IUVA

NEWS
VOLUME 13/NO. 4

ISSN 1528-2017
DECEMBER 2011

FEATURES

Using UV dose response for scale up
of UV/AOP Reactors
An Integrated UV/Ozone Reactor
with Ozone Generated from the
Same UV Lamp
Low Pressure UV Treatment for
Barnacle Growth Control under
Open Sea Conditions

Bircher - H2O2 weighted fluence field in the 48" Chevron
Sentinel® UV reactor at 95%T with 18 lamps on.

Join

Chii - Photo of the reactor and the nano-bubble
generator.

!
A
V
U
I now online.oartg
www.iuva

in the next issue . . .
UV articles | Conference Information | New Technology and more

Advanced Oxidation
Pilot Systems
Beneﬁt from the experience of a global leader
in Advanced Oxidation Technologies!
Ozonia offers rental of
containerized pilot systems
with ﬁve AOP technologies
to evaluate and select the
optimum treatment solution
for recalcitrant contaminants.
These technologies include:
•

O3

•

Completely integrated 20’ container

•

O3 / UV

•

Data logging of all operating parameters

•

O3 / H2O2

•

Variable ﬂow and dose options

•

UV / H2O2

•

Easy ﬁeld installation

•

UV / O3 / H2O2

www.ozonia.com

Ozonia North America – 600 Willow Tree Road, Leonia, NJ 07605 • (201) 676-2525
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A

MESSAGE
from the IUVA President

Paul Swaim

Paul Swaim

As I write this on December 9, 2011, I have just returned
from our UK workshop in London. The event was quite
successful, and it was very intriguing to me to hear of UV
applications throughout the UK. Many thanks to Andreas
Kolch and to Tom Hall of WRC for organizing a fine event.
Nearly 70 folks attended, and all were eager to learn more
about UV disinfection and advanced oxidation in the UK,
Europe, and beyond. In addition to giving a technical talk,
one of the most rewarding elements of the trip for me was
getting to talk about the vision and mission of the IUVA in
introducing our organization to kick off the session. I always
feel proud to be part of an organization with the objective
of advancing the science, engineering, and application of
ultraviolet technologies to enhance the quality of human life
and protect the environment.
Flying home, I had some time to reflect on the UK workshop
and also to prepare for a teleconference with the USEPA and
the Association of State Drinking Water Administrators
(ASDWA) on December 9th. I was asked to participate as
IUVA President in a discussion on the ongoing effort to
assess low wavelength validation issues that affect some
medium pressure UV applications. Our industry has identified
the issues and initiated a process to address them as rapidly
as we can. For more information on the issue, refer to our
webpage news at: http://iuva.org/uv-news. To sign up to be
updated as more information is available on the issue,
subscribe to the list-serve at: http://iuva.org/newslettersignup.
The ad-hoc working group that has stepped forward to deal
with this issue is an impressive group of UV experts, many
of whom participated in developing the USEPA’s UVDGM.
The working group has met several times in the past few
months, and most impressively to me, from Day 1, the
group has been adamant about the need to address the
issue to ensure disinfection objectives are met at all existing
and new installations and in so doing, make sure that
systems are operated to protect public health.
As we as an organization continue our work to be more
active in supporting the needs of our members through
workshops, webcasts, conferences, and other activities, we
hear of many more undertakings that would be of value in
our larger engineering and scientific communities. We will
continue to do the best we can to meet those needs and
make the IUVA as relevant as possible and as valuable an
organization in terms of our contributions as we can. If you
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have ideas for what the IUVA can do, please contact our
leaders or me (at pswaim@ch2m.com).
It is great to be surrounded by professionals who want to
continue to learn about new technologies and approaches
that can allow them to better achieve important objectives
like protecting public health and the environment. It is
reassuring to me to work in a field where we are surrounded
by professionals who share the common objective of doing
the right thing. At the end of the day, the work we do is
something that we can be proud of and that makes the
world a better place. There are not too many careers that
afford that level of satisfaction. Thanks to your, our members,
for what you do every day in your careers. We’re glad that
the IUVA is a part of such a noble mission.

- Paul Swaim

our name is our principle
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eta plus derives from η+ : a continual increase in efficiency;
for over 20 years we have committed ourselves to this
principle in R&D, manufacturing and customer service.
Our own medium pressure UV lamps and perfectly
matched ELC® – electronic lamp control units will provide
you with reliable customised solutions for systems up to
32 kW.

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

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

A

MESSAGE

Deb Martinez
IUVA Executive Director

Since assuming the position of
Executive Director last June, it has
Deb Martinez
been a joy to meet so many of you
and to learn about your concerns,
expectations and commitment to IUVA. It is very rewarding
to be able to collaborate with such a diverse group of people
worldwide who are committed to the advancement of
Ultraviolet technologies.
Over the last few months, we have launched several initiatives
to enhance the services provided to membership, as well as
to market IUVA and its expertise.
• We have updated the IUVA Web site into a more
attractive portal with information and hopefully ease
of interaction for member services.
• We have increased educational opportunities by
providing PDH and CEU credits at our conference in
Toronto last September, at the webinars we will
continue to present, and at technical workshops
that provide updates on issues such as Drinking
Water Disinfection in October at Tracy, California.
Our goal is to continue to provide these opportunities
in the months to come.
• One of the first measures directed at the marketing
of IUVA and its membership was the development of
a Speakers Bureau, which will showcase the great
talent and knowledge of our members while also
promoting Ultraviolet technology.

E

DITORIAL

Jim Bolton

Editor-in-Chief

• We are also in the process of seeking a membership
associated management system that will enable us
to quantify and qualify data about our membership
so that we can serve you better and improve our
understanding of who we are and what are strengths are.
• We will be launching a membership survey in the
weeks to come that will seek to ascertain how we
can improve the association’s offerings to its
members, so that membership in IUVA becomes
more and more valuable and attractive to new
members. Our membership has grown about 10
percent over the last year to about 536, but we see
the opportunity to grow that number significantly in
the year to come.
While I could not have accomplished any of this without the
able assistance of the leadership on the IUVA Board of
Directors, I want to express a special thanks to departing
editor of IUVA News Dr. James Bolton for his kindness and
generosity. I have benefited greatly from the knowledge he
has shared with me. He has gone out of his way to show me
the ropes, explain the details of this operation and help me
understand how it works. With his gracious assistance, the
transition to new leadership for IVUA News is well on its way
to what we hope will be a seamless success.
I look forward to working with all of you in the year to come.
Of course, please feel free to contact me with your suggestions,
comments and inspirations for how IUVA and IUVA News can
do a better job for our members and the industry.
Best wishes for a very Happy Holiday Season.
Sincerely,

- Deb Martinez
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Jim Bolton

This is the last issue of IUVA News that I will edit before my
(second) retirement. It has been a pleasure to be the Editorin-Chief this past year, and I particularly want to thank the
authors who contributed such interesting articles for IUVA
News. I wish Deb Martinez, the new Editor-in-Chief well in
her new responsibilities.

I intend to still keep active in the background. You can
always reach me at jbolton@boltonuv.com; Tel: 780-4394709.
I wish you all Happy Holidays and a brilliant New Year for
IUVA in 2012.

- Jim Bolton
DECEMBER 2011 | 5

R EPORT FROM IUVA
Bertrand Dussert:
Director of the IUVA
Americas Hub Office
I wanted to share with you some
exciting developments since I last
wrote to you.
By the time you read this, we will
have completed our first-ever IUVA
webinar, titled "Implementation of
Bertrand Dussert
UV
disinfection
by
utilities
responding to USEPA's Long Term 2
Enhanced Surface Water Treatment Rule (LT2ESWTR) - issues
and lessons learned," which took place on December 15,
2011. For this webinar, we had assembled a formidable lineup of speakers who had been directly involved with the
development and/or implementation of the LT2, including
Professor Jim Malley (University of New Hampshire), Michael
Finn (USEPA), Christine Cotton (Arcadis-Malcolm Pirnie) and
Inder Singh (Metro Vancouver). The webinar was free to our
members, adding another significant benefit to your
membership.
In 2012, we plan on carrying out a series of webinars. We are
thinking of a wide range of topics, including wastewater
disinfection, drinking water disinfection, aquatics applications,
ballast water treatment, air treatment, and industrial UV
applications. However, we would like to hear from you
before we select a particular topic. We would also like to
encourage you to be a speaker and share your knowledge
and expertise for a topic important to our industry.
I was delighted to read our executive director's report on
membership growth. However, in the Americas, membership
outside the USA and Canada is small. We know that there is
significant interest for UV technologies in some of these
countries. I am happy to report that, on Sunday, November
25th, 2012, we will be holding a 1-day preconference
workshop at the International Water Association (IWA)
Disinfection Conference to be held in Mexico City, Mexico
(26-29 November). The theme of the workshop will be
"Basics of UV Disinfection for Water, Wastewater and Reuse
Applications". I would like to strongly encourage you in
submitting an abstract for this event (abstracts are due on
January 30, 2012). We believe this event represents a unique
opportunity for you and your organization to expand your
business.
Finally, in addition to the IWA, we are also in preliminary
discussions with other major water trade associations, such as
the Water Reuse Foundation and the Water Quality Association,
in order to explore potential opportunities for collaboration.

I welcome your thoughts on all the above initiatives, and any
other topic you want to share with me; it will be great to hear
from you at americas@iuva.org.
Best wishes for a happy holiday season and a wonderful new
year.

- Bertrand Dussert

Andreas Kolch: Director of the IUVA
European and Middle East (EMEA) Hub
Two UV Workshops (one in Germany and one in the UK were
held recently in the EMEA region. See my reports under News
from IUVA.

- Andreas Kolch

Join
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www.iuva.

