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DITORIAL
Paul Overbeck
Editor-in-Chief
While I hope each of you had some
pleasant time off during the nice summer
months, I am happy to report that interest
in UV Technology and applications
remained strong...

Paul Overbeck

A Frost & Sullivan report featured a section
“Resurgent European Disinfection Market:
Improved techniques of UV & ozone
continue to enhance their position against
conventional chemical disinfectants”.

time and resources to achieve a common goal”.
The Board also confirmed its commitment to deliver the UV
benefits message to a global audience. We displayed at the
inaugural Singapore International Water Week (SIWW), gaining
great exposure to engineers, regulators and potential technology
users from the Mideast and Southeast Asia. The attendees visiting
the IUVA booth seemed knowledgeable, had good questions and
walked away with a broader understanding of UV applications.
Next, we were off to Europe. IUVA completed an informative and
well attended Disinfection Workshop in London (details later in this
issue). We will display at Aquatech Amsterdam from 30 September
to 03 October and will make a 45 minute technical presentation at
the AquaStages program during the conference.
We return to North America to exhibit at both WEFTEC in Chicago,
Illinois (19-22 October) and AWWA WQTC in Cincinnati, Ohio (1618 November). I should point out that all the booth space is
complimentary from these expositions because these groups
recognize that IUVA brings technical value to their events.

I witnessed an energized IUVA Board of
Directors at our June meeting during AWWA in Atlanta. It was
exciting to see members step forward and volunteer to join two
new Task Forces formed to focus on Regulatory Support and
updating IUVA Bylaws and Operations (details later in this issue).
I’ve said it before and will say it again, “Volunteers and Board
Members of “Not-for-Profit” associations are real heroes, donating

We will hold a North American municipal focused conference in
May 2009 (see Call for Papers) and will soon announce our 5th
IUVA World Congress for the fall of 2009. Additionally, we intend
to hold regional workshops in 2009 and look to you, our members,
for event ideas that support IUVA’s mission and your local needs.
We look forward to you joining us at some of our upcoming events.

A

In another example, waste water that was to have been discharged
to ocean outfall in California was instead properly processed,
treated with UV disinfection and used to create a wetland. The
wetland remediated an industrial site. Waste water treatment has
benefited the area ecologically and may be the sort of treatment
process that helps us attain sustainability in the use of our natural
resources, including water and land.

MESSAGE
from the IUVA President

Linda Gowman

As many of you will know, the United
Nations has made the period 2005-2012
the International Decade for Action:
Water for Life. This year, 2008, is the
International Year of Sanitation. As such,
we thought it would be appropriate to
dedicate this issue of IUVA News to articles
surrounding the treatment of waste water.
Often the IUVA and IUVA News have
focused on issues surrounding the
treatment of drinking water, yet a
Linda Gowman
substantial part of the market of UV
installations worldwide is in waste water applications. Indeed,
properly treating waste water can be key in protecting the integrity
of our drinking water sources.
Many staggering numbers exist regarding the severe problems that
face us as a planet coping with water stress. From the United
Nations website “About 90 per cent of sewage and 70 per cent of
industrial wastes in developing countries are discharged into water
courses without treatment, often polluting the usable water
supply.” It isn’t just developing economies that dump untreated
effluent- until very recently Halifax, Canada, dumped untreated
sewage into the ocean. But now a sewage treatment plant
complete with UV disinfection has rendered Halifax harbour safe for
swimming for the first time in many decades.
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On other matters, I am delighted to announce that Oliver Lawal has
taken on leadership of the Manufacturer’s Council of IUVA, and that
Ms. Phyllis Posy has taken on leadership of the Regulatory Group.
Both of these groups seek to work within our mandate of being an
educational not-for-profit organization, bringing people in the
industry together to share and disseminate information and
knowledge. In addition, Dr. Jim Malley is leading our Bylaws Group,
which is looking to update our operational rules. Ms. Mary Clancy
remains head of the Air Group. Thanks to Oliver, Phyllis, Jim and
Mary for taking on these roles. For those members who would like
to participate in these groups, please contact the respective leaders.
Our efforts at the moment are to bring IUVA to a broader
international audience. With that in mind we just conducted a oneday workshop in London, England, and will be conducting another
in Boston, USA, in May 2009. Mark that time on your calendars. For
those IUVA members who are anxious to host an IUVA workshop or
event in your geography, please contact Paul Overbeck or me. We
are always looking for volunteers to help to organize such events.
Lastly, I welcome Dr. Bertrand Dussert as our president-elect. I
enjoy working with Bertrand as we transition to his leadership in the
latter half of 2009. Please consider whether you would like to serve
the IUVA by participating in a working group and/or in a leadership
position. We can use all of the help we can get, so if you are
interested, please advise us…
Linda

INTERNATIONAL OZONE ASSOCIATION

INTERNATIONAL ULTRAVIOLET ASSOCIATION

CALL FOR PAPERS
NORTH AMERICAN JOINT REGIONAL
CONFERENCE & EXPOSITION
BOSTON, MASSACHUSETTS
MAY 4-5, 2009

THE IUVA AND IOA-PAG REQUEST
ABSTRACTS FOR BOTH ORAL AND POSTER
PRESENTATIONS FOR THE
IOA / IUVA 2009 JOINT REGIONAL
CONFERENCE AND EXPOSITION
TO BE HELD AT THE
HYATT REGENCY CAMBRIDGE

Abstracts should be e-mailed to abstracts@io3a.org
Share your exciting Ultraviolet and Ozone technological advancements and experiences
in this unique forum - showcasing the world’s premeir advanced treatmet technologies!
Ozone and Ultraviolet both hold an integral place in North American markets and are
more important now than ever before.
This regional conference will provide current technical, process and operational
information to engineers, scientists, and end users of Ultraviolet and Ozone
technologies with focus on North American municipal drinking water, wastewater,
water reuse and emerging contaminants.

TOPICS MAY INCLUDE:
•
•
•
•
•
•
•

Advanced Oxidation
Biofiltration
Bromate Formation and Control
Chemical and Biochemical Reactions
Disinfection
Emerging Contaminants
Drinking Water Treatment

DATES TO REMEMBER
ABSTRACTS DUE
DEC. 1, 2008
NOTIFICATION OF
ACCEPTANCE
JANUARY 1, 2009
FULL PAPERS DUE
MARCH 1, 2009

• Ozone Generation
• UV and O3 Contactor Design
• Ozone Mass Transfer
• Ultraviolet Lamps
• Ozone Measurement
• Ultraviolet Measurement
• Pools and Water Features
• UV and O3 Power Supplies
• Regulatory Perspectives
• Wastewater Treatment
• Soil Remediation
• Water Reuse
Additional Topics will be considered, please submit!

Hotel/Registration/Exhibitor Information: Diana Schoenberg - Communications & Operations Manager
PO Box 28873 • Scottsdale, AZ 85255, USA • T: 480-544-0105 • F: 480-473-9068 • DianaS@io3a.org or DianaS@iuva.org
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EWS FROM IUVA

IUVA LONDON WORKSHOP REPORT
Cryptosporidium was “Top of Mind” at the IUVA
Workshop, held 15 September 2008 at the Imperial
College London, as is clear from the photo of Dr. Michael
Templeton one of our distinguished workshop speakers.
The workshop, “Cryptosporidium Control in Drinking
Water with UV Disinfection - Status, Experience,
Developments and Outlook”, co-organized by the IUVA
and WRc, was very timely, as UK regulations have recently
been amended to allow UV as part of parasite control
treatment systems.

Eighty attendees from the USA,
Canada, the UK and the
Continent heard industry
experts discuss UV technology,
application and performance,
process
guidance
and
operational and regulatory
issues from North American
and European perspectives.
A participant commented,
”…they were great talks in my
view, with lots of timely
Dr. Michael Templeton,
technology transfer to the
Imperial College London
region given recent waterborne crypto issues in Wales and Ireland.”
Professor Jim Malley noted, “Good questions from the
audience and I believe the hallway comments were that
they got a lot out of the workshop. The changing UK
Drinking Water Inspectorate (DWI) regulations will open
the door for UV disinfection of their drinking water and so
again the conference was timely”.
The workshop speakers as a group and IUVA members
Phyllis Posey (Atlantium) and Margarete Bucheli (EAWAG)
who attended, expressed a consensus view that more
European IUVA workshops can and should be planned.

Speakers (left to right), Dr. Michael Templeton, Dr. Jamal
Awad, Elinor Cordiner, Dr. Regina Sommer, Michael Joyce,
Tom Hall, Dr. Andreas Kolch, Bob Hulsey, Prof. Jim Malley,
(missing - Dr. Richard Sakaji)

PRESIDENT-ELECT
Linda Gowman, President of the IUVA and the IUVA Board
of Directors are pleased to announce the election of
Bertrand Dussert as President-elect of the IUVA. Bertrand
will become President at the completion of the soon to be
announced 5th Ultraviolet World Congress in planning for
the autumn of 2009.
About Our President Elect:
Bertrand Dussert, Ph.D. is the Global Product Manager for
UV Technologies in the Chemical Feed & Disinfection
Group at Siemens Water Technologies Corp., based in
Vineland, NJ, USA. Bertrand joined Siemens, a leading
global provider of equipment and services, over seven
years ago. In his role there, he
leads, develops and implements
product, product line & business
strategies worldwide for UV
technologies.

We offer our great appreciation for the efforts made by Tom
Hall and WRc plc our co-organizer. WRc is an innovative,
research-based group, providing consultancy in the water,
waste and environment sectors. They assist governments
and regulatory bodies in creating soundly based regulation.

Additionally, he has written a
guide to “Essential Criteria for
Selecting
an
Ultraviolet
Disinfection
System”,
first
published through the American
Water Works Association. He was
previously a member of the
Calgon Carbon research team that
Bertrand Dussert
proved Ultraviolet light was a
cost-effective option to inactivate
cryptosporidium in drinking water, first presented at the
1998 American Water Works Association conference.

A CD of the workshop technical presentations including
shipping and handing is available for $50.00 US. Contact
Diana at dianas@iuva.org to order.

