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released Water Market USA report published today by Global
Water Intelligence (www.globalwaterintel.com) states:
• The fastest growing water technology markets over the
period between 2008 and 2016 will be ultrafiltration and
microfiltration membranes (+280%),
UV disinfection (+227%), Ozone disinfection systems
(+233%) and membrane bioreactors (+180%), and
reverse osmosis membrane systems (+165%).
• Capital expenditure on water reuse will top $10 billion
between 2009 and 2016
UV is positioned to take advantage of governmental recovery
measures focused on internal infrastructure investment for job
creation. Our “Hot UV News” section (page 8) highlights
infrastructure funding announcements for China, Canada and
South America. The incoming Obama administration is indicating
vast infrastructure spending to allow utilities to catch up with
projects they were forced to delay because of the looming
financial crisis. The outlook looks bright for 2010 and beyond.
IUVA management intends take its message of growth and
promise to the world. IUVA will be increasingly visible globally in
2009 with workshops (Chicago, Shanghai and Singapore), a
North American Regional Conference (Boston) and its 5th World
Congress (Amsterdam).
It’s our 10th Anniversary, and there is no better time to reflect on
where we have come from and where the industry is going, by
telling its story. We want to publish articles in 2009 on the breath
of UV applications our membership supports. To do this we
request your Application Notes, Articles and Press Releases. Help
others see the (UV) light! Please see the “IUVA Author Guidelines”
on page 34 for details.
We leave you with a message of hope - Commit yourself today, to
take full advantage of what 2009 will bring and make your New
Year’s resolutions come true. Our best wishes to you and your
families for a happy, healthy and safe Holiday Season.
-Paul, Diana and the IUVA Executive Operating Committee

A

organization like ours to provide education and information to
potential endusers will not diminish. Perhaps this is an opportunity
for our organizations and our technologies to speak to the benefits
of our technologies—fiscal and environmental—in a more
aggressive and comprehensive way.

DITORIAL
Paul Overbeck
Editor-in-Chief

The close of 2008 is upon us and the
coming cheer of the 10th Anniversary of
the IUVA is threatened by the global
economic situation.
The current environment offers both risk
and reward. I would like to take you back
to an article in the 08 August Wall Street
Journal titled, “The Spirit of the Bear is with
us -- fear of financial collapses, both
banking and corporate, political disarray,
Paul Overbeck
poor second quarter earnings and Middle
East hostilities are keeping the grizzlies image in the fore”.
Sound familiar? Did you guess that was from 08 August…1982?
I referenced this WSJ article when, as Director of Sales in the water
industry, I wrote a January 1991 letter challenging my 850
distributors to overcome the economic downturn.
The objectivity of history can be comforting in turbulent times.
With hindsight, 1982 and 1991 were clearly times of opportunity.
My company took up the challenge and grew in 1983 and 1991.
Just think how the UV industry has changed in those 25 years!
Will 2009 prove to be a time of opportunity? Only time and our
actions will tell.
Should we assume that spending will be down in most market
sectors UV technology supports, or should we strongly spread the
UV benefits message and be positioned to catch the economic
recovery wave?
IUVA and its members have momentum on their side. I don’t
expect UV acceptance to slow. UV is a proven, cost effective, green
technology with identified advantages and benefits. A just

MESSAGE
from the IUVA President

Linda Gowman
There can be no doubt that the biggest
news of this past year is the collapse of
the international markets. And while we
can certainly talk about what we have
done in this year as the IUVA, I think many
of us are left thinking, “now what?”

Historically, the IUVA has promoted
discussion and provided insight to
questions and issues around the use of UV
in the treatment of the environment,
Linda Gowman
principally water but also air and I believe
that there is no reason to change that approach now. Indeed, as
jurisdictions around the world turn to intervene in economies,
direct investments in infrastructure are likely. The need for an
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With this in mind, our Board recently affirmed our intention to
hold the 5th IUVA World Congress, celebrating our tenth year as
an organization, in Amsterdam, on September 21-23, 2009. We
would like to broaden our participation to include more European
members and our discussions to include stronger European
perspectives. This is but a step in the process of becoming truly,
strongly, international. Such international participation benefits us
all, I believe. The planet is becoming an ever smaller place and it
will serve us all well to learn from one another in the broadest
possible context.
As we move toward the future, let us be confident that continuing
to promote understanding about UV is the right thing to do, and
let us not lose our enthusiasm for doing so. Indeed, UV may just
be the right technology for our times.

UV

INDUSTRY
NEWS

The following are some of the more interesting items from the
IUVA Member Announcements:
19 December: Gigahertz-Optik Inc. Announces New Products

www.gigahertz-optik.com
Gigahertz-Optik Inc., announced new radiometer products including a 36channel universal Radiometer/photometer and a Multi-spectralband Filter
Radiometer
The 36-channel Radiometer allows users to add from two up to thirty-six
light detectors to Gigahertz-Optik’s PC controlled P-9802 Optometer based
on your own specific radiometric and/or photometric application requiring
multiple detection and monitoring capability. The four-channel multiplexed
technology radiometer allows Gigahertz-Optiks’ X1-1 hand-held optometer
to simultaneously operate and display multiple detector measurements of
the XD-450X 3-Cell Detector series.
08 Dec 2008: Largest UV Water Treatment Disinfection System in Germany

technologies of the Barrier® and Barrier® Sunlight UV disinfection systems
used in a wide range of water applications, including municipal water, waste
water, industrial, commercial, aquatic / leisure / swimming pool and
residential / consumer markets.
25 November 2008: Crystal IS, Inc., wins $800,000 Department of
Defense Grant to Develop UV-LEDS

www.crystal-is.com
Crystal IS, Inc. announced it will receive an $800,000 appropriation from
the U.S. Department of Defense to advance development of large AlN
crystals for effective deep ultraviolet sources for use in water and air
purification. As part of the program, Crystal IS will partner with the Army
Research Laboratory in Adelphi, MD as well as the Electro-Optics Center
(EOC) at Penn State University.
27 October 2008: Labsphere Announces Partnership and Launches
Online Shop

http://www.hanovia.com/information/news.aspx

http://halmapr.com/news/labsphere

The largest ever DVGW*-certified medium pressure UV disinfection system
in Germany has been installed at the Essen-Horst drinking water treatment
plant in the heart of the Ruhr region. The Essen-Horst water treatment plant
supplies drinking water to over 475,000 people in a very large urban area
including the cities of Gelsenkirchen and Herne and parts of Bochum,
Hattingen, Spröckhovel and Velbert-Langenberg.
Supplied by Netherlands-based Berson UV-techniek, the closed vessel UV
system comprises four InLine 15000 DW-DVGW disinfection chambers and
associated control and monitoring equipment. Each UV chamber disinfects
up to 1,060 m3/hour (SAC value** of 6.5/metre) of ground water adjacent
to the Ruhr River providing a log-3 microbial reduction. The UV system is
installed following chlorine dioxide treatment and provides an enhanced
level of disinfection during flooding situations.
08 December 2008: Black & Veatch receives Saltire Award

Labsphere, Inc and Otsuka Electronics Co., Ltd. have partnered to develop
the next generation of total spectral light measurement systems, based on
Otsuka’s patented HalfMoon hemispherical design. By incorporating
traditional diffuse reflectance technology with specular imaging technology,
the new systems provide a far more efficient and practical means for testing
forward emitting light engines.
The new online store provides a quick way to find integrating spheres, light
measurement systems, Spectralon standards and targets, software and
modular components.
21 October 2008: Fusion UV Systems Announces Appointment of
New Chief Technology Officer

http://www.bv.com/wcm/press_release
The Katrine Water Project has won the prestigious Saltire Society Award for
Civil Engineering in 2008. Black & Veatch, a leading global engineering,
consulting and construction company, was Scottish Water's main contractor
on the project that provides drinking water for more than 700,000 people
in and around Glasgow.
Presented by the Saltire Society, in association with the Institution of Civil
Engineers, the award citation "recognizes the significant achievement in
planning, designing and constructing a state-of-the-art water treatment
facility, which will ensure safe, high-quality water for the people of Glasgow
and its surrounding area for generations to come."
08 December 2008: Hanovia launches new UV transmittance
analyzer for water disinfection monitoring

http://www.hanovia.com/information/news.aspx
Hanovia announced a new TX Online UV transmittance analyzer designed
to provide accurate monitoring of UV water disinfection systems in the food
and beverage, brewing, pharmaceutical, electronics, aquaculture and
marine (ballast water treatment) industries.
A unique feature of the TX Online is an ultrasonic automatic cleaning system
that keeps the optical chamber clean at all times for accurate, consistent
reading of percentage UV transmittance at all times and reduces the need
for manual cleaning. In addition, a bubble rejection system which eliminates
air from a sample while simultaneously creating a vortex cleaning action
throughout the optical chamber.
25 November 2008: Siemens Water Technologies announces UV Brochure

www.siemen.com/wallace-tiernan
Siemens Water Technologies provider of total disinfection and chemical
dosing solutions announced the availability of the "Ultraviolet Systems for
Water Applications" global sales brochure presenting the capabilities and

www.fusionuv.com
Fusion UV Systems, Inc. announced the appointment of P.K. Swain, Ph.D. as
Chief Technology Officer and VP Technology. Dr. Swain who earned his
Masters and Ph.D. in Physics from the Indian Institute of Technology in
Kanpur and New Delhi is responsible for providing technology leadership for
the company; driving the evaluation, development and acquisition of new
technologies, materials, and processes that will shape and define Fusion UV’s
next generation products.
16 October 2008: Steven Berger Joins Crystal IS, Inc. as CEO to lead
commercialization of UV-LED devices for water and air purification

http://www.crystal-is.com
Crystal IS, Inc developer of technology for manufacturing single crystal
aluminum nitride substrates needed for high performance UV LEDs
announced that it has hired Dr. Steven Berger as President and CEO. Dr.
Berger was previously with FEI Company as Chief Operating Officer and as
Chief Technology Officer. He also was Technical Manager at AT&T's Bell
Labs and taught at Cambridge University, U.K.
"I could not be more excited to join Crystal IS," said Crystal IS CEO Steven
Berger. "Providing the world with clean water and clean air are billion dollar
global opportunities--Crystal IS Inc is developing its deep UV-LEDs at
265nm, the peak germicidal wavelength.
01 October 2008: Heraeus Noblelight launches new product and
handbook at AQUATECH Amsterdam

www.heraeus-noblelight.com
Heraeus Noblelight introduced its innovative 800 Watt Amalgam UV lamp
to the 19,000 attendees at Aquatech in Amsterdam. In addition Heraeus
unveiled its new Technical Handbook "Ultraviolet Light for Water
Treatment".
The new technical handbook provides an overview on UV lamp technology
for water treatment and touches briefly the methods of UV disinfection and
oxidation. The major goal is to present a complete picture regarding UV
lamp technology to both, the design specialist and engineer for water
equipment as well as the practitioner in the water works.
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EWS FROM IUVA

Issue #4 of 2007 gave us all an interesting look at UV during
the Christmas season, with the Application Note titled:
“Father Christmas Meets High-tech: Clean air in the arctic
circle thanks to ozone-generating UV lamps.”
This year we thought it would be nice to present how UV
technology has made its way into consumer products with
the following UV Gift Guide. We wish you all a Merry
Christmas, Happy Holidays and a fantastic New Year!

Your 2008 Gift Guide
~ Ultraviolet Season’s Greetings! ~
The holiday season is upon us once again, and with it, the
age old question, “What should I get for (insert name here)
this year?”