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

Offices Nationwide • www.pirnie.com
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What good is UV efﬁciency
without reliability?
Think about Xylem.

WEDECO’s renowned reliability and unmatched energy efﬁciency come
together to form the WEDECO Spektron Series Closed Vessel UV
Reactors. EPA and DVGW compliant, it features the unique CrossMix®
module, which creates optimum hydraulic conditions inside the reactors
resulting in enhanced ﬂow capacity per lamp. That gives you a clean
water disinfection system that provides energy efﬁciency and lower costs
you can count on.
www.wedeco.com

IUVA Workshops
Ballast Water Workshop November 22nd

(reported by Andreas Kolch)

the pros and cons of introducing other validation protocols
in parts (e.g., biodosimetric testing) were discussed.
As an overall agreement from the event, it can be concluded
that UV disinfection surely is one of the most promising
technologies within the ballast water treatment area and thus
will be a segment that all organizations clearly have to
address in terms of information exchange, research and more
events to come. Therefore Dr. Trümpler was very pleased
with the event and looks forward organizing the next one
together with the IUVA in 2012.

Workshop for Drinking Water
Disinfection
Tracy, CA, 29 October 2011
Ballast Water Workshop - Hamburg, Germany

(reported by Jamal Awad)

In cooperation with the Federal Maritime and Hydrographic
Agency (BSH) and the ttz Bremerhaven a Workshop was held
in Hamburg, Germany on November 22nd about the use of
ultraviolet systems for the disinfection of ballast water. A
special acknowledgement has to go to the BSH for the
complimentary invitation to the Hotel Hafen Hamburg for all
attendees of this event as well as providing lunch in their own
premises just aside the hotel building. The meeting room
actually couldn’t have been better chosen for a ballast water
focused workshop with a 360° degree view of the Hamburg
main harbour (the “Landungsbrücken”).
The organizers Dr. Kai Trümpler (BSH), Erik Köster (ttz) and
Dr. Andreas Kolch (IUVA) welcomed the audience made from
about international 50 attendees from followed by a set of
presentations from excellent speakers and a lively podium
discussion at the end of the event. Presentations from the
event were made available by a passcode-protected link to all
attendees a few days later.
Speakers were:
Erik Köster (ttz), Dr. Gerhard Schories (ttz), Dr. Helge Liltved
(Niva), Prof. Marcel Veldhuis (University of Groningen), Jad
Mouawad (DNV), Dr. Andreas Kolch (IUVA/Hytecon), Dr.
Harold Wright (Carollo Engineers and Jim Cosman (Trojan
Marinex).
Due to the broad individual backgrounds of speakers, the
audience was able to gather the latest information about the
current status of the requirements for UV systems set by IMO,
biological test data and experiences, real world tests and
operational challenges as well as validation principles from
other areas than ballast water treatment. Regarding the last
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The IUVA held a workshop for Drinking Water Disinfection
with UV in Tracy California. The October 20, 2011 Workshop
covered a number of critical topics including Fundamentals
of UV and New Trends (Jim Malley, University of New
Hampshire), Regulatory Framework in California (Brian
Bernados, California Department of Public Health), Velocity
Profiles and their Relevance (Joel Ducoste, North Carolina
State University), UV Facility Design Issues (James Collins,
Arcadis), Unfiltered Water and Lamp Sleeve Fouling (Enio
Sebastiani, San Francisco Public Utilities Commission), and
UV Startup and O&M Issues (Jamal Awad, HR Green).
Following the Workshop, a tour of the 315-mgd Tesla UV
Facilities (see photo) was conducted. The tour was led by
Enio Sebastiani, Keith Bircher (Calgon Carbon), and Mike
Price (MWH).

London Workshop -

UPCOMING
CONFERENCES

7 December 2011
(reported by Andreas Kolch)

In cooperation with WRc in the UK, IUVA conducted a
successful one-day event in the city centre of London, UK
on the 7th Dec. The workshop was specifically designed to
exchange information about experience with UV
implementation, in particular to address the UK Drinking
Water Inspectorate guidelines for UV disinfection for
drinking water. New applications such as Advanced
Oxidation and experiences from other European countries
and the US were also presented and discussed. The event
was organized by Tom Hall (at the left in the photo) and
attracted 70 attendees from the UK, but also internationally.
First testimonials like “we couldn’t have asked for better
speakers and audience”, “very interesting” and “very
useful and enlightening” motivate us to continue planning
and conducting more events in the UK in the future.

10 – 14 June 2012
ACE-12 - Dallas, TX

9 – 13 June 2013
ACE-13 - Denver, CO

16 – 21 September 2012
IWA World Congress and Exhibition,
Busan, South Korea

24 – 27 September 2013
7th UV and 21st Ozone Congresses
Las Vegas Mirage Resort, Las Vegas, NV

29 September 3 October 2012
WEFTEC-2012 – New Orleans, LA

8 – 12 June 2014
ACE-14 - Boston, MA

4 – 8 November 2012
AWWA Water Quality Technology
Conference,
Toronto, Canada – for further
information, contact Syndi Kemp
(skemp@awwa.org)

25 November 2012
USECO-IHE,
“Basics of UV disinfection for water,
wastewater and reuse applications”,
Mexico City, Mexico
contact Deb Matinez
(deb.martinez@iuva.org)

7 – 10 June 2015
ACE-15 - Anaheim, CA
12 – 16 June 2016
ACE-16 - Chicago, IL

Look Here
for Future
Announcements

NEW IUVA MEMBERS
Welcome to the Following
Americas
Jonathan Jensen – USA
Yitao Liao – USA
Milan Minsky – USA
Brian Pecson – USA

Asia/Australasia

NEW IUVA Members:
Europe/Middle East/Africa
Peter Atanackovic – Austria
Olivier Autin – UK
Harry Luchsinger – Switzerland
Klaus Schleich – Germany
Robert Smith – Netherlands
Jeremy Stock – UK

Licheng Jing – China
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INDUSTRY
NEWS

The following are interesting items of note from IUVA Member Announcements

Philips unveils revolutionary water disinfection
solution

UV system treats 215,000 m³/d with only four
lamps

www.newscenter.philips.com/main/standard/news/
press/2011/20111102_InstantTrust.wpd

www.desalination.biz/news/news_story.asp%3Fid=6233%26
channel=0%26title=UV+system+treats+215%252C000%252
6%2523160%253Bm%2526%2523179%253B%252Fd+wit
h+only+four+lamps

Amsterdam, The Netherlands – Philips Lighting has today
announced the launch of a new, complete and innovative water
disinfection solution, Philips InstantTrust. This solution is based
on cutting-edge disinfection technology optimized for point-ofuse applications. For the first time water can be disinfected
instantly, efficiently and independent of water temperature…
www.flickr.com/photos/philips_newscenter/6309247014/

Proven Solutions to Disinfect Hospital HVAC Coils
www.webwire.com/ViewPressRel.asp%3FaId=150367
12-Dec-11 According to the Centers for Disease Control and
Prevention (CDC), “Healthcare-associated infections (HAI) are
infections caused by a wide variety of common and unusual
bacteria, fungi, and viruses during the course of receiving
medical care. Medical advances have brought lifesaving care
to patients in need, yet many of those advances come with a
risk of HAI. These infections related to medical care can be
devastating and even deadly. As our ability to prevent HAIs
grows, these infections are increasingly unacceptable.”…
…UltraViolet Devices, Inc. (UVDI), a leading provider of
advanced ultraviolet (UV) disinfection and coil maintenance
products, has been on the forefront of developing technologies
designed to disinfect hospital cooling coils that are a known
source of airborne biological contamination. UVDI products,
when properly specified, eliminate microbial threats that
originate from growth on HVAC coils such as Pseudomonas
aeruginosa. These technologies harness the power of UV-C
energy to disrupt the DNA of bacteria, fungi and viruses…
www.uvdi.com

Air Concept Solutions Announces New UV Air
Quality Service Offering
www.sbwire.com/press-releases/air-concept-solutionsannounces-new-uv-air-quality-service-offering-118574.htm
12-Dec-11 Air Concept Solutions LLC, HVAC specialists
serving the Charleston, SC area has announced that they will
be expanding their products and services to include indoor
UV air quality and purification systems for their customers.
The UV technology is used in homes, businesses, schools,
hospitals and government buildings across the country to aid
allergy and asthma sufferers as well as decrease bacteria and
viruses indoors…
www.airconceptsllc.com

10 | IUVA NEWS / VOL. 13 NO. 4

25-Nov-11 California-based NeoTech Aqua Solutions,
manufacturer of ultraviolet (UV) water-treatment systems,
announced on 21 November 2011 a UV system to treat 5.7
MGD (215,750 m³/d) with only four lamps.
The Magnum UV disinfection system utilizes the same
patented high-reflectivity chamber that has been NeoTech
Aqua's core technology since 2008…
http://neotechaqua.com

Berson UV treats hospital wastewater
www.filtsep.com/view/22014/berson-uv-treats-hospital-wastewater/
18-Nov-11 In the Berson hospital trial, UV is applied in
combination with hydrogen peroxide (H2O2) to generate
OH-radicals in a so-called advanced oxidation process (AOP).
The very reactive OH- radicals attack the pharmaceutical
residues in the wastewater, breaking them down into H2O,
CO2 and harmless metabolites.
As with all hospitals, the wastewater from the Isala Hospital in
Zwolle, the Netherlands, contains elevated levels of X-ray
contrast compounds and various other pharmaceutical
residues.
Prior to UV/ H2O2 treatment the complete wastewater stream
is pre-treated in a membrane bioreactor (MBR). The
wastewater then passes through a Berson InLine medium
pressure UV system, into which specific amounts of H2O2 are
injected. The treated wastewater is then discharged as treated
sewage into the municipal sewage system…
www.bersonuv.com/frontend/scripts/index.php?groupId=100
&setMainAreaTemplatePath=mainarea_productlist.html

With Advanced Oxidation Technologies
from Calgon Carbon,

the advantage is

CLEAR
More than 25 years ago, Calgon Carbon pioneered an advanced oxidation
process to treat contaminated groundwater. Today our Advanced
Oxidation Technologies treat a broad range of chemicals, including MIB
and Geosmin (taste-and odor-causing compounds), NDMA, 1,4-dioxane,
as well as many of the emerging contaminants of concern.
Sized to ﬁt your needs
®

• 48˝ SENTINEL Chevron reactor
offers the industry’s highest output
capacity—up to 360 kW of treatment
capacity for ﬂow rates up to 52 million
gallons (197 million liters) per day
• 24˝ SENTINEL® Chevron 9x10
reactor addresses smaller ﬂows more
effectively—up to 90 kW for ﬂow rates
up to 20 million gallons (76 million liters)
per day

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

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

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

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

UMich’s Optical Resonator Can Create Ultraviolet
Beam Economically
www.crazyengineers.com/umichs-optical-resonator-cancreate-ultraviolet-beam-economically-1369/

hands with soap and water for 20-30 seconds, wearing a
mask if you have a virus, installing air filters, keeping
temperatures and humidity levels high and installing an
ultraviolet light (because UV light is antimicrobial)...

