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Ultraviolet Disinfection
and Oxidation Technologies

www.calgoncarbon.com/uv

• SENTINEL® UV disinfection
proven control of Cryptosporidium and Giardia
in drinking water

• C3 SERIES™ wastewater disinfection systems
Making Water and Air Safer and Cleaner
Calgon Carbon Corporation • 1-800-422-7266
uvtechnologies@calgoncarbon-us.com

prevent the spread of waterborne pathogens to lakes,
streams, rivers and coastal waters

• Our RAYOX® and
SENTINEL® UV oxidation systems
destroy organic compounds in contaminated
groundwater, wastewater, and drinking water

IUVA MARCH 2010-Vol 12_Issue 1:IUVA Oct 08.qxd

4/9/2010

2:14 PM

C

I

NDEX OF
ADVERTISERS

ONTENTS
5

^ãÉêáÅ~å=^áê=~åÇ=t~íÉê =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K11

=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K

5

`~äÖçå=`~êÄçå=`çêé= =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K2

=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K

7

=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K

8

President’s Letter

=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K

Strategic Initiatives
UV Industry News
Hot UV News

Page 3

A

RTICLES

Battling Nitrification with Blacklights K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K= 12
_êá~å=tÜáíÉ=~åÇ=j~êíáå=^Ç~ãë

Efficacy of Ultraviolet Advanced Oxidation in a
Drinking Water Utility with Full-Scale Granular
Activated Carbon K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K= 15
aÉÄçê~Ü=eK=jÉíòI=j~êá~=jÉóÉê=~åÇ=o~ãÉëÜ=h~ëÜáåâìåíá=bêïáå
cK=_ÉÉêÉåÇçåâK

UV in Water Treatment Issues for the
Next Decade K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K= 18
g~ãÉë=mK=j~ääÉóI=gêKI=mÜKaK

Comparison of UV Power Measurement of Low
Pressure UV-lamps by a worldwide Round
Robin Test K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K= 26
sçäâÉê=^Ç~ãI=aêK=o~äÑ=aêÉáëâÉãéÉêI=j~êíáå=hÉëëäÉê

Observational Study of the I2 Air Purge
Flush Method for Biofouling Control on UV
Lamp Sleeves K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K= 30
jáÅÜ~Éä=o~ÇáÅçåÉ

EDITORIAL BOARD
mêçÑÉëëçê=g~ãÉë=_çäíçåI mÜKaKI=_çäíçå=mÜçíçëÅáÉåÅÉë=fåÅK
`ÜêáëíáåÉ=`çííçåI mKbKI=j~äÅçäã=máêåáÉ
^åÇêÉ~ë=hçäÅÜI mÜKaKI eóíÉÅçå=dãÄe
mêçÑÉëëçê=h~êä=dK=iáåÇÉåI mÜKaKI=råáîK=çÑ=`çäçê~Çç=~í=_çìäÇÉêI=`l
_êìÅÉ=^K=j~ÅäÉêI mÜKaKI=rKpK=bm^
mêçÑÉëëçê=g~ãÉë=mK=j~ääÉóI=gêKI mÜKaKI=råáîK=çÑ=kÉï=e~ãéëÜáêÉ
p~ã=gÉó~å~ó~Ö~ãI mKbKI=mÜKaKI=abbI=j~äÅçäã=máêåáÉ
dK=bääáçíí=tÜáíÄóI mÜKaKI=`~äÖçå=`~êÄçå=`çêéçê~íáçå
e~êçäÇ=têáÖÜíI `~êçääç=båÖáåÉÉêë
oçåÖàáåÖ=uáÉI mÜKaKI=`ÉåíÉê=Ñçê=^Çî~åÅÉÇ=t~íÉê=qÉÅÜåçäçÖáÉë
aÉëáÖåÉÇ=Äó=^ä~j~êá=jÉÇá~W ESMOF=QVOJUOQV=çê=áåÑç]~ä~ã~êáãÉÇá~KÅçã
mêáåíÉÇ=Äó=mêáÇÉ=mêáåíáåÖW EUUUF=VSPJONRO=çê=ïïïKéêáÇÉéêáåíáåÖKÅçã

`~êçääç=båÖáåÉÉêë =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K29
aÉÖêÉãçåí=qÉÅÜåçäçÖáÉë= =K=K=K=K=K=K=K=K=K=K=K=K=K=K22
bí~=éäìë=ÉäÉÅíêçåáÅ=ÖãÄÜ =K=K=K=K=K=K=K=K=K=K=K=K=K=K4
eÉê~Éìë=kçÄäÉäáÖÜí=dãÄe =K=K=K=K=K=K=K=K=K=K=K=K=K10
ec=pÅáÉåíáÑáÅ =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K24
fO^áê=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K33
iáÖÜíJpçìêÅÉë =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K17
j~äÅçäã=máêåáÉI=fåÅK =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K19
kÉçíÉÅrs=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K13
mÜáäáéë=iáÖÜíáåÖ=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=KBC
oÉ~ä=qÉÅÜ=fåÅK =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K29
pftt=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K34
qêçà~å=qÉÅÜåçäçÖáÉë =K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K=K35
ON THE COVER:
A look at UV systems in Singapore’s Public Utilities
Board (PUB) NEWater plants. (please see page 4 for details)

Editor in Chief:
Mr. Paul Overbeck
frs^=kÉïë=Eéêáåí=îÉêëáçåF=Efppk=NROUJOMNTF=áë
éìÄäáëÜÉÇ=èì~êíÉêäó=Äó=íÜÉ=fåíÉêå~íáçå~ä=räíê~îáçäÉí
^ëëçÅá~íáçåI=fåÅK=Efrs^F=^å=ÉäÉÅíêçåáÅ=îÉêëáçå=áë=éêçîáÇÉÇ
ÑêÉÉ=íç=~ää=frs^=jÉãÄÉêëK
Head Office:
Paul Overbeck (paul.overbeck@iuva.org)
Diana Schoenberg (dianas@iuva.org)
International Ultraviolet Association
PO Box 28154, Scottsdale, AZ 85255
Tel: (480) 544-0105 Fax: (480) 473-9068
www.iuva.org
IUVA Editorial
IUVA Advertising
IUVA Membership

paul.overbeck@iuva.org
dianas@iuva.org
visit www.iuva.org or
dianas@iuva.org (480-544-0105)

IUVA Executive Operating Committee
- President Bertrand Dussert, PhD
- President-Elect Paul Swaim, PE
- Secretary Guus IJpelaar, PhD
- Treasurer Christopher Schulz, PE
- Past Pres. Linda Gowman, PhD, PEng

MARCH 2010 | 3

IUVA MARCH 2010-Vol 12_Issue 1:IUVA Oct 08.qxd

E

4/9/2010

2:14 PM

Page 4

DITORIAL
Paul Overbeck

Additionally, prospects brightened for some of our Canadian
members when the U.S. government announced that it has signed
an agreement with Canada to exempt Canadian companies from
the “Buy American” clause.

Editor-in-Chief

Looking at a specific market segment, I attended the Water Quality
Association - Aquatech Conference and Expo in Orlando, 9 to 12
March. This Water industry segment is strongly focused on Point of
Entry/Point of Use (POE/ POU) water treatment applications.
However, approximately 10% of WQA members participate in the
commercial and light industrial arena. Therefore, we (IUVA) teamed
with IOA to present a Commercial-Industrial (CI) Workshop. We
had 60 attendees spend 6 hours learning about the benefits both
technologies bring, individually or as a combined process, to
numerous applications. There were some excellent presentations,
including three with Return on Investment data.