Toothbrush/Dental Sanitizers
For Travel – Small enough to take on the road, these UV
marvels are both battery powered and have bulb ratings
(yes bulb, not lamp!) of an average of 2,000 hours. (Given
an average exposure time of 6-7 minutes, that’s a claim of
20,000 sanitization cycles “on a single bulb”.)
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For Home – Still craving more UV goodness for your
toothbrush once you’re done traveling? The at-home versions
hold up to four toothbrushes at a time, UV for the whole
family. OR, check out Soniccare’s Flexcare electric toothbrush
that includes a built in sanitizer.
But why stop at toothbrushes? From retainers to dentures, a
UV dental cleaner and sanitizer is the perfect gift for any age.
It’s rated for 10,000 hours of use. (At 5 minutes a cycle, that’s
120,000 uses per bulb.)

Disinfection Wands and Scanners
Perfect for the UV guy or gal on the go,
these pocketsize gems (of which we found
many to choose from!) promise 99.9%
disinfection “without toxins or side effects”
Similarly, these larger models ensure a wider
coverage area, and promise “to eliminate 99% of
bacteria, viruses, mold, and dust mites in
bathrooms, on kitchen surfaces, or in bedding,
without producing ozone or using toxic
chemicals” …sorry Ozone lovers, apparently the
gloves are off and the UV gadget makers have
come out swinging!

Kitchen
It slices, it dices, it… glows? No kitchen is
complete without a knife block that promises UV
sanitization in a mere 20 seconds.

THE INTERNATIONAL
ULTRAVIOLET ASSOCIATION
I N V I T E S Y O U T O T H E:
NORTH AMERICAN JOINT REGIONAL
CONFERENCE & EXPOSITION
BOSTON, MASSACHUSETTS
MAY 4-5, 2009
HYATT REGENCY CAMBRIDGE
Held in partnership with the
International Ozone Association

Keep all of your beverages pathogen-free with a
SteriPen! This tapered handheld device helps you
to make absolutely certain your glass or bottle of
water is giardia and cryptosporidium free.

Air Sanitizers & Vacuums
Have no fear, UV air sanitizers come in many sizes, shapes
and species, providing, “germ free breathing”, for all of your
loved ones.

http://www.io3a.org/boston2009.html
Want to sanitize your floors and beds? You’re
in luck, we found handheld and upright UV
vacuums, which, (we hope, since by the
way, we didn’t test any of these) are the
ONLY products in this gift guide that really
suck.

HAPPY HOLIDAYS,
EVERYONE!
For More Information on these products:
- Hammacher.com Item #’s: 72478, 74096, 74142, 75082,
75764, 75941, 75953, 76284
- Skymall.com Items: SkyMall Collection ZPI111, ZPI109 and
ITL125, SteriPEN JY-RP, Philips HX6932, AJ Prindle 11879, Crane
282459 and 282460
- Germ Guardian for all UV gifts with subtitles in blue text. (See
website for details.) www.germguardian.com
- UV-vacuum.com for the Halo vac

Ultraviolet and Ozone both hold
an integral place in North American
markets as the world's premier
advanced treatment technologies
more important now than ever
before. This regional conference will
showcase how our local markets
are benefiting from UV and Ozone
technologies in municipal drinking
water, wastewater, water reuse and in
combating emerging contaminants.

Hotel / Registration / Exhibitor
Information:
Diana Schoenberg
Communications & Operations Manager
PO Box 28873 • Scottsdale, AZ 85255, USA
T: +1 (480) 544-0105 • F: +1 (480) 473-9068
DianaS@io3a.org - OR - DianaS@iuva.org
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The following are interesting media items that may affect the UV
Industry
5 December 2008: Man-Made Chemicals Found in Drinking Water
at Low Levels

http://www.usgs.gov/newsroom/article.asp?ID=2086&fr
om=rss_home
Low levels of certain man-made chemicals remain in public water supplies
after being treated in selected community water facilities. Water from nine
selected rivers, used as a source for public water systems, were analyzed in
a study by the U.S. Geological Survey (USGS).

Recognized in the “water/wastewater over $15 million” category for
combining architecture, engineering and construction under one contract,
Phoenix’s Lake Pleasant Water Treatment Plant was built to address one of
the nation’s fastest growing metropolitan area’s water needs. The city of
Phoenix selected the design-build-operate (DBO) team of American Water
Enterprises, Inc., a subsidiary of American Water, and the Black & VeatchMcCarthy joint-venture design-build team.
The advanced surface water treatment process includes both pre-ozonation
and primary UV disinfection treatment processes. Initial plant capacity of 80
MGD is expandable to 320 MGD.
20 November 2008: Global water industry to reach US$1tr by 2020

USGS findings are used by the U.S. Environmental Protection Agency, the
States, utilities and many nongovernmental agencies to help protect
streams and watersheds that serve as water supplies and to guide those
involved in decisions on treatment processes in the future.
Scientists tested water samples for about 260 commonly used chemicals,
including pesticides, solvents, gasoline hydrocarbons, personal care and
household-use products, disinfection by-products, and manufacturing
additives. This study did not look at pharmaceuticals or hormones. Low
levels of about 130 of the man-made chemicals were detected in streams
and rivers before treatment at the public water facilities (source water).
Nearly two-thirds of those chemicals were also detected after treatment.
This study is among the first by the USGS to report on a wide range of
chemicals found before and after treatment. The full source-water quality
assessment and listing of chemicals are available online at

http://water.usgs.gov/nawqa/swqa.
The USGS report identifies the need for continued research because the
additive or synergistic effects on human health of mixtures of man-made
chemicals at low levels are not well understood. The study also did not look
at implications to ecosystems or aquatic health.
The USGS National Water-Quality Assessment Program is planning to
complete as many as 21 additional surface-water assessments through 2013
(http://pubs.usgs.gov/fs/2007/3069/). A companion study is
scheduled for release in 2009 that summarizes the occurrence of the same
chemicals in high-production wells and the associated treated water in 13
states.

http://www.luxresearchinc.com/info/smr?water_smr
A new report from Lux Research cuts through the confusion on the water
industries’ fragmented business segments, hyper-local markets, and long
adoption cycles by mapping and forecasting the current US$522 billion
industry will grow to almost $1 trillion through “water cultivation”
characterized by efficiency, reuse, and source diversification will be required
to meet rising needs.
“By 2030, the world will use 40% more water than today and nearly half of
the world’s population will face severe water stress,” said Michael LoCascio,
Senior Analyst at Lux Research and primary author of the report. “The world
will avert crisis by cultivating water as a durable asset rather than throwing
it away as a consumable – creating growth opportunities in everything from
oxidizing new contaminants to rehabilitating creaking infrastructure.”
To make sense of water’s complex landscape, the Lux Research team
interviewed 66 water experts worldwide, inventoried all water financing
transactions since 1998, built a multivariate regression model to forecast
water demand, and conducted exhaustive secondary research including
modeling revenues of more than 300 water-related companies. Report
highlights include:
•

Total water-related revenues stand at $522 billion in 2007: $385
billion in services, $64 billion in equipment, $9 billion in chemicals,
and $62 billion in bottled water. Approximately 14% of total revenue
derives from developing technologies and business models poised for
growth, such as the $3.3 billion desalination equipment segment.

•

Revenue will grow to $961 billion in 2020 as specific growth
segments such as zero-liquid discharge, UV disinfection, drip
irrigation, and metering and monitoring break away from the ranks.

•

A few key areas – including next-generation desalination, waste
management, energy mitigation, infrastructure integrity, advanced
oxidation, and water sourcing and transport – dominate near-term
growth opportunities.

1 December 2008: American Water and City of Phoenix Public Private
Partnership Project Earns Design-Build Award

http://pr.amwater.com/PressReleases/releasedetail.cfm?R
eleaseID=351305
2008 National Design-Build Award from the Design-Build Institute went to
American Water Works Company, Inc. the largest investor-owned U.S. water
and wastewater utility company for the Lake Pleasant Water Treatment
Plant, operated by American Water and owned by the city of Phoenix.
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The 133-page report, entitled “Water Cultivation: The Path to Profit in
Meeting Water Needs,” includes market sizes and projections for 85 waterrelated business segments through 2020. It offers a concise introduction to
the technologies and business models in water as well as in-depth analysis
of the forces shaping their future outlook.

17 November 2008: New name, same mission! Effective January 1, 2009,
AwwaRF’s new name will be Water Research Foundation.

7 November 2008: Ten California water systems facing fines for failing to
monitor E. Coli in drinking water

http://www.awwarf.org/whatsNew/namechange.aspx

Source: US EPA - Environmental Protection Agency

We are changing the name to help ensure the Foundation’s long-term viability
and build support for our critical drinking water research. What we are not
changing is our dedication to advancing the science of water on behalf of
water suppliers and others who rely upon research to ensure the public water
supply is safe, affordable, and sustainable.

The US Environmental Protection Agency has ordered ten California public
drinking water systems to monitor for Escherichia coli (E. coli) in the source
water of their drinking water systems, or face penalties of up to $32,500 per
day for each violation.

11 November 2008: Canadians may speed up infrastructure spending

http://www.theglobeandmail.com/servlet/story/LAC.2008
1111.IBINFRASTRUCTURE11/TPStory/Business
Canadian leaders say they expect that already-planned infrastructure projects
for their nation, including those involving water, will at least be speeded up
over the next year as one way of lifting their economy out of the current
global economic doldrums.
Canadian Prime Minister Stephen Harper was quoted in the article as saying
he’s “very confident” that a speed-up in spending on planned infrastructure
projects will occur over the next year. Harper and others are aware of a
massive new infrastructure spending plan announced this week by the
Chinese government
11 November 2008: Argentina Receives US$200M In Financing For Potable
Water And Sanitation Program

www.iadb.org/countries
The Inter-American Development Bank (IDB) has approved a US$200M loan
to expand potable water and sanitation services in the Buenos Aires
metropolitan area and suburbs. This project is part of a wider expansion
program which seeks to add 1.5M users to the water service and 1.4 million
to the sewer system between now and 2011. This is the first loan within a
US$720M conditional credit line for investment projects (CCLIP) approved by
the IDB's Board of Executive Directors
10 November 2008: Water part of big new China spending plan

http://www.nytimes.com/2008/11/10/world/asia/10chin
a.html?_r=4&scp=2&sq=China&st=cse&oref=slogin&oref
=slogin
New water projects will be part of a major new economic stimulus plan. The
Chinese government’s State Council, or cabinet, said it would spend US$586
billion (4 trillion Yuan) over the next two years on new infrastructure. The new
plan is thought to hold opportunities for western companies that have been
selling water and wastewater treatment technology and water supply
infrastructure equipment, as well as consulting/engineering services, to China.
10 November 2008: Pharmaceuticals in Our Water: What We Know, What
We Don’t Know and What We Should Do

The requirements are part of the Long Term 2 Enhanced Surface Water
Treatment Rule, which increases treatment requirements for water systems
that have high levels of Cryptosporidium in their source water. Systems
serving fewer than 10,000 people have the option of initially monitoring for
E. coli in their source water, which may be an indicator of Cryptosporidium.
If the E. coli levels are too high, the system is required to monitor for
Cryptosporidium.
Water systems with high levels of Cryptosporidium or which do not filter
their water must provide additional protection, such as ultraviolet
disinfection, and watershed control programs.
4 November 2008: NY to promote proper unused drug disposal

http://yosemite.epa.gov/opa/admpress.nsf/d10ed0d99d
826b068525735900400c2a/4db7daa4afc3ffe5852574f7
00549e2f!OpenDocument
The US Environmental Protection Agency (EPA) announced in a press release
that it has awarded the New York State Department of Environmental
Conservation (DEC) a $50,000 grant to encourage the proper disposal of
pharmaceutical drugs.
The DEC said it will use the funding to reach out to pharmacies, hospitals
and nursing homes to educate them and to encourage them to educate
their customers and patients about properly disposing of pharmaceutical
drugs. If they are flushed down a toilet or washed down a sink, unused
drugs often find their way into waterways and drinking water, the EPA said.
31 October 2008: Water Efficiency -- Saving 50 billion liters in 2012

http://www.greenbiz.com/news/2008/10/31/coca-colawwf-cut-water-ghgs
The Coca-Cola system will improve its water efficiency 20 percent by 2012,
compared to a baseline year 2004. While water use is expected to increase
as the business grows, this water efficiency target will eliminate
approximately 50 billion liters of that increase in 2012.
To support this efficiency target, The Coca-Cola Company and WWF have
developed a Water Efficiency Toolkit to help reduce water consumption
within bottling plants. This software-based instruction manual has been
distributed to managers and operators throughout the Coca-Cola system,
providing strategies to shrink the water footprint of their operations.

environmentalhealthcollaborative.org.