Princeton Community Hospital Integrates Advanced
Germ-Killing Technology Into Its Patient Care
Program
www.marketwatch.com/story/princeton-communityhospital-integrates-advanced-germ-killing-technology-intoits-patient-care-program-2011-11-21

30-Nov-11 In science, the type of light used is more often
ultraviolet, infrared or the X-rays. However it was somehow
difficult to produce an ultraviolet light i.e. light of shorter
wavelength. Einstein had long proposed that the efficiency of
the light produced will decrease as you move from green to
blue. There is also a reason for this phenomenon, which this
great scientist researched upon. In other words, a green
LASER producing object does not actually produce a green
light. It is basically a light of higher wavelength with its
wavelength decreased subsequently…

21-Nov-11 In early September, Princeton Community
Hospital added the Tru-D SmartUVC(TM) Room
Decontamination System to its arsenal of new technology
that helps disinfect environmental surfaces in patient rooms
and in operating room suites.

…In the experiment, Research team devised a way of
converting Infrared Light to Ultraviolet beam. This was done
by using a specially designed optical resonator. The disc
shaped resonator was so made as to maximize the voltage
gain when an infrared signal was obtained from a usual
telecommunication LASER. The disc helped them to convert
this low energy signal to a high efficiency and high energy
ultraviolet light…

"Tru-D technology is an automated, remotely operated
mobile disinfection system that self-adjusts to the size and
content dynamics of any room to deliver an ideal dose of
cleansing germicidal ultraviolet light to the space. Ultraviolet
light has been used for many years in a variety of applications
for food, air and water purification. UV light is effective in
destroying the DNA of bacteria, viruses and spores, thus
rendering them harmless," explained Larry Perdue, RN, BSN,
Director of Surgical Services at PCH…

Using traditional cleaning protocols, Princeton's dedicated
housekeeping staff has consistently kept the hospital
environment as pathogen-free as possible. This new device
simply adds one more layer of protection against healthcareassociated pathogens.

Pool irritants to be alleviated by new UV cleaning
system

Age of Aquarius for ballast water management

www.swarthmorephoenix.com/2011/12/01/news/poolirritants-to-be-alleviated-by-new-uv-cleaning-system

www.motorship.com/news101/ballast-water-managementdawns-for-the-age-of-aquarius

1-Dec-11 After months of complaints about uncomfortable
swimming conditions by Ware Pool users, Swarthmore
athletic administrators have finally settled on a date to install
an ultraviolet (UV) sterilizing system — one that promises to
reduce the level of chloramines, the chlorine by-product that
causes eye and nasal irritation and difficulty in breathing for
swimmers…

30-Nov-11
Ratification of the IMO’s Ballast Water
Management Convention is widely anticipated within the
next 12 months and consequently, ship owners are evaluating
urgently which technology is best suited to both existing and
new ships.

…Sue Davis, Head Swimming Coach, says that a UV system
will be installed over winter break. These systems have been
proven effective at removing chloramines from pools…

MIT Report: How to Keep from Getting the Flu
http://bigthink.com/ideas/41476
10-Dec-11 When MIT researchers set out to find inexpensive
and household methods to slow the spread of a potential flu
pandemic, they were simultaneously finding ways to stop the
seasonal flu. After reviewing 40 studies of the effectiveness of
non-pharmaceutical solutions, they recommend washing
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Recognizing that no one solution will be suitable across all
ship types, sizes and environmental conditions, Hamworthy’s
dedicated ballast water research and development team has
developed two different treatment solutions to provide
customers with greater flexibility and choice. The product
range is called AQUARIUS…
…The AQUARIUS-UV system is a two stage approach with
filtration followed by disinfection using ultraviolet light, and
so does not use any active substance. As there is no
detrimental effect on water quality, ballast water can be safely
discharged from the ballast tank at any time. Furthermore, to
ensure maximum disinfection, UV treatment is utilized during
the discharge cycle, as well as on ballasting…

Captions & Science
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ABSTRACT
A method for scale up of UV/AOP reactors that uses bench scale
testing to determine the UV Dose required per log destruction
(DL) of a particular contaminant that can be used to define
water quality. This can then be used in CFD Modeling to size a
full-scale UV reactor and in performance testing. Results from
full scale testing of this method are presented.
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BACKGROUND
Traditional methods using Electrical Energy per Order (EEO)
(Bolton et al., 2001) to compare the performance of various
full scale AOP technologies, while useful, are not effective in
translating collimated beam or bench testing to full-scale.
While most parameters that affect the EEO of a reactor (lamp
output, lamp efficiency, path length) can be scaled up from
laboratory scale to full-scale without much difficulty,
Computational Fluid Dynamic modeling (CFD) is needed to
predict the hydraulic or mixing efficiency of a flow-through
UV reactor. This article describes a method that has been
developed that uses bench-scale testing to determine the UV
Dose required per log destruction of a particular contaminant
(DL).
UV Dose for Medium Pressure UV/H2O2 reactors is defined as
the integral, by wavelength, of the fluence, weighted by the
H2O2 absorption coefficient relative to its value at 254 nm
(H2O2 weighted fluence). This is similar to UV dose in
disinfection reactors, which is weighted by the germicidal
(DNA) absorption spectrum (germicidal fluence) or by the
action spectra of specific microbes. As in disinfection UV
reactors, and unlike the EEO, DL is independent of the lamp
spectral output, the UV transmittance and the path length
that UV traverses in a reactor. Unlike disinfection reactors,
however, DL in AOP reactors is dependent on the H2O2
concentration and the scavenging potential of the water.
Therefore tests must be performed on a representative
sample of water at one or more H2O2 concentrations to
determine the scavenging potential, or better still, if the
contaminant(s) of concern are used in the bench testing, the
DL of the contaminant. This can then be used in CFD
modeling to determine the destruction of the contaminant at

each point in the reactor, and hence the full-scale performance
incorporating the hydraulic efficiency can be determined.
This empirical method greatly simplifies the CFD modeling of
an AOP reactor where otherwise the simultaneous chemical
reactions would need to be modeled, and is also more
reliable due to its empirical base.

VALIDATION FACILITY AT
PORTLAND, OREGON
This test facility is located at the Groundwater Pumping
Station of the Columbia Southshore Wellfield in Portland,
Oregon. The Columbia Wellfield is a 90 mgd supplemental
drinking water supply owned and operated by the Portland
Water Bureau. The well field can provide up to 50 mgd of
groundwater to the test train with the following water
quality:
•

UVT:

96.8 – 98.6%

•

TOC:

0 – 1.4 mg/L

•

Hardness:

38 – 144 mg/L

•

Alkalinity:

34 – 169 mg/L CaCO3

•

pH:

5.8 – 8.8

•

Temp:

11 – 18 ºC

•

Chlorine:

none

Test train
Water was introduced to the test train through two 24-inch
lines that direct the water into the 30-inch diameter pipe.
The influent flow was controlled by three valves (one on each
of the 24-in inlet pipes and one on the outlet 30-in pipe),
allowing flows up to 50 mgd to be provided to the test train,
depending on the headloss through the reactor. The
components upstream of the reactor included backflow
prevention, a 30-inch diameter magnetic flow meter, and a
120-gpm injection loop into which the UV absorber, target
contaminants, and hydrogen peroxide were added and
premixed prior to injection into the main water stream using
a multiport diffuser. The dosing rate of the target contaminants
and hydrogen peroxide were monitored using rotameters.
The UV absorber used was calcium lignosulfonate. The test
train is shown in Figure 1.
Continued on pg 14

DECEMBER 2011 | 13

Continued from pg 13

The inlet sample port was located after the inlet static mixer
approximately 1 ft upstream of the inlet 90° bend. The
effluent sampling port was located approximately 15 ft
downstream of the 30-inch effluent static mixer. Stab tubes
are positioned to draw samples from a radial location
approximately 8 inches inside the pipe.

Figure 1: Test Train at the Portland, Oregon Validation Facility.
Hydrogen Peroxide and MIB/geosmin are added in place of the
Challenge microbe and the effluent valve is now downstream of
the Effluent Sample Port

Reactor influent/effluent piping
Figure 2 shows the piping arrangement used for the 48”
Sentinel AOP validation testing.

