinfection Systems -- WaterRF Project
4421, Development of Validation Factors for Possible LowWavelength Biases in Assessing UV Inactivation of Cryptosporidium
WaterRF Project 4478, Integrating Action Spectra and CFD Analysis
for Optimizing Inactivation Credit of Regulated Pathogens in
Medium-Pressure UV Disinfection Systems

WaterRF Project 4376, Integrating Action Spectra and CFD
Analysis for Optimizing Inactivation Credit of Regulated Pathogens
in Medium-Pressure UV Disinfection Systems
WaterRF Project 4421, Development of Validation Factors for
Possible Low-Wavelength Biases in Assessing UV Inactivation of
Cryptosporidium. Additional information available from: http://
www.waterrf.org/Pages/Projects.aspx?PID=4421. The goal of this
project is to provide a safe interim solution to the newly identified
issues around medium-pressure UV validation procedures. The
solution aims to allow water utilities to continue operating their
MP UV systems for regulatory credit and to provide regulators with
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Mobile UV Disinfection:
A Bright Spot in the Battle Against Hospital
Acquired Infections
By Sam Guzman, American Ultraviolet

THE HIGH COSTS OF HOSPITAL ACQUIRED
INFECTIONS
ccording to the Centers for Disease Control ,
one in 20 hospital patients will acquire a Hospital Acquired Infection (HAI). This rate continues to climb steadily and has increased by 36 percent
over the past 20 years. In the United States, the CDC
estimated roughly 1.7 million hospital-associated infections contribute to 99,000 deaths each year.

A

A 2007 CDC estimate of the overall annual direct medical costs of HAIs to U.S. hospitals ranges from $35.7
billion to $45 billion. Estimates of the economic benefits of prevention range from $25.0 to $31.5 billion,
with an average cost per infection of $13,973 and an
increased cost to surviving patients of approximately
$40,000. For example methicillin-resistant Staphylococcus aureus (MRSA) has become endemic, even epidemic in many U.S. hospitals and has added 2.7 million
extra days in the hospital with an average added cost of
$35,367 per incidence.

Total Health Care Cost
From Hospital-Acquired Infections
Over 99,000 deaths per year in the United States
Increased ICU stay 8 days
Increased average hospital stay between 7.4 and
9.4 days
Total dollar cost between $35 and $45 billion
Average cost per infection of $13, 973
Increased total cost per patient who survived
approximately $40,000
THE ROLE OF CONTACT SURFACES IN HAI
TRANSMISSION
In the past, experts believed that the most significant
source of hospital-acquired pathogens was the patient’s
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own flora. More recently however, the role of infection from contact with contaminated surfaces has been
identified and empirically demonstrated to be a strong
contributor to the transmission of Hospital Acquired
Infections. For example, Weber, et al. (2010) found that
an estimated 20 to 40 percent of nosocomial infections
studied were a result of cross-infection via the hands of
healthcare workers, and contact with “high-touch” surfaces. A 2007 study (by Boyce) of a Connecticut hospital revealed that 59 percent of the surfaces in rooms of
patients studied were contaminated with MRSA. The
chart shows the reported incidence of contamination
on the most common surfaces tested.
TRADITIONAL METHODS OF CLEANING
AND DISINFECTION ARE INSUFFICIENT AND
COSTLY
Cleaning is the removal of soil and contaminants from
surfaces, whereas disinfection relates to the inactivation
of pathogens by use of a disinfectant. Microorganisms
vary in their resistance to disinfectants, so agents must
be chosen carefully for their effectiveness, particularly
for C. difficile spores. Furthermore, the hospital environment is complex and often difficult to clean, and use of
a cleaning agent that is not effective against the target
organism can spread pathogens to other surfaces.