Dr. Dussert has a Ph.D. in Environmental Engineering from
the National Institute of Applied Sciences in Toulouse,
France. He has published more than 40 papers and holds

IUVA thanks our workshop Presenters, Exhibitors - Trojan
UV, ITT Water & Wastewater and Severn Trent Services and
our Sponsors – Black & Veatch, AQUAFIDES and TrojanUV
for their support.
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five patents in such water treatment technologies as UV,
ozone, activated carbon, chlorine dioxide and membrane
separation processes.
He has over 20 years of water treatment experience, with
15 years in the UV industry. He has been involved in the
IUVA since its inception, joined the IUVA Board in 2001 and
was the founding member and Chairman of the IUVA
Manufacturer’s Council, before accepting his new position.
Goals For The Future Of The IUVA In His Own
Words…
My vision is fourfold. I wish to build on the momentum
we’ve gained, thanks to Linda Gowman and each of our
past Presidents. They have done a wonderful job and I look
to continuing in their footsteps.
We will work to update and implement the strategic plan
that was developed in 2006 for the future of the
association.
Based on our Mission Statement, I would like to focus on
UV applications that benefit public health and the
environment, but have not been a major emphasis so far,
including swimming pools, residential applications,
commercial and industrial applications, etc. in an effort to
expand our horizons past just our most familiar municipal
water and wastewater markets.
Finally, I want our membership to become a better
representation of the world that we strive to serve. This
means continuing to bolster membership numbers outside
North America, thus solidifying our status as a truly
international organization. The future is bright and I look
forward to the many accomplishments in IUVA’s future.

IUVA MANUFACTURERS’ COUNCIL
Oliver Lawal is the new Chair of the IUVA Manufacturers’
Council, subsequent to the election of Bertrand Dussert as
our IUVA President-elect.
The objectives of the Council are to:
• Represent the common interests of Ultraviolet (UV)
manufacturers and related companies
• Provide responsible representation for, and involvement
of, IUVA Corporate Members
• Provide policy input as well as develop responses and
comments within the framework of IUVA on matters
affecting IUVA Corporate Members.
• Encourage the establishment of standards and protocols
which accomplish a legitimate and legal purpose, such
as safety or increased industrial efficiency
Since its inception, the Council, which has now 22
members, has worked diligently and, notably, completed
the following projects:
• Proposed Method for Measurement of the Output of

Monochromatic (254 nm) Low-pressure UV Lamps Used
for Air and Water Applications
• Recycling of UV Lamps – Worldwide Guidelines
The Council has the following ongoing projects:
• Sizing Drinking Water UV Disinfection Equipment:
Minimum UV Dose Requirements
• Proposed Method for Measurement of the Output of
Medium-pressure UV Lamps Used for Air and Water
Applications
• Proper Maintenance of UV Equipment; Best Practices
The Council also works in cooperation with industry
experts and partner associations for the following projects:
• Development of a Standard Protocol for Low Dose
Wastewater Bioassay
• Development of an AWWA Standard on UV Disinfection
for Water
• Expansion of NSF 55 Standard for Residential and
Commercial applications
We thank the members of the Manufacturers’ Council for
their efforts to date and wish Oliver and the committed
members listed below much success in their efforts.
Volker Adam
John Andros
Gregg Burnett
James Jian Chen
Bertrand Dussert
Stuart Engel
Bruno Ferran
Jaak Geboers
Craig Howarth
Laszlo Laskai
Oliver Lawal

Gaspar Lesznik
Myron Lupal
Jeremy Meier
Jennifer Muller
Karl Platzer
Phyllis Posy
Sabine Proft
Peter Schwarz-Kiene
Dick Stowe
Elliot Whitby
Dave Witham

IUVA BYLAWS TASK FORCE
The IUVA will celebrate its 10th anniversary in 2009! The
IUVA’s evolution from a start-up educational association in
1999 to one with global reach and diverse member needs
has led us to review if the existing IUVA Bylaws help us
meet our strategic goals.
President Linda Gowman presented this idea at the June
Board of Directors meeting during AWWA in Atlanta.
Discussion led to establishment of Bylaws Task Force (BTF)
to evaluate the need for changes to the Bylaws and
potential establishment of IUVA Rules of Operation and a
professional practice or code of ethics.
Richard Hubel, Jim Malley and Guus IJpelaar volunteered to
join the Bylaws Task Force and held a meeting later in the
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week. As many of you have come to expect, Professor
Malley volunteered to Chair the BTF based on his
involvement in Bylaws development and operations within
other associations. The task force is off and running and
will evaluate our Bylaws and our current operational
structure before making recommendations at a future
Board meeting.

IUVA REGULATORY SUPPORT TASK FORCE
The IUVA directly and through many of its members
receives requests to comment on or provide technical
support on local, regional or national legislation and
regulation. IUVA management and members have
participated in support of the US EPA LT2 and GWR and
other initiatives. Many times, involvement is after the
legislative stage and more focused on the regulation
development process.
Ideally, it is best to get involved early in the process. To do
this, President Gowman asked the Board for volunteers to
establish a Regulatory Support Task Force (RSTF). The task
force’s objective is to map out the regulatory priorities for
IUVA and put a process in place so that IUVA can offer
technically supportable commentary on regulatory issues
of relevance. We will develop an informed consensus from
industry experts to support public health and

8 | IUVA News / Vol. 10 No. 3

governmental driven legislative and regulatory issues.
The Task Force, Chaired by Phyllis Posey, currently includes
Matt Valade, Heather Landis, Rick Sakaji and Regina
Sommer.
We request feedback from IUVA members regarding your
experiences and what you perceive as materials necessary
to provide sound technical transfer to public, legislative
and regulatory groups. We would also like to learn about
current regulatory governance position on UV in drinking
water, wastewater, reuse and air treatment in your city,
state, province or country.
The RSTF is currently reviewing the Water Supply
Committee of the Great Lakes--Upper Mississippi River
Board of State and Provincial Public Health and
Environmental Managers “Ten State Standards”
http://www.10statesstandards.com/waterstandards.html#
ultra
Additionally, the RSTF volunteered to support the efforts of
the Chinese Technical Standardization Committee 299
(TC-299), focused on “development of four Chinese
National Standards or Protocols”.
Please send the RSTF local information and your
experiences to dianas@iuva.org for distribution to the task
force.

H

OT UV
NEWS

The following are interesting media items that may effect the UV Industry:

12 Sep 2008: Emerging Markets Aid Bottled Water Growth
The demand for clean water in emerging markets such as Africa
helped boost global bottled water consumption in 2007,
according to the 2008 Global Bottled Water report.
Overall, global bottled water consumption increased 6 percent
to 206 billion liters (about 54 billion gallons) in 2007, according
to the press release.
Regional market figures increased 14 percent and 10 percent in
Africa and Eastern Europe, respectively. Asia/Australia remains
the largest regional market with a 26.5 percent share, reaching
a 10 percent increase from 2006 numbers. The only regional
market to see a decline in consumption volume, Western
Europe, showed a 0.2 percent decrease, which was assumed to
be caused by poor summer weather.
The report also shows that the United States and China were the
two largest national markets. Data on the world’s four top
bottled water companies, Nestle, Danone (Dannon), Coca-Cola
and PepsiCo, are also included in the release.

The substances detected in the latest tests mirrored those cited
in the earlier AP report.
Chicago, for example, found a cholesterol medication and a
nicotine derivative. Many cities found the anti-convulsant
carbamazepine. Officials in one of those communities, Colorado
Springs, say they detected five pharmaceuticals in all, including
a tranquilizer and a hormone.
And while the new survey expands the known extent of the
problem, the overwhelming majority of U.S. communities have
yet to test, including the single largest water provider in the
country, New York City's Department of Environmental
Protection, which delivers water to 9 million people.
The AP National Investigative Team can be reached at
investigate (at) ap.org
http://ap.google.com/article/ALeqM5hozicnCmH9Zltqyd
DTw3ni1dn-TAD934NAL80

08 September 2008: US Bottled Water Growth Rate Slowing
11 September 2008: AP Enterprise: Drugs affect more
Drinking Water
Testing prompted by an Associated Press story that revealed
trace amounts of pharmaceuticals in drinking water supplies has
shown that more Americans are affected by the problem than
previously thought — at least 46 million.
That's up from 41 million people reported by the AP in March as
part of an investigation into the presence of pharmaceuticals in
the nation's waterways.
The AP stories prompted federal and local legislative hearings,
brought about calls for mandatory testing and disclosure, and
led officials in at least 27 additional metropolitan areas to
analyze their drinking water. Positive tests were reported in 17
cases, including Reno, Nev., Savannah, Ga., Colorado Springs,
Colo., and Huntsville, Ala. Results are pending in three others.
The test results, added to data from communities and water
utilities that bowed to pressure to disclose earlier test results,
produce the new total of Americans known to be exposed to
drug-contaminated drinking water supplies.
The overwhelming majority of U.S. cities have not tested
drinking water while eight cities — including Boston, Phoenix
and Seattle — were relieved that tests showed no detections.

The US bottled water market is slowing down after years of
steady growth, suggesting that international awareness
campaigns may be curbing consumer demand. While bottled
water continues to expand in global popularity, the US market is
expected to grow 6.7 percent this year, the smallest increase this
decade, according to data collected by the Beverage Marketing
Corporation. The United States is the largest consumer of
bottled water, but opposition is growing. In the past year, several
restaurants, municipalities, natural food stores, and schools are
deciding to 'buy local' - choosing tap water rather than
packaged products - for economic, environmental, or social
justice reasons.
The U.S. bottled water industry's growth has declined for four
years in a row. But Tom Lauria, vice president of communications
for the International Bottled Water Association, said the
advocacy campaigns are not the cause. 'We have enjoyed
meteoric growth in the past, but that's bound to level off,' he
said.
Global consumption of bottled water reached nearly 189 billion
liters last year alone - a 7.6 percent increase from 2002 - led by
growing demand in China. The United Arab Emirates, Mexico,
and Italy lead the world in per capita consumption, according to
the beverage marketing data
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26 August 2008: Water and Wastewater treatment in Bosnia
and Herzegovina Funding
The European Investment Bank (EIB) is lending 60 million EURO
for implementation of the water and sanitation projects of
municipalities and cantons in the Federation of Bosnia and
Herzegovina. This will help to improve the quality of life of the
country’s citizens and meet Bosnia and Herzegovina’s needs
regarding future compliance with EU environmental legislation.
The EIB loan will finance an investment program for the water
and wastewater sector in 15 towns that will result in an
improvement and expansion of water supply and sewage
systems and the construction of wastewater treatment plants.
The Bank would be prepared to consider a similar operation for
Republika Srpska, representing the other entity of Bosnia and
Herzegovina.
The EIB loan will cover up to 50% of the total costs of the
planned projects that will be co-financed by the budgets of the
Federation of Bosnia and Herzegovina and the country’s
municipalities and cantons and the EU Instrument for PreAccession. The remaining funds will be provided by the
European Bank for Reconstruction and Development and the
World Bank, representing another example of the good
coordination and cooperation among all three international
financial institutions in the Western Balkans.
At present, project preparation in a number of towns is already
in progress, assisted by grants provided by the European Union
under the Environmental Project Preparation Facility. Some of
the required feasibility studies have already been completed in
cooperation between the municipal authorities and
internationally experienced consultants, e.g. in Velika Kladusa,
Orasje and Bosanski Petrovac, and more are to be undertaken in
the course of 2008.