• The scavenging potential of background water
constituents
Tests can be performed using LP (monochromatic) or MP
lamps and can be run under different conditions. The test
reactor can be a mixed batch reactor, e.g. 30L batches in a
36 cm diameter reactor, or Collimated Beam with a Petri
dish. Either the contaminants of concern or a surrogate can
be used with a known •OH rate constant.
In this case parallel testing was performed using a pilot batch
unit located at the site. The pilot unit consisted of a 40 Liter
cylindrical stainless steel reactor equipped with a 1 kW MP
lamp with a similar spectral UV output to the 20 kW lamps
used in the full-scale system. The 1 kW lamp was mounted
vertically in the reactor and separated from the water by a
quartz sleeve. A mixer in the reactor ensured complete
mixing of the sample during the tests. The pilot unit had a
steel shutter which, when closed, served to block the UV
light from entering into the sample water.
During each test, 30 L of the water from the influent to the
full-scale UV Reactor was added to the pilot unit. In this
manner, the bench tests were conducted on the exact same
water and peroxide concentration as the full-scale tests. The
UV lamp was then ignited with the shutter closed and the
mixer started. The lamp was first allowed to warm up, and
the UV shutter was then opened and the test started. The
shutter was closed and samples taken at periodic intervals
corresponding to increasing UV doses. A stopwatch was
used to obtain the cumulative exposure time. Bench-scale
sampling was performed at zero UV exposure and 3
increasing UV doses.

PARALLEL BATCH TESTING
Water quality measurements
Water quality measurements conducted on-site included the
transmittance at 254 nm and 1 cm path length, spectral
absorbance scans from 200 to 400 nm, total chlorine and
H2O2 concentration.
Transmittance at 254 nm and spectral absorbance
The 1-cm path length transmittance of the test water at 254
nm and the spectral UV absorbance were measured from
200 to 400 nm in one nm increments using a DR4000U
spectrophotometer (HACH, Loveland, CO) with the results
shown in Table 1.
Water characterization

Figure 2. Reactor Specific Piping. Plan View

The H2O2 in samples from each test were quenched with
Catalase and sent to Calgon Carbon’s Analytical laboratory
for characterization shown in Table 2.
Analysis of hydrogen peroxide

PARALLEL BATCH TESTING
Parallel bench tests were performed to determine:
•

The rate of target destruction or Dose per log defined
above, and
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Hydrogen peroxide was analyzed on-site using Horseradish
Peroxidase to catalyze the reaction between o-dianisidine
and hydrogen peroxide. Sulfuric acid was added to stabilize
the product, producing a pinkish color with a maximum
absorbance at 528 nm. A UV/Vis spectrophotometer was

Table 1. Spectral absorbance (averaged over 5 nm bands) for seven different samples

Run Number
wavelength

3

4

5

6

7

8

9

202

0.1853

0.1566

0.3130

0.1285

0.2579

0.2847

0.4238

207

0.1285

0.1157

0.2757

0.0971

0.1919

0.2251

0.3900

212

0.1009

0.0935

0.2299

0.0795

0.1531

0.1817

0.3284

217

0.0787

0.0733

0.1767

0.0633

0.1204

0.1409

0.2514

222

0.0599

0.0556

0.1349

0.0497

0.0970

0.1118

0.1952

227

0.0464

0.0431

0.1098

0.0406

0.0835

0.0953

0.1651

232

0.0384

0.0356

0.0952

0.0351

0.0752

0.0849

0.1478

237

0.0325

0.0300

0.0824

0.0305

0.0669

0.0750

0.1303

242

0.0286

0.0264

0.0715

0.0270

0.0596

0.0660

0.1136

247

0.0255

0.0233

0.0601

0.0238

0.0517

0.0563

0.0943

252

0.0232

0.0209

0.0503

0.0213

0.0448

0.0476

0.0767

257

0.0215

0.0193

0.0441

0.0196

0.0402

0.0422

0.0660

262

0.0202

0.0181

0.0412

0.0186

0.0377

0.0396

0.0612

267

0.0192

0.0173

0.0399

0.0179

0.0363

0.0385

0.0598

272

0.0183

0.0168

0.0393

0.0175

0.0352

0.0376

0.0595

277

0.0172

0.0162

0.0387

0.0170

0.0340

0.0366

0.0587

282

0.0160

0.0153

0.0373

0.0162

0.0323

0.0349

0.0565

287

0.0149

0.0145

0.0348

0.0153

0.0299

0.0324

0.0523

292

0.0136

0.0134

0.0311

0.0140

0.0269

0.0290

0.0461

297

0.0124

0.0123

0.0276

0.0129

0.0242

0.0260

0.0407

%T (254)

94.9

95.4

89.6

95.4

90.6

90.1

84.6

Table 2. Results of Preliminary Analysis of the Water
Units

Run-3

Run-4

Run-5

Run-6

Run-7

Run-8

Run-9

TSS

mg/L

<2

<2

<2

<2

<2

<2

<2

TDS

mg/L

220

160

160

130

260

240

230

Conductivity

µS/cm

345

254

249

200

412

377

358

TOC

mg/L

1.19

1.03

2.18

1.15

2.00

2.09

3.28

Alkalinity

mg/L

190

135

130

105

230

215

200

Fluoride (F–)

mg/L

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Chloride (Cl–)

mg/L

5.3

4.2

4.0

2.7

5.7

5.4

5.0

Bromide (Br–)

mg/L

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

<0.1

Nitrate (NO3–)

mg/L

0.23

0.22

0.23

0.08

<0.1

<0.1

<0.1

Phosphate (PO4–)

mg/L

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

Sulfate (SO4–)

mg/L

5.8

5.8

5.9

3.9

1.5

1.8

2.3

Common Anions

Continued on pg 16
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Figure 3. MIB
Concentration
vs. UV Dose in
Bench Tests

used to measure the absorbance at 528 nm to obtain the
H2O2 concentration.
All influent, effluent, and batch reactor samples were
analyzed for hydrogen peroxide immediately after each test.
Analysis of MIB and Geosmin
All samples were quenched with Catalase to destroy any
residual peroxide prior to shipping to the University of
Toronto’s Civil Engineering Department for analysis using
GCMS.

BENCH REACTOR TEST
RESULTS
A total of three runs were completed with MIB only, and four
runs with MIB and Geosmin. The peroxide weighted fluence
(dose) can be calculated in the batch reactor in a similar way
that germicidal weighted fluence is calculated in collimated
beam testing.

CFD
MODELING TO PREDICT
FULL-SCALE
PERFORMANCE

The bench test results are shown in Table 3 below:
The MIB and Geosmin concentrations vs. the H2O2 weighted
fluence from the Batch Testing is shown graphically in
Figures 3 and 4. From this the Dose per log (DL), which is
characteristic of the water UVT and H2O2 concentration, for
each of the tests was determined.

For full scale CFD modeling, UV Intensity modeling (UVI) is
used to calculate the peroxide weighted fluence in each of
the meshed CFD cells (the UV reactor is divided into
approximately 3 million cells). The DL above (from the batch
testing) is used in the CFD model to compute the destruction

Table 3. Bench Test Results
Test ID

AOP3

AOP4

AOP5

AOP6

AOP7

AOP8

AOP9

UVT, %

94.9

95.4

89.6

95.4

90.6

90.1

84.6

H2O2 concentration,
mg/L

4.53

4.22

9.35

4.56

9.82

4.02

15.22

UV doses applied, mJ/cm2

Sample ID
Batch - 0

384

542

327

719

164

306

175

Batch - 1

694

1091

637

1398

334

546

323

Batch - 2

947

1630

959

2093

508

821

435

Batch - 3

384

542

327

719

164

306

175

MIB concentration ng/L
Batch - 0

87

189

144

250

85

116

151

Batch - 1

49

79

70

86

67

101

106

Batch - 2

27

27

32

25

54

69

81

Batch - 3

15

9

14

9

36

54

60

Geosmin concentration ng/L
Batch - 0

166

61

79

102

Batch - 1

56

49

61

70

Batch - 2

10

36

52

51

Batch - 3

<2

22

29

41
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of the target contaminant in each cell, and hence in the
reactor as a whole.

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

CFD Design Conditions
Computational Fluid Dynamic Modeling (CFD) was performed
for each test to predict the performance at the following
design conditions (See Table 4 below):
Full Scale Fluence Rate Calculations
The fluence rate at every point in the reactor was calculated
as follows:
• The spectral lamp output between 200 and 300 nm
was divided into 5 nm bands, and the fluence rate at
each wavelength was determined using the UVCalc
Fluence model (Bolton Photosciences Inc.,
Edmonton, AB, Canada).

Table 4. CFD design conditions
Test ID

3

4

5

6

7

8

9

94.5%

95.0%

88.6%

94.9%

89.6%

89.6%

83.2%

No. of lamps per reactor

18

18

18

9

18

18

18

H2O2 concentration, mg/L

4.5

4.2

9.3

4.6

9.8

4

15.2

Influent MIB conc. , ng/L

92

191

143

244

88

127

152

173

68

91

103

UVT at 254 nm

Influent geosmin conc. , ng/L

Patented Pellet UVC Amalgam Lamp Technology from LightSources:

Building Blocks
For Your Success.
Amalgam lamps yield up to three times
the UVC output over standard lamps of the
same length. UV lamps from LightSources
ǋssǣƼsOÞĶĶɴs¯ʩOÞsŘǼ_ȖsǼŸŸȖǋ
proprietary LongLife+™ coating process:
Up to 16,000 operating hours with
increased output
Best performance over a broad air

LongLife +

and water temperature range with
consistent UVC output (4 – 40 ° C)

™

Our engineers apply a chemical compound to the inside of our lamps,
sŘEĶÞŘ¶ǼÌsŎǼŸEsĶŸŘ¶sǋĶǣǼÞŘ¶Ř_ŎŸǋss¯ʩOÞsŘǼʳ

Maintaining up to 90% UVC output
at end of life

Global leaders in the UVC germicidal lamp industry. Specialized in
high-quality standard and customized lamp solutions since 27 years.
Locations in North America, Europe & Asia

www.germicidal.com
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• The fluence rate was multiplied by the H2O2
absorption factor (absorbance relative to that at 254
nm) to give the H2O2 weighted fluence rate in each
wavelength band normalized to 254 nm.