25-30 minutes. A “terminal clean” after a patient is
discharged or transferred requires 40-45 minutes. Unfortunately a 2011 survey of environmental services
managers by UMF Corp. found that their departments
were, on average, short by 5 to 9 full time employees.
Even when the rooms are cleaned, the wrong cleaning
materials are often employed. The Environmental Protection Agency said in 2009 that approximately onethird of 325 registered hospital disinfectants failed to
meet its standards for effectiveness.
Numerous studies conclude that manual cleaning and chemical
disinfection alone is inadequate to safeguard against HAI
transmission on high-touch surfaces.

UV IS EFFECTIVE AT KILLING
MICROORGANISMS

In their 2010 paper on the role of contaminated sur
faces in the transmission of nosocomial pathogens, Otter et al., note that “cleaning and disinfection does not
always eradicate pathogens from surfaces” and that “…
it is difficult to determine whether it is the products, the
procedures, or a combination of the two that is responsible for the failure to eradicate pathogens from surfaces.”
Several recent studies underscore the inadequacy of
current cleaning and manual disinfection in hospitals.
Carling, et al. (2010) report that nine studies of thoroughness of cleaning and disinfection, which included
more than 62,500 high-touch surfaces in 103 different
institutions and 142 study sites identified opportunities
for improved cleaning in all venues, documenting that
cleaning and disinfection must be improved across a
broad range of U.S. healthcare settings as part of efforts to prevent transmission of pathogens.
Carling, et al. (2008) identified significant opportunities
in all participating hospitals to improve the cleaning of
frequently touched objects in the patients’ immediate
environment. The overall thoroughness of terminal
cleaning, expressed as a percentage of surfaces evaluated, was 49 percent (the range for all 23 hospitals in
the study was 35 percent to 81 percent). There was
significant variation in cleaning efficacy with respect
to the cleaning of toilet handholds, bedpan cleaners,
light switches and door knobs (mean cleaning rates less
than 30 percent); sinks, toilet seats and tray tables were
consistently relatively well cleaned (mean cleaning rates
over 75 percent). Patient telephones, nurse call devices,
and bedside rails were inconsistently cleaned.
By following all of the recommended steps, cleaning
an occupied patient room should take approximately

UV irradiation causes cleavage of peptide bonds in DNA and RNA,
inactivating organisms.

Unlike most conventional hospital disinfectants, ultraviolet (UV) radiation does not inactivate microorganisms by chemical means. UV radiation inactivates organisms by the absorption of UV light, which causes a
photochemical reaction that alters the cells molecular
components. UV rays penetrate the cell wall of the microorganism reacting with nucleic acids and other vital
cell constituents that results in the injury or death of the
UV-exposed cells.
In this way, UV radiation is efficient inactivating many
forms of bacteria, viruses and other pathogenic microorganisms. UV irradiation in the vicinity of 254 nanometers (nm) inactivates microorganisms by irreparably
damaging their nucleic acid peptide bonds.
The germicidal effects of UV light involve photochemical damage to RNA and DNA within the microorganisms. DNA and RNA carry genetic information necessary for reproduction. Therefore, damage to either
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of these substances can effectively sterilize the organism. The efficacy of UV in inhibiting the growth and
survival of pathogens is responsible for the widespread
adoption of UV purification of air and its use in water
treatment facilities worldwide.
The degree to which the destruction or inactivation of
microorganisms occurs by UV radiation is directly related to the UV dose. UV dosage is the product of the
UV sources irradiance and exposure time. The UV dosage is calculated as:
D=I·t
Where:
D = UV Dose, mW × seconds /cm2
I = Intensity, mW/cm2
t = Exposure time, seconds
A substantial amount of evidence indicates that when
microorganisms are exposed to UV radiation, a constant fraction of the living population is inactivated
during each progressive increment in time. This dosedeath relationship for germicidal effect indicates that
high-intensity UV energy over a short period of time
would provide the same kill as a lower-intensity UV energy at a proportionally longer period of time. It should
be noted however that the intensity of UV incident on
the organism can be affected by a number of factors:
the intensity of the lamp (which may diminish as it ages
over time), the efficiency of the reflected UV energy, the
distance between the light source and the organism, and
the absorption due to any materials in between.
Since UV intensity generally decreases as the square of
the distance, the dimensions of the hospital room is a
critical factor when irradiating objects from afar and so
the dose calculation must be made with particular attention to this factor.
The following are incident energies of germicidal ultraviolet radiation at 253.7 nanometers wavelength necessary to inhibit colony formation in microorganisms
(90%) and for 2-log reduction (99%):
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Energy Dosage of Ultraviolet
radiation (UV dose) in μWs/
cm2 needed for kill factor
90%
(1 log
reduction)