25 August 2008: Total Water Impacts of Consumer Products
If the full water requirements of a morning roast are calculated farm irrigation, bean transportation, and the serving of the
coffee - one cup requires 140 liters of water. This notion of a
product's 'water footprint' is gaining traction. Defined as the
total volume of freshwater required to produce a nation's goods
and services, the tool tracks domestic water demand and the
impact of consumption on water resources across the globe.
As world water availability begins to decline as the result of
population growth, overconsumption, and climate change,
more water advocates are encouraging governments and
consumers to internalize the true cost of water through an
account of their water footprint.
One single hamburger accounts for an estimated 2,400 liters of
water; one kilogram of beef consumes 15,000 liters of water; a
slice of white bread takes in 40 liters of water; and one kilogram
of cheese absorbs 5,000 liters of water.
Source: Worldwatch Institute

10 | IUVA News / Vol. 10 No. 3

31 July, 2008: Protect Yourself from Pool Parasites
Cryptosporidium in swimming pools continued to receive strong
media attention during the summer swim season after the CDC
report and the City of Phoenix Arizona Forced Phoenix to Close
and Disinfect 29 Pools
Visit
http://abcnews.go.com/GMA/SummerSizzle/story?id=5484186 to
view a video report by ABC News – Good Morning America

23 July 2008: Inaugural International Water Conference 2008
The inaugural event was held July 23-24 at the New York City
headquarters of the United Nations.
The conference was organized by the New York Institute of
Technology’s Center of Water Resources Management in
cooperation with the United Nations (Department of Economics
and Social Affairs) and the World Bank. According to a press
release, “The conference program addressed the critical role of
water efficiency and water resource management when it comes
to achieving drinking water sustainability. Specifically, the
program seeks to identify practical and affordable technological
solutions to more effectively address the evolving challenges
associated with achieving drinking water sustainability.”
This was reflected in a gathering of experts in water resource
management, representatives from the United Nations and its
member nations, water practitioners in the field, and other
leading organizations that are collectively working together to
address the global drinking water challenge.
The conference included presentations highlighting new
technologies and initiatives that are currently underway
including those from ITT Fluid Technology, Siemens Water
Technologies, GE Water & Process Technologies, and Dow Water
Solutions.
Currently, it is estimated that 20 percent of the world’s
population — 1.2 billion people — do not have proper access to
potable water. One of the eight Millennium Development Goals
established by the United Nations in September 2007 includes
halving the number of people without access to safe drinking
water by the year 2015. The availability and accessibility of lowcost technologies for the drinking water sector will play a critical
role in achieving this goal.
http://www.nyit.edu/academics/events_and_conferences
/international_water_conference

02 July 2008: China to invest US$29bn between 2008-2010 in
Sewage Treatment Industry - Source: Business Wire
Research and Markets has announced the addition of the 'China
Sewage Treatment Industry Report, 2008'. The China sewage
treatment industry is in a stage of rapid development and has
huge market potential. By the end of 2007, China's sewage
treatment capacity had reached 80 million tons per day, and the

urban sewage treatment rate had hit 58%. According to the
Eleventh Five-Year Plan (2006-2010), it is estimated that China's
sewage treatment capacity will reach 10,000 tons per day and
urban sewage treatment rate will rise to 70% in 2010. China
currently has an imbalance in its sewage treatment industry
development in different regions, it has high sewage treatment
rates in eastern region and low sewage treatment rates in the
western region.
According to the Research on Sustainable Utilization of China
Urban Water Resources, China's total investment in its sewage
treatment industry is expected to reach CNY200 billion (approx.
US$29bn) in the period 2008-2010, indicating China's sewage
treatment industry with huge market potential will be able to
have a rapid and sustainable development.
This report includes an in-depth study on the current situation,
competition and development trend of China's sewage
treatment industry as well as detailed analysis on China's top ten
sewage treatment companies.

01 July 2008: July was UV Safety Month
Eye M.D.s across the nation are urging Americans to protect
their eyes and their children’s eyes by wearing sunglasses and
wide-brimmed hats.
http://www.aao.org/aaoesite/eyemd/uv.cfm

June 2008: CDC Report Released on Swimming Pools Pathogen
Issues
“Prevalence of Cryptosporidium spp. and Giardia Intestinalis in
Swimming Pools” - Study leads to recommendation for UV
Treatment.
Abstract
Cryptosporidium spp. and Giardia intestinalis have been found
in swimming pool filter backwash during outbreaks. To
determine baseline prevalence, we sampled pools not associated
with outbreaks and found that of 160 sampled pools, 13 (8.1%)
were positive for 1 or both parasites; 10 (6.2%) for Giardia sp.,
2 (1.2%) for Cryptosporidium spp., and 1 (0.6%) for both.
http://www.cdc.gov/eid/content/14/6/948.htm
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UV

INDUSTRY
NEWS

The following are some items of note from IUVA Member
Announcements:
19 September 2008: Halma Acquires Fiberguide Industries
Halma p.l.c, a leading sensor, safety and technology group and
parent of Ocean Optics and Labsphere, announced its acquisition of
optical fiber manufacturer, Fiberguide Industries. Halma is a
worldwide group of 40 manufacturing businesses operating in 26
countries with a turnover of $700m.
Andrew Williams, Halma Chief Executive says, “Fiberguide deepens
our presence within the growing Photonics market and strengthens
our existing fiber optic assembly activities. There are excellent
opportunities for Fiberguide to develop strongly within Halma –
particularly through technical collaboration with other Halma
photonics companies such as Ocean Optics and Labsphere.”
www.halma.com
16 September 2008: Advance announces its launch of an exciting
repositioning campaign that will serve to both acknowledge its
long-standing position and history as a leader in the ballast industry
while firmly reflecting its affiliation to global technology leader and
corporate parent Philips. As part of the initiative, Advance will
officially become known as Philips Lighting Electronics North
America (N.A.) and will adopt Philips Advance as its product brand
on all existing electronic and magnetic fluorescent and HID ballasts.
www.philips.com/advance
16 September 2008: Fusion UV’s new web site,
www.fusionuv.com, has added a Maintenance and Repair Support
section. Any visitor to the site can quickly see such information as
global repair and support contacts, training, warranty details, and
service contracts.
The Fusion UV Systems, Inc. site debuted on 04 August with an
updated look to allow visitor registration and improved navigation.
Visitors can now register to more easily download the wealth of
educational and technical information available at the site such as
case studies, white papers and technical articles about UV curing.
Fusion UV customers who register can download commonly needed
information which was previously only available upon request from
Fusion UV such as bulb spectral data, system quick start guides, and
part number listings.
Especially helpful for new site visitors, revised navigation quickly
guides the user to what they need based on whether they are an
existing customer, potential customer, chemistry formulator, or
machine builder/OEM.
10 September 2008: In response to a specific request from a large
machine builder customer, Fusion UV Systems, Inc. recently
acquired certification of its F300S/SQ product to “IECEE CB
Scheme”. This is in addition to TUV, CSA and other certifications
(TUV, CSAC22-2, UL1012, EN60204-1, and EN55011) covering the
F300S/SQ.
The “IECEE CB Scheme” is based on international standards and is
a multilateral agreement among the IECEE member countries and
their respective organizations. Currently some fifty countries are
members of the IECEE. UV systems, such as the Fusion UV F300S/SQ
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possessing IECEE Certification Bodies’ Scheme (CB) certification
require no further regulatory compliance testing prior to being
accepted by the member countries. www.fusionuv.com
31 July 2008: Heraeus Noblelight displayed and will be showing its
latest innovations of UV lamps for water treatment at the following
water events
• Heraeus Noblelight will be represented at IWA Vienna 2008 and
AQUATECH in Amsterdam
• UV treatment – a reliable and environmentally friendly method
• Product innovation will be launched at AQUATECH
An innovative and powerful UV Amalgam Lamp will be launched at
AQUATECH in Amsterdam. www.heraeus.com
24 July 2008: Ocean Optics Introduces Video Tutorials for Use with
Ocean Optics Spectrometers and Software.
Nicknamed “Spectroscopy TV”, the tutorials are designed to help
new Ocean Optics customers set up, calibrate and use their
spectrometers in a variety of applications. Episodes are also
dedicated to demonstrating SpectraSuite, the company’s
spectroscopy software.
www.oceanoptics.com/tv.asp

UV VALIDATION FOR WASTEWATER
APPLICATIONS: IS A UNIFORM
PROTOCOL POSSIBLE?
O. Karl Scheible
HydroQual, Inc.

ABSTRACT
With the release of the USEPA Ultraviolet Disinfection Guidance Manual (USEPA, November 2006), the protocols for UV reactor
performance validation reached a new level of standardization and acceptance. This paper addresses the concept of a uniform
protocol for wastewater applications, including reuse, secondary effluents and low grade wet-weather flows, modeled after the
UVDGM and encompassing existing wastewater protocols published by NWRI and the USEPA ETV program. The suggested
approach would allow for validation over a prescribed operating range (flow, UVT, power, etc.) as defined by the manufacturer,
rather than assign a specific application. The protocol would introduce flexibility with respect to surrogate selection, include the
use of chemical actinometry with dyed microspheres, and emphasize the operating strategy of the system (intensity setpoint and
calculated dose control). Credit for validated performance would address experimental variability and the accuracy of key system
and experimental measurement components. The overall intent of this effort, which is underway, is to provide a modern, updated
protocol that can be used universally and be accepted in the owner, design and regulatory communities.
Key Words: UV disinfection, treated wastewaters, reuse, validation protocols, surrogates
A number of verification and validation protocols exist that address the performance of UV systems designed for disinfection of
drinking waters and treated wastewaters. An effort is underway that will attempt to unify these protocols, first focusing on those
that deal with treated wastewater application, using the recently released UVGDM as a model template.

CURRENT VERIFICATION
PROTOCOLS
First, let us briefly review the status of current protocols.