A toast to the return of spring and a new
decade of opportunity for all! Springtime
reminds us of the promise of renewal and
the generosity of life. The start of this new
decade also shines a bit brighter as the
global economic recovery continues.

The U.S. Government reports that,
through 12 March, slightly over $300
billion of the $787 billion in economic
stimulus funds have been allocated,
m~ìä=lîÉêÄÉÅâ
according to the latest stimulus data
posted on www.recovery.gov. The reports show that the stimulus
program created approximately 608,000 US jobs in the last quarter
of 2009.
There have been a few projects reported that have been directly
effected by the stimulus program and will incorporate UV
technology (see Hot UV News section on page 9). Most water and
wastewater projects able to attract stimulus funds have been in the
area of infrastructure repair and replacement. Frankly, any increase
in stimulus funding in the water and wastewater sector will
brighten our industry.
I anticipate that we will see an increase in new construction
including new high tech processes in 2010-12.

The feedback was positive and many workshop and WQA
conference attendees that visited our booth later in the week spoke
about either wanting to get into the CI market in their geographic
area, or being happy that they had invested in CI business as it
grew the last 2 years, while their POU/POE business dropped. This
is a good sign for our members supporting the CI market.
j~êâ=óçìê=Å~äÉåÇ~êë>=frs^=ïáää=ÅçåíáåìÉ=áíë=ÉÑÑçêíë=íç=ÄêáåÖ=rs
ÉÇìÅ~íáçå=íç=íÜÉ=ïçêäÇ=íÜêçìÖÜ=P=ìéÅçãáåÖ=ÉîÉåíëW
• Ultraviolet, Ozone and Advanced Oxidation Conference
co-located at Singapore International Water Week 28 June 2010.
• 6th Ultraviolet and 20th Ozone
23 to 26 May 2011 in Paris, France.

World

Congress

-

• 2nd North American Conference on Ultraviolet and Ozone
Technologies - 19 to 21 September 2011 in Toronto, Canada.
Dr. Rongjing Xie, with the Singapore Public Utility Board, is the
local organizer and Technical Program Chair for the SIWW
Conference.
Professors Michael Templeton, Imperial College London and
Michel Roustan, Institut National des Sciences Appliquées INSA,
Toulouse, France will co-Chair the Technical Program Committee
for the 2011 World Congress in Paris.
Professors Ron Hofmann, University of Toronto and Daniel Smith,
University of Alberta will co-Chair the Technical Program
Committee for the 2011 Toronto Conference.
Please let me know if you wish to volunteer to be on a committee
(technical program, local organizing, sponsorship, and/or exhibitions)
to support our 2011 events scheduled in Paris and Toronto.

4 | IUVA News / Vol. 12 No. 1

IUVA MARCH 2010-Vol 12_Issue 1:IUVA Oct 08.qxd

A

4/9/2010

2:14 PM

MESSAGE
from the IUVA President

Bertrand Dussert

mêÉëáÇÉåí=_Éêíê~åÇ
tK=aìëëÉêíI=mÜKaK

I have returned from climbing Mt.
Kilimanjaro. Little did I know, a number of
celebrities also climbed just days after me,
as part of the “Summit at the Summit”
initiative – designed to promote
awareness of the global clean water crisis.
(Their journey is chronicled at
www.summitonthesummit.com.) It is
amazing how so many (present company
included) can be simultaneously in awe of
the world's beauty and aghast by the lack
of available drinking water. This is just one
of the many instances where UV can
improve the world in which we all live.

Page 5

As you probably already know, we have big plans for the future of
the IUVA. Much like the spring blooms I now see outside my
window, I am pleased to say that the IUVA’s members are a vibrant
and diverse group. So many of our members are volunteering in
real and meaningful ways toward the common goal of this
association’s continued success.
Most recently of note, the IUVA has officially created three regional
Vice Presidencies, for Europe/Middle East/Africa, Asia/Australia and
the Americas, respectively. The primary aim of these Vice
Presidencies is to customize our programs to best cater to the needs
of each local market’s members. To add to these three volunteers,
an additional nine strategic initiative task forces have emerged
(details on page 6) with the goals of expanding the IUVA’s focus,
improving our member resources and tackling the tough questions
that we all face together now as an industry.
The volunteer leaders of these programs and their teams are
making great headway. I look forward to hearing about the details
of their new programs at our next Board Meeting, planned during
AWWA's Annual Conference & Exhibition this June in Chicago, IL. I
wish to say thank you to all involved. I welcome all member
contributions and hope that your passion for and dedication to UV
is thoroughly contagious. Here’s to our shared prosperity and a
bright future!

STRATEGIC INITIATIVES
2009 - 2011

IUVA Vision:
Advancing the science, engineering & applications of
ultraviolet technologies to enhance the quality of human life,
preserve public health & protect the environment.
IUVA Mission Statement:

President Bertrand W Dussert, Ph.D.
President-Elect Paul Swaim, PE
Secretary Guus IJpelaar, Ph.D.
In IUVA News Issue #4 of 2009 (available in the member
archive online… if you haven’t visited lately, you really
should!) Bertrand shared his intended key areas of focus
for the next two years, during his Presidency. We have
come to find that many of these key areas are aligned
with what you think needs to be done, too!
The Board first began working on “where should the IUVA
go next?” at their meeting this past May, in Boston, by
conducting a SWOT analysis (Strengths, Weaknesses,
Opportunities & Threats) on where the IUVA stood. Based
on the outcome of this analysis, a "wish list" of initiatives
emerged at the Board meeting in Amsterdam, at the 5th
World Congress. Following the meeting, we selected 12
programs from the "wish list" based on their anticipated
impact vs. effort required. Teams have been formed to
tackle each program. These 12 groups have begun their
work, with our Vision and Mission Statement in mind, to
best serve the needs of our members.

The International Ultraviolet Association (IUVA) was
established to serve the following aims and objectives…
1. To provide a forum for the discussion of all scientific
and technological issues that relate to the use of
ultraviolet light;
2. To provide a common voice for the interests of
companies using ultraviolet technologies and
manufacturing ultraviolet lamps or equipment;
3. To organize periodic international and national
conferences focused on ultraviolet technologies;
4. To publish a regular Newsletter (IUVA News) to keep
members informed of new developments in the
applications of ultraviolet technology;
5. To encourage the establishment of rational terms, units
and nomenclature in the fields of ultraviolet technology;
6. To encourage research into the advancement of the
applications of ultraviolet technologies;
7. To encourage the adoption of rational environmental
regulations that would encourage the use of
ultraviolet technologies.
Continued to page 6
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STRATEGIC INITIATIVES
Continued from page 5

We believe that these programs will yield vast benefits for the IUVA in growing our Organization, influencing the
industry, and providing more value to our members. We are happy to introduce to you both new and familiar faces
that have volunteered to lead the charge. We are excited about these programs, the benefits they can bring to our
association as a whole and the opportunity to recognize some of our wonderful volunteers.
UV Needs in
Europe / Middle East / Africa
frs^=sáÅÉ=mêÉëáÇÉåí=^åÇêÉ~ë=hçäÅÜI=mÜa
Hytecon GmbH, Germany

Continued Partnership with the IOA
frs^=sáÅÉ=mêÉëáÇÉåí=^åÇêÉ~ë=hçäÅÜI=mÜa
Hytecon GmbH, Germany
Key Technical Issues Facing the Industry
pÅçíí=^äéÉêíI=mÜaI=mb=
Hazen and Sawyer, P.C., NC, USA

Dr. Andreas Kolch has worked for more than
20 years in the water business. During his professional life
he gained a lot of experience with strategic planning
processes. Within his current position as a partner and
general manager of Hytecon, he provides consulting
services for water companies in the strategic planning
arena. Dr. Andreas Kolch was the International President of
IUVA from 2005-2007. Over recent years he’s been
involved in the organization of several IUVA events in the
US and Europe, including Los Angeles, London and Amsterdam.