99%
(2 log
reduction)

Bacillus paratyphusus

3,200

6,100

Bacillus subtilis spores

11,600

22,000

Bacteria

Bacillus subtilis

5,800

11,000

Clostridium tetani

13,000

22,000

Corynebacterium diphtheriae

3,370

6,510

Escherichia coli

3,000

6,600

Microccocus candidus

6,050

12,300

Microccocus sphaeroides

1,000

15,400

Mycobacterium tuberculosis

6,200

10,000

Neisseria catarrhalis

4,400

8,500

Proteus vulgaris

3,000

6,600

Pseudomonas aeruginosa

5,500

10,500

Pseudomonas fluorescens

3,500

6,600

Shigella paradysenteriae

1,680

3,400

Staphylococcus aureus

2,600

6,600

Staphylococcus lactis

6,150

8,800

Streptococcus viridans

2,000

3,800

90%

99%

2,600
5,800
3,400
3,150
240,000

6,600
8,000
6,600
6,600
440,000

Virus
Bacteriopfage - E. Coli
Infectious Hepatitis
Influenza
Poliovirus - Poliomyelitis
Tobacco mosaic

UV SHOWS PROMISING RESULTS IN
HOSPITAL TRIALS
As more effective and cost-efficient mobile UV sources
have emerged in response to the HAI problem, several
recent field studies have affirmed UV’s effectiveness in a
hospital disinfection setting.
A 2010 study (by Rutala et. al.), was carried out in an
acute care tertiary hospital in North Carolina. First,
Formica sheets contaminated with approximate organisms of MRSA, VRE, multidrug-resistant (MDR) or
Clostridium difficile spores were placed in a hospital room,
both in direct line of sight of the mobile UV device and
behind objects. After timed exposure, the presence of
the microbes was assessed. During phase 2, specific sites
in rooms that had housed patients with MRSA or VRE

infection were sampled before and after UV irradiation. After timed exposure, the presence of MRSA and
VRE, and total colony counts were assessed.
The effectiveness of UV
radiation in reducing the
counts of vegetative bacteria on the Formica surfaces was more than 99.9
percent within 15 minutes, and the reduction
in C. difficile spores was
99.8 percent within 50
minutes. In rooms occupied by patients with
MRSA, UV irradiation
of approximately 15
Mobile disinfection units have
begun to prove their efficacy in
minutes duration resultwidespread clinical trials.
ed in a significant decrease in total CFUs per plate for all organisms. The
investigators conclude that UV was effective in eliminating bacteria on contaminated surfaces both in the
line of sight and behind objects within approximately
15 minutes and in eliminating C. difficile spores within
50 minutes with average total log reductions of organisms ranging from 2.79 to 3.94 log-10.
Similar results were reported by in 2011 (by Boyce,
et al. ). Researchers from the Hospital of Saint Raphael in Connecticut and the Yale University School
of Medicine found that a mobile ultraviolet light unit
significantly reduced aerobic colony counts and C. difficile spores on contaminated surfaces in hospital patient
rooms. Their research was published in the journal Infection Control and Hospital Epidemiology.