Illustration of the CFD results

• Summing this from 200 to 300 nm gives the total
H2O2 weighted fluence rate at each point in the reactor.

Figures 5 and 6 are plots of the peroxide weighted Fluence
Rate and velocity profile through the reactor.

The following analysis shows the CFD plots for Test ID #4.
Fluence

This procedure is the same as the accepted technique used to
calculate the germicidal fluence rate for the inactivation of
microorganisms using broad spectrum UV. New lamps (after
100 hour burn-in) were used with a combined end-of-lamplife and fouling factor (CAF) of 1.0.
CFD Program
The CFD analysis was performed using CFX software (ANSYS
Inc., Canonsburg, PA). The reactor geometry was divided
into a mesh of approximately 3 million-volume elements, and
the fluid-dynamics and photo-statics were calculated in each
cell with the CFD program reading the fluence rate at the
mesh points. The program calculates the destruction of the
target compound in each mesh cell as the water flows
through the reactor. The following formula was used to
calculate the destruction in each volume element:

Figure 6. Velocity profile through the UV reactor. Flow
direction is right to left.

–E'C
C =
t
DL x log e
where: C is the concentration of MIB or Geosmin in the
volume element
E' is the H2O2 weighted fluence rate in that volume
element (mW/cm2)
DL is the dose required for 1-log reduction (mJ/cm2/
log) for each contaminant derived from the bench test.
Table 5 shows the dose/log-reduction of the targeted
organism used in the CFD analysis.

MIB and geosmin destruction
CFD plots of the MIB and Geosmin destruction through the
reactor are shown in Figures 7 and 8.
Results of Full-Scale CFD Prediction
The CFD analysis predicted the following performance for the
48" 18 x 20 kW Chevron Sentinel® reactor for the seven AOP
tests:

Table 5. Dose per log-reduction of target compound
Test ID
Dose/Log-Reduction of MIB

3

4

5

6

7

8

9

1228

1209

960

1411

1333

2178

1079

1084

1065

1704

1061

Dose/Log-Reduction of Geosmin

Figure 5. H2O2 weighted fluence field in the 48" Chevron Sentinel®
UV reactor at 95%T with 18 lamps on.
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Figure 7. Log MIB Destruction showing even dose distribution in bulk
of flow and a predicted 1.02-log MIB inactivation at design conditions

Table 6. CFD predictions of MIB and geosmin log reductions
Test ID

3

4

5

6

7

8

9

94.5%

95.0%

88.6%

94.9%

89.6%

89.6%

83.2%

No. of lamps per reactor

18

18

18

9

18

18

18

H2O2 concentration, mg/L

4.5

4.2

9.3

4.6

9.8

4

15.2

Predicted MIB log reduction

0.47

1.02

0.52

1.27

0.27

0.29

0.3

1.61

0.33

0.37

0.31

UVT at 254 nm

Predicted geosmin log reduction

IUVA and IWA Collaborate
in Mexico City
Figure 8. Log geosmin destruction. Flow is from right to left.

FULL-SCALE AOP TESTING
The validated UV reactor was a Sentinel® Chevron 48 inch
reactor with 18 x 20 kW lamps with lamp arrangement as
shown in Fig. 9. The reactor is very flexible in operation as
18, 9, or 5 lamps can be run in AOP mode, and in addition,
4, 3, and 2 lamps (all operating as individual banks) can be
run in disinfection mode. Furthermore, the individual lamps
can be turned down to 40% of full power.

Join IUVA in a pre-conference workshop on
November 25, 2012, in Mexico City. The
workshop will focus on the “Basics of UV
Disinfection for Water, Wastewater and Reuse
Applications.”
This workshop will be held in conjunction with
the IWA (International Water Association) meeting
from November 26 – 29, 2012, which is titled,
"Disinfection of Water, Wastewater and Biosolids."
The IWA's Disinfection Group is organizing the
Mexico City meeting.
Sponsorship opportunities are available for the
workshop.
- Primary Conference Sponsor ....$3,000
- Luncheon .................................$1000
- Speakers (travel stipend) ...........$500
- Coffee break (a.m. or p.m.) ......$300 each
- Attendee notepad (with Logo) .$500
- Attendee pen............................$250
For more information or to sponsor an event
please contact Deb Martinez at deb.martinez@
iuva.org and to view the entire meeting to include
the IWA’s meeting please click the link

Figure 8. Side view of Sentinel® Chevron 48” Reactor showing
lamp arrangement

http://eventos.iingen.unam.mx/DisinfConfMex2012/
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FULL-SCALE TEST RESULTS
A total of 7 runs were completed with MIB and Geosmin.
The following are the results:

Table 7. CFD predictions of MIB and geosmin log reductions
Test ID

3

4

5

6

7

8

9

94.9

95.4

89.6

95.4

90.6

90.1

84.6

18

18

18

9

18

18

18

4.53

4.22

9.35

4.56

9.82

4.02

15.22

Influent MIB conc., ng/L

90

190

143

246

87

123

152

Effluent MIB conc., ng/L

31

18

40

14

39

76

75

0.48

1.04

0.55

1.25

0.35

0.22

0.31

Influent geosmin conc., ng/L

170

65

87

102

Effluent Geosmin conc., ng/L

3.7

24

39

45

Log reduction geosmin

1.67

0.44

0.37

0.36

UVT at 254 nm, %
No of lamps operating
H2O2 concentration, mg/L

Log reduction MIB

These results are compared with the CFD predictions in Table 8:

Table 8. Comparison of CFD Predictions with actual test results
in the Sentinel® Chevron 48" Reactor
Test ID

3

4

5

6

7

8

9

MIB predicted log reduction

0.47

1.02

0.52

1.27

0.27

0.29

0.30

MIB expl. log reduction

0.48

1.04

0.55

1.25

0.35

0.22

0.31

Deviation, MIB log reduction

0.01

0.02

0.03

-0.02

0.08

-0.07

0.01

Geosmin predicted log reduction

1.61

0.33

0.37

0.31

Geosmin expl. log reduction

1.67

0.44

0.37

0.36

Deviation, geosmin log reduction

0.06

0.11

0.00

0.05

CONCLUSIONS
The prediction of the log inactivation in the full-scale tests
was within ±0.04 log on average and ±0.11 log maximum.
The performance of a full-scale UV AOP system can therefore
be reliably scaled up from the dose per log inactivation (DL)
of the target compounds measured in bench testing using
the Computational Fluid Dynamic modeling (CFD) coupled
with UV intensity modeling (UVI).

DISCUSSION
A water quality metric that is independent of the UV reactor
characteristics is proposed to measure performance in UV/
AOP reactors. The H2O2 weighted fluence (or UV dose) per
log inactivation (DL) can be used in CFD modeling to
accurately predict the performance of the full scale UV AOP
system from empirical performance data generated from
bench-scale testing. Using this method, the performance of
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a full-scale system can be reliably predicted from bench-scale
testing of a representative sample of water.
The DL water quality metric could be used to specify the
performance requirements of UV AOP systems and then be
checked in performance testing of the installed system,
reducing the risk for both purchasers and suppliers of UV AOP
systems.
DL is inversely proportional to the reaction rate constant with
the hydroxyl radical for compounds that do not have
significant direct photolysis. Therefore, it can be measured
for one compound or surrogate in a water matrix and from
this derived for all other compounds of interest, provided
their reaction rate is constant with •OH is known. In addition,
the impact of all hydroxyl radical scavengers such as
carbonate/bicarbonate, TOC, H2O2, etc. can be calculated,
and from that the specified or required DL for a system can
be adjusted for design water quality conditions from that of
the water tested.

This approach has benefits to all parties in an AOP purchase
and installation:
Reduces risk for Consulting Engineer
• Can independently measure and specify the DL
associated with specific contaminants
• It is, therefore, not dependent on vendor testing
the water
Reduces risk to Purchaser/Owner
• DL can be measured in a performance trial
• UV vendors cannot hide behind nefarious water
quality parameters

Clean water
is a matter of trust.

Reduces the risk for the Vendor
• No surprises in unknown OH˙ scavengers showing up
in the water and affecting the performance
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ABSTRACT
The concept of using ultraviolet (UV) light at 254 nm and ozone
co-generated from the same UV lamp at 185 nm has been
revisited and put into integrated UV/ozone reactors. There was
an optimum reactor diameter and an optimum gas flowrate to
yield the highest ozone concentrations in the product gas
mixture. The ozone generation also monotonically increased
with increasing gas pressure and decreasing relative humidity.
Compared to the common bubble diffuser, the venturi injector
and the nano-bubble generator were better for transfer of the
produced ozone from the gas phase to the liquid phase by
producing much smaller bubbles. The integrated UV/ozone
reactors using the venturi injector, with or without the nanobubble generator, to deliver ozone into the water phase
demonstrated more efficient micropollutant degradation and
disinfection than the conventional UV system. The attributing
reasons are unclear but are likely associated with the production
of hydroxyl radicals and the enhancement in mixing and UV
light reflection. This single, integrated UV/ozone reactor, without
an external ozone source and external energy for ozone
generation, provides an energy- and space-saving option to
achieve simultaneous UV/ozone advanced oxidation and UV
photolysis. Ozone generation and transfer remain the major
challenges that deserve further investigation and development.
Key words: Advanced oxidation process (AOP), disinfection,
nano-bubble generator, ozone generation, ultraviolet (UV).