New Focus: Air Treatment
j~êó=`ä~åÅóI=okI=`fb`I=`jopI=eep
Environmental Dynamics Inc., VA, USA
New Focus: Industrial Water Treatment
gçÜå=oó~åI=_pÅI=jf`ÜÉãbI=`=båÖI=j_^
Hanovia Ltd., United Kingdom
New Focus: Aquatics Applications
mêçÑÉëëçê=bêåÉëí=E`ÜáéF=_ä~íÅÜäÉó=fffI=mÜa
Purdue University, IN, USA

UV Needs in Asia & Australia
frs^=sáÅÉ=mêÉëáÇÉåí=oçåÖàáåÖ=uáÉI=mÜa
Center for Advanced Water Technologies,
Singapore

New Programs for End-Users & Utilities
frs^=mêÉëáÇÉåíJbäÉÅí=m~ìä=pï~áãI=mb
CH2M Hill, CO, USA

Rongjing obtained his Ph.D. degree from
McGill University in 1989. He has over 25 years work
experience in universities, government research
organizations and private companies. Being recruited as
an expat, Rongjing joined the then Environmental
Technology Institute in 1997, later Centre for Advanced
Water Technology (CAWT) and now part of the Public
Utilities Board (PUB), Singapore as Senior Research Scientist
and Section Head. Rongjing has published more than 70
papers in refereed scientific journals and international
conferences. He has been an active IUVA member since
2002. Currently he also serves as a member of Editorial
Board, The Journal of the Ozone: Science and Engineering,
to facilitate publications related to UV technologies.

UV Needs in the Americas
(North, Central & South)
frs^=sáÅÉ=mêÉëáÇÉåí=g~ã~ä=^ï~ÇI=mÜaI=mb
MWH, IL, USA
Dr. Awad is Vice President and Technology &
Innovation Engineering Lead with MWH Americas Inc. He
has over 23 years experience in water and water
reclamation treatment, disinfection planning and facilities
engineering, including UV disinfection, photolysis, and
advanced oxidation. Jamal is currently the Technical
Consultant on the SFPUC 315 mgd Tesla UV Disinfection
Facility for its unfiltered Hetch Hetchy Aqueduct
(HHA) supply.

6 | IUVA News / Vol. 12 No. 1

UV as a Green Technology, Be Part of the
Green Revolution
mêçÑÉëëçê=h~êä=iáåÇÉåI=mÜa
University of Colorado at Boulder, CO, USA
Website Updates & New Features
aá~å~=pÅÜçÉåÄÉêÖ=C=m~ìä=lîÉêÄÉÅâ
IUVA International Home Office, AZ, USA
Ask our Members – what do you like, and
what can we do more of?
aá~å~=pÅÜçÉåÄÉêÖ
IUVA International Home Office, AZ, USA
I

N T E R N AT I O N A L

U

LT R AV I O L E T

A

S S O C I AT I O N

~ JOIN US ~
6TH UV WORLD CONGRESS
PARIS, FRANCE
MAY 2011
WWW.IUVA.ORG WWW.IO3A.ORG

Please join the International Ultraviolet Association (IUVA) for its
6th International World Congress on Ultraviolet Technologies,
being co-hosted with the International Ozone Association (IOA)
for its 20th Ozone World Congress.
For More Information: Diana Schoenberg - Communications & Operations Manager
PO Box 28154 • Scottsdale, AZ 85255, USA • T: +1 480-544-0105 • F: +1 480-473-9068 • DianaS@iuva.org
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INDUSTRY
NEWS
Hyde Marine's Hyde Guardian™ system has received Type Approval
from Lloyd's Register on behalf of the U.K. Maritime and Coast
Guard Agency. Type Approval confirms compliance with the BWMC.

The following are some items of note from IUVA
Member Announcements:
UV Technology Benefits Flat Creek Water Reclamation
Facility (WRF)
www.bersonuv.com
The Flat Creek WRF in Georgia, USA recently gained a second place
National Clean Water Act Recognition Award for operations and
maintenance from the US Environment Protection Agency (USEPA).
According to the USEPA, the Flat Creek Water Reclamation Facility is
one of the two treatment plants in Georgia recognized for “their
innovative approaches and achievements,” which “improve water
quality and protect public health and the environment in the
communities they serve.”
The treatment process includes a three train- two chamber medium
pressure InLine UV system with controller provided by Berson. The
’series’ approach ensures that the system exceeds the National
Pollution Discharge Elimination System (NPDES) permit disinfection
limit of 23 fecal colonies per 100 ml by a significant margin. The
systems are designed to treat a combined total of over 45 million
liters per day of wastewater (up to 80% industrial and 20% low level
commercial and residential) for discharge into nearby Lake Lanier.
Psomas Engineering Announces Christopher Yu as
New Associate
www.psomas.com
Psomas Engineering announced the appointment of IUVA Board
member Christopher Yu to an Associate position. Christopher Yu is
a senior project manager for the Southern California Water and
Wastewater Infrastructure Team, specializing in water treatment
technology and process engineering. With more than 32 years of
experience, Yu has managed some of the most challenging and
innovative water projects in both the United States and Asia. During
his career, Yu has been involved with the planning and design of
water and wastewater treatment processes as well as management
consulting for water and wastewater utilities. His areas of expertise
include water quality investigation, process design, and project
delivery and administration.
Calgon Acquires Hyde
Water Market
www.calgoncarbon.com

Marine

–

Targets

Ballast

Calgon Carbon Corporation announces that it has acquired the
outstanding stock of Hyde Marine, Inc., a manufacturer of systems
that utilize stacked disk and ultraviolet light technology to filter and
disinfect marine ballast water. Terms of the transaction were not
disclosed.
In 2004 the International Maritime Organization (IMO) adopted the
International Convention for the Control and Management of Ships'
Ballast Water and Sediments (BWMC) which addresses the
transportation of potentially harmful organisms through ballast
water. The regulation is scheduled to be phased in globally over a
ten-year period beginning in 2010, and industry sources estimate
that it will require treatment of ballast water from more than 40,000
vessels by 2020.