An automated mobile UV light unit was placed in 25
patient rooms after patient discharge. Aerobic colony
counts were calculated for each of five standardized
high-touch surfaces in the rooms before and after UV
light disinfection. Clostridium difficile spore log reductions
achieved were determined using a modification of the
American Society for Testing and Materials (ASTM)
International E2197 test method.
Nerzandzic, et al. (2010) reported similar results from
UV disinfection trials conducted in 2010 at a 202-bed
Cleveland Veterans Affairs Medical Center acute care
hospital. The investigators examined the efficacy of
environmental disinfection using a mobile UV device
in the rooms of hospitalized patients. The investigators
found that UV disinfection was effective in killing C.
difficile spores, MRSA and VRE inoculated onto surfaces in the laboratory and in hospital rooms. Disinfection of hospital rooms reduced the frequency of positive MRSA and VRE cultures by 93 percent and of C.
difficile cultures by 80 percent on common high-touch
surfaces.
In addition to their findings the researchers reported
“the automated UV light device was easy to use and required only a few minutes to set up. It does not require
constant monitoring by the operator because the device
turns itself off when a cycle has been completed and
does not require sealing of air conditioning or heating
vents or doors. However, it is important to emphasize
that pre-cleaning of rooms by housekeepers is necessary to reduce gross contamination of surfaces because
UV light does not penetrate most substances.” The
conclusion that UV disinfection along with manual
cleaning and chemical disinfection provides the best
safeguard against HAI transmission has been proffered
recently by others.
Exposure
Time

CFU Reduction

MRSA

14 minutes

3.63 x 106 6.56 log-10

C. diff

41 minutes

4.17 x 106 6.62 log-10

Bacteria

Laboratory test results of the American Ultraviolet ARTZ unit
against MRSA and C. diff.

Boyer, et al. demonstrated the effective use of UV against a range
of common HAI organisms.

“Research shows that UV light is effective at decontaminating a room environment, but this is just one
of many fronts when it comes to controlling spread
of C. diff, “ says Ghinwa Dumyati, M.D., an associate
at a Rochester hospital. “Our being able to trial these
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new UV machines is just one more piece of a multipronged, cross-hospital campaign to cut the number of
C. diff infections in Rochester hospitals.”
“We still do the manual cleaning -- that hasn’t changed.
But the UV light gets what we didn’t get,” reports
Kathy Rhodes, coordinator of infection prevention for
Texas Health Harris Methodist Hospital in Fort Worth
after introducing mobile UV disinfection. (Fort Worth
Star-Telegram, May 2012).
THE DESIGN OF MOBILE UV DISINFECTION
SYSTEMS
Special care and attention must be paid to designing
a mobile UV disinfection unit for use in a healthcare
and hospital setting. The machinery must be easy to
transport, simple to operate and capable of being run
by non-technical personnel with a wide range of ability
and training.
Safety
Paramount is the safety of patients and personnel from
potential injurious UV exposure. While momentary
incidental exposure has no serious health effects, extended UV exposure is linked to eye and skin damage.
The equipment should incorporate a safeguard, which
prevents startup when a person is present in the target
area, or shuts down the unit immediately if someone
were to enter while the equipment is operating. A 360
degree combination infrared sensor and motion detector is used for this purpose.
Ergonomics and Controls
The UV mobile disinfection unit should be lightweight
enough to permit any hospital employee to relocate the
machine without help. The provision of easy rolling
casters, convenient wrap-around handrails, and a lightweight and anti-tip design permit single operator setup
and use. The controls utilize a graphic, Windows-type
graphic interface which provides simple touch-screen
data entry. The unit can be pre-programmed with each
room number so that the room’s internal dimensions
are recalled for use. Other menu choices include the
operator ID number and type of cleaning desired. The
unit’s internal dose calculator selects the UV exposure
parameters that are optimized for the task selected.