INTRODUCTION
Ultraviolet (UV) or ozone treatment alone has been widely
used for water disinfection and/or oxidative destruction of
micropollutants (Clancy et al., 2000; von Gunten, 2003).
Individually, they are selective and may not be effective in
controlling some pollutants (Friedberg et al., 1995; Crittenden
et al, 2005). Combination of UV and ozone gives benefits for
pollution control by 1) their complementary mechanisms in
pollutant destruction and disinfection (Meunier et al., 2006;
Jung et al., 2008), and 2) production of highly reactive
hydroxyl radicals (Reisz et al., 2003). However, the high cost
of these two energy-intensive processes limits their
combination in practice.
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Current low-pressure, mercury UV lamp technology converts
about 40% of electric power to germicidal UV-C radiation at
254 nm and around 6~9% of the power to VUV light at 185
nm. When the UV lamps are designed for disinfection only,
the lamp envelope in fact is doped to prevent the emission
of 185-nm VUV light, and thus this part of energy is inherently
wasted (Crittenden et al., 2005). It is well known that the
185-nm VUV light can split oxygen to generate ozone
(Horowitz et al., 1988). Using low-pressure mercury UV
lamps to generate ozone and to achieve UV and ozone (UV/
ozone) coexposure had been considered in earlier work
(Dohan and Masschelein, 1987; Bolton and Denkewicz,
2008). This consideration, however, suffered from inability of
the UV lamps in generating sufficient ozone. Recent
advancement in UV lamp design and manufacturing,
nevertheless, enables the possibility to realize this concept by
increasing the output intensity and the penetration of light at
185 nm. This concept is revisited by using the 185-nm UV
light to produce ozone from air flowing between a lowpressure UV lamp and its quartz sleeve. The produced ozone
is introduced into the water phase in flow-through UV
systems to create UV/ozone coexposure for enhancing
chemical oxidation and disinfection.
The development and evaluation of the reactor consisted of
the following three objectives: 1) to enhance ozone
production in the gas phase by changing potential affecting
factors, including lamp types, reactor diameters, installation
of oscillatory baffles, gas pressure, flowrates, temperature,
and humidity; 2) to enhance transfer of the produced ozone
into the water phase by using various diffusers; and 3) to
optimize reactor configurations with aims to maximize
pollutant destruction and disinfection in the water phase.

GAS-PHASE OZONE
GENERATION
Low-pressure, mercury UV lamps (GPH212T5VH/4 and
GPHO212T5VH/4, Heraeus) were used for ozone generation,
with feeding of ambient air or compressed air into the sleeves
to supply oxygen. The former lamp is a low-output lamp (10
W) made from natural quartz glass and the latter is a high-

output lamp (20 W) made with synthetic quartz. The effects
of various parameters, including lamp types, reactor
diameters, installation of oscillatory baffles, gas pressure, flow
rates, temperature, and humidity, on the ozone generation
by the UV lamps were evaluated.

Salvermoser et al., 2008). It is also partially arises from the
enhancement of ozone photolysis in the presence of water
vapor (Laforge et al., 1982). The effects of oscillatory baffles
and gas temperature on ozone generation were minor (not
shown).

First, increasing the reactor diameter from 25 to 100 mm
increased and then decreased the ozone yields for both the
high-output and low-output lamps (see Figure 1) with the
maximum occurring at a reactor diameter of 56 mm. The
changes in net ozone production with changes of the reactor
diameter depend on the generation and decomposition of
ozone, which are influenced by the residence time of the air
and the distance from the UV lamp. Increasing the residence
time increases ozone generation; however, a longer distance
results in further light dissipation and more ozone
decomposition than ozone generation. The high-output
lamp produced only 10-30% more ozone than did the lowoutput lamp, although the former delivered UV power at 185
nm three times higher than that with the latter, suggesting
photolytic ozone decomposition could be more important.

Figure 2. Effects of gas flowrates on ozone yields and
concentrations. Gauge pressure 0 bar, temperature 22 °C
and reactor diameter 56 mm.

OZONE TRANSFER

Figure 1. Effects of lamp types and reactor diameters on
ozone yields. Gas flow rate 1 L/min, temperature 22 °C
and gauge pressure 0 bar.

Increasing the gas pressure increased ozone yields
monotonically (not shown), in agreement with Dohan and
Masschelein (1987). Increasing the gas flow rate increased
the ozone yields (Figure 2), because of the increase in the
quantity of oxygen passing through the reactor per unit
time. The rate of the increase, however, gradually declined at
higher gas flow rates, likely because of the decrease in the
residence time. The balance of the two factors resulted in an
optimum gas flow rate to produce the highest ozone
concentration. Therefore, the effects of gas flow rates and
pressure on ozone generation followed the ideal gas law.
Increasing the relative humidity from 45% to 90% decreased
monotonically the ozone production from 35 to 21 mg/h.
The decreasing ozone production with increasing relative
humidity can be explained partially by the fact that water
molecules compete with oxygen molecules in absorbing
185-nm UV photons (Falkcnstein, 1999; Creasey et al., 2000;

The direct delivery of the produced ozone into tap and DI
water using two different injectors, a common bubble
diffuser and a venturi injector (Ozone Solutions) were
compared using the optimum ozone generation conditions
and at same water and gas flowrates (Table 1). The transfer
of produced ozone from the gas phase to the water phase
was achieved better by the venturi injector, resulting in
doubling the dissolved ozone concentrations in the water,
than that achieved by the bubble diffuser. Much smaller air/
ozone bubbles were generated by the venturi injector, which
enhanced the air-water interfacial mass transfer rate and
duration. The dissolved ozone concentrations were not
sensitive to the water and gas flow rates.
Table 1. Comparison of dissolved ozone concentrations in tap
and DI water by the venture injector and a bubble diffuser
Ozone concentration (mg/L)
in
tap water
DI water

Water
Gas
Ozone
flow rate flow rate yield
(mL/min) (mL/min) (mg/h) Venturi Diffuser Venturi

Diffuser

1100

500

18.1

0.055

0.024

0.080

0.030

1500

800

26.8

0.064

0.031

0.072

0.033

2000

1200

36.2

0.067

0.028

0.074

0.038

The venturi injector was also used together with a nanobubble generator. The combination produced air/ozone
bubbles in the micro/nano size, which further increased the
Continued on pg 24
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ozone transfer rate. However, because of the
significant pressure drop in the venturi injector
resulting from flow restriction in the nano-bubble
generator, only a relatively lower gas flow was
drawn, which made the dissolved ozone
concentration undetectable.

DESIGN, FABRICATION
AND EVALUATION OF
UV/SELF-GENERATED
OZONE REACTOR
Design and Fabrication
Based on the knowledge learned from the above,
three integrated UV/self-generated ozone reactors
were designed and fabricated. One used a common
bubble diffuser with gases delivered by an air
Figure 4. Photos of the reactor and the nano-bubble generator.
pump. The other two used a venturi injector, with
or without a nano-bubble generator (see Figure
3). The reactors can be operated in either flowComparison of Reactors’ Performance
through or semi-batch mode. In all cases, the ozone
produced in the space between the UV lamp and the quartz
To evaluate and compare the performance of the three
sleeve was transferred into the water phase by the different
reactors, E. coli and MS2 coliphage were chosen as the
diffusers at a water flow rate of 2.0 L/min. The off-gas was
indicator microorganisms in disinfection tests and
circulated back to the gas phase (the space between the UV
N-nitrosodimethylamine (NDMA) and nitrobenzene (NB)
lamp and the quartz sleeve) to produce more ozone. Figure
were the target micropollutants in pollutant degradation
4 displays photos of the reactor using the venturi injector and
tests in ultrapure water. The results are shown in Figures 5
the nano-bubble generator with UV light on/off and a photo
and 6. For E. coli, MS2 coliphage and NB, the reactors using
of the nano-bubble generator.
the venturi injector alone (Reactor II) and the venturi injector
and the nano-bubble generator (Reactor III) performed much
better than that with a common bubble diffuser (Reactor I).
The higher specific surface area of the smaller bubbles
produced in Reactors II and III improved the mass transfer
efficiency and, thus, should enhance the formation of
hydroxyl radicals to extend the chemical destruction and
microorganism inactivation. Also, the smaller bubbles existing
in the water, which was not found to affect UV transmittance,
might enhance the disinfection and oxidation processes by
enhancing mixing and UV-C light reflection. As for NDMA
removal, which relies primarily on UV photolysis, the
performance difference among the three reactors was less
significant.

Comparison of UV, UV/Air and UV/Ozone Reactors

Figure 3. The schematic presentation of the UV/selfgenerated ozone reactor using the venturi injector with or
without the nano-bubble generator (dash line)
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A comparison was made on the performance difference for
the UV, UV/air and UV/ozone reactors using Reactor III. E. coli
was chosen as the indicator in both ultrapure water and tap
water. For UV treatment alone, the venturi injector and the
nano-bubble generator were removed so that only water was
flowing through the reactor. For the UV/air and UV/ozone
cases, Reactor III was operated in the same way as above but
ambient air and ozone-containing air produced from the
same UV lamp, respectively, were drawn by the venturi
injector. Figure 7 displays the results. In both ultrapure water

and tap water, the conventional UV reactor, relying solely on
UV exposure achieved only close to 3-log E. coli inactivation;
while both the UV/air and UV/ozone reactors achieved over
5-log E. coli inactivation. It is interesting that the incorporation
of air bubble at nano size in the absence of ozone also
significantly increased the E. coli kill, supporting the hypothesis
that smaller bubbles might enhance mixing and UV-C

Figure 5. Performance evaluation of the UV/ozone
reactors on E. coli and MS2 disinfection in flow-through
mode (40 s).

reflection to enhance inactivation. In ultrapure water, the
presence of ozone in the UV/ozone reactor further increased
the E. coli kill from 5-log to 6-log reduction. However, the
enhancement became insignificant in tap water, likely
because of the ozone and hydroxyl radical demands in tap
water. In addition, it was also found that different water
matrices and water flow rates affected the NB degradation.