UV Disinfecting Aruba’s Drinking Water & Greywater
www.bersonuv.com
Aruba, a Caribbean island nation, has embraced UV technology for
protection of public, tourist and environmental health. Ten Berson
InLine UV disinfection systems - eight systems are used to disinfect
drinking water and two are used to treat greywater prior to
discharge. The government opted for UV instead of chlorine as part
of its non-chemical approach to water treatment.
Five Berson UV units are installed at the Balashi water treatment
plant, the site of gold mill ruins near Aruba’s capital, Oranjestad.
Operated by W.E.B. Aruba N.V., which supplies drinking water and
electricity to the island’s residents and businesses, Balashi also
houses the world’s second largest desalination plant. Aruba has a
semi-arid climate so desalination is necessary to supply its growing
population with much needed water. The UV units, which are
installed outdoors and controlled by DGtronic microprocessors each
disinfect 400m3 of water per hour, rising to 600m3/h during peak
flow conditions. No chlorine is used at any stage of the water
treatment process.
UltraViolet Devices
Corporate Website
www.UVDI.com

Announces

New

Integrated

The new website fully incorporates product and technical
information from the UVDI, ALTRU-V and Sparks Technology brands
and highlights its ISO 9001:2001 certified manufacturing facility.
The new site also provides access to educational and informational
resources regarding Ultraviolet Germicidal Irradiation (UVGI)
technology and bonded activated carbon BPS (Bonded Particulate
Structure) technology.
China High-Tech
Water Reuse
www.bv.com

Industrial

Park

in

Investigates

Black & Veatch and Zhongying Precious Metal Company Ltd. are
investigating advanced technologies that would provide sustainable
options for two new wastewater treatment plants. The plants will
treat domestic and industrial waste at a new industrial park in the
Lunggang District of Shenzhen. One treatment option under
investigation would provide for potential water reuse applications.
The owners of the new industrial park, Zhongying Precious Metal
Company Ltd., want the plants to produce effluent that meets
Chinese National Discharge Standard Class 1A. Meeting Class 1A
requires additional treatment to reduce nutrients and suspended
solids and is the standard required for wastewater being discharged
into sensitive water bodies.
The park will build two wastewater treatment plants, one to treat
domestic waste that will have a capacity of 9,000 cubic meters per
day. The other will treat industrial waste with a capacity of 2,000
cubic meters per day.
Continued to page 8
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Nusfjord Water Plant added two UV-units equipped with LIT UV
Amalgam lamps after self-cleaning disk filters. Both UV-systems are
Önorm-certified UV-units for potable water applications at 40
mJ/cm2. The design was based on a UVT of 80%. These UV-systems
treat up to 43 m³ per hour (270,000 gpd) each.

Berson Appoints Paul Buijs as new Managing Director
www.bersonuv.com

SphereOptics Acquired by Halma
www.halma.com

Berson has appointed Paul Buijs its new Managing Director. Paul,
who has over 15 years’ experience in the water treatment industry,
joins Berson from Global Membrains, a water industry consultancy
with business throughout Europe and Middle East, where he most
recently served as Director. He holds a Masters Degree in Chemical
Engineering from the Eindhoven University of Technology in the
Netherlands. Prior to Global Membrains, he worked for GE Water
and Process Technologies, GE Betz and Kiwa Water Research, all
companies focused on water treatment using various technologies.

Halma p.l.c., has acquired SphereOptics, a maker of custom light
measurement technologies. SphereOptics will join Halma’s global
group of photonics businesses as it is merged with light metrology
industry leader Labsphere. SphereOptics (www.sphereoptics.com)

Wärtsilä and Trojan Technologies Sign Agreement to
Launch Ballast Water Treatment Product
www.trojanuv.com/about/news
Wärtsilä Corporation and Trojan Technologies have signed an
exclusive agreement to jointly develop, market, and distribute a
ballast water treatment product for ships. Wärtsilä is a global leader
in complete lifecycle power solutions for the marine and energy
markets. The ballast water treatment product is presently in preproduction, with third-party validation to take place in late 2010.
The ballast water treatment product is expected to enter the market
at the end of the year.
According to the Global Ballast Water Convention, all vessels built
prior to 2009 will need to install a certified ballast water treatment
(BWT) system by 2014 or 2016, depending on the ballast water
capacity of the vessel. Since 2009, all new vessels are required to
install a BWT system. For the convention to come into full force, it
must be ratified by 30 countries representing 35 per cent of the
global fleet’s dead weight tonnage. Currently 21 countries
representing 23 per cent of the world’s dead weight tonnage have
ratified, and full ratification is expected to occur in 2011.
High-Intensity Pulsed Xenon Source for Ocean Optics’
Sensing Module
www.oceanoptics.com
Ocean Optics has added a pulsed xenon light source option for its
Jaz modular sensing system. The Jaz-PX is a high flash rate, short-arc
xenon lamp especially useful for UV-Vis applications such as
absorbance, bioreflectance, fluorescence and phosphorescence. The
lamp has maximum pulse frequency of 500 Hz and spectral
response from 190-1000 nm.
Lofoten Archipelago Fishing Community adds UV for
Drinking Water Safety
www.lit-uv.com/news.html
UNIK, the Norwegian distributor LIT Technology installed two LIT
UV-systems in the Nusfjord water treatment plant. Nusfjord is an old
fishermen town, located far into the Arctic Circle in Norway. The
Nusfjord Water plant source water is a fresh water lake supplied
from the surrounding mountains. New and more stringent
Norwegian legislation forced the local water board to improve
treatment and especially the disinfection of the potable water for
the Nusfjord community.
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Hanovia Appoints Global Business Manager for Industrial
UV Water Disinfection Markets
www.hanovia.com
Hanovia has appointed Halim Mirza as its new Global Business
Manager for industrial markets such as food and beverage
processing, pharmaceutical and microelectronics manufacturing, as
well as specialist healthcare applications. He is a Chartered Engineer
and a member of the Institute of Chemical Engineers with a BSc in
Chemical Engineering and an MSc in Ion Exchange and Membrane
Technology. He has spent his entire career in the water treatment
industry.
UVGI Systems Prove Effective for Transit Vehicle Surface
and Airborne Disinfection
www.steril-aire.com
JKA Company announced results of third-party party testing of their
adapted Ultraviolet Germicidal Irradiation (UVGI) technology to
transit vehicles for both surface and airborne disinfection. JKA has
licensed patents from Steril Aire, Inc. and adapted the UVGI
technology to transit vehicles for both surface and airborne
disinfection.
The study evaluated the surface disinfection efficacy of the JKA
process, utilizing UVGI in a transit bus. The study was commissioned
JKA Company and was by conducted on Pinellas Suncoast Transit
Authority (PSTA) Bus Number 2511on November 9, 2009 at the
Central Garage in St. Petersburg, FL. Test Results: 1. Influenza A
H1N1- 99.999% reduction. 2. Methicillian Resistant Staphylococcus
Aureus - 99.99% reduction 3. Polio Virus LSc 1 - 99.99% reduction.
4. Six Salmonella Species - 99.99% reduction.