1. USEPA UV Disinfection Guidance
Manual (UVDGM) (November 2006)
The UVDGM had been in development for nearly 5
years, and was released in final form in November
2006. Formal drafts were released for comment in June
2003 and January 2005, and updates were given
limited distribution in December 2005 and April 2006
– these drafts were used for validations of systems for
the past several years. This document is expected to
become the primary validation protocol reference for
drinking water applications. It is less prescriptive than
the European protocols, and provides for flexibility in
testing, while establishing QA goals that have to be
met for acceptance of test results, and which can affect
the RED accreditation for the targeted pathogens.
Additionally, it offers alternative testing and analysis
approaches for different operating/dose-control
strategies, and suggests a multivariate regression

analysis to establish the variability/uncertainty
associated with a test program.
There is global
interest in the UVDGM, with national agencies citing
the document and its validation requirements within
their regulatory framework.
Regulators are expecting to require UVDGM validation
on systems offered within their jurisdiction. Such
testing has been underway at both validation centers
in the United States (Portland OR and Johnstown NY)
since 2003, generally for dose-control systems; the
validation reports attempt to meet current UVDGM
data analysis requirements, or, at minimum, report
field data that will allow for credited RED or log
inactivation analysis under the final UVDGM. New
validations will necessarily follow the UVDGM
protocols in order to attain inactivation credits for the
targeted pathogen.
Although directed to drinking water validations, the
UVDGM validation protocol has raised the standard for
the concept itself – it is comprehensive and flexible, has
undergone substantial peer review and regulatory
input, essentially becoming the industry standard for
validation. We strongly believe that it serves as the
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basis, in format, methods and data analysis techniques,
for a uniform protocol across all water/wastewater
applications.

2. NWRI/AwwaRF UV Design Guidance for
Reuse and Drinking Waters (2003)
This protocol (along with the ETV protocols discussed
below), remain the only formally recognized test
methods for wastewater-related applications. Since
development of the first protocol, a new NWRI/AwwaRF
edition has been published (2003) and there is some
indication that this will undergo a second revision in the
near future. We are seeing interpretations of verification
reports (non-ETV) that suggest that the NWRI/AwwaRF
guidance is leaning more to the approaches found in
the UVDGM. Specifically, these include limits to the
degree of replication needed, and the use of multiple
linear regression modeling to assess the data, determine
dose-delivery as a function of operating variables and
establish uncertainty factors based on the MLR analysis.
Scaling is accepted, and commissioning validated
systems is addressed by hydraulic checks. New work
suggests alternate approaches to commissioning a
system, verifying expectations from the validation tests.

3. USEPA Environmental Technology
Verification Program (ETV)
The UV-related verifications within the ETV program
are administered through NSF International, Ann Arbor
MI. Within the ETV program, there are four verification
protocols:
A. ETV: UV Disinfection of Reuse Waters
This verification protocol is designed to mimic very
closely the NWRI/AwwaRF protocols for drinking
waters and reuse waters (NWRI/AwwaRF, 2000). The
second edition of the NWRI/AwwaRF (2nd Edition) was
released in 2003; the only validation modification
addressed the size of the system to be tested – the new
version allows testing of one reactor instead of a
minimum of two reactors in series. It contains the
basic approach to validate dose-delivery performance
at alternate transmittance levels, representing varying
levels of treatment prior to UV (granular filtration,
membrane filtration and RO), and adds separate
protocols for verifying specific system design and
operational claims, including lamp aging and fouling
attenuation factors, and velocity profiles.
B. ETV: UV Disinfection of Secondary Effluents
This is very similar to the Reuse ETV, except that it
requires incorporating tracer analyses to verify
hydraulic characteristics, and establishes different
default attenuation factors than suggested by the
Reuse ETV. Strictly followed, these differences mean
additional testing (and expense) to yield data that are
still within the operating range of the Reuse ETV. The
differences are more an artifact of existing practice
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(and past tests) than due to any technical justification.
Additionally, the secondary protocols rely on MS2
testing, which is now considered inappropriate for
such “low-dose” applications.
C. UV Disinfection of Wet Weather Flows
This was written after extensive stakeholder input and
review, and subsequent modifications once vendors
committed to conducting such tests. It requires testing
in three phases, addressing dose-delivery under
specific UVT conditions in a non-particle matrix, then
in a primary effluent matrix, and, finally, verification of
the units’ cleaning mechanism. These are similar to
the Reuse/Secondary effluent protocols, except that
the testing phases are required in combination and are
not separated as independent optional ETVs.
D. UV Disinfection of Drinking Waters
Different than NSFI’s Standards, such as Standard 55,
for small POU/POE UV units, the ETV program has a
verification protocol for application to drinking waters.
These are generally intended for systems larger than
the POU/POE units covered under Standard 55. The
first versions were limited in scope, generally verifying
delivery of a targeted single dose at rated design
conditions. It is our understanding that NSF
International, at its 2003 stakeholders meeting,
decided to craft a new protocol that is based on the

USEPA’s UV Disinfection Guidance Manual (UVDGM).
This is not in place, possibly because the UVDGM has
been in draft form and has itself undergone significant
modifications. The final UVDGM is now available
(USEPA, November 2006).

3. Other Validation Protocols
Other widely recognized protocols exist that influence
the industry:
A. DVGW (Germany)
This protocol was recently updated in 2003. It is very
prescriptive, and is directed only to verification of
intensity setpoints for system dose control. Because of
its limited nature, it has not been used extensively
outside of Germany. Testing by this protocol is
generally done at a facility in Germany

The final protocol is expected to be completed by the the
fall of 2007.
At this point, based on our knowledge and understanding
of the ETV, NWRI and UVDGM protocols, we anticipate
reconsideration and adjustment of the following elements
in developing the generic, uniform protocol for wastewater
validation:
1.

Use the UVDGM format (contents and context,
outline and checklists) as the format for the proposed
protocol.

2.

Eliminate Directed UV Protocol specific to UV
application (reuse, secondary, wet weather, etc.). The
individual test plans written for a validation can
address meeting specific requirements (e.g., Title 22);
the protocol itself should focus on the procedures –
and accommodate the wide range of water quality (as
expressed by the UVT) expected for wastewater
applications (e.g., 20 to 80% UVT). The manufacturer
will determine the application and the operating
range for its specific system.

3.

Separate the protocols dealing with dose performance
(the primary focus of this effort) lamp output
attenuation, fouling attenuation and cleaning device
efficacy. .This is not the case in the ETV wet-weather
protocol. Additionally, these ancillary protocols
should be updated – this is not currently the focus of
this effort, but can be after it is completed. In
particular, work and documents that have been under
development by others should be reviewed and
brought into these updates.

4.

Particle impacts can be studied separately and specific
to an application. The ETV for wet-weather flows
requires testing in a primary effluent matrix to assess
the impact of particles. This is influenced by the
characteristics of the wastewater used for the tests,
which limits its application as a generic verification.
We propose eliminating this from the validation
protocol. Rather, a protocol can be written (as a
separate option) to develop dose-response
relationships in the laboratory for a particular site
application, addressing the effect of particle size (by
fractionation, or serial filtration) on performance.

5.

By making the different tasks independent, a
manufacturer can choose one or more in the conduct
of a validation. From a practical standpoint, the dose
performance validation would be done separately
(inclusive of technical testing that normally
accompanies such a validation) because it generally
requires larger systems and the testing can be done in
a matter of weeks. The other validations require
different setups and timeframes and can be done on a
smaller scale.

6.

Additionally, the test matrix should encompass an
expanded operational envelope for dose-delivery
testing, reduce the degree of replication and support a

B. ONORM (Austria)
Similar to the German protocol, this is protocol finds
limited use outside of Europe, with testing done at a
facility in Austria.

UNIFIED PROTOCOL
There have been legitimate concerns regarding
dissimilarities between protocols and their expense. With
the release of the final EPA Guidance Manual for drinking
waters, the evolution of the validation concept has reached
a point where we believe we can reach some unity in the
approach that validation protocols can use, leaving the
details of their implementation with a well-designed test
plan and QA guidance. This unified protocol could
eventually be applicable to both wastewater and drinking
water. At this point we suggest that we focus on the
wastewater protocols, since the UVDGM will essentially be
the standard for drinking water, even from a regulatory
standpoint. To this end, we are suggesting that a generic
Wastewater UV Disinfection protocol be developed, based
primarily on the NWRI/AwwaRF, ETV and UVDGM protocols,
and structured in a fashion similar to that of the UVDGM.
The approach we are taking is to:
•

First review and summarize the protocols in the
context of the UVDGM.

•

Draft an extended outline for new wastewater
protocol, based on the comparisons to the UVDGM,
and on testing methods that reflect current
approaches to validation.

•

Subject the draft outline to critical review within the
industry.

•

Reflecting comments/editing suggested by reviewers,
complete first draft will for critical review.

•

Once this first draft has been reviewed and a second
draft prepared, the second draft will be distributed to
a broader stakeholder group.
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valid multivariate regression analysis. The verification
should allow for flexibility in developing the test matrix
– a manufacturer may choose to verify performance in a
targeted UVT range, instead of the specific targets (e.g.,
40% for wet weather or 65% for secondary) suggested
in the current protocol. These steps bring this protocol
closer to the “unified” goal, allow for more cost-effective
validations, and give the manufacturer flexibility in
setting the design operating range for verification.
7.

8.

9.

Remove replication of dosimetry runs as a
requirement, leaving the requirement to collect a
minimum of three influent and three effluent samples
with each test event (an “event” being defined as the
collection of the inf/eff samples at a prescribed set of
unit operating and water quality conditions – flow,
power, number of lamps, UVT, etc.). This allows for a
broader spectrum of operating conditions, instead of
expending budget on test repetitions. At the user’s
discretion, replication can be added to the test
program, with the benefit of reducing the uncertainty
of the regression analysis. California has allowed this,
conditioned on the collection of quality, low-variability
test data. Data across a wider, or more varied, test
matrix, will support the MLR approach, and gives the
vendor a more “marketable” verification report.
Incorporate the reactor operating strategy into the
design of the test plan for a specific reactor. This would
follow the UVDGM approach, which specifically
discusses test matrices for sensor-setpoint and dosealgorithm strategies. As such, smaller systems would
typically be evaluated in the simpler setpoint approach,
while larger systems that have dose-control (or are
required to have dose control and readout) would be
tested over a broad operating envelope. Such flexibility
recognizes the diversity of commercial systems.
Adopt the UVDGM dose-response collimated beam
protocol as a standard through all test ranges. This
simply updates all protocols to the latest standard – it
is more rigorous, and has specific methods for
analyzing the data generated by the collimated beam
test. It would also assure that there is uniformity
across all applications and among laboratories.