Figure 6. Performance evaluation of the UV/ozone
reactors on NDMA and NB degradation in semi-batch
mode (2 min).
Continued on pg 26
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SUMMARY
Ozone generation from the low-pressure UV lamp was largely
affected by the reactor diameter and the gas flow rate. There
was an optimum reactor diameter and an optimum gas flow
rate to yield the highest ozone concentrations in the product
gas mixture. The ozone generation also monotonically
increased with increasing gas pressure and decreasing relative
humidity. The ozone transfer efficiency by the venturi injector
was higher than that by a common bubble diffuser. The
integrated UV/ozone reactors using the venturi injector, with
or without the nano-bubble generator, to deliver ozone into
the water phase is energy- and space-saving. They provide
more efficient degradation of micropollutants and disinfection
than the reactor using a common bubble diffuser to transfer
ozone into the water phase. The integrated UV/ozone reactor
also performed much better than the conventional UV
disinfection unit. Ozone generation and transfer remain the
major challenges that deserve further investigation and
development.

FUTURE WORK
More efforts are being made to further investigate and
develop the UV/ozone system including:
1. Evaluating the effects of tap water and its
composition on the system performance,
2. Optimizing the length of the UV system and the
hole size of the nano-bubble generator, and
3. Studying the feasibility of using the nano-bubble
generator alone to simplify the setup and to
reduce the jet effect created by the venturi injector.
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ABSTRACT
Barnacle growth on solid surfaces, such as ship hulls, tidal gates
and equipment submerged in seawater, augments poor
aesthetics, deteriorates their performance, increases their
operational and maintenance costs, and causes premature
failure of the facilities. Most of the currently available measures
to manage the problem of barnacle growth are not environmentally
friendly and have no long term effect.
The effectiveness of UV treatment in preventing the invasion of
barnacle colonies under a tropical marine environment was
investigated. Two metal plates were prepared and submerged in
water: one as the control and the other for UV treatment. The UV
system consisted of one metal surface, on which barnacles could
attach, grow and form colonies; six 120-W low pressure lamps
were installed parallel to the metal plate surface, and a UV
reflector was employed. The surfaces of the metal plates were
examined for the growth of the barnacles at least once every
month. Within 7 weeks, the entire control plate was colonized by
barnacles, where the barnacles grew to approximately 0.5 cm in
diameter. However, barnacles did not attach to the UV treated
metal plate, and there were no barnacles on this plate after 11
weeks. The result of the study conclusively showed that UV
treatment completely prevented Nauplius barnacles from
attaching, colonizing and growing on the metal plate surface.
While the UV transmittance of the seawater could be the
principal factor controlling barnacle development when using UV,
the required UV dose could be as low as 60 µW/cm2.
Key words: Nauplius and Cyprid, barnacle fouling, lowpressure UV lamp).

INTRODUCTION
Barnacle growth can be observed everywhere on surfaces
submerged in natural seawater, including seawater intake
pipes, channels, ship hulls, tidal gates and other facilities.
Barnacles multiply rapidly under tropical coastal conditions.
Besides its nuisance and aesthetic impact, the presence and
growth of barnacles on surfaces of various materials disrupts
the operation of devices (such as tidal gates and seawater
pumps) and deteriorates their performance. Such surface
attachment warrants more frequent and expensive
maintenance under a marine environment. When fouling and

growth occurs on hulls of ships, it increases drag, adversely
affects fuel consumption as much as 50%, increases pollution
(via the workload on the machinery) and downtime due to
dry-docking. When colonies form on the inner surface of the
seawater intake pipes, barnacle growth reduces the flow rate.
The detached barnacle particles may also affect normal pump
operation. The annual global cost of barnacle cleaning alone
is in the range of billions of dollars.
A barnacle life cycle has two distinct larval stages, Nauplius
and Cyprid, before developing into an adult barnacle. This life
cycle provides opportunities for its early control and mitigation.
At the early stage, the eyes of the organism could be impaired
by UV-B (Chiang et al., 2003, 2007).
The existing techniques for barnacle growth mitigation
include options such as: anti-fouling coatings (chemicals or
biological extracts) using non-toxic (Efimenko et al., 2009;
Skattebøl et al., 2006) or toxic substances (Freiman, 1977),
that are poisonous to acorn barnacles and other crustaceans,
hypochlorite dosing (Sasikumar, 1993; Tan et al., 2919),
electrochemical (Pérez-Roa et al., 2009; Swain et al., 1982)
and low density electric current (Wake et al., 2006), mechanical
removal, and low frequency resonance (Rabbette, 1992).
Another proactive approach in barnacle fouling prevention is
the development of barnacle repelling surfaces (Tan et al.,
2010). These surfaces, however, are only effective for a period
of several weeks. Ultraviolet (UV) light has been widely used
for disinfection of waterborne pathogens, particularly
protozoa and for the control of slime films (Disalvo and
Cobet, 1974); however, there is a lack of information on UV
for barnacle mitigation. UV treatment is an effective and
environmentally friendly practice, as it does not involve
chemicals, thus eliminating the risk of water contamination
whilst maintaining a clear and clean water body.
The objective of this study was to design, build and test a
novel pilot UV system and investigate its effectiveness in
eradicating barnacle growth on metal surfaces under a
tropical marine environment.

METHODOLOGY
UV System Set-Up
The UV system consisted of a local control panel, 6 lowpressure 120 W amalgam UV lamps with ballasts for seawater
Continued on pg 28
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applications, a 100 cm x 100 cm x 1cm metal plate coated
with marine paint, and a UV cover with interior reflecting
surface. The metal plate is the surface on which barnacles are
expected to attach and grow.
The cover supports 6 UV lamp sockets and a bank of 6 UV
lamps arranged horizontally with a distance of 15 cm
between lamps. Upon installation, the distance between the
UV lamps and the metal plate surface is about 8 cm. The gap
of the edges of the cover and the metal plate was covered
with a ¼” metal wire mesh to prevent debris and large
marine animals from entering the space between the metal
plate and the UV sleeves. The interior part of the cover
reflects back at least 80% of the UV light from the UV lamps
(see Figure 1).
For better quantification of the UV impact on barnacle
growth, an identical metal plate was fabricated and used as
a control. The historical low tide levels were used as reference
for the submersion depth of the plates so that both the
control and the UV irradiated metal plates were submerged
in seawater at all times. The plates were only taken out of the
water during barnacle growth inspection.

Barnacle Growth Inspection
The UV lamps were kept on at all times during the study.
Both the control and the UV treated plates were taken out of
the seawater weekly or fortnightly to inspect for barnacle
growth. During the 60 min inspection period, the plates
were examined for the distribution of the barnacles on the
surface, barnacle count and sizes as well as species. The metal
plates with and without UV treatment were put back into the
seawater after the inspection. The investigation started in
early July 2009 and was completed in late September 2009
for a total of 11 weeks.

a)

RESULTS AND DISCUSSION
Barnacle Growth
On the surface of the control plate (no UV), the presence of
barnacles over the entire plate was observed within two
weeks. The attached barnacles were tiny with sizes smaller
than 0.5 mm. The growth continued and at Week 7 (see
Figure 2) the sizes of the barnacles were up to 0.5 cm in
diameter, and the entire plate was covered, with the majority
being acorn (Balanus sp.) and volcano (Tetraclita sp.)
barnacles. The barnacle density increased exponentially on
the control plate during the weeks of observation.
On the surface of the UV treated plate, there were no
barnacles observed during the inspection period (see Figures
2 and 3). The presence of several empty barnacle shells on
the UV treated plate was due to an accidental electricity
power shut off for 3 days during the first week. The growth
of the barnacles that attached to the surface during the
power shut down was prevented when the electricity supply
resumed. No additional barnacle growth was observed,
either in terms of density, size or surface coverage (see
Figures 2 and 3). Similar observations were made in a
previous study (Patil et al., 2007), in which UV light was
effective in reducing the population of microfoulers from
existing biofilms.
This system is the first of its kind using UV for in-situ barnacle
growth control under field conditions. The observations
showed that UV had completely controlled barnacle growth
on the UV treated metal surface in a tropical marine
environment. Possible mechanisms of UV for barnacle growth
mitigation include: (a) inactivation of algae cells preventing
algae from multiplying in seawater and therefore reducing
the food supply to barnacles (Disalvo and Cobet, 1974); (b)

b)

Figure 1. Pilot ultraviolet system for barnacle growth control under field conditions. [a) UV system being lowered, b) inside view of the UV
system
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a)

b)

c)

d)

Figure 2. Barnacle growth on the metal plates – Entire plate (1 m x 1 m) observed at week 2 [a) UV irradiated, b) control) and after
week 7 [c) UV irradiated, d) control].

Group A

Group B

2 weeks

3 weeks

2 weeks

3 weeks

6 weeks

7 weeks

6 weeks

7 weeks

Figure 3. Barnacle growth on the metal plates – a close look. Group A: UV irradiated plate observed at week 2, 3, 6 and 7 (the yellow
spots are the drops of rust materials from the cover); Group B: control plate observed at week 2, 3, 6 and 7.
Continued on pg 30
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inactivation of the eggs released by adult barnacles; (c)
inactivation of microscopic Nauplius larvae when it swims
and drifts through the water; (d) damage of the DNA
preventing reproduction; and (e) deterioration of cement /
proteinaceous substances secreted by Cyprids therefore
making attachment less effective.