H
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The following are interesting media items that may effect
the UV Industry:
World Water Day
www.worldwaterday2010.info
Celebrated on 22 March, the international observance of World
Water Day is an initiative that grew out of the 1992 United Nations
Conference on Environment and Development (UNCED) in
Rio de Janeiro.
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Over 1,300 Drinking Water Projects Meet Recovery
Act Deadline
www.awwa.org/publications/StreamlinesArticle.cfm?itemnu
mber=54049&showLogin=N
Officials announced that all of the $6 billion allocated for drinking
water and clean water state revolving funds (SRFs) by the American
Reinvestment and Recovery Act was committed to signed contracts
in time for the Feb. 17 deadline.
USGS Study Finds Drinking Water Contaminated, but Safe
to Drink
A recent United States Geological Survey (USGS) study of public
drinking water wells in California, Connecticut, Nebraska and
Florida found that some were contaminated, but in amounts so
minimal, human health was unlikely to be affected. The USGS
tracked the movement of contaminants in groundwater and publicsupply wells in four different aquifers.
According to the USGS, wells are not equally vulnerable to
contamination because of differences in three factors: the general
chemistry of the aquifer, groundwater age, and direct paths within
aquifer systems that allow water and contaminants to reach a well.
The importance of each factor differs among the various aquifer
settings, depending upon natural geology and local aquifer
conditions, as well as human activities related to land use and well
construction and operation. However, the USGS feels that the study
of the four different aquifer systems can be applied to similar
aquifers and wells throughout the nation. See which chemicals were
found via Lab Science News: www.caslab.com/News/usgs-drinkingwater-contaminated.html
Middle East Countries Plan Water & Wastewater Investments
www.watersolutionsme.com/Water
Countries in the Middle East are announcing significant plans to
invest in water and wastewater infrastructure. A good example is
Abu Dhabi, one of the United Arab Emirates, which plans to spend
$12 billion on water and power projects over the next five years.
Abu Dhabi has the highest per capita water consumption rate in the
world - total demand exceeds its natural recharge rate by a factor of
24. To ensure supply meets demand, Abu Dhabi plans for at least
three new electricity generation and water desalination plants by
2016. Wastewater reclamation and reuse options are in planning.
Elsewhere in the region:
Oman has confirmed plans for 10 new water desalination projects
over the next two years
Saudi Arabia must invest US$50 billion by 2020 to meet the
expected increase in demand for water
Qatar has allocated US$9 billion to improve its water distribution
network
Kuwait has 10 projects planned in the water and waste water
sector worth US$3.9 billion

Page 9

Produced Water Treatment Market Worth $4.3 Billion
h t t p : / / w w w. d w - 1 . c o m / f i l e s / f i l e s / 5 2 8 P r o d u c e d % 2 0 Wa t e r % 2 0 P r e s s % 2 0 R e l e a s e % 2 0 %20FINAL.pdf
OTM Consulting and Douglas-Westwood announced a recent study
the set the total market opportunity for final stage produced water
treatment systems at approximately $4.3 billion over the next five
years. Their “Produced Water Gamechanger Report 2010 – 2014”
also reveals that the market for topside produced water reinjection,
which is emerging as the preferred method of water management,
is projected to be around $9.8 billion over the same period.
In addition, the report identifies a range of other new technologies
that can help operators deal successfully with produced water including treatment, minimization, separation and even re-use.
Produced water is the single largest waste stream from hydrocarbon
production. Daily water production volumes significantly exceed
that of oil volumes, to the extent that 211 million barrels of water
are produced by the industry daily compared to around 85 million
barrels of oil.
Recovery Act Jumpstarts Wastewater Treatment
Plant Construction
wwdmag.com/Recovery-Act-Jumpstarts-Construction-ofWastewater-Treatment-Plant-in-Lula-Ga--NewsPiece20152
Source: U.S. EPA
On the one-year anniversary of the American Recovery and
Reinvestment Act (ARRA), the U.S. Environmental Protection Agency
(EPA) and the Georgia Department of Natural Resources joined the
Georgia Environmental Facilities Authority to recognize an $8.5
million project funded in part through the ARRA in Lula, Georgia.
The wastewater infrastructure project is helping create green jobs,
boost the local economy, improve aging water infrastructure and
protect human health and the environment, EPA said.
The plant will be a state-of-the-art, environmentally friendly facility,
EPA said. Currently, the maximum wastewater treatment for the
plant is 82,000 gal per day (gpd), and the new plant will increase
up to 375,000 gpd. The plant’s construction will create around 200
local jobs. The plant will include Ultraviolet for disinfection. Overall,
it is anticipated that this plant will greatly improve the water quality
of the upper reaches of the Chattahoochee Basin, which flows into
Lake Lanier, the water supply for the city of Atlanta and surrounding
communities.
EPA orders chemical testing for endocrine disruptors
http://www.epa.gov/endo
The EPA issued the first test orders for pesticide chemicals to be
screened for their potential effects on the endocrine system with the
Endocrine Disruptor Screening Program (EDSP) Tier 1 screening for
the first group of 67 chemicals. The agency will start issuing test
orders between Oct. 29, 2009, and Feb. 26, 2010.
The data generated from the screens will provide information to
help the agency identify whether additional testing is necessary, or
whether other steps are necessary to address potential endocrine
disrupting chemicals. Testing, conducted through the agency's
Endocrine Disruptor Screening Program, will eventually expand to
cover all pesticide chemicals, the agency said in a press release. The
agency will review the responses, evaluate the data, determine the
potential of endocrine interaction, and whether additional testing is
necessary to guide further regulation.
Continued to page 10
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$32M Available for Kirkland Lake Wastewater Facility
http://watercanada.net
The governments of Canada and Ontario will each set aside up to
$16 million through the Green Infrastructure Fund with total eligible
costs for this project are estimated at $35.5 million for construction
of a new wastewater treatment facility in Kirkland Lake.
Design of the new wastewater treatment facility will begin this year.
Construction is expected to begin in 2011 and be complete by
2012. The new facility will provide advanced treatment of
wastewater, an ultraviolet disinfection system and systems to treat
and manage sludge. The new wastewater treatment facility will
support improved water quality in the Great Lakes-St. Lawrence
Basin, which includes Murdock Creek and the Blanche River.

Clean water
is a matter of trust.

Worldwide demand to exceed $50 billion by 2013 Demand for
water treatment products worldwide is projected to exceed $50
billion by 2013. As the global population expands, and the
developing world continues to industrialize, the World demand for
water treatment products is projected to increase 5.7 percent per
year to $59 billion in 2013.
Freedonia Group Report on World Water Treatment
www.marketresearch.com
UBS, an investment bank, in customer correspondence, referenced
a Freedonia Group report anticipating global water treatment
product demand will rise 5.7 percent annually through 2013. Large
developing markets such as China and India will grow the fastest.
Gains in developed areas will be based on efforts to increase water
reuse, improve the aesthetic quality of drinking water and further
reduce water contamination.
Global demand for water disinfection products is projected to
increase 7.4 percent annually to $7.4 billion in 2012. Overall,
growth will be fastest in China, India and other developing
countries, especially those with large industrial sectors. Growth in
these regions will be based on dramatic expansions in the use of
relatively traditional water treatment techniques and products,
which will boost overall demand for disinfection products.
Industrialization in many of these areas will also drive growth for
higher value specialty biocides. In many of the least developed
countries -- especially in Africa -- growth will be more limited, due
to spotty success in expanding infrastructures due to lack of
adequate funding and local corruption.
Water Demand to Outstrip Supply in India
McKinsey & Company, a global consultant, in collaboration with
the World Bank affiliate, International Finance Corporation reported
that the situation in India will be dire as water demand will grow
annually by 2.8% to reach a whopping 1,500 billion cubic meters
(bcm) while supply is projected at only about 744 bcm. This
increase will be driven by agricultural and industrial demand for a
growing population and middle class consumerism.
The World Bank has extended loans to the States of Karnataka,
Maharashtra, Uttar Pradesh, Uttarakhand, Punjab and Kerala for
implementing rural water supply projects.
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UV radiation is a reliable way to disinfect water
and eliminate harmful substances. That applies to
treating drinking water – the essence of life – and
waste water alike.
UV lamps from Heraeus Noblelight are particularly
efﬁcient and thus stand out due to their very low
energy consumption. Our lamps offer this recognized
standard of quality throughout their long service life.
Heraeus UV lamps combine exceptional reliability
with cost-effectiveness.
Each of our UV lamps is tailored to the speciﬁc
requirements of our customers.