Design of a Second Generation
UV Mobile Disinfection System
Ease of
• Menu driven graphic interface
Operation
• Pre-Programmed Parameters
for Room Size and Level of
Disinfection
• Automatic shutdown if workers
Worker
Safety
present
• 360o Heat & Motion detection
Ergonomics
• Lightweight, tip-resistant design
• Transported and setup by a
single operators
• Ergonomic handles, casters,
controls
High Efficacy • Pre-Programmed for multiple log
reduction across all popular HAI
organisms (e.g. S. aureus, C.
defficile)
• Smart algorithm adjusts for room
size
Monitoring & • Records the outcome of all runs.
Audit
Provides audit report on time,
operator, duration.
• Backup on removable storage
for integration with other reports
and audits.
Cost
• Low maintenance cost. Long
Effectiveness
lamp lifetime. Simple maintenance to reduce downtime.
Robust Design and Ease of Maintenance

Graphic, touch-screen interface used on a wireless PC
tablet provides simple remote control of the mobile UV
disinfection equipment.
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The mobile UV unit is designed for constant use in a
harsh commercial environment and can be maintained
easily with no more than simple hand tools. The UV
lamps for example are easily removed, with all connections at one end to make replacement simpler. A single
power cable is all that must be connected to operate the
unit. The wireless tablet PC controller contains all of
the necessary user controls.
Administrative and Supervisory Features
Each time the mobile disinfection unit is activated, a
log is created including the operator ID, the machine
settings and the results of each run providing a complete audit trail. Incomplete runs are easily identified
from successful ones. Password protection provides the
capability to differentiate operators and limit access to
management, maintenance or supervisory functions.
The data log is stored on standard removable media so
that the records may be archived or incorporated into
other reporting software.
Cost Effectiveness
Since ROI frequently drives hospital spending decisions (including those affecting infection controls), the
utilization of mobile UV disinfection equipment design should also be a cost-conscious effort. This process
begins with an approach that optimizes UV exposure
time to the room size and organism being targeted.
The algorithm results in an exposure time that is optimal for the task, minimizing the turnover time for
rooms requiring terminal cleaning (while at the same
time ensuring the level of protection required is actually administered). Other considerations such as lamp
replacement time and cost, must also be considered by
incorporating durable, long-lifetime lamps that require
minimal time or skill to change.
Summary and Concluding Remarks
The prevalence of Hospital Acquired Infections and
the attendant costs are widely acknowledged as a persistent and growing concern for health care facilities. The
direct human and economic costs, totaling millions of
dollars and nearly 100,000 lives annually, along with
the opportunity cost of millions of unnecessary days
of hospitalization cry out for a better approach. The
inadequacy of current manual cleaning and chemical
disinfection procedures alone has been widely documented in field studies conducted throughout hospitals
nationwide.

UV disinfection, a technique which has been universally adopted for air purification and by municipal water treatment facilities promises to provide additional
safeguards against HAI transmission on high-touch
surfaces in patient rooms, and other areas prone to
pathogens.
Several in-depth studies conducted in hospital settings
have validated the efficacy of mobile UV disinfection.
Combined with manual cleaning, UV disinfection
shows great promise to substantially reduce the occurrence of nosocomial diseases. Along with significant
reductions in microorganism growth, UV disinfection
provides several added advantages: it reaches into hard
to clean areas, it is simple to administer and cost-effective.
Today’s mobile UV disinfection equipment is safe, ergonomic, easy to transport and simple to operate. It
provides hospital and health care managers and administrators with a verifiable audit that helps ensure that
the equipment is being used properly and that hospital
standards are being maintained in order to reduce the
significant costs that unchecked HAIs pose to their facilities’ bottom line.
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High Output
Germicidal
Fixtures Keep
Pathogens
From Spreading
High Output Germicidal
Lamps from American
Ultraviolet provide the
best bacteria barriers.
They enhance UVC
output and bathe the
entire surface area,
killing mold and bacteria
right at the source.
They also:
• Increase Energy
Efﬁciency
• Prolong Equipment Life
• Improve Indoor Air Quality
Call us to discuss a bacteria
barrier for your building,
including an ICR rack, or CC,
DC, CK, NC or PK Series
germicidal ﬁxture. Tens of
thousands have been
successfully installed
since 1960.
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Ultraviolet Germicidal Irradiation in Building
Air-Handling Systems: State-of-the-Art
Shelly L. Miller, University of Colorado Boulder
Julia Luongo, University of Colorado Boulder