UV Radiation
Considering the dynamic movement of the seawater, changes
in seawater characteristics, and the ability of the Nauplius to
swim and attach onto the metal surface at any time, it would
be more reasonable to assess the effectiveness of UV
treatment based on irradiance rather than UV dose.
There were six 120-W low pressure UV lamps mounted on
the surface of the 100 cm x 90 cm metal plate. Assuming
that an average of 50% of the UV output is reflected back to
the water by the UV reflecting cover sheet and that the
UVT254 of the seawater varied between 50% and 80%, the
irradiance at the metal surface could range from 0.06 to 11.5
mW/cm2 (see Figure 4 and 5). As expected, the higher the
UVT, the greater the irradiance observed on the metal surface
(see Figure 4).

60 µW/cm2 was sufficient to prevent Nauplius and Cyprid
from attaching to and growing on the metal plate surface.
The locations where the irradiance was lowest were the strips
between two UV lamps. The low irradiance observed here
has the same magnitude that was used in testing for the
control of micro-fouling on optical glass surfaces (Dilcalvo
and Cobet, 1974; Patil et al., 2007). There an irradiance of 10
to 30 µW/cm2 on the glass surface was effective in preventing
bacterial slime film formation and settlement of metazoan
larvae (Dilcalvo and Cobet, 1974). In the work reported by
Patil et al. (2007) the irradiance was 730 to 1479 µW/cm2. In
another study, Chiang et al. (2003) reported that UV-B at an
irradiance of 7.5 µW/cm2 was sufficient to cause damage to
the Naupliar eyes and impair their phototactic responses,
which eventually stopped the organism from living.
Considering that there was fouling on the UV lamps during
the later part of the study and that there was no barnacle
growth on the UV treated metal plate until the end, it can be
concluded that the irradiance on the metal plate surface
could actually be much lower than the calculated values (see
Figures 4 and 5).

As there was no barnacle growth on the UV treated metal
plate, it is reasonable to conclude that an irradiance as low as

Figure 4. Calculated changes in the irradiance on the metal plate surface as a function of the seawater UVT (254 nm, 1 cm). The
metal plate surface was 8 cm away from the 120-W UV lamps.
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Figure 5. Calculated changes in the surface irradiance from the UV lamps, which could reach the metal plate surface between two
UV lamps (at 0 and 15 cm positions).

CONCLUSIONS
During the 11 weeks of the study, low-pressure UV treatment
effectively prevented barnacles from establishing colonies on
a metal plate surface submerged in seawater in a tropical
environment. This treatment was also able to stop the growth
of attached barnacles, as was observed during a temporary
power shutdown of the equipment. The irradiance
requirement was used as a measure of the UV treatment
required rather than the UV dose. The irradiance requirement
could be as low as 60 µW/cm2 for efficient control of the
marine fouling organism.
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WITH THE WORLD

Author Guidelines

The IUVA welcomes you to submit your press
releases, product announcements, latest

application notes, and any other exciting
UV related information that you may have.

We have dedicated two sections to your submissions.
This complimentary feature is open to all - we select
items to be published on a first received/first included
basis - and make every effort to fit as many articles as
possible into each issue. (Sorry, no photos.)
Request for Articles
IUVA News publishes technical and non-technical articles
related to UV.
Before submitting finished materials, author(s) should
contact Editor-In-Chief, Jim Bolton, Ph.D. to determine
appropriate timing, deadlines, and length.
All articles/papers should avoid promotion of commercial
products and services.
Submissions must include:
- Author’s complete name & job title
- Author’s contact information including telephone,
number, fax number, and email address

- Feature articles range from 2,000 to 5,000 words in
length.
- Articles must be provided in digital form (Microsoft
Word preferred), 12-point, Times New Roman font,
including bibliography. PDF submissions and printed/
faxed copies will not be accepted.
- Technical papers will be reviewed for scientific validity
and necessary revisions will be requested. Technical
papers should include an abstract of approximately 100200 words highlighting the key findings of the paper.
Also, a list of key words should be included at the end of
the abstract. Corresponding photos, charts, etc. are
always welcome & appreciated.
Send Submissions To:
Send your Press Releases, Product Announcements,
Application Notes & Article submissions to:
Jim Bolton, Ph.D. .......................Jim.Bolton@iuva.org

- Name and address of the organization where any
related work took place, or photos were taken

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

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

World leader in UV lamp drivers

DECEMBER 2011 | 33

UV FAQ’S

Editor: I often get questions about UV. The following are some
recent interesting items.

QUESTION:
I am considering using UVC Germicidal bulbs for oxidizing the
surface of wood. Some of my peers have used UVB bulbs for years
to create a 'tanned' surface to freshly exposed wood, to give it a
jump-start in its aging process, but I seem to feel the need for a
more intense treatment, and ultimately would love to know which
spectrum is the best for this process. I will not be present while the
lights would be operating, and there shouldn't be a safety problem;
just a need for the most intense oxidizing exposure possible, in the
shortest amount of time. Which wavelength is for me?
For the record, I'm a violin bow maker, and both violin makers and
bow makers in the last centuries have simply hung their assembled
yet unfinished instruments and bows under the eaves to expose
them to direct sunlight for 6 months for the desired result, but
needless to say this is not a cost-effective way of violin or bow
production in the 21st century. The radical alternative is direct nitric
acid, or nitric acid fuming, but that has a rather negative health
impact, and I would avoid it if I could. (from Michael)
ANSWER:
Well, this is an interesting question!
The word “oxidation” can mean many things:
1. Reaction with oxygen to form more ‘oxidized’ compounds
(e.g., the oxidation of methanol to formaldehyde).
2. Increase of the oxidation number of an element [e.g.,
conversion of Fe(II) to Fe(III)]
3. Complete mineralization of organic compounds to form

CO2, H2O and mineral acids for any Cl, N, P, S, etc.
present in the compound.
4. Direct photolysis of a compound {e.g., photolysis of
nitrosodimethylamine [(CH3)2N-N-O]}.
I presume that you are referring to the first definition, as regards the
‘tanning’ of wood.
Wood is a very complex organic structure with many components
that absorb UV. However, not all UV absorption leads to chemical
reaction (photochemistry). Most photochemical reactions occur at
wavelengths less than 300 nm (there are many exceptions, e.g.,
photosynthesis, which operates with visible light up to 700 nm).
Hence, I would suspect that the most effective UV lamp for your
purposes would be a “germicidal” UV lamp, such as a low pressure
mercury lamp (emits principally at 254 nm) or a medium-pressure
mercury lamp (emits over a broad range from 200-400 nm in the
UV). Low pressure lamps are relatively low power (a 1.2 m long lamp
has a power of about 40 W). Medium pressure lamps are much more
powerful (e.g., a 10 cm lamp has a power of about 1 kW). The ‘UV
effect’ will be generated at a rate that is roughly proportional to the
power of the lamp (given that the distance to the ‘target’ is the same).
You may find that pre-treatment with hydrogen peroxide will
enhance the “UV effect”, since photolysis of H2O2 generates
hydroxyl radicals (OH), a very powerful oxidizing agent.
You mention “safety”, and I cannot emphasize enough that you
must totally enclose the irradiation chamber so that there is no
possibility of skin or eye exposure to anyone. UV is totally unforgiving
in this manner.

A R E YOU LO O KI NG FOR
A CAR EER I N
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UV validation at
the Portland test
facility has a global
impact on UV
implementation
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LARGE-SCALE DISINFECTION
The new TrojanUVSigna ™. It’s ideal for those municipalities
wanting to upgrade their wastewater disinfection system
or convert from chlorine. The system provides high UV
output, high electrical efficiency and the lowest lamp
count (thanks to TrojanUV Solo Lamp ™ Technology) . It’s
also easy to operate and maintain. Quartz sleeves are
automatically cleaned with ActiClean ™. Lamp replacements
are simple. And if you need to lift a bank from the channel,
just activate the Automatic Raising Mechanism.
Energy efficiency, fewer lamps and worry-free maintenance.
That’s UV innovation. That’s TrojanUVSigna ™ .
Learn more at trojanuv.com/signa.

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

The need for clean water

a patented disinfection technology – InstantTrust.

example. Other point-of-use applications include

Many people are concerned with the quality

It breaks new ground, overcoming four key

hot and cold water systems with taps and under-

of water, because microorganisms present in

limitations of existing UV disinfection systems:

the-sink water treatment systems.

water can make them ill. In emerging economies

size, run-up time, temperature sensitivity and

the water infrastructure is often to blame,

environmental impact. InstantTrust is half the

With the introduction of InstantTrust, Philips

yet even in developed countries incidents of

size or less of existing disinfection functions,

has a unique and innovative UV-based water

contamination still occur. As one study shows,

which means it can be built into almost any

disinfection solution that improves access to safe

in North America alone 85% of sicknesses in

POU application, from fixed taps to portable

drinking water around the world.

children and 65% of adult diseases are a result

pitchers. Moreover, it provides an instant start

of waterborne viruses and bacteria1.

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

Disinfection of water

– eliminating waiting time and the risk that the

UV technology is a natural way to make

water is not always disinfected. It can be used

sure water is safe to drink. UVC deactivates

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

microorganisms, rendering them harmless.

– an industry first – thanks to its constant

It is effective against all types of bacteria,

temperature curve. From an environmental

viruses and protozoa and there are no

perspective it is completely mercury free.

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

A broad range of applications

that may be harmful to human health or the

With demand for residential purifiers increasing

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

every day2, this new technology with its promise

or other properties of the water either.

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

InstantTrust: a new cutting-edge
disinfection technology

for instantly disinfecting small quantities of

Philips has developed a complete disinfection

dispensing equipment such as bottle refill

solution for point-of-use equipment based on

stations, bottled water dispensers and for

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

www.philips.com/uvpurification

1

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