Your partner for
reliable UV solutions

www.heraeus-noblelight.com
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Opportunities in Thai Water & Wastewater Markets
Frost & Sullivan, “Market Growth Opportunities of Water &
Wastewater Markets in Thailand” analysis finds that the market is
likely to earn revenues of $177.3 million by 2015. The growing
population and increasing concerns about water scarcity are driving
the government to encourage water and wastewater treatment
(WWWT). Approximately 80% of the WWWT equipment in
Thailand is from foreign participants Japan, the United States, and
Europe.
Water Industry China Focus 2010
www.businesswire.com/portal/site/home/permalink/?ndmVi
ewId=news_view&newsId=20091229005450&newsLang=en
It is feared that thawing glaciers are threatening the water security
of China. In particular, the glaciers melting at accelerated pace in
the western region of the country as well as land degrading in the
north are putting the 800 million Chinese rural population at risk.
Per-capita water available in China is merely one fourth of world’s
average. It is believed that diminishing glaciers and resulting water
availability will affect the water supply in future, which will in turn
impair the economic and social achievements the country has
made. Additionally, water pollution has become a significant
concern. Statistics show that more than 70% of Chinese lakes and
rivers as well as 90% of groundwater in the urban areas have been
polluted to some extent.
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NASA Data Reveal Major Groundwater Loss in California
www.jpl.nasa.gov/news/news.cfm?release=2009-194
In research presented at the American Geophysical Union meeting
in San Francisco, scientists from NASA and the University of
California, Irvine, detailed California's groundwater changes and
outlined Grace-based research on other global aquifers. The twin
Grace Satellites monitor tiny month-to-month changes in Earth's
gravity field primarily caused by the movement of water in Earth's
land, ocean, ice and atmosphere reservoirs. Grace's ability to
directly 'weigh' changes in water content provides new insights into
how Earth's water cycle may be changing.
Combined, California's Sacramento and San Joaquin drainage
basins have shed more than 30 cubic kilometers of water since late
2003. A cubic kilometer is about 264.2 billion gallons. The bulk of
the loss occurred in California's agricultural Central Valley. The
Central Valley receives its irrigation from a combination of
groundwater pumped from wells and surface water diverted from
elsewhere. Data reveals groundwater in these basins is being
pumped for irrigation at rates that are not sustainable if current
trends continue.

Oregon Treatment Plants Facing New Issues
http://djcoregon.com/news/2010/01/04/more-work-aheadfor-treatment-plants
Sewage treatment plants across Oregon would have to account for
more than 100 water pollutants for the first time under a rule
proposed by the Department of Environmental Quality. The
pollutants range from pesticides and industrial waste products to
chemicals in perfumes and shampoos.
“The bulk of the list will be pollutants these wastewater treatment
plants have never looked for,” said Chris Gannon with the DEQ’s
water quality program.
The DEQ is receiving public comments on the rule, which sets a
“trigger level” for 118 chemicals. If treatment plants discharge
water containing more than the trigger level, their operators would
be required to submit plans to DEQ for reducing the pollution. That
could take a number of forms, anything from encouraging people
to stop using certain chemicals to building a system to treat the
chemicals.
EPA Releases National Water Research Strategy
www.epa.gov/waterscience/strategy
The U.S. Environmental Protection Agency (EPA) released its
National Water Research Strategy to engage a broader range of
researchers in meeting the challenges of protecting and improving
our nation’s water resources. The strategy outlines the water
program’s four research priorities: healthy watersheds and coastal
waters, safe drinking water, sustainable water infrastructure and
water security. Each priority also focuses on five technical areas:
aquatic life health effects, human health effects, method
development, occurrence and exposure, and treatment
technologies and effectiveness.

UVC TECHNOLOGY FOR A
HEALTHY INDOOR ENVIRONMENT
Representing companies with the benefit of
over 60 years experience in UVC technology,
American Air & Water, Inc. is a UVC air and
water purification industry leader.
A complete line of UVC Air and Surface
Sterilization and Water Purification Systems for
ANY residential, commercial or industrial
facility, including custom units, designed and
built to meet any specific requirements.

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

Brian White and Martin Adams
Los Angeles Department of Water and Power
Los Angeles, California

ABSTRACT
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INTRODUCTION
The Los Angeles Department of Water and Power
suspended a bank of fluorescent blacklights in the
headspace of Mount Washington Tank 2 in July 2009. The
idea was to test whether standard overhead light fixtures
could supply enough near-ultraviolet (UVA) radiation to
prevent nitrification onset in covered storage facilities
containing chloraminated water. The utility undertook a
full-scale tank retrofit to explore this practical application
for combating nitrification.
LADWP is currently expanding its replacement of chlorine
with chloramines as the city’s secondary disinfectant.
Although chloramines form fewer disinfection by-products
and eliminate chlorinous odor, they encourage nitrification
in covered storage facilities. The nitrification process begins
with routine decomposition of chloramine disinfectant,
which consists of chlorine and ammonia. As ammonia and
chlorine separate, resulting ammonia becomes a source of
energy for ammonia oxidizing bacteria, such as
Nitrosomonas, which convert ammonia to nitrite. Nitriteoxidizing bacteria, including Nitrobacter, complete the
process by converting nitrite to nitrate. Both Nitrosomonas
and Nitrobacter are sensitive to low-intensity UVA radiation.
Nitrification can rapidly deplete tank chloramines, and
maintaining tank residuals with unforeseeable spot
treatments is labor intensive and contrary to maintaining
low disinfection by-products.
To prevent nitrification, LADWP is experimenting with the
application of UVA radiation.

PILOT PROJECT
The pilot project was conducted at full-scale at Mount
Washington Tank 2 because the optical, chemical,
biological, and operational complexities of a fill-and-draw
tank couldn’t be duplicated in a laboratory. In addition,
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sufficient information to devise realistic lighting
specifications was already available in scientific literature.
The literature-derived minimum UVA intensity assumed 24
hr of continuous exposure across the bottom of a full tank.
This conservative approach assured overexposure of the
overlying water column.
Mount Washington Tank 2 was selected as the test bed for
several reasons:
•

The tank has distributed chloraminated water to a
small pressure zone near downtown Los Angeles
since 2003.

•

The tank has a history of nitrification and is sampled
three times each week for numerous nitrificationrelated water quality variables.

•

A companion tank, Mount Washington Tank 1,
provides a convenient control setting for side-byside tests.