B

uildings consume a large percentage of the U.S.
energy budget. Of the estimated 102 quadrillion BTUs consumed in 2009, 40 percent was
used in buildings, with 18 percent and 22 percent used
in commercial and residential buildings, respectively
(Figure 1; DOE, 2009). Building energy consumption
directly translates into CO2 emissions: 39 percent of
the total U.S. emissions were attributable to buildings
in 2009, which represents 8 percent of the total global
emissions (DOE, 2009).

Figure 1. US building energy consumption (%).
http://buildingsdatabook.eren.doe.gov/, Table 1.1.3.

	
  
More than half of the energy consumed in commercial
buildings is for space heating (36 percent), ventilating
(7 percent) and cooling (8 percent) the indoor environment (EIA, 2003). Degraded heating, ventilating,
air-conditioning, and refrigeration (HVAC&R) system
performance can translate into increased energy use
in buildings. One reason for degraded performance is
particle deposition and biofilm growth on cooling and
heating coils (Figure 2). Heat exchanger surfaces are an
ideal site for biofilms due to the presence of adequate
nutrients (debris inherent on coil surfaces) and moisture (Morey, 1988). In many natural and engineered
systems biofilms are an undesirable artifact of bacterial
attachment to surfaces. Biofilms are a complex mixture

of microorganisms, void spaces, excreted byproducts,
organic matter, precipitates, sorbed ions and particles
(Sutherland, 2001).
Microbial
taxa
identified by culturing methods in
both office buildings and homes
include Aspergillus
versicolor, Cladosporium cladosporioides,
2. Coil fouling blocks airflow. Photo
Alternaria alternate, Figure
from epb.lbl.gov/coilfouling.
Penicillium spp. and
Methylobacterium spp. 	
  (e.g. Menzies et al., 2003, Levetin
et al., 2001, Hugenholtz et al., 1995). This contamination often contributes to building-related diseases,
including hypersensitivity diseases, such as allergic rhinitis, asthma and hypersensitivity pneumonitis. Building-related lower respiratory symptoms and mucous
symptoms were shown to be elevated in buildings with
lack of cleaning of drip pans and cooling coils (Mendell et al., 2006). Kadoma and McGee (1986) reported
that residents living in centrally air-conditioned homes
had more complaints of eye irritation, sneezing, nasal
congestion, and cough. Also, air-conditioned homes
were enriched with total bacteria, Aspergillus spp. and
Gram-positive cocci compared to outdoor air (a pattern that did not hold for naturally ventilated homes).
In addition to potential negative health effects, the air–
conditioning performance was significantly degraded
by 54 percent in contaminated air-handling units (Ali
and Ismail, 2008). One study shows degraded air-conditioning performance translated into a 10-30 percent
increase in energy use in homes (Palani et al., 1992).
Modeling studies by Siegel et al. (2002) estimated that
residential air conditioning systems foul enough to double evaporator pressure drop in about 7 years (much
sooner than the expected 15-30 year lifetime) and such
degradation causes a 5 percent drop in efficiency and
capacity.
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It has been reported that many A/C systems, at least in
the Sun Belt, grow mold and Gram negative bacteria,
known contributors to poor indoor air quality. Fouled
coils cause a significant increase in resistance to airflow
(air horsepower) and a decrease in heat exchange efficiency via a reduction in fin space open area, which
result in increased interstitial velocity and insulating
properties. In more sophisticated systems, compensation results from an increase in Hertz (RPM) for variable drives (fans and pumps), increases in chilled water
volume and a decrease in chilled water temperatures,
and outdoor air volume. In less sophisticated systems,
motors are re-shaved to provide additional pressure and
other aspects of system operation are manually modified, as methods of compensation, for lost capacity and
all requiring additional energy use. In thermostat-only
operated DX systems, system run-time is extended and
outdoor air volumes are reduced as much as possible,
but these often lead only to higher space temperatures
and humidity, and poor occupant space responses.
Coil cleaning is commonly recommended by most equipment manufacturers to be performed regularly (Fencl,
2012). With coil fin counts at 14, or more, fins per inch
today, coil performance is a major concern – any loss
in coil performance over time is reasonable, reported
and anticipated. In addition to resulting in poor indoor
psychometrics, compensation for any such loss in performance includes increased energy use. Many systems
are maintained only annually using wet cleaning and
chemical disinfection practices. Chemicals used to abate
microorganism growth and to clean coils can be dangerous to both service personnel and occupants alike, and in
addition, detrimental to system lifetime.
Technologies to decrease coil biofouling would help to
keep the system running at capacity, keep the pressure
drop across the heat exchanger low and reduce maintenance costs. One technology that is currently being
used in buildings to decrease biofouling is ultraviolet
germicidal irradiation (UVGI, or UVC). UVC mercury
vapor lamps (peak radiation at 254 nm) are most commonly installed just downstream of the cooling coils on
the supply side, irradiating the surfaces of the coil and
drain pan to prohibit microbial growth (bacteria and
mold) from fouling the coil and drain pan (Levetin et al.,
2001; ES 2006; Menzies et al., 2003, Bahnfleth, 2011).
The GSA requires new building construction, under
the GSA contracts, to apply UVC in this manner (GSA,
2005). In GSA-2003, Facilities Standards for Public