30 October 2008: New fund established to improve water and sanitation
in Latin America

The Research Triangle Environmental Health Collaborative (RTEHC) hosted
160 experts and stakeholders from around the world at its kickoff event on
November 10-11, 2008. The inaugural event was entitled: “Pharmaceuticals
in Water: What We Know, Don’t Know and Should Do.” It explored the
research needs and possible health consequences of contaminants in our
water from the use of pharmaceutical products; and attempted to identify
innovative solution-oriented recommendations.

www.iadb.org/news/detail.cfm?language=EN&id=4837
The government of Spain and the Inter-American Development Bank signed
an agreement to cooperate in the execution of the Fund for Cooperation for
Water and Sanitation, a Spanish initiative that is expected to provide up to
US$1.5 billion in grants to countries in Latin America and the Caribbean
over the next four years. Under the agreement, Spain will set priorities and
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evaluate the impact of the projects financed by the Fund, while the IDB will
identify and prepare specific investments and oversee their implementation
and evaluation, in coordination with the recipient governments. The
agreement was announced during the 18th Ibero-American Summit being
held in San Salvador.
Spain is providing ¤300 million in 2008 as its initial contribution to the new
fund. The grants will be available to finance projects in water supply,
sewerage, wastewater treatment, urban storm drainage, water resource
management, adaption to climate change, efficiency and operations
management.
27 October 2008: Study suggests drinking water may be source of winter
norovirus outbreaks

http://canadianpress.google.com/article/ALeqM5jVUt5Y7b
N7syPaiz36OL1dJ_5yCg
Why do nasty norovirus outbreaks seem to happen more often in winter? A
new study suggests drinking water supplies may be playing a role.

1 October 2008: IUVA presentation at Aquatech AquaStages

http://www.amsterdam.aquatechtrade.com/aquatechamst
erdam2008/e/editablepage/detail/wo_1400_hall7
14:00 – 14:45 hall 7, booth 07.413 Ultraviolet – Leading Edge Technology for
Water, Wastewater, Gas and Reuse Applications
Dr Joop Kruithof presented a 45 minute introductory presentation on UV
technology at the AquaStages session during Aquatech 2008 in Amsterdam.
Aquatech welcomed nearly 19,000 visitors from 133 countries offering
exposure to 850 exhibits including the IUVA. Ultraviolet technology
companies were recognized as finalists for the Aquatech Innovation Award

http://www.amsterdam.aquatechtrade.com/aquatechamst
erdam2008/e/exp_overig173.
03 October Identifying Bacteria in Air

http://www.reuters.com/article/pressRelease/idUS106389+
03-Oct-2008+BW20081003

The research, which looked for patterns that might explain norovirus
outbreaks in Toronto, found that winter flare ups of the highly contagious
condition were more likely to happen in the week after water temperatures in
Lake Ontario dipped below 4 degrees Celsius or flow from the Don River into
Lake Ontario was high.

The Wall Street Journal announced that Affymetrix Inc. licensee of the
PhyloChip, a custom Affymetrix microarray developed by Lawrence Berkeley
National Laboratory, won the bronze prize in their annual WSJ Technology
Innovation Awards. PhyloChip was developed to simultaneously identify and
quantify up to 8,900 distinctive environmental and pathogenic microbial
species in a single experiment, in less than nine hours.

The preliminary findings presented at a joint scientific conference of the
American Society for Microbiology and the Infectious Diseases Society of
America in Washington, D.C. suggest that under certain environmental
conditions, norovirus from human sewage may proliferate in bodies of water
that are used both as municipal water sources and sewage treatment outlets,
eventually finding their

The microarray probes sample for the 16S rRNA gene, which is involved in
making proteins and is found in all bacteria and archaea. Capable of analyzing
samples from any source – air, water, soil, blood or tissue – the system
identifies known and unknown organisms; the latter are classified based on
their similarities to known microbes.

7 October 2008: World's Largest UV Disinfection Facility Begins
Construction

The PhyloChip was the only biotech company in the top three to be
recognized. There were 700 total entrants. In July the PhyloChip won an R&D
Magazine award for technology advancement.

http://www.ch2m.com/corporate/news_room/news_story.
asp?story_id=457
The world's largest ultraviolet disinfection facility has begun construction. A
joint venture of Malcolm Pirnie/CH2M HILL is serving as the construction
management team for the New York City Department of Environmental
Protection's. New York City has the largest unfiltered surface water supply in
the world, delivering more than 1.3 billion gallons of water daily to 9 million
residents in New York City and the upstate area.
The Catskill-Delaware Ultraviolet Disinfection Facility located in Westchester
County, New York, will use 56 low-pressure, high-output UV reactors to treat
an average of 1.3 billion gallons of water daily and will have capacity to treat
more than 2 billion gallons daily. The project is scheduled for completion in
September 2014.
Other teaming partners include URS. The project designer is a joint venture
of Hazen and Sawyer/CDM.
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29 September 2008: Gov. Schwarzenegger signs legislation for first green
chemistry program

http://gov.ca.gov/index.php?/press-release/10666/
18 September 2008: EPA acknowledges AP Report on Unregulated
Contaminants
US Environmental Protection Agency Assistant Administrator for Water
Benjamin H. Grumbles made the acknowledgement to AP investigative
reporters following a September 16 Congressional subcommittee hearing in
which pollution experts and lawmakers called for the EPA to update its water
quality standards to address the trace levels of pharmaceuticals and other
chemical compounds, such as those from personal care products, now
detected in water supplies by newer technology.
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UV/H2O2 Treatment: An Essential Barrier in a Multi
Barrier Approach For Organic Contaminant Control
Bram J. Martijn1, Peer C. Kamp1, Joop C. Kruithof1,2
PWN Water Supply Company North Holland, PO Box 2113, 1990 AC VELSERBROEK The Netherlands
Wetsus Centre for Sustainable Water Technology, PO box 1113, 8900 CC LEEUWARDEN The Netherlands
1

2

ABSTRACT
Caused by the presence of pesticides, endocrine disruptors and pharmaceuticals, PWN has implemented multiple barriers in their
surface water treatment plants (Kamp 1997). In addition to reverse osmosis (RO), a combination of UV/H2O2 treatment and
granular activated carbon (GAC) filtration is implemented. A research program, ranging from lab-scale and pilot research to
process optimization by kinetic and CFD modeling has resulted in full-scale application of UV/H2O2 technology.
During the research stage, the scope broadened from degradation of pesticides to pharmaceuticals, endocrine disrupting
compounds, solvents and algae toxins. In bench scale experiments dose-response relationships were established for these organic
micro-pollutants. The required degradation of 80% at process conditions 0.56 kWh/m3 and 6 mg/L H2O2 was confirmed at pilot
scale.
At WTP Andijk (20 MGD; 3,000 m3/h), UV/H2O2 is integrated in the existing process train, preceded by conventional surface water
treatment and followed by GAC filtration, providing a robust barrier against reaction products from both oxidation and photolytic
degradation (AOC, nitrite).
The full-scale UV/H2O2 installation is operational since November 2004. Pilot results were confirmed. LC and GC-MS broad
screening of the finished water confirmed the nonselectivity of the UV/H2O2-GAC process, while no harmful byproducts have been
observed in finished water. All targets for organic contaminant control are achieved.
Key words: Ultraviolet; UV/H2O2; advanced oxidation; organic contaminant control.

INTRODUCTION
PWN’s treatment facility Andijk (20 MGD; 3,000 m3/h)
treats IJssel Lake water originating from the river Rhine. In
the raw water, concentrations of organic micro-pollutants
such as pesticides, endocrine disruptors and
pharmaceuticals as high as 1.0 µg/L have been observed.
The highest concentration observed after storage in a
process basin was 0.5 µg/L.
After almost 40 years of operation the water quality of WTP
Andijk still complies with the EC and Dutch drinking water
standards. Nevertheless an upgrade of the treatment
process is introduced in view of the following aspects:
-

avoidance of the use of chlorine for breakpoint
chlorination thereby restricting the byproduct (THM)
formation;

-

multiple barriers against pathogenic micro-organisms
such as Giardia and Cryptosporidium;

-

a disinfection credit by multi barrier approach based
on a 10-4 health risk;

-

a nonselective barrier against organic micro-pollutants
such as pesticides, endocrine disrupting compounds,
algae toxins and pharmaceuticals based on EC and
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Dutch standards and/or a health risk approach in
order to satisfy customer confidence.
Initially PWN investigated the suitability of O3/H2O2
treatment for organic contaminant control. Although the
results were very promising the process was not pursued in
view of the bromate formation (up to 20 µg/L) in bromide
rich (300 – 500 µg/L) IJssel Lake water (Kruithof, 1995).
Consequently PWN has pursued UV/H2O2 treatment for
both primary disinfection and organic contaminant
control.
Water treatment plant Andijk has been retrofitted twice
since it was built in 1968. Originally, the treatment
consisted of breakpoint chlorination, coagulation, rapid
sand filtration and post-chlorination. The first
modifications, up to 1978, were the introduction of GAC
filtration and post-disinfection with chlorine dioxide. Only
recently, advanced oxidation by UV/H2O2 treatment has
been implemented for organic contaminant control and
improved primary disinfection. Breakpoint chlorination is
eliminated from the process. The UV/H2O2 treatment is
located just before the existing GAC filters.

TREATMENT OBJECTIVES
In the Netherlands around 350 pesticides are used with a
great variety in persistence, degradability and toxicity.
Monitoring programs have shown the presence of many of
these pesticides in drinking water sources such as the IJssel
Lake. Priority pollutants such as atrazine, pyrazon, diuron,
bentazone, bromacil, methabenzthiaxuon, dicamba,
2,4-D, TCA and trichlorpyr are found in concentrations up
to 1 µg/l. After storage these concentrations were lowered
to a maximum of 0.5 µg/L. For these compounds the
standard of the EC and Dutch drinking water act of 0.1
µg/L must be satisfied. In view of the maximum
concentrations after storage, the required degradation by
treatment was set at 80%.
More recently monitoring programs have been focused on
the presence of endocrine disruptors and pharmaceuticals.
In the raw water sources up to several hundred nanograms
per liter were found for bisphenol A, diethylphtalate,
diclofenac, ibuprofen, phenazone, carbamazepine and
several antibiotics and X-ray contrast media. Although no
standards have been set for these compounds at this
moment, PWN focused on the removal as well to satisfy
customer confidence.
UV/H2O2 treatment, a combination of UV photolysis and
hydroxyl radical reactions (Bolton, 1994) was pursued for
organic contaminant control. Some literature data for the
quantum yield ø and kOH of a number of herbicides are
summarized in table 1 (Stefan, 2005).
Herbicide
Atrazine

This paper focuses on the degradation of organic micropollutants, aspects of disinfection (Kruithof, 2005) and post
treatment (Kruithof, 2006) are described elsewhere.