10. Quality control limits for the dose-response curves
should be updated. NWRI and the UVDGM show
such limits for MS2; the UVDGM for B. subtilis. New
surrogates that are in use should also have data
developed to support such an assessment. T1 and QB
are examples.
11. Unify the attenuation factors. Default factors can be
adopted for the different lamp technologies, with the
flexibility to adopt factors that have been
demonstrated through a documented alternative
study. Derivation and application of these factors
would be made consistent throughout all applications
(this is not the case, for example, when comparing the
reuse and secondary ETV protocols). Validations
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typically combine the two to a single attenuation
factor, defined by the vendor. This typically becomes
important when the setpoint approach is used. It is
not necessarily an issue when evaluating the dosecontrol strategy, except to assess the sensor intensity
as a function of power and/or UVT.
12. Incorporate intensity-power-UVT tests into the
protocol. This serves as very useful design and
operating data for validated RED estimates. From
these, one can estimate the level to which lamps and
or fouling can deteriorate before RED performance
goals are affected.
13. Sensors are critical elements of any reactor design,
especially for drinking water reactor applications. The
UVDGM approach for evaluating UV sensors is
suggested – making this consistent through all
applications.
Design guidance, outside of the
validation protocols, will set standards with respect to
the number of sensors that should be installed in a
reactor – the validation protocol should only assess the
responsiveness of these sensors and their variability
relative to reference sensors.
QA limits, as
incorporated in the UVDGM, would be used across all
applications.
14. Eliminate the hydraulic tracer analysis requirements
found with the current secondary effluent ETV
protocol. Its use is outdated.
15. Add the multiple linear regression (MLR) approach to
the protocols for analysis of the biodosimetric test data
developed in the field. This is an important feature of
the current version of the UVDGM and is a preferred
approach with reuse applications. This technique
allows one to design the test matrix rationally, and
provides a correlation of the RED as a function of the
unit operating parameters, such as UVT, power,
banks/modules, flow, etc.
Examination of the
uncertainty of the correlation (developed on the basis
of the variability of the observed data about the
regression line) can establish the lower confidence
levels, and the credited RED. This approach can use a
manufacturer’s dose algorithm; the verification would
simply establish the variability of the observed data
about the predictive relationship.
16. Low-dose alternative challenge microbes should be
readily allowed. MS2 validations are effective for RED
levels greater than about 30 mJ/cm2. This has led to
issues when validating at lower doses. The UVDGM
addresses this with application of an RED bias, which
accounts for differences that might occur in a
hydraulically inefficient reactor when the targeted
microbes (such as Crypto, E. coli, Giardia, fecal
coliforms) are more sensitive to UV than the challenge
microbe. As described in the UVDGM, if there is no
independent, direct measurement of dose-distribution
in a reactor, one can apply the “RED bias” as an
uncertainty factor. Alternately, use a test surrogate that is
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closer in sensitivity to the targeted pathogen or
pathogenic indicator (e.g., use T1 for low dose
secondary effluents). This should be addressed across all
protocols, and should provide for using a more sensitive
organism than MS2, or demonstrate independently the
actual dose-distribution within the reactor.

Quality is more
than a product.

17. Establish the same QA goals as the UVDGM across all
applications. These specifically relate to flow meter
calibrations; sensor variability relative to references;
variability of the collimated-bean, dose-response data;
radiometer calibrations; and spectrophotometer
calibrations. Additionally, there are normal field and
lab QA/QC analyses relating to field, trip and lab
blanks, and variability among influent and effluent
sample sets.
18. Flexibility for Challenge Microbe Selection. This
should be allowed across all applications. There is
considerable new work that has been done on
different challenge microbes, including investigations
into high dose surrogates. Although choices will likely
focus on current favorites, such as MS2, T1 and Qbeta coliphage, the protocols should allow the
flexibility to respond to new, acceptable organisms.

UV clean
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19. Incorporate dose-distribution measurement by dyed
microspheres. This method is relatively new and can
be considered demonstrated (Blatchley, et.al., 2006a
and 2006b, Shen and Scheible, 2007). It uses
fluorescent actinometry to determine the dose
delivered to individual particles injected into the
feedstream.
By measuring thousands of such
particles, one can determine the dose-distribution
within a reactor. This is a critical parameter that is
specific to a reactor’s hydraulic behavior and intensity
field. Applying dose-response kinetics determined
from collimated beam measurements allows one to
estimate the delivered dose for any targeted
organism. Establishing a protocol for the dyed
microspheres approach would advance the
technology, and provide a potentially cost-effective
method for validating a system.
Additional elements can be identified and discussed. The
objective, however, is to introduce and incorporate a
commonality to the protocols. Eventually, this will result in
a testing protocol that simply addresses the operating
range for a particular UV reactor design. From this
validated operating range, one can decide the application
on a site-specific basis. For example, if a vendor designs a
system that is meant to operate in a UVT range of 40 to
65%, it may have applications relating to wet weather
flows (stormwaters), secondary effluents or reuse waters.
Using the format of the UVDGM will allow for a better
understanding of the protocols and encourage a greater
uniformity as we move forward. We also anticipate that
this protocol would be adopted under the ETV program as
an option to the manufacturer.
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UV PROCESS AND FOULING TESTING AT
TRICKLING FILTER PLANT: KEY FACTORS IN UV
DESIGN FOR TRICKLING FILTER EFFLUENT
Alicia Gilley1, Joe Foster1, Gary Hunter2, Derek Cambridge2, and Lucas Botero2
1. City of Olathe, 100 E. Santa Fe, Olathe, KS 66061
2. Black & Veatch, 8400 Ward Parkway, Kansas City, MO 64114

ABSTRACT
The City of Olathe, KS has been using ultraviolet (UV) light for over 20 years to disinfect waste-water effluent. The Olathe system
was one of the first low pressure/low intensity UV systems installed in the state of Kansas. Two pilot-scale UV systems were tested
at the treatment plant to compare the extent of fouling of their quartz sleeves. The pilot testing included a multi-phase process
to establish the operation and maintenance requirements for each system. The first phase of the testing was conducted to validate
the performance of the pilot system. The second phase of the testing was to conduct a fouling study. Results of the study
indicated that after one week the sleeve transmittance was close to zero percent. The results of the fouling study were used to
determine projected cleaning requirements for the new UV system. A baseline condition was established to allow a comparison
to be made after new equipment is installed.
Key Words: UV, Trickling Filters, quartz sleeve fouling.

BACKGROUND
For over 20 years, Olathe, KS, has used ultraviolet (UV)
light for disinfection of treated wastewater effluent as
shown on Figure 1. This system one of the first low
pressure/low intensity UV systems installed in the State of
Kansas, consists of modules that must be raised from
below grade, cleaned, and then lowered back into the
channels, all by hand- a procedure that requires significant
operator effort. The low pressure UV system was designed
to provide a dose of 30 mJ/cm2 at a peak flow rate of 6.4
mgd. At the average daily flow of 1.8 mgd the applied
dose is in excess of 70 mJ/cm2. According to plant
operating data, the UV transmittance and TSS values
appear to be higher than those from other trickling filter
plants, as shown on Figure 2. The higher transmittance

Figure 1 Olathe UV System

may be due to factors such as lower organic loading, a 2
to 1 recycle ratio for the trickling filters, and the use of a
nitrifying biotower.
Ultraviolet (UV) radiation is electromagnetic energy lying
within the spectrum of energy reaching Earth from the
Sun, but outside the wavelength range of visible light. UV
light between the wavelengths of 235 and 270
nanometers (nm) has been found to be biocidal to
bacteria and viruses in natural water, wastewater, and
process waters. This biocidal property is the basis for using
UV radiation as a physical disinfectant in the municipal
wastewater industry.

Figure 2 Historical Transmittance Values –
City of Olathe Data
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Ultraviolet
radiation
is
readily
absorbed
by
deoxyribonucleic acids (DNA) in certain pathogens found
in municipal wastewater. When this energy is absorbed, a
pathogen's molecular structure can be altered, making it
unable to replicate. While this effect can be reversed
(referred to as reactivation) under certain conditions, UV
radiation has proven effective in disinfecting municipal
wastewater.

Study Elements

Since 1990, more sophisticated and reliable UV systems
have been developed that operate much more costeffectively and have been installed in many treatment
plants, as an alternative to disinfection with chlorine as
increasingly tighter effluent chlorine, residual limits are
being imposed.

• Fouling Study

The study was divided into several tests to demonstrate
and compare the performance of the two UV systems
• Performance
o Study 1 – Trojan only
o Study 2 – Trojan and Wedeco units

o Study 1 - Trojan only
o Study 2 – Trojan and Wedeco units
• Process Transmittance Study – Trojan and Wedeco units
• Flow Impacts – Trojan and Wedeco units

PILOT PROJECT
In order to establish design parameters and to compare
the two systems, a multi-phase demonstration study was
conducted. This paper will focus on the results from
performance and fouling tests conducted as part of this
study.

Equipment
The two pilot units evaluated as part of this study were
supplied by Trojan Technologies and by ITT Wedeco.
Trojan System UV3000 Plus was 12 lamp system with a
chemical/mechanical wiping system. The 12 lamps were
arranged in a single bank consisting of three vertical
modules of 4 lamps each, with each lamp rated for a
maximum power output of 250 watts. Influent flow was
monitored using an in-line flow-meter calibrated by City
staff. On-line transmittance was measured using a HACH
UV transmittance unit. The pilot unit was controlled using
a standard Trojan PLC that controlled the UV dose
supplied.
ITT/Wedeco supplied a 12 lamp TAK 55 pilot unit with a
mechanical wiping system. The lamps were arranged in a
single bank of two 6 lamp modules in a 2 by 3 array with
each lamp rated for a maximum power output of 360
watts. Influent flow was monitored using an in-line
flowmeter calibrated by City staff.

• Power Study – Trojan and Wedeco units
• Reliability Study – Trojan and Wedeco units

Performance Study
The initial performance study was conducted to confirm
that the performance of the Trojan System UV3000Plus
was similar to that of the plant’s existing low pressure UV
system. During this study, samples were collected and
shipped to Trojan Technologies for collimated beam
analysis. A second performance study was completed after
installation of Wedeco unit to compare the performance of
the two pilot units.