Four design features—reactor size and exposure intensity,
duration, and waveband—distinguish the Mount
Washington UV facility from all others. At more than 67,500
ft3, Tank 2’s UV reactor is the world’s largest; daylong
exposures to it of twilight intensities had never been
attempted. The reactor pairs lowest exposure intensities
with longest exposure times and is the first to use longwave
UVA radiation instead of shortwave UVC radiation.
Constructed of reinforced concrete in 1954, Mount
Washington Tank 2 has a diameter of 62.5 ft, maximum
depth of 22 ft, and storage capacity of 524,000 gal.
Theoretically, the transparency of water to UVA radiation
can accommodate large dimensions and long detention
times, which compensate for low-intensity exposures.
Test Results
Low-intensity UVA radiation can inhibit nitrifying bacteria in
a tank as strongly as it does in nature.
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Lighting Design
Several laboratory and field
studies have established
that UVA radiation can
inhibit the first step in
nitrification,
ammonia
oxidation, at intensities <
0.1 percent of solar UVA
during a 24-hr period. Solar
inhibition of nitrifying
bacteria
has
been
implicated
in
the
persistence of a prominent
nitrite maximum at depths
near the 1 percent light
level throughout much of
the world’s oceans. Sunlight also suppresses ammonia
oxidation in wastewater treatment plants. Sunlight contains
considerable UVA, little UVB, and no UVC radiation.
Three optical criteria—the absorbance spectra of chlorophyll
a, monochloramine, and water—were used to set
wavelength boundaries for an ideal design spectrum. The
monochloramine and chlorophyll absorbance spectra were
used as bookends to minimize unwanted photolysis of
disinfectant residual on the low end and unwanted algal
photosynthesis on the high end. The water’s absorbance
spectrum was used to maximize the applied radiation’s
penetrating power.
To find the best UVA fit, the output spectra of several
fluorescent and light-emitting diode (LED) lamps were
measured with a scanning spectroradiometer. In terms of
ready availability, spectral emission, spectral transmittance,
and service life, an ordinary blacklight proved to be the best
available technology.

The ONLY Company offering
ALL Types of UV disinfection systems

A fluorescent blacklight waveband occupies a spectral
optimum between shorter UVA wavelengths that penetrate
water relatively poorly and longer violet-to-blue
wavelengths that stimulate unwanted algal photosynthesis.
The dominant photosynthetic pigment chlorophyll a
strongly absorbs blue light. Although the violet-to-blue
region of the solar spectrum inhibits nitrification at low
intensities, it was excluded from the design spectrum to
avoid possible growth of a green bathtub ring. In the future,
UV LEDs may make it possible to target the spectral
optimum more precisely.
Sizing the Mount Washington blacklight system posed a
special design problem. For the first time, water
transparency had to be factored into an overhead lighting
plan. This was accomplished by using five years of
underwater UVA attenuation measurements taken with a
remote electro-optical sensor (REOS) in nearby Los Angeles
Reservoir. The REOS system has been used by LADWP to
track and treat nuisance algal blooms in Los Angeles
Reservoir for nearly 20 years and was the enabling design
technology for the Mount Washington UVA project.
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Historical REOS data show that UVA transparency varies over
time. However, when the Mount Washington tanks were
full, water could be expected to transmit > 15 percent of
UVA wavelengths 90 percent of the time. This 90th
percentile transparency value was used with a commerciallighting software tool to specify a surface intensity of 1
percent of solar UVA. This surface intensity was considered
necessary to achieve a minimum design intensity of 0.1
percent of solar UVA in the tank’s deepest, darkest reaches
after accounting for radiant losses from surface reflection,
distance from lamps, and absorbance by 22 ft of water.

Nitrifying bacteria have attached and free-swimming life
stages. Attached bacteria live year-round on bottom
sediments and in biofilm that coats internal tank surfaces.
Sediments and biofilm may shield attached bacteria from
UVA radiation. Active nitrification, however, usually
coincides with a bloom of free-swimming bacteria in the
water column. Free-swimming bacteria would be fully
exposed to and presumably inhibited by low-level UVA
radiation. The relative contribution of attached and freeswimming bacteria to tank nitrification remains the largest
unknown factor of the Mount Washington project.

Lighting Validation

Wavelength Boundaries

Measurements made by a pair of REOS radiometers
suspended at different depths in Mount Washington Tank 2
revealed a complex UV field. As expected, when the tank’s
water level rose, underwater UVA intensity fell; and
when the tank’s water level fell, underwater UVA
intensity rose. In addition, UVA radiation was about
twice as intense near the tank’s center as it was along
the walls. UVA intensity on the bottom of a full tank
near the wall exceeded minimum design specifications
of 0.1 percent of solar UVA most of the time, with the
surface intensity about nine times higher. Although
difficult to quantify, horizontal, vertical, and temporal
UVA gradients such as these provide a considerable
design cushion because free-swimming bacteria in the
water column are continuously exposed to UVA
intensities higher than the design minimum.

Fluorescent blacklight and UV LED wavebands occupy a
spectral optimum between shorter UVA wavelengths and
longer violet-to-blue wavelengths.

As expected, absorbance of blacklight radiation by the
water column had a spectral bias. The longer blacklight
wavelengths penetrated about three times better than
shorter ones. This bias is an important design consideration.
With all other things being equal, the most penetrating
wavelengths are the most efficient. For this reason, narrowband LEDs are an attractive alternative.
To test the pilot system’s photoinhibitory effectiveness, three
bottles containing water from the nearby Verdugo tank,
which was just beginning to nitrify, were placed near the
bottom of Mount Washington Tank 2, and another three
bottles were placed in the unlit Mount Washington Tank 1
late one Friday afternoon. The test water had a starting
nitrite concentration of 1.9 µM. When the Mount
Washington test bottles were retrieved the following
Monday morning, nitrite concentrations in the three bottles
exposed to UVA radiation in Tank 2 were largely unchanged,
but nitrite concentrations in the three bottles retrieved from
the dark Tank 1 had more than quintupled. Meanwhile,
during the same weekend, nitrite concentration in the
Verdugo tank more than tripled.
Taken together, these observations support the underlying
assumption that low-intensity UVA radiation can inhibit
nitrifying bacteria in a tank as strongly as it does in nature.
In addition, the routine nitrification-monitoring program
showed that UVA radiation can accomplish this with no
unforeseen consequences.
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Future Work
As encouraging as the pilot results have been so far, much
remains to be done. The lighting installation followed the
simplest, round-the-clock, proof-of-concept design. Other
configurations and photoperiods are conceivable; however,
large-scale, long-term flow-through experiments in a series
of tanks deep enough to absorb UVA radiation are needed
to further assess and optimize the approach.
An experimental tank farm, known as the Subaquatic
Inhibiting-Light Observatory, is nearing completion at the
Los Angeles Aqueduct Filtration Plant. Four 17,000-gal
covered tanks are already in the ground. Fabricated from
20-ft lengths of surplus 144-in. ASTM A36 rusted steel pipe,
the tanks are plumbed to receive chlorinated or
chloraminated water and are being equipped with
dimmers, timers, mixers, and heaters. This facility allows
different lamps and fixtures, radiation intensities, and
photoperiods to be tested against an array of flow,
temperature, and circulation conditions in the presence of
natural biofilm. LADWP personnel are optimistic that lowintensity UVA radiation will prove to be a practical, safe, and
effective safeguard against nitrification onset in water
storage facilities.
NOTE: The Editor provides recognition and thanks that this
article has been reprinted from Opflow, Vol. 36. No. 2
(February 2010), by permission. Copyright © 2010,
American Water Works Association. Opflow is provided as a
benefit to AWWA members. For more information, contact
AWWA at 800-926-7337 or www.awwa.org.
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INTRODUCTION
Direct ultraviolet photolysis (DUVP) and ultraviolet
hydrogen peroxide (UV/H2O2) processes have the
potential to degrade a wide-range of organic micropollutants in water with varying effectiveness. Greater
Cincinnati Water Works (GCWW) is designing a 908,500m3/d (240-MGD) ultraviolet (UV) disinfection facility for a
drinking water plant that treats Ohio River water. GCWW
additionally wished to determine the efficacy of UV/H2O2
for reducing pharmaceuticals and other organic
contaminants.
Therefore,
GCWW
developed
a
comprehensive UV master plan to evaluate the potential
benefits of converting the UV disinfection facility into a
UV/H2O2 facility. As part of the master plan, GCWW joined
a Dutch/U.S. collaboration to determine if low pressure (LP)
and medium pressure (MP) UV/H2O2 processes could
effectively degrade micro-pollutants in conventionally
treated and granular activated carbon (GAC) treated
process streams. GAC has long been considered an
excellent technology for removing a broad spectrum of
organic
contaminants,
particularly
hydrophobic
compounds. However, breakthrough of contaminants
occurs as the GAC becomes exhausted, and hydrophilic
compounds break through the GAC more quickly than
hydrophobic compounds. A year-long UV/H2O2 study was
conducted that examined a variety of seasonal and GAC
breakthrough conditions. This pilot plant study was
performed at GCWW’s Ohio River plant.