RESULTS AND DISCUSSION
Bench scale research UV/H2O2 phase 1
Reviewing the research experiences with the ozone
peroxide oxidation process (Kruithof, 1995), PWN decided
to pursue an advanced oxidation process without the
formation of any bromate. UV/H2O2 treatment was ideally
suited for this purpose. It has been observed that bromate
formation by •OH-radicals can be avoided in presence of
an excess H2O2 (Gunten, 1997).
UV/H2O2 treatment is based on the oxidation by hydroxylradicals produced by photolysis of H2O2, combined with
direct photolysis of organic contaminants. Dependant on
the chemical characteristics of the pollutant, one of the two
processes plays a pre-dominant role.
Feasibility of the UV-peroxide process has been studied on
bench scale. Figure 1 shows the results of orientating tests
performed on reconstituted water, with similar
characteristics as the pre-treated IJssel Lake water.

kOH (M-1s-1)
0.05 (254 nm)

2.4 – 3.0 x 109

2,4-D

0.0262 (254 nm)

2.3 x 109

Diuron

0.022 (254 nm)

4.6 x 109

Isoproturon

0.045 (254 nm)

5.2 x 109

Simazine

0.083 (254nm)

2.9 x 109

TCA

- design a full scale UV/H2O2 system for both
disinfection and organic contaminant control.

9

0.06 x 10

Table 1: Literature data for ø an kOH of herbicides

Figure 1: Atrazine degradation and Bromate formation by
UV/H2O2 treatment

Plotting these constants in a simplified kinetic model for
herbicide decay showed that 80% degradation could be
achieved under realistic conditions. After preliminary
research PWN considered the perspective of UV light in
combination with H2O2 dosage for organic contaminant
control very promising. Partly in collaboration with Trojan
Technologies Inc. three major objectives were pursued:

Atrazine was removed to values lower than 0.1 µg/L at an
UV-dose of 0.5 kWh/m3, while no bromate formation could
be observed at an energy input as high as 4 kWh/m3.
Formation of metabolites was insignificant. No
concentrations > 0.1 µg/L were observed.

- model degradation by UV photolysis and hydroxyl
radical reaction for selected priority pollutants
(pesticides, endocrine disruptors, pharmaceuticals);

In additional bench scale experiments (figure 2), doseresponse relationships for atrazine degradation were
established in pre-treated IJssel Lake water. For a range of
combinations of UV-dose and H2O2 dosage, the desired
80% degradation of atrazine was achieved.

- predict and determine the potential of a medium
pressure UV reactor to degrade those priority
pollutants;
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Figure 2:
Atrazine degradation for several process
conditions, bench scale experiments in pre-treated IJssel Lake
water

Dependant on the chemical characteristics of the pollutant,
either photolysis or hydroxyl radical oxidation plays a predominant role. Figure 3 illustrates this for the degradation
of NDMA, primarily due to photolysis, 1,4-dioxane,
completely based on hydroxyl radical oxidation and
atrazine degradation based on a combination of both.

Figure 4: Required electrical energy per order for atrazine
degradation in pre-treated IJssel Lake water in bench scale
experiments and pilot scale experiments for four H2O2
concentrations

Based on the established dose-response relationship for
reference pollutant atrazine in the bench scale experiments
phase 1, the desired 80% degradation and the good
agreement between bench scale experiments and pilot
scale experiments, degradation of pesticides atrazine,
pyrazone, diuron, bentazone and bromacil was determined
in pilot experiments at an UV-dose of 0.9 kWh/m3 and a
H2O2 dosage of 4 g/m3 (figure 5).

Figure 3: Ratio of degradation by oxidation and photolysis
for NDMA, atrazine and 1,4-dioxane
Figure 5: Degradation of pesticides at process conditions for
80% degradation of atrazine

Pilot scale research UV/H2O2 phase 1
Research was extended to pilot scale. Figure 4 presents the
atrazine degradation for several hydrogen peroxide
dosages for both the bench scale and the pilot scale
installation. A slight decrease in efficiency can be observed,
moving from bench scale to pilot scale.
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Figure 5 shows that at the selected process conditions, a
pesticide degradation varying from 68% for bentazone to
88% for diuron was achieved. Pilot research was extended.
For a selection of ten pesticides and one atrazine
metabolite, the degradation by UV-photolysis as a function
of UV-dose has been studied in an in line Berson pilot. The
electric energy was ranging from 0.25 – 2.0 kWh/m3. All
priority pollutants showed a significant degradation by UVphotolysis. The conversion for an electric energy of
1 kWh/m3 (~ 1000 mJ/cm2) is summarized in figure 6.

Figure 6: Pesticide degradation by UV-photolysis with
1 kWh/m3
Figure 8: Pyrazon degradation by combined UV-photolysis
and hydroxyl radical oxidation

By UV-photolysis with 1 kWh/m3, degradation ranged from
18% for trichloroacetic acid (TCA) to 70% for atrazine. The
criterion of 80% conversion had to be achieved by an
additional H2O2-dosage to initiate a supplementary
conversion by hydroxyl radicals.
The degradation of emerging pesticides by combined
UV-photolysis and hydroxyl radical oxidation, for several
peroxide-electrical energy combinations was studied.
Examples for a compound with a high and a low
UV-photolysis susceptibility are shown in figure 7 and 8.

Degradation of pyrazon by an electric energy of 1 kWh/m3
amounted 54%. This degradation was increased to the
required 80% by adding 8 g/m3 H2O2.
Depending on the UV molar absorption coefficients and
quantum yields on the one hand and the chemical
structure (double bonds, aromaticity, H-atoms) on the
other hand either direct photolysis or hydroxyl radical
reactions play a predominant role.

Research UV/H2O2 phase 2
In collaboration with UV-equipment supplier Trojan
Technologies Inc., kinetic models for the dominant
oxidation processes by UV/H2O2 treatment, OH-radical
oxidation and photolysis have been developed. Extensive
research on bench scale provided the kinetic parameters
(quantum yield, rate constants) (Stefan, 2005). Based on
CFD-modeling in combination with the established kinetic
models, an UV-pilot reactor was designed and optimized
for organic contaminant control.

Figure 7: Atrazine degradation by combined UV-photolysis
and hydroxyl radical oxidation

Predicted organic micro-pollutant degradation at several
process conditions was confirmed and refined by
experimental work with the newly designed pilot reactor
(figure 9).

Degradation of atrazine by an electric energy of 1 kWh/m3
amounted 70%. This degradation was increased to the
required 80% by adding 13 g/m3 H2O2.

Figure 9:
Experimental log removal versus predicted log
removal for diuron, atrazine and bromacil at several process
conditions and nitrate levels (pilot experiments in pretreated IJssel Lake water)
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Figure 10 presents the dose-response relationship for
atrazine degradation by UV/H2O2 treatment. In the newly
designed pilot UV-reactor (20 m3/h), under UV/H2O2
process conditions of 0.56 kWh/m3 and 6 mg/L H2O2,
PWN’s atrazine degradation target of 80% is achieved.
Compared to results in a reactor designed for disinfection
purposes the electric energy consumption and H2O2 dose
were lowered by 44 and 54% respectively.

several pharmaceuticals, the degradation under standard
process conditions was studied (figure 11). The observed
degradations in bench scale experiments and pilot plant
experiments match well.

Figure 11: Observed correspondence between degradation
results for pharmaceuticals, obtained in both bench scale
experiments and pilot plant research

Figure 10: Degradation of atrazine as a function of the
UV-dose in combination with 6 g/m3 H2O2 (pilot data).

Research into degradation characteristics of organic micropollutants, observed in IJssel Lake water, is ongoing. For
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Based on the results, a full scale UV-reactor was designed by
Trojan and a reactor configuration consisting of three lines
of four 30 inch SWIFT reactors, each with sixteen 12 kW MP
UV-lamps was installed at WTP Andijk.

Full Scale UV/H2O2 Installation
Upon start up of the retrofitted plant Andijk, a site
acceptance test was performed. For operating purposes,
the UV/H2O2 installation is equipped with a control-unit,
calculating the atrazine degradation capacity under actual
process conditions. Both for the ‘installation software’ as for
the ‘kinetic model prediction’, the presented predictions
were based on the actual water characteristics.
For testing purposes, one of the three full scale UV/H2O2
production lines was isolated and spiked with atrazine and
bromacil (~3 µg/L). Figure 12 presents the measured
atrazine degradation (experimental data) together with the
predicted degradation (kinetic model prediction and the
on line atrazine destruction calculation).

Portable UV 254nm testing
anywhere, anytime.

P R O V I D I N G R E A L O R G A N I C T E S T I N G S O LU T I O N S
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Figure 12:
Degradation of atrazine for two electrical
energies and 6 mg/L H2O2 (full scale data)
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Process parameter electrical energy was set at two levels,
0.42 kWh/m3 and standard process condition
0.56 kWh/m3. It was found that within acceptance limits
the measured degradation of atrazine was predicted by the
installation software. Furthermore, good agreement was
found between the model calculations and the measured
atrazine degradation in the full scale installation.
Collimated beam and pilot work showed that atrazine is
degraded predominantly by photolysis while bromacil is
more susceptible to hydroxyl radical oxidation. These
characteristics have been taken into account in the
developed kinetic models. Figure 13 presents the
agreement between the predicted degradation of bromacil
in the full scale UV/H2O2 installation and the measured
degradation during the site acceptance test.

Quality is more
than a product.

Figure 13: Degradation of bromacil for two electrical
energies and 6 mg/L H2O2 (full scale data)

Based upon the results of the site acceptance test, it was
concluded that the full scale UV/H2O2 equipment met the
design criteria.
After introduction of UV/H2O2, raw water and finished
water have been monitored on the presence of organic
compounds by LC and GC-MS broad screening. These
methods are suited for identification of organic compounds
but have restricted value for quantification.
In IJssel Lake water, 25 organic compounds have been
identified (107 observations), after storage 22 organic
compounds were found (84 observations). In finished
water, this number was reduced to 9 organic compounds
(14 observations).
In raw water flame retardant trichloropropylphospate was
identified 5 times. Detergent Surfynol 104 and melamine
were detected 11 and 7 times respectively while antiepileptic carbamazepine was detected 4 times. All
compounds were not detected in the finished water.
Solvent diglyme was detected 8 times in raw water, and 5
times in finished water. The observed degradation was
approximately 50%.
Figure 14 presents the EDTA content in raw and finished
water before and after introduction of UV/H2O2 treatment.
After the introduction of UV/H2O2 per 2005, no EDTA is
detected in finished water even with the high EDTA levels
in raw water in the first half of 2005.

UV clean
Our experts – in R&D, customer care and test lab – support
you professionally. Heraeus UV lamps are reliable and precisely
matched to the installation and the individual process. This
saves energy, maintenance and operating costs. Superior
Heraeus Amalgam lamps feature a unique Longlife coating,
offering the highest output – even at 185 nm.

Your partner in UV.
Because we highlight
your success.
USA
Heraeus Noblelight LLC
Duluth, GA 30096
Phone +1 (770) 418-0707
info@noblelight.net

Germany
Heraeus Noblelight GmbH
63450 Hanau
Phone +49 (6181) 35-9925
hng-disinfection@heraeus.com

www.heraeus-noblelight.com/disinfection

DECEMBER 2008 |

17

GAP 4101 IUVA Ad:Layout 1

Figure 14: EDTA in raw and finished water before and after
introduction of UV/H2O2 (full scale data)

Based upon the results of the site acceptance test, it was
concluded that the full scale UV/H2O2 equipment met the
design criteria.