Fouling Study
A major objective of this study was to evaluate fouling of
the quartz sleeves. The first system to be tested was the
Trojan System UV3000Plus. The purpose of the fouling
study was to determine how fast the quartz sleeves would
become fouled after the cleaning system was turned off
and then to determine the length of time needed for the
cleaning system to return the sleeves to their UV sleeves to
recover to pre-fouled condition.
The UV transmittance of the quartz sleeves was
determined by measuring double-layer UV transmittance
through the sleeve and converting the result to singlelayer UV transmittance. This method does not give an
absolute measurement due to the curvature of the sleeve,
but a relative measure that can be used to compare
sleeves, or the changes in fouling on a sleeve under
controlled test conditions. The measurements were taken
using a Varian Cary 50 UV/Visible Spectrophotometer with
holders that keep the sleeve stationary and leveled so that
the beam passes through the center of both sides of the
sleeve and into the detector.

Power Study
The performance of the UV systems was evaluated to
determine if the input power to the lamps was the same
for both systems. This was done to see if the performance
of the Wedeco system was influenced by input power.
Figure 3 UV Pilot Systems
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Process Transmittance Study
The transmittance study was conducted to determine if
changes in the treatment process would result in a
decrease in transmittance. A review of the literature
indicated that typical transmittance of a trickling filter
plant effluent is 50 percent. The transmittance of the
Harold Street plant effluent ranges from 62 to 65 percent.
During this study, temporary changes were made to the
treatment process to see if the changes would result in
transmittance values that were more typical of an average
trickling filter effluent.

Reliability Study
The reliability study was conducted to assess the
performance and reliability of the two UV systems with
lamps out of service. Because of adverse weather
conditions that restricted access to the system this study
could not be completed.

In addition to transmittance data, influent fecal coliform
and E. Coli data were collected three times each day to
determine any variability in the treatment plant. The raw
influent data to the UV system collected during the study
show a decrease in fecal coliforms during the afternoon’s
higher temperatures and an increase effluent fecal
coliforms as the water temperature dropped. The results of
sampling during various times of the day indicate the
highest values for effluent fecal coliforms, effluent TSS, and
turbidity during the afternoon of each day.
To determine the effectiveness of UV in disinfecting the
plant effluent, a UV dose response test, typically called
collimated beam test, was conducted. In this test, plant
effluent is exposed to various doses of UV to determine the
effluent fecal coliform count. Both Trojan Technologies
and ITT/Wedeco completed collimated beam testing.

RESULTS
Performance Study
During the performance study a number of parameters
were validated. One of the key parameters was
transmittance. Transmittance data provided by plant staff
were based on one grab sample collected daily. Since the
plant is operated only 8 hours per day, the daily
transmittance pattern had to be determined using an online transmittance device. A typical 48 hour plot of
transmittance, shown on Figure 4, indicates that
transmittance follows a pattern similar to the diurnal flow
pattern at the plant. In addition, the transmittance
measurements did not appear to remain constant
throughout the day.
Based on the previous results, it can be noted that
historically the transmittance ranges from a high of 75
percent to a low 54 percent. During the pilot testing the
transmittance ranged from 63 percent to 54 percent, with
an average value of approximately 59 percent.

Figure 4 On-line Transmittance Data

Figure 4 Influent Fecal Coliforms and E. coli

Trojan Technologies completed the testing during the first
8 weeks of the study (before the performance of the plant
was impacted by cold weather). Figure 5 shows the results
of the collimated beam study conducted by Trojan
Technologies. ITT/Wedeco conducted the tests during the
last part of the study.
Results of both collimated beam tests indicate that UV can
be used effectively to meet the disinfection requirements
at the plant.

Figure 5 Trojan Collimated Beam Test Data
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Validation of UV Dose
A comparison was made between the collimated beam
testing and the actual disinfection performance of the pilot
units to validate the UV dose required for disinfection.
After comparing the results of the two tests, the following
conclusions were drawn:
1. A UV dose of 40 mJ/cm2 or more will produce an
effluent fecal coliform concentration of 200 fc/100 mL
or less (Permit requirements).
2. The Trojan pilot unit’s disinfection performance results
matched the collimated beam data.
3. The Wedeco pilot unit’s disinfection performance results
did not match the collimated beam data. Since the
coliform counts in the pilot unit’s effluent were usually
low, it is possible that the dose recorded by the Wedeco
PLC is not a reflection of the actual dose applied in the
pilot unit. Additional study will be needed to determine
if the PLC did not function correctly.

Fouling Study
Quartz sleeves were allowed to become fouled by turning
off the cleaning system, to determine how many cleaning
cycles would be needed to restore the sleeves to their prefouling condition. The fouling study for the Trojan unit
was done in two phases – 1st fouling study and 2nd fouling
study. The fouling study for Wedeco was done in the
second phase. Results of the fouling study are shown on
Figures 6 and 7. The overall fouling performance was
indicated by the effluent fecal coliform count.
As the fouling increased, the sleeve transmittance kept
decreasing until it dropped to zero.
When the
transmittance reached zero, the cleaning cycle was turned
on, to slowly increase the transmittance through the
quartz sleeves to their pre-fouling condition.

Figure 7 ITT/WEDECO’s Fouling Study

attributed to the fact that Trojan’s system uses a chemical
agent to supplement the physical cleaning by the cleaning
cartridges, while the Wedeco system relies only on the
physical cleaning by the wipers. Both systems returned to
the prefouled state after cleaning.
Laboratory tests listed in Table 1 were conducted to
determine the composition of the fouling material in the
Harold St. WWTP.
Based on the results of laboratory testing, it was determined
that the foulants accumulated on the sleeves were
inorganic; moreover, no measurable amounts of organic
foulants were found. This implies that the wastewater
characteristics are a major factor in the UV system
performance, and those systems that rely on a combination
of physical (mechanical) and chemical cleaning are more
likely to remove inorganic components from the sleeves
than systems that rely only on physical cleaning due to the
enhanced molecular unbonding by chemical agents.

According to the information from the pilot study, the
Trojan system needed an average of 48 cleaning cycles (2
days at a rate of 1 cycle/hr) to restore the sleeves to their
pre-fouling condition, whereas the Wedeco system needed
an average of 96 cleaning cycles (4 days at a rate of 1
cycle/hr). This difference in recovery performance may be

SUMMARY

Figure 6 Trojan’s Fouling Study
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Testing conducted as part as study indicated that both UV
systems tested would achieve the same performance as
the existing UV system. This was in part due to the fact
that the UV transmittance of the Harlod Street plant
effluent averages 65 percent which is significantly higher
than would be expected at a trickling filter plant. The
existing UV facility at the Harold Street plant requires
additional labor by plant staff because of fouling of the
quartz sleeves. Results of fouling testing indicated that
both systems would be capable of removing any material
that may foul quartz sleeves.

Biodosimetry of a Full-Scale UV Disinfection
System to Achieve Regulatory Approval for
Wastewater Reuse
B. Ferran1, R.F. Kelly1, S. Jin1, O. K. Scheible2 and S. Chengyue2
1. Degremont North American Research & Development Center
2. HydroQual, Inc.

ABSTRACT
In order to respond to the stringent disinfection requirements for reclaimed wastewater in the United States, Ozonia North
America (ONA) undertook a bioassay validation study of a low-pressure very high-output (LPVHO) ultraviolet (UV) disinfection
system. The disinfection performance of this process technology was verified via biodosimetry in accordance with the Ultraviolet
Disinfection Guidelines for Drinking Water and Water Reuse, 2nd Edition (NWRI/AwwaRF, May 2003). The biodosimetry test
program utilized full-scale reactors having 36-lamps with the goal to simplify extrapolation of the results to full scale design.
Dose-flow relationships were obtained for both granular media-filtered and membrane-filtered wastewater reuse effluents.
Although the influent velocity profiles were non-homogeneous during testing, the performance of the most upstream reactor was
not compromised and dose additivity with the number of reactors arranged in series was demonstrated.
Based on the results of this verification testing, the LPVHO UV disinfection system can be sized for wastewater reuse applications
using a ratio of target dose to dose delivered per reactor. The bioassay validation report has been submitted to the State of
California Department of Health Services for conditional acceptance of the LPVHO UV system for reclaimed wastewater
disinfection applications.
Keywords: UV, Wastewater Reuse, Ultraviolet Disinfection, Biodosimetry

INTRODUCTION
Inadequate water supplies and increasing pollution in
many parts of the world have become a growing concern
during the past quarter century. Several factors have
contributed to these problems, including sustained
population growth in urban areas, contamination of
surface and ground water supplies, uneven distribution of
water resources and frequent drought linked to extreme
global weather patterns. Through careful engineering and
management, wastewater reuse is a viable process to
augment traditional water resources (Asano, 2001).
Wastewater reuse is most commonly practiced for nonpotable water demands such as agricultural use and
irrigation for landscapes, public parks, and golf courses.
Other non-potable applications include cooling water
supplies for power plants and oil refineries. Additionally,
reclaimed wastewater may be used indirectly for potable
purposes, such as recharging of ground water aquifers to
augment ground water supplies and to prevent salt water
intrusion in coastal areas (USEPA Region IX, 1998).
Chlorination continues to be the most utilized disinfection
treatment for wastewaters. However, the production of
carcinogenic disinfection by-products (DBPs) and safety
concerns with transportation, storage and handling of

chlorine gas have caused alternate disinfection
technologies such as UV irradiation to garner increased
consideration in recent years. In order to gain acceptance
for the UV disinfection technology wastewater reuse
effluents, Ozonia North America (ONA) performed an
extensive validation testing of a low-pressure very highoutput (LPVHO) ultraviolet (UV) disinfection system. This
testing was pursued in collaboration with HydroQual, Inc.,
serving as the third party engineering consultant and fieldtesting organization. This paper presents the results
obtained from this test program.

EXPERIMENTAL
Description of the LPVHO UV Reactor
The LPVHO UV reactor consists of a rectangular stainless
steel frame equipped with 36 low pressure amalgam lamps
as shown in Figure 1. Each lamp yields a minimum of 160
watts UVC, based on measurements performed in air with
an IL 1700 radiometer, SED240 cell, NS254 filter and Wdiffuser (International Light, Inc., Peabody, MA). The
lamps are oriented vertically in a staggered grid of 6 rows
by 6 lamps. A low-profile triangular-shaped side deflector
is present for each row of lamps and is located on the side
of the reactor where the lamp to wall spacing is greatest.
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Figure 1. Lamp arrangement for the LPVHO UV reactor.