30

IUVA NEWS / VOL. 14 NO. 4

Buildings13, the U.S. General Services Administration
requires that UVC be used in buildings in their jurisdiction. “Ultraviolet light (C band) emitters/lamps shall be
incorporated downstream of all cooling coils and above
all drain pans to control airborne and surface microbial growth and transfer. Applied fixtures/lamps must
be specifically manufactured for this purpose. Safety
interlocks/features shall be provided to limit hazard to
operating staff.”
This application is reported to reduce maintenance
costs, reduce pressure drop across the evaporator coils,
and improved heat transfer of evaporator coils, therefore resulting in overall energy savings. The energy savings are also a result of improved airflow and reduction
in required air handler (fan) energy. Because LEED
certification points are based on strategies that will
have greater positive impacts on energy efficiency and
CO2 reductions, it is conceivable that deploying UVC
coil cleaning technology could count for LEED credits,
for example, specifically in the “Innovation by Design”
area (USGBC, 2011).
Surprisingly, only minimal research has been conducted
regarding the impact of germicidal irradiation on biofilms that are fouling cooling coils, despite the installation and current operation of many of these systems
(Bahnfleth 2011). Kowalski (2009) estimates that cleaning of coils with UVC proceeds rapidly and fouled coils
are restored to good condition, saving energy and maintenance costs so effectively that the retrofit of a UVC
coil cleaning system pays for itself in about 2-4 years.
The author also notes there are few published studies
available on this topic. Anecdotal evidence that this
technology works and can save operational and maintenance costs is promising.
• American Electric Power in Dallas, Texas, observed
a significant drop in pressure across the coil, saving
$139,000 over a 2-year period, which was 15 percent of the total energy costs (AEP, 2001).
• A Tacoma, Wash., jail saved 34,100 therms of natural gas/year resulting in a savings of more than
$70,000/year in natural gas costs (Checket-Hanks,
2006).
• A Florida hospital documented within weeks of
installation, static pressure over the coil decreasing from 1.8 inches of water to 0.7 inches of water,
doubling air velocity within the 27-year-old, 6000
cfm air-handling unit and saving $5,000 (Keikavousi, 2004).

•

A Texas hospital estimated utility cost savings ranging from 18-42 percent after installation of UVC
lamps in the air-handling units (ACHR News,
2007).