EVALUATION
This paper describes the research and full scale application
of the UV/H2O2 process as nonselective barrier for organic
contaminant control at PWN’s water treatment facility
Andijk (20 MGD; 3000 m3/h).
Bench scale research on UV/H2O2 proved that 80%
degradation of reference pollutant atrazine to achieve the
set standard of 0.1 µg/L was feasible without any bromate
formation.
From additional pilot work, it was concluded that UV/H2O2
treatment is a nonselective barrier for a broad selection of
emerging organic micro-pollutants.
Degradation target of selected reference pollutant atrazine
(80% degradation) was reached in an optimized pilot UVreactor at an UV-input of 0.56 kWh/m3 (~540 mJ/cm2) in
combination with 6 g/m3 H2O2. This has resulted in a 40%
reduction in energy consumption and a 50% reduction of
H2O2 dosage compared to the degradation achieved in a
reactor designed for disinfection purposes only.
Full scale testing showed that the UV/H2O2 installation
meets the design criteria. Model calculations are
confirmed by the performance of the full scale installation.
Collimated beam experiments with solvent diglyme
resulted in 60% degradation under standard process
conditions. In the full scale installation 50% degradation
was observed, confirming the predicted performance of
the full scale UV/H2O2 installation.
By LC and GC-MS screening of the raw water 22 organic
compounds (84 observations) were detected. After
UV/H2O2 treatment, only 9 different organic compounds
were found (14 observations). Complexing agent EDTA,
present in the raw water in relatively high concentrations
(2.5 – 6.5 µg/L), was completely degraded by UV/H2O2
treatment.
Despite the limited full scale data of WTP Andijk until now,
from the observed complete degradation of compounds
such as EDTA, significant degradation of diglyme and the
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results of the LC and GC-MS screening, it is concluded
that photolysis and oxidation processes are a robust
nonselective barrier for organic contaminant control.
In the near future UV/H2O2 treatment will be implemented
at WTP Heemskerk, PWN’s UF/RO plant, as well.
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BACKGROUND
The performance of ultraviolet (UV) reactors is known to be
governed by the combined effects of the UV dose
distribution and the “dose-response” behavior (i.e.,
photochemical kinetics) of the target chemical(s) or
microorganism(s). If the dose distribution delivered by a
reactor system is known, then it should be possible to
develop accurate predictions of the performance to be
expected from that reactor system relative to any
photochemical endpoint, so long as the photochemical
kinetics are known or can be measured.
While measurement of dose-response behavior is
conceptually simple, methods for measurement or
simulation of the dose distribution delivered by a
photochemical reactor are less well-developed and have a
much shorter history of application. As such, these
methods (both numerical and experimental) are less
familiar to the engineering and regulatory communities
than are traditional methods of reactor analysis and
validation.
Validation of UV reactors is an established practice, which
until recently has relied exclusively on biodosimetry to
define the reduction equivalent dose (RED) delivered across
a targeted operating range. This validation concept is
driven by regulatory- and owner-related requirements and
is used in both water and wastewater disinfection
applications. In particular, the USEPA’s newly released
Ultraviolet Disinfection Guidance Manual (UVDGM)
prescribes full-scale validation of UV reactors installed for
Cryptosporidium, Giardia and viral disinfection credit. The
UVDGM provides protocols for validation testing and the
determination of credited RED and corresponding log
inactivation.
The biodosimetry protocol definitions
provided by the UVDGM are conceptually similar to those
provided by other organizations (e.g., ÖNORM, 2001,
2003; DVGW, 2003; NWRI/AWWARF, 2003).
In most cases, the results of biodosimetry are presented in
the form of RED. It should be recognized that the RED is
an artificial construct that was developed as a means of
applying and comparing the results of biodosimetry. RED
was developed at a time when biodosimetry was
(essentially) the only measurement-based method available
to characterize or validate a reactor design; in concept, it
provides a means for comparison of the results of tests
across operating conditions and reactor types.
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The primary advantages of biodosimetry as a validation
method for reactors are its history of use and the fact that
inactivation of a microbial target organism is measured.
However, an important drawback of biodosimetry is the
inability of the method to yield a measurement of the dose
distribution. In the absence of a reliable dose distribution
measurement (or estimate), it is not possible to provide an
accurate prediction of the inactivation response to be
expected by a reactor, unless the organism of interest has
UV dose-response behavior that is similar to that of the
challenge organism. Therefore, the use of biodosimetry
test results for prediction of inactivation response (or
inactivation “credits”) must be performed using
conservative approaches.
As an example of this conservatism, the UVDGM employs a
concept of a “RED bias factor” (BRED) as a safety factor for
prediction of inactivation responses of microbial
pathogens. The value of BRED is estimated based on the
implied assumption of a default dose-distribution,
representative of a poorly designed UV unit. This default
dose distribution, which may not be at all representative of
the system in question, was selected as a means of assuring
that the use of a less-sensitive challenge microbe (such as
coliphage MS-2, which has become an industry “standard”
surrogate) in biodosimetry would not mask hydraulic
inefficiencies when the observed RED data are used to
predict “credit” for the inactivation of more-sensitive target
pathogens (such as Cryptosporidium). BRED accounts for a
large part of the “validation” factor applied to observed
MS-2 validation results.

OVERVIEW OF LAGRANGIAN
ACTINOMETRY
Lagrangian actinometry is a newly developed test method
that uses dyed microspheres to measure the dose
distribution delivered by a UV reactor. In this method, a
photosensitive compound, (E)-5-[2-(methoxycarbonyl)
ethenyl]cytidine (hereafter referred to as S), is conjugated
to synthetic microspheres. When subjected to germicidal
UV radiation, S undergoes photoisomerization, followed
by spontaneous decomposition to yield 3-b-Dribofuranosyl-2,7-dioxopyrido[2,3-d]pyrimidine (hereafter
referred to as P) (Bergstrom et al., 1982). The basic
chemistry of this process is illustrated in Figure 1.
This reaction has been shown to have a high quantum yield

Figure 1:

Scheme of S Phototransformation to P by UV Irradiation (from Shen et al., 2005).

across the germicidal UV range (Shen et al., 2005).
Another important feature of this reaction is that the
product (P) is brightly fluorescent, whereas the starting
material (S) is not. Therefore, the fluorescence intensity (FI)
of an individual microsphere can be related to the UV dose
it has received. By imposing a large population of these
microspheres on a UV reactor, with sample collection
downstream of the irradiated zone, it is possible to use
particle-specific measurements of FI for a population of
microspheres (e.g., by flow cytometry) to measure the dose
distribution delivered by the reactor for a given set of
operating conditions. At present, Lagrangian actinometry
is the only method by which the dose distribution delivered
by a reactor can be measured.
Lagrangian actinometry should preclude the need for the
BRED because it provides a direct measurement of the dose
distribution. Experiments conducted to date on reactors
ranging from bench-scale, single-lamp systems to full-scale,
multi-lamp systems have confirmed the ability of
Lagrangian actinometry to yield accurate dose distribution
measurements over wide ranges of operating conditions
and reactor types. In particular, these measurements have
yielded dose distribution estimates that were in excellent
agreement with the results of biodosimetry (Blatchley et al.,
2006 a,b,c; Shen et al., 2007). In some cases, Lagrangian
actinometry experiments have been conducted under
conditions that matched conditions for which biodosimetry
had been conducted with more than one challenge
organism. In these cases, the dose distribution estimates
from Lagrangian actinometry were also in excellent
agreement with inactivation responses from biodosimetry,
in spite of the fact that the challenge organisms used in
these tests had substantially different dose-response
behavior.
Therefore, it appears that Lagrangian actinometry can yield
accurate measurements of the dose distribution delivered
by a UV reactor. As such, the uncertainty associated with
the dose distribution in assignment of inactivation “credit”
for UV reactors can be eliminated through the results of
testing by Lagrangian actinometry. In other words,
validation of UV reactors through the use of Lagrangian
actinometry should allow assignment of B ; 1, thereby
reducing system size and operating requirements.
RED

The implications of this finding are potentially profound
with respect to sizing and operations of UV disinfection
systems, particularly for large applications. As an example
of the potential impact on a large system, consider the
NYC-based testing conducted at the UV Center. Based on
MS-2 biodosimetry, the BRED for a large reactor tested for the
NYC DEP Catskill/Delaware UV Disinfection Facility is
approximately 1.7. Application of the dyed microspheres
results from the NYCDEP unit demonstrated that the BRED
could be reduced to less than 1.1. (Note that one could
argue that the BRED factor could be ignored, given that the
dose-distribution is known by direct measurement.
However, we have kept this analysis somewhat conservative
at this point, following the protocols outlined in the
UVDGM, and used a BRED of 1.1.) At the BRED of 1.7, the
energy need at 1 BGD of flow for an LPHO UV system
designed for 3-log Cryptosporidium inactivation at 90% UVT
would be 1.87 megawatt. By applying the lower BRED
derived on the basis of a known dose-distribution, the
electrical service is 1.21 megawatt, a 35% reduction.
By designing UV systems based on their known and
measured characteristics, specifically their dosedistribution, the results are rationally based. Carrying
through the electrical energy analysis discussed above, a
simplified annual electricity costs analysis for a 1-bgd LPHO
system, based on a rate of $0.1/kW-h suggests an energy
cost savings of nearly $600,000 per year for the NYC
Cat/Del system. Note that this analysis considers only the
reduction in energy costs, and ignores other potential
O&M cost reductions such as lamp replacement, labor,
etc.; these could easily equal or exceed the energy savings
associated with the reduced system operations.
Additionally, the ability to reduce the size of the system by
up to one-third would have obvious consequences on the
capital costs facing utilities.
While Lagrangian actinometry provides some clear
advantages relative to other methods of reactor validation,
it suffers from a limited history of application and lack of a
standardized protocol for its application. Development of
a standardized protocol for its application should facilitate
the widespread use of Lagrangian actinometry for reactor
validation.
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DEVELOPMENT OF A
STANDARD PROTOCOL
A project is underway, funded by the New York State
Energy Research and Development Authority (NYSERDA),
AwwaRF, NYCDEP and others, to develop protocols for the
It follows
application of Lagrangian actinometry.
completion of extensive demonstration efforts, whereby
the method was applied to medium- and low-pressure
reactors, complemented by the collection of biodosimetric
data (MS2, Qß, T1) and comparison to CFD-Intensity
modeling and model predictions. The project’s primary
components are summarized below.

Stakeholders Review Group
Representatives from the regulatory, owner, and design
community will be convened periodically to review and
guide the dyed-microspheres project and protocol
development. The first Stakeholders meeting was held in
July 2007 in Albany, NY. Presentations were made at this
meeting to summarize the background of the Lagrangian
actinometry method and the results of Lagrangian
actinometry field trials completed to date involving LP and
MP reactor systems. Based on the lessons learned from
these experiments, a draft protocol has been developed;
the protocol will be presented in detail for information and
comment.
The protocol will include methods for
interpretation of the data in a manner that is consistent
with the approach presented in the UVDGM. The draft
protocol will be implemented in a series of full-scale
validation experiments to be conducted at the UV
Validation and Research Center of New York, located in
Johnstown, NY. A summary of the reactors involved in
these tests and the range of test conditions will be
presented.

Demonstration of the Methodology and
its Correlation to Standard Biodosimetric
Practices
The full-scale experiments planned for the project will allow
examination of the ability of the method to measure the
impact of hydraulic and intensity variations in a reactor. For
each reactor, a matrix of operating conditions will be
examined in which flow rate, lamp output power, and
transmittance are varied across the range of anticipated
conditions for the reactor in question. Conventional
biodosimetry
experiments
will
be
conducted
simultaneously, or under identical operating conditions.
The results of these experiments will be compared on the
basis of microbial inactivation so as to allow for a detailed
examination of the ability of Lagrangian actinometry to
quantify changes in the dose distribution that result from
changes in operating conditions.

Demonstration of the Calibration and
Verification Process for CFD-Intensity
Models Based on Dose-Distribution
Measurements
In conjunction with the Lagrangian actinometry and
biodosimetry experiments, numerical simulations of reactor
behavior based on combined CFD-I field models will be

22 | IUVA News / Vol. 10 No. 4

conducted. An objective of this work will be to allow
critical comparison of the results of these simulations with
the results of Lagrangian actinometry and biodosimetry.
Lagrangian actinometry and CFD-I models are the only
methods available for measurement/estimation of the dose
distribution delivered by a reactor. An argument could be
made that the dose distribution represents the most
fundamental and comprehensive description of the
performance characteristics of a photochemical reactor
system, because if the dose distribution is known, then the
performance of the reactor can be accurately described
relative to essentially any photochemical endpoint.
Therefore, Lagrangian actinometry represents the most
comprehensive method for validation of a CFD-I model.
This aspect of the project will address statistical (and other)
methods that can be used to compare the results of
Lagrangian actinometry with those of CFD-I models.