Figure 2 depicts how the reactors of a LPVHO UV system
are typically arranged in series, within open concrete
channels that may contain up to 4 reactors wide. Once
wastewater flows through the reactors in the channels the
presence of a staggered lamp array and side deflectors
minimizes pathogen shortcircuiting, while preserving a
near plug-flow hydraulic behavior.

Validation Approach
Due to an initial lack of regulatory standards and
reproducible test methods to assess the disinfection
performance of UV disinfection systems, various regulatory
authorities in the United States enforced performance
validation testing based on biodosimetry. The protocols
for the validation test program of the LPVHO UV system

Figure 2. Typical arrangement of an LPVHO UV system.
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were designed to conform mainly to the “Ultraviolet
Disinfection Guidelines for Drinking Water and Water
Reuse, 2nd Edition” (NWRI/AwwaRF, May 2003), hereafter
referred to as the NWRI/AwwaRF Guidance. Additionally,
with modifications that reflect current validation practice,
the methods used for this test program generally followed
the protocols presented in “ETV Verification Protocol for
Secondary Effluent and Water Reuse Disinfection
Applications” (NSF, October 2002).
HydroQual, Inc. was utilized as the third party engineering
consultant responsible for all field testing and preparation
of the final verification report. The overall objective of this
validation test program was to validate the disinfection
performance of the LPVHO UV system for wastewater
reuse applications. Specifically, validation of six key
performance criteria were identified as follows,
1) Verify the dose-flow relationship for the system at a
nominal UV transmittance (T10) of 65% to simulate
membrane-filtered effluent for reuse applications.
2) Verify the flow-dose relationship for the system at a
nominal UV transmittance (T10) of 55% to simulate
granular filtered effluent for reuse applications.
3) Verify the dose-delivery performance over an operating
envelope defined by the system’s effective output, flow
rate and UVT.
4) Verify the velocity profiles at upstream and
downstream locations for both reactors over the full
operating range of the system.
5) Establish the power consumption characteristics of the
LPVHO UV system and the relationships of power and
sensor readings as a function of the water UV
transmittance.

6) Determine the head loss through the reactors as a
function of the flow and velocity.

Test Equipment
Two full-scale LPVHO UV reactors were arranged in series
in an open steel channel 7.6 m (25 ft) long and 0.74 m
(29.25 inches) inside width. Figure 3 presents dimensional
sketches of the channel. Figure 4 is a photo of the
channel, showing placement of the reactors. The sidewalls
were 2 m (6.5 ft) tall. Water enters and exits the channel
through 610-mm (24-inch) diameter flanged openings,
with inverts approximately 2 inches above the channel
floor. At the upstream end of the channel, cross bars are
positioned downstream of the inlet wall, which were used
to brace a flow spreader baffle and various inlet perforated
baffle plates. The objective of the baffle plates was to
break the inlet water rush and distribute the velocity across
the entire channel cross-section, thus more closely
simulating open channel configuration with longer, evenly
distributed approach
The first reactor (UV Reactor 2) was positioned with the
lead edge 1.52 m (5 ft) downstream of the perforated
baffle. The spacing between the reactors was 0.91 m (3
ft). An adjustable weir was installed 1.52 m (5 ft)
downstream of the second reactor (UV Reactor 1). This
weir was used to maintain a constant water depth of 1676
mm (66 inches) at a location approximately 0.6 m (2 ft)
upstream of the lead reactor.

Biodosimetry Procedures
All testing for the LPVHO UV disinfection system was
conducted at the UV Validation and Research Center of
New York (UV Center), located at the GloversvilleJohnstown Joint Wastewater Treatment Facility, Johnstown,

Figure 3. Test channel layout.
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low gpm levels to as high as 45,000 gpm. Figure 5 is an
aerial photo of the UV Center. The facility employs several
large tanks that are used to prepare source water for
challenge testing, or to accept testing effluent for disposal.
As highlighted on Figure 5, Tanks 1 and 2 are used for
source water storage, with a total capacity of
approximately 2 million gallons, and Tanks 3 and 4 for
disposal of used water, also with a total capacity of
approximately 2 million gallons. Pumps are installed in
both Tanks 3 and 4 to transfer the water back to the
wastewater treatment facility for final disposal. A battery
of 8 diesel centrifugal pumps is used to transfer the test
water from the source tanks to the waste tanks through
the various test stands available on site.
The test channel location is shown on the schematic of the
UV center test facility in Figure 6. It was installed on the
24-inch test stand, fed by up to 2 of the centrifugal diesel
pumps. A 24-inch Advanced Flow electromagnetic flow
meter is installed, with straight-runs of pipe before and
after the meter to assure accurate performance.

Figure 4. Picture of the test channel.

NY. The UV Center, which is operated by HydroQual, was
installed at the plant under the auspices of the New York
State Energy Research and Development Authority
(NYSERDA), with a portion of the funding from the New
York City Department of Environmental Protection
(NYCDEP). Direct funding participation is also provided
by a number of UV equipment manufacturers.
The facility consists of several functionally similar test
stands that are defined by the nominal size of their
respective delivery piping. These range from 2-inch
through 36-inch, capable of processing flows from very

Figure 5. Aerial view of the UV center test facility.
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A 150-kVA diesel-fired generator was used exclusively for
the LPVHO UV system, conditioned as needed. During all
testing, the main power was recorded with a three-phase
power data logger. All ancillary electrical requirements
were provided through local plant feeds.
The bioassay flow-tests were conducted on a mixture of
potable water or granular filtered effluent, modified by the
addition of lignin sulfonate (LSA) to adjust the UV
transmittance, and the direct injection of the MS2
bacteriophage stock to reach a targeted density. The
injection point was located approximately 6 feet upstream
of the high-efficiency vortex mixer shown on Figure 6.
The UV transmittance adjustment of the water was done
either on a batch basis by mixing with the tank contents
directly, or “on-the-fly” as the feed water was being
pumped to the test channel.
Transmittance
measurements were conducted in 1-cm quartz cuvettes

with the same cuvette filled with DI water as a reference.
All transmittance measurements were conducted at 254
nm with a properly calibrated Gen-Tech Model 1901
double-beam UV/Vis spectrophotometer.
For the flow tests conducted during this validation, Tank 1
was used for staging the challenge water. Before testing,
the tank was drained and cleaned. For those tests that
were applicable to granular-media filtered (refer to as GMF
hereafter) effluents, the tank was charged with clothfiltered secondary effluent. A potable water supply was
used for those tests associated with membrane-filtered
(refer to as MF hereafter) effluent applications. In all cases,
the water was mixed and dechlorinated with sodium
sulfite. After preparing the tank, the water was checked
for total chlorine to assure that the concentration was nondetectable at the 0.05 mg/L level.

or each type of test wastewater (GMF and MF) the LPVHO
UV system was validated at four flows per train of 2, 4, 8
and 12 mgd with a “train” defined as a 1-reactor wide
channel. For each test flow condition the lamp “effective”
output (EO) was set at three different target levels. The
lamp EO is defined as the product of the lamp-aging factor
(Fp), the quartz sleeve fouling factor (Ft), and the lamp
output dimming factor (Di). Due to the effect of
temperature on lamp output, the product of these factors
is also adjusted by a temperature factor (TF).

[1]

EO = FP . FT . Di . TF

Within the framework of this validation, the three target
EO levels were defined, referenced to a water temperature
of 20°C or a TF20 of 1.0. The first represents new lamps,
clean sleeves, and 100% power input (4.5A lamp current).

[2]

EO(target) = 1.0 x 1.0 x 1.0 x 1.0 = 1.0

Similarly, the second represents aged lamps, fouled sleeves
and power dimming to 62% of nominal (2.8A lamp
current), hereto at 20°C.

[3]

EO(target) = 0.85 x 0.80 x 0.62 x 1.0 = 0.42

The third level is between the previous two, representing
aged lamps, fouled sleeves and 100% power input (4.5A
lamp current), normalized to 20°C. This is the more likely
design-operating EO for a commissioned LPVHO UV
system.
Figure 6. Schematic of the test facility test stands.

[4]
Grab samples were collected in sterile, 120 mL single-use
specimen cups. Influent samples were collected at a valve
approximately 20 feet upstream of the channel inlet.
Effluent samples were collected at a valve installed on the
channel, at the effluent side of the adjustable weir. The
valves were allowed to flush freely before samples were
collected. Both influent and effluent samples were
collected simultaneously and in triplicate, resulting in six
samples for each flow test. The samples were placed on
ice in a closed (dark) cooler and transported to the lab.
Samples were analyzed within 24-hours of collection.
During the test series, large batch solutions of MS2
bacteriophage were prepared with a titer of approximately
1 to 4 x1011 pfu/mL. The MS2 was ATCC 15597-B1 and
the host E. coli strain was ATCC 23631. The propagation
procedure was based on an ISO method (ISO, 1995),
which was refined to produce the large volumes used in
bioassay tests. The enumeration of viable MS2 from
samples was based on ISO method 10705-1 (ISO, 1995).
The same enumeration process was used for the
development of the dose-response curves and for the
biodosimetric flow tests to minimize any bias.

EO(target) = 0.85 x 0.8 x 1.0 x 1.0 = 0.68

For purposes of this validation, the impact of aged lamps
and fouled sleeves were simulated by adjustment of the
test water transmittance. The TF20 factor was included in
this adjustment of transmittance. Before the start of a
biodosimetry test run, the test water transmittance is
adjusted downward from the nominal UV transmittance as
defined by the granular or membrane filtration objectives
with Lignin Sulfonate (LSA) until the test EO at a water
temperature of T is equivalent to the target EO for a water
temperature of 20°C. The following set of equations can
be written

[5]

Iavg(UVT)
EO(test) . __________ = EO(target)
Iavg(UVT55orUVT65)

Where Iavg(UVT55 or UVT65) is the average fluence rate (irradiance)
in the system at the nominal UV transmittances of 55%
(GMF) or 65% (MF). Iavg is the average fluence rate
calculated at the equivalent attenuation factor. Since the
bioassay testing is actually conducted with new lamps and
clean sleeves the equation above can be written as follows.
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[6]

Iavg(UVT)
1.0 . 1.0 . Di . TF20 . ____________ = EO(target)
Iavg(UVT55 or UVT65)

Finally, the required attenuation can be calculated as
follows.