However, to the best of our knowledge, there
have been no studies that clearly demonstrate
whether the application of UVC actually results
in energy savings as measured by power consumption metering.
In other studies regarding the fouling of air-conditioning coils, energy savings results were inconclusive (Siegel, 2002). Some of these studies used laboratory fouling and may not have properly simulated the biological
fouling found as compared to organic matter accumulated on cooling coils in actual installations. In one study
performed using room air conditioners in a laboratory
setting, the coils were loaded with real coil fouling material collected from field units. Significant loss in the
unit’s coefficient of performance was recorded (Ali and
Ismail, 2008). In a field study by the California Energy Commission, two different manufacturers of UVC
systems installed systems in School HVAC equipment
(Okura, 2006). This study indicated a trend to a savings, however the study was too short and not enough
data was collected to obtain the statistical accuracy and
time needed. In addition, the cooling season at these
particular selected schools was very short as no summer
session was held.
Energy savings is not the only added benefit from using UVGI in air-handling units. A recent study showed
that UVC coil cleaning technology had a significant
impact on the indoor air quality and improved health
of patients in a hospital. UVC coil cleaning was implemented in a neonatal intensive care unit’s air-handling
unit. Results showed significantly decreased HVAC surface, environment (including air samples) and tracheal
microbial colonization, as well as ventilator-associated
pneumonia and use of antibiotics (Ryan et al., 2011).
In addition, a study by Menzies et al. (2003) in office
buildings found that use of UVC coil-cleaning technology installed on the upstream side of the coil “was associated with significantly fewer work-related symptoms
overall.” The study concluded that applying this technology in most North American offices could reduce
work-related symptoms in roughly 4 million employees
caused by microbial contamination of HVAC systems,
and it would be cost-effective compared with the yearly

losses from absence because of building-related illness.
Energy saving studies performed by others (typically
UVC equipment users, UVC equipment manufacturers, and electric utility companies) have often shown
significant energy savings (Witham, 2007; Duggan,
2002). However these studies have not been prepared
with independent third-party participation or the savings have been calculated from system operating parameters. hese results are therefore subject to question
as they have not been performed with actual calibrated
power meters and comparison of UVC vs. non-UVCequipped HVAC systems. More research is needed that
will objectively investigate and document the effectiveness of UVC coil cleaning by measuring the actual energy used in qualified similar HVAC&R systems both
with and without UVC installed. Currently most of the
information on energy savings is not available in the
peer-review literature and only a few studies have been
published on environmental impacts. If anticipated energy savings are proven with well-designed experimental measurements in real buildings, this energy saving,
maintenance saving and indoor environmental quality
improving technology may be accepted for wide spread
use. It should prove to be an excellent tool for reaching energy saving goals for many buildings containing
HVAC&R systems.
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The need is clear.

Fortunately, so is the solution
Designed for the most challenging wastewater reuse and
low-efﬂuent-quality applications, Calgon Carbon’s C3500TMD
UV disinfection systems feature unique Delta Wing mixing
devices that maximize efﬁciency while minimizing costs.
Our patent-pending C3500TMD design features:
• High-powered (500W) lamps
• Small footprint and better hydraulic performance—often using
fewer than half the lamps of conventional open channel systems
• Automatic self-cleaning to enhance energy efﬁciency
• NRWI validation for reuse applications
Independent testing has demonstrated the value of the
C3500TMD UV disinfection system:
• Lower power costs
• Lower installation and O&M costs
Calgon Carbon UV Technologies: The Clear Choice
Making Water and Air Safer and Cleaner

www.calgoncarbon.com/uv
ISO 9001: 2008 Certiﬁed
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Visit us during WEFTEC at booth #2901!

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

UV Disinfection
(Source: Excel Water Technologies)
2
Global Competitive Environment for Residential Water
Treatment Equipment Markets (Source: Frost & Sullivan 2005)
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