Interpretation of Lagrangian Actinometry
Results with respect to Reactor Validation
The UVDGM provides detailed guidance as to how to
interpret the results of full-scale biodosimetry experiments
with respect to validation of reactors that could be used in
water treatment settings. The goal of this phase of the
project is to develop analogous methods for interpretation
of the results of reactor validation by Lagrangian
actinometry. In general terms, the goals of this phase of the
project will be to present methods that allow for assignment
of inactivation “credits” for validated reactors relative to the
microbial pathogens of interest. These methods will
account for the sources of variability and uncertainty that
are known to characterize Lagrangian actinometry, and will
be developed in a manner that is consistent with the
approaches that are defined in the UVDGM.
The ability of Lagrangian actinometry to yield a measure of
the dose distribution represents (perhaps) the most
important attribute of this method. Because the method
allows the dose distribution to be measured, it is possible to
use the results of Lagrangian actinometry to predict the
inactivation response of any microorganism for which
reliable UV dose-response behavior exists. As such, the
concept of RED becomes moot. While it is possible to
translate a dose distribution measurement (or estimate)
into a value of RED for any hypothetical challenge
organism, this approach hides critical information
regarding the performance of the reactor. Therefore,
Lagrangian actinometry allows for elimination of RED and
many of the sources of ambiguity associated with it.
The actinometry approach provides a resource to support a
wide spectrum of uses. An obvious example is in
troubleshooting a non-performing reactor; the ability to
understand its dose-distribution and then to assess
potential corrective measures (baffles, lamp positions, etc.)
can save a considerable amount of effort. Optimization of
a system is also a potential benefit, not only from the point
of validation, but also after commissioning. Re-validation
of a modified system can be simplified with the use of the
dyed-microspheres, possibly in-place at a commissioned,
operating facility.
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ABSTRACT
Ultraviolet light (UV) light holds considerable promise in food processing as an alternative to traditional thermal processing. Its
applications include pasteurization of juices, post lethality treatment for meats, treatment of food contact surfaces and to extend
the shelf-life of fresh produce. This paper will review published studies and commercial applications that utilize UV treatment for
solid and liquid foods. Designs of UV reactors that were tested in the author’s lab for juice and apple cider treatment are discussed.
Future research needed to extend the range of UV light applications in food processing industry is presented.
Key Words: UV light, food, juices, pasteurization, absorption, food pathogens, vitamin C

INTRODUCTION
The use of ultraviolet light (UV) light is well established for
water treatment, air disinfection and surface
decontamination. With the growing negative public
reaction over chemicals added to foods, UV light holds
considerable promise in food processing. As a physical
preservation method, UV irradiation has a positive
consumer image. The US Food and Drug Administration
(FDA) and US Department of Agriculture (USDA) have
concluded that the use of UV irradiation is safe. In 2000,
the FDA approved UV-light as alternative treatment to
thermal pasteurization of fresh juice products (US FDA
2000). The performance criterion defined by FDA for fruit
and vegetable juice processing is a 5-log10 reduction in the
number of the target pathogen of concern (US FDA 2000).
In addition, the definition of “pasteurization” for foods was
recently revised and now includes any process, treatment,
or combination thereof, which is applied to food to reduce
the most microorganism(s) of public health significance
(Food Chemical News 2004). The processes and
technologies examined in the above mentioned report
include UV irradiation as an alternative to heat that can be
used for pasteurization purposes.
This paper will provide a general review of the applications
and efficacy of UV light treatment of foods. Consideration
will be given to research that describes UV treatment as an
alternative preservation method for solid and liquid foods.
In addition, the emphasis is given to the future research
required to extend the range of UV light applications in the
food processing industry.

UV surface treatment
UV light is used in the food industry for disinfecting
surfaces. Applications include decontamination of surfaces
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of equipment in bakeries, cheese and meat plants, as an
adjunct to usual cleaning and sanitizing practices, and for
decontamination of conveyor surfaces and packaging
containers such as boxes, caps, bottles, cartons, tubes, films
and foils. Despite the efficacy of UV light to disinfect
smooth surfaces, there are relatively few applications of this
technology in the food processing industry. The restricted
range of commercially available equipment for disinfecting
solids may contribute to its limited use. In addition, most
kinetic data of microbial inactivation were obtained in
suspension in aqueous media or air. These data are of
limited use in predicting the surface disinfection rate. Since
complex interactions may occur between microorganisms
and surface materials, such as shielding effects from
incident UV, efficacy of UV light depends on surface
structure or topography.
The recent outbreaks of Listeria in Ready-To-Eat (RTE) meats
prompted the USDA to implement a regulation to control
Listeria in facilities producing RTE products (FSIS 2003).
Alternatives 1 and 2 of this regulation include the use of a
post lethality treatment and/or an antimicrobial agent
together or separately to reduce or eliminate the bacterium
on the product. The ability of UV light to disinfect surfaces
of meat products has been reported in the literature. A few
studies have evaluated the use of UV irradiation to reduce
levels of Escherichia coli and Salmonella on pork skin and
muscle (Wong et al.1998); Listeria monocytogenes on
chicken meat (Kim et al. 2002), and Salmonella
Typhimurium on poultry carcasses (Wallner-Pendelton et al.
1994). Despite the known limited ability of UV light to
penetrate rough food surfaces such as meats, these studies
demonstrated that UV light has the potential to reduce
bacterial contamination on food surfaces and therefore has
the potential to be used as post lethality treatment to
control L. monocytogenes and other pathogens of concern

in meat and poultry processing facilities.
An example of a commercially available system to
decontaminate surfaces of foods is the UV tumbling process
that was developed by C&S Equipment Company
(www.cs-equipment.com) (Chapman 2003). The company
incorporated either a rotating drum or screw conveyor that
lifts and tumbles the product to ensure exposure to the UV
source. The unit can be used to treat fresh products
(vegetables, fruits, meats, etc.), frozen products
(vegetables, fruits, meats, seafood, bakery products, etc.),
and cooked, refrigerated products (pasta, cheese, etc.). The
C&S Equipment Company designs solutions for these
problems using the patented technology of Steril-Aire™ UV
Emitters. These emitters are sleeved in plastic to meet the
food safety requirements of food processing facilities. The
patented design allows emitters to work efficiently in the
cold environment of refrigerated or chiller coils, where
competitive units lose their effectiveness. Examples of UV
units currently used in commercial processing facilities
include: a) UV tumbling drum in operation for chicken and
beef fajita strips (cooked and IQF frozen) with a capacity
6,000 – 7,000 lb / h; b) cooked and IQF frozen hamburger
patty treatment (hooded conveyor with turn over), with a
capacity 3,000 lb/h; and c) a deli meat system (custom
conveyor with UVC hood) for formed deli ham logs, with a
capacity of 10,000 lb/h.

pH levels, as well as varying viscosities (Figure 2). An
increase in viscosity significantly increases the power
requirements to maintain the unique and desirable fluid
flow characteristics of the individual reactor designs.

Figure 1: Comparison of the absorption coefficients of water
and fresh juices.

UV treatment has also been applied to prolong shelf life of
wrapped partially baked baguettes to minimize post baking
contamination (Doulia et al. 2000). UV light has been
documented be effective in reducing various bacterial
populations on egg shell surfaces including total aerobic
plate count (Chavez et al. 2001), S. Typhimurium and
E. coli (Coufal et al. 2002), and Yersinia enterocolitica (Favier
et al. 2001). Despite the urgent need to improve egg
safety, UV treatment of eggs has not been yet commercially
implemented.

Liquid foods and beverages
UV light has considerable promise to reduce the levels of
microbial contamination for a wide range of liquid foods
and beverages. Due to the presence of color compounds,
organic solutes and suspended matter, liquid foods such as
fresh juice products and beverages transmit relatively little
UV light, and this low transmission lowers the performance
efficiency of the UV pasteurization processes.
Comparison of absorption coefficients (Figure 1) indicates
that the absorbance of fresh juices is significantly higher
that that for water. In addition, the absorbance and
turbidity of clear fresh juices and juices with pulp varies
considerably. Clear apple juice has a low absorbance, with
absorption coefficients about 11 cm–1, whereas orange juice
can have absorbances close to 50 cm–1 (Koutchma, Keller
et. al. 2004). The turbidity of juices arises from the presence
of suspended solids and can be in a range from 1000 NTU
for apple and other clear juices to > 4000 NTU for opaque
varieties such as carrot, orange and pineapple juices. The
juices also have different Brix (soluble solids content) and

Figure 2:
juices.

Comparison of the viscosity of water and fresh

Absorption coefficients, soluble solids content (deg Brix),
pH, color (L, a and b – values) and vitamin C content of
three brands of clear apple juices are summarized in Table
1. Three brands of packaged apple juice (pasteurized, no
preservatives) were purchased locally and stored at 4oC for
the trial.
1. Ocean Spray, plastic bottle (Ocean Spray, LakevilleMiddleboro, MA, abbreviated as OS)
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2. Sahara Burst, aseptic box package (Sysco, Houston, TX,
abbreviated as SB)
3. Gordon Food Service, aseptic box package (Gordon
Food Service, Grand Rapids, MI, abbreviated as GFS)
Sahara Burst and Gordon Food Service brands were
enriched with Vitamin C.
A small difference of pH and Brix was observed among
juices. SB juice had the highest absorption coefficient and
OS juice was the least absorptive in terms of UV light. The
correlation between vitamin C content and absorption
coefficient can be seen form the data in Table 1. The juices
enriched with vitamin C such as SB and OS had the higher

absorption coefficients. It was also observed that OS juice
was not enriched with vitamin C and had the lowest
magnitude of absorption coefficient and L (lightness), a
(yellowness), and b (greenness) values. The increase of
absorbance of buffer solution with addition of vitamin C is
shown in Figure 3. Vitamin C is a light-sensitive vitamin in
apple, carrot, orange and vegetable blended juices and can
be degraded by UV treatment. The destruction of the
vitamin C at varied initial concentration in buffer is shown
in Figure 4 demonstrating that destruction kinetics of
vitamin C and the effect of vitamin C on absorption
coefficient had to be included in the numerical simulation
of UV fluence. Juices enriched with vitamin C require
higher UV fluence.

Apple Juice

pH

Brix

Absorption Vitamin C
coefficient mg/ml
mm-1

Sahara Burst

3.49

11.9

3.91

0.30

0.12

(SB)
Ocean Spray

3.44

11.65

0.71

0

0

(OS)
GFS

L-Values

a

b

5.74

-0.667±

4.44±

±0.09

0.022

0.25

4.03

-0.35 ±0.017

2.60

±0.12
3.51

11.75

3.71

0.45

0.22

±4.67
0.42

±0.04
-0.39 ±0.07

3.97
±0.12

Figure 3: Effect of concentration of vitamin C on
absorbance of buffer solution.

Absorbance at 254 mm

Absorbance at 254 mm

Table 1: Physical properties of clear apple juices

Figure 4: Degradation of vitamin in the single lamp
annular reactor.
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This means that the combination of physical and nutritional
properties, such as liquid density and viscosity, vitamin C
content must to be considered to meet the required
pasteurization standard of a 5-log10 reduction in the
number of the target pathogen of concern for fresh juices.
Exposure of microorganisms to UV-light or residence time
in the UV reactor should be sufficient to achieve the
required level of inactivation.