[7]

Iavg(UVT)
EO(target)
FP . Ft
–––––––––––– = –––––––––––– = ––––––––––
Iavg(UVT55orUVT65)
Di . TF20
TF20

RESULTS AND DISCUSSION
UV Intensity Sensor Characterization
The UV intensity sensor readings obtained from the LPVHO
UV reactors were recorded as percentage of full scale 20
madc for different water UV transmittance levels. Figure 7
illustrates the sensor reading as a function of UV
transmittance. A power function was observed to provide
a good model fit of the results.

The UV transmittance reduction from the nominal values
of 55% and 65% can be calculated to adjust the reactor
nominal average intensity Iavg(UVT55or65) by the targeted
attenuation: (Fp * Ft) / TF20. The results shown in Table I
below are an example of this calculation for Fp = 0.85, Ft
= 0.80 and a water temperature T of 12°C. The resulting
attenuation is 0.763. A line-source integration software
(Janex, 2002) is used to calculate the average fluence rate
of the LPVHO reactor for various water UV transmittance.

Table I. Example of UV transmittance adjustment.

Transmittance
(%T/cm)

Iavg
(mW/cm2)

Iavgx0.763
(mW/cm2)

55
46

8.465
6.459

6.459

65
56

11.543
8.804

8.804

Based on these calculations, verification testing was
performed at adjusted transmittances. For a water
temperature of 12°C and 65% nominal transmittance
condition, which simulates MF water per NWRI/AwwaRF
guidance, the actual operating transmittance during
testing was 56%. For the 55% nominal transmittance,
which simulates GMF water, the actual operating
transmittance was 46%.

Figure 7. UV intensity sensor reading as a function of UV
transmittance.

The UV intensity sensor readings at two fixed UV
transmittances with different lamp arc current settings are
plotted in Figure 8. The normalized sensor readings are
expressed as the percentage of the sensor reading at the
nominal lamp current of 4.5 A. Readings were fitted using
quadratic equations and the fitting parameters were used
to determine the lamp dimming factor (Di), which is used
to calculate the lamp “effective” output factor EO.

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

Offices Nationwide • www.pirnie.com
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Figure 8. Normalized UV intensity sensor readings versus
lamp current.

The UV intensity readings obtained from the duty sensors
of the LPVHO UV reactors and an IL 1700 SUD 240 (with
a 254 filter) reference detector were compared, based on
their respective values normalized to their maximum
readings.
Figure 9 presents this comparison
demonstrating the excellent linear agreement observed
between the two detectors, suggesting that the UV
intensity sensor, which equips the LPVHO UV reactors
provides an accurate measure of intensity, and is linearly
responsive across their operating range.

Figure 10. Reactor modeled & experimental head loss vs.
flow.

Velocity Profile

Figure 9. IL1700 SUD sensor versus the LPVHO UV intensity
sensor.

Head Loss
Head loss through a UV disinfection system should exist at
any non-negligible flow rate, because of the hydraulic
resistance due to viscous flow and the presence of
obstacles such as lamps, baffles and mounting frame.
Head loss measurements were made by attaching staff
gages to the inside of the reactor channel wall,
approximately 30 cm up- and downstream of the two
reactors, and between the reactors. The channel was
leveled within 0.5 cm before the start of test. The water
level was measured at the three positions for each flow
rate, and the head loss estimated as the calculated
differences in water level among these three locations.
Zero-readings were obtained with no flow through the
channel, but with the channel filled with stationary water.
The results are depicted on Figure 10 along with the head
loss obtained from CFD modeling to show that the
modeled head loss is in agreement with the experimental
values.

The NWRI/AwwaRF guidance mentions that commissioned
system should have velocity profiles that are equivalent or
better than demonstrated by the validation test unit. A 6
x 13 measurement matrix was designed for the crosssection of the LPVHO UV test channel.
These
measurements were conducted at flow rates 2, 4, 8 and 12
mgd, upstream of the lead reactor, downstream of the lag
reactor and in between the two reactors. A specifically
designed frame was used to position the velocity meter at
desired location inside the channel. At each location,
three readings of flow velocity were recorded. The velocity
meter was a Marsh-Mc Birney. Each reading was an
integrated average recorded by the meter over a period of
7 seconds.
A general observation is that the velocity profiles were
variable and not within a +/- 20% band about the
theoretical velocity (flow/area) at all points. As a brief
demonstration of the velocity profiling data, Figure 11 is
presented showing the average of the horizontal
measurements for each depth location with the floor as
the zero datum (INF is upstream of UV Reactor 2, EFF is
downstream of UV Reactor 1) for flows of 2 and 12 mgd.
The average profiles for the three measurement locations
are shown, as is the mean theoretical velocity and the +/20% band about the theoretical velocity. The non-ideal
behavior at the influent to the first reactor is obvious, an
artifact of the shortened approach channel length. Even
with the baffle in place, the velocity gradients created by
the 24-inch inlet pipe to the channel are significantly
variable. The most stable profile was evident at the
location between reactors, but appeared to become less
stable at the effluent location, possibly because of the
upflow pattern caused by the level control weir.
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application. Accordingly, no attempt to idealize the
influent hydraulics was made.

Biodosimetry
Biodosimetric testing for the LPVHO UV system was carried
out on seven different dates in the period December 2005
through May 2006. A seeded influent sample from each
day was used to develop the dose-response relationship
for samples collected that day. These dose-response data
are summarized in Figure 12.
Figure 12 shows that 93.4% of the data points lay within
the boundary limits referenced in the NWRI/AwwaRF
guidance. This is well above the minimum requirement of
80%. In some instances the inactivation ratios at a given
dose vary up to 0.5-log. This variability is typical for such
microbiological analyses. It highlights the need for several
dose-response data sets to enhance the statistical
confidence of the dose-response calibration curve.

Figure 11. Flow velocity profile for the LPVHO test channel.

A key observation that can be made from these data is that
the hydraulic conditions represent a ‘worse’ case when
compared to minimum full-scale commissioning
requirements. As such, the biodosimetry performance
data of the LPVHO UV system tested can be considered
conservative.

Biodosimetric tests were conducted for the two types of
challenge waters: granular-media filtered (GMF) effluents
and membrane-filtered (MF) effluents over the range of
flows from 2 to 12 mgd. Three EO target values were
tested for each type of challenge water, with duplicates for
each testing condition at EO of 0.42 and 1.0, and with
triplicates for each testing condition at EO of 0.68. All
testing conditions are summarized in Table II.

Your
UV Partner

It is the philosophy of the NWRI/AwwaRF testing program
upon which this wastewater reuse verification was
designed to simulate worst-case scenario in terms of lamp
fouling, lamp intensity, and transmittance for each
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Innovation in the development and production of
efficient and powerful UV light sources
electronic ballasts for UV lamps up to 32 kW
electronic & electro-optical components for
control and adjustment of UV installations
We manufacture according to your needs

Figure 12. Summary of dose-response curves and regressions.
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Table II. Summary of bioassay flow test matrix.

Test water
Granular- Media
Filter (GMF)

Target
EO
0.44
0.68

1.0
Membrane Filter
(MF)

0.44
0.68

1.0

2.0

Test flow Rates (mgd)
4.0
8.0

12.0

GM1-042-2
GM2-042-2
GM1-068-2
GM2-068-2
GM3-068-2
GM1-10-2
GM2-10-2

GM1-042-4
GM2-042-4
GM1-068-4
GM2-068-4
GM3-068-4
GM1-10-4
GM2-10-4

GM1-042-8
GM2-042-8
GM1-068-8
GM2-068-8
GM3-068-8
GM1-10-8
GM2-10-8

GM1-042-12
GM2-042-12
GM1-068-12
GM2-068-12
GM3-068-12
GM1-10-12
GM2-10-12

M1-042-2
M2-042-2
M1-068-2
M2-068-2
M3-068-2
M1-10-2
M2-10-2

M1-042-4
M2-042-4
M1-068-4
M2-068-4
M3-068-4
M1-10-4
M2-10-4

M1-042-8
M2-042-8
M1-068-8
M2-068-8
M3-068-8
M1-10-8
M2-10-8

M1-042-12
M2-042-12
M1-068-12
M2-068-12
M3-068-12
M1-10-12
M2-10-12

A multiple linear regression analysis was developed to
correlate the validation RED with the flow rate and the EO
value. The resulting dose algorithm equation will be used
to size and operate the LPVHO UV system in the field. The
data analysis of the validation data was based upon the
lower 75% confidence interval result for each flow
condition (e.g., flow rate, %UVT), and all subsequent
discussion is based upon the 75% confidence interval as
well. The dose algorithm equation used to estimate the
RED per reactor is expressed as follows:

[8]

1
REDper-reactor = –– . 10A . (Flowrate)B . (EO)C
2

With A, B and C the regression coefficients.
Validation REDs are plotted against the regression fit
model as illustrated in Figure 13 for MF water. The
residuals between the predicted REDs and the validation

REDs for both GMF and MF effluents are scattered around
zero and show no significant trend with either of the three
variables supporting the validity of the regression fit
model.
The dose-flow curves obtained tend to flatten as the flow
increases showing improved disinfection efficiency at
higher velocities. As flow increases, the axial mixing
resulting from the staggered lamp array and side
deflectors enhances the number of microorganisms
traversing areas of intense UV irradiance

Evaluation of the Additive Nature of
Downstream Reactors
Part of the operational philosophy of the LPVHO UV
system is based upon the application of a multiple-reactor
train to meet the dose delivery requirements of a reuse
application. Additional rows of lamps in the train are
brought online as disinfection requirements increase due
to increased flow rate or to decreased transmittance.
Thus, one of the goals of this verification test was to
evaluate the dose-additive nature of downstream reactors.
One flow test was conducted with two reactor installed
but only the most downstream unit operating. The
validation result for this test was compared with those that
were tested with two reactors and the same flow
conditions, as summarized in Table III. The validated REDs
for these tests demonstrated that the dose delivered by the
LPVHO UV system is proportional to the number of
reactors installed. Additionally, it can be inferred from the
results that the non-homogeneous inlet velocity profile did
not compromise the performance of the most upstream
reactor.

Figure 13. RED versus flow rates for MF effluent versus
model prediction.
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Table III. Evaluation of dose delivery as a function of # of reactors installed.

Test Date

Eff.
Type

Flow
(MGD)

UVT
(%)

IDR
(amps)

EO
(test)

Inactivation
log (N0/N)

# of
RED
Reactors (mJ/cm2)

4/27/2006

MF

2.09

67.9

4.5

0.94

4.049

2

96.62

5/11/2006

MF

1.97

66.4

4.5

0.94

4.102

2

94.53

12/8/2005

GMF

2.00

67.9

4.5

0.90

2.370

1

48.35
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