Reactor designs for UV treatment of juices
The correct UV reactor design can reduce the interference
of high UV absorbance and viscosity associated with some
food products and therefore improves the inactivation
efficiency. The flow pattern inside the UV reactor strongly
influences the total applied UV dose, since the position and
the residence time of the microorganisms in certain regions
of the irradiance field can vary significantly. Currently,
different continuous flow UV reactor designs are being
evaluated for use in fresh juice pasteurization. The first
design approach uses an extremely thin film UV reactor to
decrease the path length and thus avoid problems
associated with lack of penetration. Thin film reactors are
characterized by laminar flow with a parabolic velocity
profile. The maximum velocity of the liquid is observed in
the center, which is twice as fast as the average velocity of
the liquid; this results in non-uniform processing conditions
(Koutchma and Parisi 2004). The two laminar flow designs
shown in Figure 5 are a thin film CiderSure reactor (FPE
Inc., Macedon, NY) and the Taylor-Couette flow UV reactor
(Forney and Pierson 2004). In the CiderSure unit (Figure
5a), low-pressure mercury arc lamps are mounted within a
quartz sleeve running centrally through the reactor. Juice is
pumped from a reservoir through a 0.08 cm annular gap
between the inner surface of the chamber and the outer
surface of the quartz sleeve. Forney and Pierson (2004)
developed a UV reactor that pumps fluid through the
annular gap between two concentric cylinders, as shown in
Figure 5b. To provide sufficient exposure and to reduce the
fluid boundary layer thickness next to the UV radiation
source contained within the outer stationary cylinder, the
smaller inner cylinder (called Taylor-Couette flow) consists
of laminar vortices that both fill the annular gap of several
millimeters and circumscribe the inner cylinder.
A second design approach increases the turbulence within
a UV reactor to bring all material into close proximity of the
UV light during the treatment. The higher flow rates
achieved under turbulent conditions provide improved
homogeneity of the flow when the fastest flowing particle
travels 1.1-1.2 times faster than the volume averaged
particle, and each volume of the product will be exposed to
UV light due to better mixing. Unfortunately, as turbulence
increases, the pressure drops across the reactor, and the
high flow rate to ensure turbulent flow is coupled to a
reduced fluid residence time which can lead to
complications scale-up. In the Aquionics UV reactor
(Hanovia Ltd, Slough, England), treatment is achieved by
passing liquid through a stainless steel chamber containing
UV emitting low-pressure arc-tubes (Figure 6a). Each single

arc-tube is mounted in a quartz sleeve and fitted within the
chamber allowing the liquid to pass the sleeve on all sides
(Koutchma et al. 2004). The UV module (Salcor Inc, CA)
shown in Figure 4b contains a coiled Teflon tube with 24
ultraviolet lamps and reflectors. The coiled tube promotes
additional turbulence and causes a secondary eddy flow
effect, also known as a Dean effect, and results in a more
uniform velocity and residence time distribution. The lamps
and reflectors are placed both inside and outside the coiled
tube, increasing not only UV irradiance of the flowing
liquid, but its uniformity as well.

Figure 5:
Schematics of (a) a laminar thin film reactor
(Cider Sure) and (b) a laminar Taylor - Couette UV reactor

The current 21 CFR 179 food additive regulation recognizes
these distinctions and stipulates the use of turbulent flow
for UV light reactors used to treat fresh juices. The presence
of dead spaces in the reactor may affect the average
residence time of the fluid in the reactor and requires tracer
analysis to measure the residence time distribution. A
desirable design for UV reactors is pure plug flow, which
indicates that every element of liquid resides in the reactor
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for the same time period and all microorganisms would
receive an equivalent UV dose, if the UV irradiance were
equal at all points. However, it is important to recognize
that treatment of some high viscosity fluids or fluids with
pulp will be incompatible with some of the reactor designs.

temperatures. Thus they can provide an advantage by
avoiding fouling behavior by liquid foods. Warriner et al.
(2002) demonstrated that UV-excimer light was effectively
used for sterilization of the packaging carton surfaces.
A few studies recently reported an application of UV pulsed
light for foods. A pulsed xenon UV-light treatment was
applied to inactivate spores of Aspergillus niger in corn meal.
However, low penetration power and excessive heat
buildup inside the chamber was reported (Jun et al. 2003).
Pulsed UV light was found to be effective in inactivation
Saccharomyces cerevisiae (Takeshita et al. 2003). In addition,
the pulsed UV light was used to control microbial levels on
fresh processed lettuce. Allende and Artes (2003) reported
that pulsed UV light was effective for reducing the levels of
psychrotrophic and coliform bacteria as well as yeast
without adversely affecting the sensory quality of lettuce.
Sharma and Demirci (2003) demonstrated that pulsed UV
light holds promise for eliminating pathogens such as E. coli
O157:H7 from alfalfa seeds.

CONCLUSIONS
The recent advances in the science and engineering of UV
light irradiation have made it a viable option for
commercial application in food processing. As a
nonthermal alternative to traditional thermal processing,
UV light has a potential to be used for pasteurization of
juices and beverages, as a post lethality treatment in
controlling microbial contamination on meats and shell
eggs surfaces, and as a means for the shelf life extension of
fresh produce. UV light processing can improve safety of
selected solid and liquid foods without appreciable loss in
quality or nutrient content.

Figure 6:
Schematics of turbulent channel reactor and
Dean flow reactor

UV light sources
Several alternative UV sources types, such as continuous UV
low-pressure and medium-pressure mercury lamps, pulsedUV, and excimer lamp technologies have been developed
and can be applied to foods. However, the efficacy and
specific characteristics of common UV light sources that are
used today for water treatment have not been evaluated for
food applications. Traditional low pressure mercury UV
lamps at 254 nm were used for applications for disinfection
of food surfaces and food liquid treatments discussed
previously.
There are no reports available, except for the study made
by Warriner et al. (2002), of applications of excimer lamp
technology for foods. UV–excimer lamps can produce
monochromatic output that can be tuned to the
wavelength of interest by the combination with gases.
Excimer lamps also have an advantage of extremely low
output and are able to operate at much lower surface
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However, to improve the efficacy of UV light for food
application, the following areas of research need to be
conducted. To predict UV disinfection rates on food
surfaces, more kinetic inactivation data need to be
obtained for pathogen and spoilage microorganisms,
taking into account interactions between microorganisms
and surface materials, such as shielding effects from
incident UV and their dependency on surface structure or
topography. In addition, novel methods and models need
to be developed to measure the inactivation rates or
dose–response behavior of food pathogens in highly
absorptive and viscous food liquids, such as juices and
beverages. The correct choice and/or design of the UV
reactor, its flow characteristics and UV source can reduce
the interference of high UV absorptivity and viscosity
associated with some liquid food products and improves
inactivation efficiency. The development of validation
methods for food processing facilities requires
identification of surrogate microorganisms or suitable
actinometers for pathogens. Research in the indicated
areas can ensure the effectiveness of UV light for microbial
inactivation, stimulate the growing interest in the
nonthermal technologies, and assist in the successful
commercialization of UV light for food processing
applications.

REFERENCES
Allendre, A., and Artes, F. 2003. Combined ultraviolet –C
and modified atmosphere packaging treatments for
reducing microbial growth of fresh processed lettuce.
Food Sci. Technol. /LWT , 36: 779-786.
Chapman, S. 2003. New machines use tumbling process
to decontaminate food. Food Chem. News, 10: 20.
Coufal, C.D., Chavez, C., Knape, K.D., and Carey, J.B.
2003. Evaluation of ultraviolet light sanitation of broiler
hatching eggs. Poul. Sci., 82: 754-759.

Salmonella and psychrotrophic bacterial contamination
on poultry carcasses. Poul. Sci. 73: 1327-1333.
Warriner, K., Kolstad, J., Rumsby, J., and Waites, W. 2002.
Carton sterilization by uv-C excimer laser light: recovery
of Bacillus subtilis spores on vegetable extracts and food
simulation matrices. J. Appl. Microbiol., 92: 1051-1057.
Wong, E., Linton, R., and Gerrard, D. 1998. Reduction of
Escherichia coli and Salmonella senftenberg on pork skin
and pork muscle using ultraviolet light. Food Microbiol.,
15: 415-423.C-5-Substituted Cytidines,” Journal of
Organic Chemistry 47, 2174-2178.

Doulia, D., Katsinis, G., and Mougin, B. 2000.
Prolongation of the microbial shelf life of wrapped part
baked baguettes. Intl. J. Food Propert. 3(3): 447-457.
Favier, G., Escudero, M., and De Guzman, A. 2001. Effect
of Clorine, Sodium Chloride, Trisodium Phosphate and
Ultraviolet Radiation on the Reduction of Yersinia
enterocolitica and Mesophilic Aerobic Bacteria from
Eggshell Surface. Journal of Food Protection 64, 10:
1621-1623.
Forney, L., and Pierson, J.A. 2004. Ultraviolet disinfection,
Resource, 11, 7.
FSIS. FSIS rule designed to Reduce Listeria monocytogenes
in Ready to Eat Meat and Poultry Products. April 2003.
http://www.fisi.usda.gov/OA/background/lmfinal.htm

Helping make our
world safer and
cleaner through the
implementation of
UV technologies.

Offices Nationwide • www.pirnie.com

Jun, S., Iruddayyaaraj, J., Demirci, A., and Geiser, D. 2003.
Pulsed UV-light treatment of corn meal for inactivation
of Aspergillus niger spores. International J. Food Sci.
Technol., 38: 883-888.
Kim, T., Silva, J., and Chen, T. 2002. Effects of UV
irradiation on selected pathogens in peptone water and
on stainless steel and chicken meat. J. Food Protect., 65
(7): 1142-1145.
Koutchma, T., and Parisi, B. 2004. Biodosimetry of E. coli
UV inactivation in model juices with regard to dose and
RTD distribution in annular UV reactors. J. Food Sci.,
69:14-22.

UVC SYSTEMS FOR A
HEALTHY INDOOR ENVIRONMENT

Koutchma, T., Keller, S., Parisi, B., and Chirtel, S. 2004.
Ultraviolet disinfection of juice products in laminar and
turbulent flow reactors. Innovat. Food Sci. and Emerg.
Technol., 5, 179-189.

Representing companies with the benefit of
over 60 years experience in UVC technology,
American Air & Water®, Inc. is a UVC air and
water disinfection industry leader.

Pasteurization redefined by USDA committee. Food
Chemical News, 2004, 46(3).
Sharma, R.R., and Demirci, A. 2003. Inactivation of
Escherichia coli O157:H7 on inoculated alfalfa seeds with
pulsed ultraviolet light and response surface modeling.
J. Food Sci., 68(4): 1448-1453.
Takeshita, K., Shibato, J., Sameshima,T. 2003. Damage of
yeast cells induced by pulsed light irradiation. Intl. J.
Food Microbiol., 85: 151-158.
U. S. Food and Drug Administration. 2000. 21 CFR Part
179. Irradiation in the production, processing and
handling of food. Fed. Regist. 65, 71056-71058.

A complete line of UVC Air and Surface
Sterilization and Water Disinfection Systems
for ANY residential, commercial or industrial
facility, including custom units, designed and
built to meet any specific requirements.

Toll Free: 888-378-4892
American Air & Water, Inc.
www.americanairandwater.com

Wallner-Pendleton, E.A., Sumner, S.S., Froning, G., and
Stetson, L. 1994. The use of ultraviolet radiation to reduce

DECEMBER 2008 |

29

UVGI for Hospital Applications

Dr. Wladyslaw Kowalski
Vice President, Immune Building Systems, Inc., New York, NY, drkowalski@ibsix.com
IUVA Air Treatment Symposium, Los Angeles, 2007

INTRODUCTION
Health Care facilities are subject to microbiological airborne
hazards that can cause infections in both patients and
health care workers. Hospital-acquired, or nosocomial,
infections have been a persistent problem in hospitals and
they can have complex multifaceted etiologies. It is
possible that as much as a third or more of all nosocomial
infections may be the result of airborne transmission at
some point and, if so, air disinfection technologies may be
able to reduce the nosocomial infection rate.
If the direct contact route predominates, as many experts
believe, then surface disinfection technologies could also
have a major impact. Combining air and surface
disinfection may be an optimum approach to reduce
infection rates and may very well be economical to
implement. Existing health care guidelines for ventilation
system design, pressurization, filtration, and disinfection
procedures have historically held the problem at bay, but
emerging nosocomial hazards and increasingly
complicated etiologies are creating a demand for new
control technologies.
This evolving and growing problem has spawned interest in
both existing and developmental technologies, especially
among engineers and health care professionals. This
presentation summarizes applicable codes and standards,
examines the epidemiology of airborne nosocomial
infections and their aerobiological pathways, and reviews
air and surface disinfection technologies such as ultraviolet
germicidal irradiation (UVGI), which may offer more
effective solutions. A summary of results from
implementation of UVGI systems in hospitals is provided
which demonstrates average nosocomial infection rate
reductions of over 65%.

Guidelines, Codes, and Standards
Various guidelines, codes, and standards exist that offer
details for designing health care facility ventilation systems
(AIA 2001, ASHRAE 2003a & 2003b, CDC 1996 & 2003).
Some guidelines specifically address problems like TB,
nosocomial infections, and surgical site infections (CDC
2005, Wenzel 1981, Mangram et al 1999, Tablan et al
1994). While these guidelines provide adequate design
information relating to airflow, air exchange rates, and
filtration, they do not contain any specific guidelines for
UVGI applications and are not reviewed here. In fact, the
only current guidelines that provide any detailed
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information relating to UVGI air and surface disinfection are
the draft IUVA guidelines (IUVA 2005).
The IUVA Guidelines include a description of the operating
parameters of UVGI systems intended for effective air
treatment, and these are equally applicable to health care
applications as well as to commercial buildings and other
facilities. The operating characteristics for successful UVGI
system implementation do not differ (i.e. are not more
stringent) for hospitals since performance criteria are
already near a maximum for any UVGI system that meets
the suggested guidelines. Included in the operating
parameters are a recommended minimum of 0.25 seconds
of UV exposure, an air velocity within the range of 500 fpm
+/-100 fpm, and a recommended rating of URV 10 or
higher, which corresponds to a minimum UV dose of
5 J/m2. Coupled with the requisite filters for hospital
applications (per ASHRAE) such combined UVGI/filtration
air cleaning systems will provide high removal rates for all
nosocomial bacteria, fungi, and viruses.
Airborne levels in hospitals are not routinely monitored or
regulated. For hospital air, WHO recommends relatively
relaxed limits of 100 cfu/m3 for bacteria and 50 cfu/m3 for
fungi, but many facilities would fail to meet these (WHO
1988). Environmental fungal spores should be completely
removed per filtration guidelines, and so the presence of
any fungal spores in an OR should warrant investigation.
According to the criteria of Federal Standard 209E (FD
209E) on cleanrooms, conventionally ventilated operating
rooms rank less than class 3.5 (Durmaz et al 2005). A limit
of 10 cfu/m3, based on the ISO Class 7 cleanroom limit (EU
Grade B) used in the pharmaceutical industry and as a
target for ultra clean ventilation (UCV) systems, would
probably be a more appropriate criterion for hospital ORs
and ICU.

Airborne Nosocomial Epidemiology
Airborne nosocomial infections are those that transmit
directly or indirectly by the airborne route, and they may
cause respiratory (primarily pneumonia) and surgical site
infections (SSIs). The cost of nosocomial infections in the
U.S. is estimated to be about $4-5 billion annually and
various sources estimate that they cause between 2 and 4
million nosocomial infections with some 20-80 thousand
fatalities annually (Kowalski 2006). It is not known what
fraction of these infections are due specifically to airborne
microbes, but since many of these microbes are potentially
airborne it could be assumed that a large fraction, perhaps
25% or more, involve airborne transmission at some point
in the nosocomial etiology.

One source estimates that 10% of nosocomial infections
are airborne while another suggests that 16% of ICU
infections result from airborne pathogen transmission
(Eickoff 1994, Durmaz et al 2005). In Intensive Care Units
(ICUs), almost a third of nosocomial infections are
respiratory in nature, but not all of these are necessarily
airborne since many transmit by contact (Wilson 2001,
Wenzel 1981). SSIs are non-respiratory but may be partly
airborne in origin, such as when common microbes like
Staphylococcus and Streptococcus settle on open wounds,
burns, or medical equipment (Fletcher et al 2004).
Methicillin-resistant Staphylococcus aureus (MRSA) is a
major nosocomial pathogen in many hospitals and is
isolated with increasing frequency. According to one study,
MRSA is the most frequently isolated airborne microbe
(Durmaz et al 2005). SARS virus is one of the most
hazardous nosocomial agents for hospital personnel,
although no outbreaks have yet occurred in the US.
Health care professionals are routinely exposed to
contagious respiratory infections like TB and influenza. In
most cases where medical workers have contracted
respiratory infections from inhalation, the root cause has
often been inadequate local ventilation, malfunctioning
systems and equipment, or administrative control problems
(Castle and Ajemian 1987). Tuberculosis infections among
health care workers are strongly associated with inadequate
ventilation in general patient rooms and with the type and
duration of work but no associations have been identified
with ventilation of isolation rooms, based on a study by
Menzies et al (2000).

Nosocomial Aerobiology
A review of the variety of pathogens responsible for
nosocomial infections indicates that almost all of them are
potentially airborne. However, most of these infections are
probably produced by direct contact and contact with
equipment. This does not mean that UVGI would not reduce
the infection rate but merely that the etiology is complicated
and that solutions may involve more than simple cleaning the
air. If we examine the aerobiology of open areas in hospital
facilities we often find that the airborne levels of microbes are
not significantly different from levels we might find in
ordinary office buildings. In a study of mold spores in the air
of a hospital ward, Tormo et al (2002) found twenty-two
different types of spores, with total concentrations of 1751396 spores/m3. The most frequently isolated were
Cladosporium, Ustilago and various basidiospores. For
Aspergillus-Penicillium spores, the concentration was higher
indoors than outdoors, although for most spores lower levels
were found indoors, with a mean indoor/outdoor ratio of 1:4.
In one study of airborne microbial contamination in the
operating room and ICUs of a surgery clinic, Holcatova et al
(1993) measured bacterial concentrations of 150-250 cfu/m3.
The most frequently isolated microorganisms included
Staphylococcus epidermis, S. haemolyticus, Enterococcus spp.,
Enterobacter, Pseudomonas spp., Micrococcus, Corynebacteria,
and Streptococcus faecalis. The microbes most frequently
cultured in the air of operating rooms include Staphylococcus
epidermis and S.aureus. Streptococcus pyogenes has been
found in about 15% of preoperative throat swabs from
patients (Dubuc et al 1973). The number of personnel in an
operating suite influences the total counts of airborne bacteria
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(Hambreaus et al 1977). Conversation among personnel can
increase the bacterial load of the air, and contaminated face
masks (measured postoperatively) occur in 9-10% of
surgeons and nurses (Ritter 1984).
In general, hospitals do not normally sample their air, since
there are no codes or guidelines that require such sampling,
and they are often unaware of the indoor concentrations of
airborne microbes in their operating rooms and ICUs. There
would seem to be a general assumption that if the ventilation
system is designed according to existing codes (i.e. ASHRAE or
AIA) then the air will be of acceptable quality. A general review
of the data for facilities that have attempted to measure
airborne microbial levels indicates that this assumption needs
reconsideration. In fact, these results beg the question of why
there is no current requirement for hospitals to sample their
indoor air, especially in operating rooms.

Aerobiological Pathways of Nosocomial
Infections
Nosocomial infections can include so many potential
pathways and stages that they are surely the most complex
of all aerobiological etiologies. Sources can include bacteria
and viruses from other patients, microbes from doctors and
nurses, contamination of equipment, and environmental
microbes from outdoor air (Kowalski 2006). It is thought
that clouds of bacteria and skin squames released by
persons tend to float around them before precipitating
downwards (Sherertz et al 2001). Flatulence may explain
how bacteria can get from the colon of operating room
personnel into the open wound of a surgery patient.
The major sources of S. aureus in hospitals are septic lesions
and carriage sites of patients and personnel. The anterior
nares are the most common carriage site, followed by the
perineal area. The principal mode of transmission is via
transiently contaminated hands of hospital personnel, but
airborne MRSA plays a role in respiratory tract MRSA
infections. MRSA has been found in air samples collected in
single-patient rooms and has been isolated from sinks,
floors, and bed sheets, as well as from the patients' hands.
MRSA recirculation in the air is enhanced by activity in the
rooms, including changing of bed sheets.
Evidence suggests aerosol transmission of SARS virus has
occurred through ventilation systems although the major
transmission routes are close proximity airborne droplet
infection and close contact infection. In previous outbreaks,
index patients caused secondary infections in medical staff
and inpatients. Ho et al (2003) found that hospital
outbreaks of SARS typically occurred within one week after
first admission of a SARS patient, and before isolation
measures were implemented. Nosocomial transmission was
effectively halted by enforcement of standard procedures
to control transmission of high-risk airborne infections

Nosocomial Control Options
Current methods of controlling nosocomial infections, including
isolation rooms and disinfection procedures, have proven
adequate in the past but there is room for improvement,
especially in the US health care system. New nosocomial hazards
demand new focus on both causes and solutions.
Laminar airflow systems with 16-17 ACH supplied through
HEPA filters are capable of holding OR airborne
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concentrations below 10 cfu/m3 (Friberg and Friberg
2005). The use of HEPA filters, designed for radioactive
contamination control, may represent uneconomical
overkill when applied to the control of airborne microbes,
and in one operating room test the HEPA filter provided no
better reduction in airborne bacterial load than a 95% DSP
filter (Luciano 1977). The combination of UVGI and high
efficiency filters in the MERV 13-15 range may be able to
provide performance virtually equivalent to HEPA filtration,
thus offering health care facilities the possibility of reducing
energy costs without increasing health risks. Current
practices and guidelines concerning filtration levels in
hospitals may be worth reconsideration from an energy
point of view if nothing else.
A major potential source of fungal contamination in
hospitals is filter bypass and maintenance problems. Filters
should be checked for bypass and maintenance procedures
requiring shutdown of the fans should be followed
diligently; otherwise spores may enter the ventilation
system and accumulate in carpeting and furnishings.
Periodic inspection and sampling of the cooling coils and
drain pans can help identify potential problems. Sampling
floors and carpets for contamination is another prudent
practice, and heavily contaminated carpets should be
removed rather than cleaned.
UVGI systems have been in use in some operating rooms
since at least 1937 and the results of these applications
have been very promising. Reductions in post-operative
infection rates of between 24-44% have been
demonstrated (Goldner and Allen 1973). Overhead UVGI
systems have been used to control surgical site infections
and Upper Air UVGI systems have been used for the control
of respiratory infections with similar success. The Home for
Hebrew Infants in New York was able to bring a halt to a
Varicella epidemic using UVGI. One study showed that
UVGI could reduce airborne microbial concentrations to
below 10 cfu/m3 in the operating room (Berg-Perier et al
1992).
In spite of these early triumphs, UVGI continues to be
largely ignored as an option by the health care field and
regulatory agencies hardly mention their use. Upper Air
UVGI systems can be cost-effective and simple to install but
still require experienced consultation.
A review of the handful of UVGI applications in hospitals
indicates that the net reduction in SSIs from overhead UVGI
surgical systems averages about 78%, while the net
reduction from Upper Air UVGI systems averages about
65% (Kowalski 2007). In-duct, forced air UVGI systems may
be the safest, most effective, and most efficient type of
installation for large facilities, but since few, if any, hospitals
have yet installed them, no data are available regarding
reduction of nosocomial infection rates.
Perhaps the one change that would have the most impact
on nosocomial infections in this country is to establish
national standards for aerobiological quality. Routine air
sampling, practiced now in some other countries like Japan,
will then provide a clearer picture of the relationship
between airborne microbes and infection rates, and this
will lead to measurement of nosocomial infection reduction
rates for facilities that install air disinfection systems.
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