MATERIALS, METHODS AND
FACILITIES
The study was conducted using a 208-L/min (55-gpm) pilot
facility with Aquionics LP and MP reactors. Two drinking
water process streams were used to reflect a moderate
organic process influent and a low organic process influent
each having seasonal variations. The UV transmittance
(UVT) of the GAC treated (Post-GAC) process stream ranged
from 94-98% as compared to 84-95% for the
conventionally treated (CONV) process stream. Therefore, it
was hypothesized that the UV/H2O2 degradation process
would be more effective when the Post-GAC process stream
was used as reactor influent. The pilot process also included
adsorption through 0.95-L/min (0.033 ft3/min) GAC pilot
columns (15 min. empty bed contact time) placed after the
UV reactors in order to provide a barrier against synthetic
organic contaminant degradation by-products, disinfection
by-product precursors and biologically available carbon
(cáÖìêÉ=N). Thus, both lamp technologies were studied for
both the CONV and Post-GAC process streams.
GAC adsorption varies with hydraulic loading and the
organic content of the GAC influent stream. Natural organic
matter contributes more significantly to GAC exhaustion
than synthetic contaminants. Accordingly, this study was
performed over a year-long time period to reflect seasonal
variations and multiple GAC loading conditions. The TOC
breakthrough curve is included as a measure of GAC
exhaustion during the study (cáÖìêÉ=O).
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Contaminants were selected based on Ohio River
detections, chemical structure of the contaminants and
bench-scale test results for UV/H2O2 and DUVP. The
contaminants spiked into the pilot influent were
atrazine, metolachlor, methyl tert-butyl ether (MTBE),
2 methylisoborneol (MIB), ibuprofen, gemfibrozil, and
17-a-ethinyl estradiol (cáÖìêÉ=P). The concentrations of
spiked contaminants were chosen to be realistic of
drinking water sources and to be able to determine
percent degradation through the reactors (up to 90%).
Preliminary mixing and spiking studies were performed
to insure that contaminant spiking targets were met.

Figure 1: Pilot Plant Schematic

Hydrogen peroxide was added at 10 mg/l, and the UV
reactor doses were set to target 80% atrazine and 55%
MTBE degradation. Often times UV/H2O2
technologies have been compared using comparable
doses or comparable energy consumption, but this
study utilized a performance-based measure of
comparison. This approach allowed biologically active
carbon formation and disinfection by-products to be
evaluated by comparing systems that would produce
comparable degradation performance.

RESULTS AND DISCUSSION

Figure 2: TOC Removal by GAC Reflective of GAC Exhaustion

Good degradation of test contaminants was achieved
for the UV/H2O2 process when 80% atrazine and 55%
MTBE degradation were targeted (q~ÄäÉ=f). The energy
consumption required to degrade each contaminant
varied for the UV/H2O2process. Energy consumption
additionally was governed by the process stream and
the lamp type. Less energy was required for the PostGAC process stream than in CONV process stream.
Less energy was required by the LP reactor versus the
MP reactor. UV/H2O2 followed by GAC reduced all
contaminants below detection limits. GAC without
UV/H2O2 (control) also produced excellent results
with over 300 run days. None of the target
compounds were present in the GAC effluent until run
day 286. At 286 days MTBE alone was detected in the
GAC effluent at a concentration of 0.3 µg/l,
representing
a
94
percent
reduction
of
MTBE (q~ÄäÉ=ff).
Good reduction of TOC, disinfection by-products and
assimilable organic carbon compounds occurred
through the biologically active GAC that followed the
UV reactors. This indicates that the GAC also would
provide a barrier to the contaminant breakdown
products formed in the UV/H2O2 process. Additionally,
the GAC completely quenched the H2O2 residual
(averaging 8.9 to 9.2 mg/l) throughout the course of
the study. It is important to quench the GAC because
it can create a high chlorine demand thereby reducing
disinfection ability and chlorine residual in the
distribution system.

Figure 3: Spiked contaminants
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GCWW’s full-scale UV disinfection facility will include
flexibility to install UV/H2O2 in the future. For
example, the current building footprint is adequate to
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incorporate either the low pressure (LP) or the medium
pressure (MP) type lamps. Sufficient reactor spacing is
available to add additional reactors in series and parallel,
including additional UV lamps. For the CONV option, an
existing intermediate pump station would need to be
relocated. For the Post-GAC option, re-pumping also may
be required in order to maintain the required driving head.
Residual peroxide quenching would also need to be
considered for this option.

ACKNOWLEDGMENTS
We would like to acknowledge the support of the Dutch
Ministry of Economic Affairs and the Water Research
Foundation (formerly the American Water Works Research
Foundation) for their support of this research.
Table I: Average Percent Contaminant Degradation through UV/H2O2
Process at 80% Atrazine and 55% Methyl tertiary butyl ether Degradation
Metolachlor MIB1 EES2 Gemfibrozil Ibuprofen
LP CONV Process Stream

93%

87%

93%

92%

82%

MP CONV Process Stream

96%

90%

98%

92%

87%

LP Post GAC Process Stream

95%

91%

96%

95%

84%

MP Post-GAC Process Stream

95%

88%

94%

93%

85%

1. 2-methyl-isoborneol
2. 17-a-ethynylestradiol

Table II: Contaminant Monitoring through GAC Controls and MP and LP
UV/H2O2 Process Trains Followed by GAC

1. methyl tertiary butyl ether
2. 2-methyl-isoborneol
3. 17-a-ethynylestradiol
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INTRODUCTION
The purpose of this paper is to promote big picture
thinking and discussion about the future of UV technology.
This author began laboratory studies on UV technology in
1989 and during those efforts literature reviews identified
significant publications on modern UV applications to
wastewater treatment back to about 1969. So the period of
this discussion will be nominally 50 years - from 1969
through 2019. Certainly the fundamentals of
photochemistry, photobiology, optical physics and process
engineering apply to UV technology regardless of the field
it is applied. Similarly, some of the past, present and future
issues with UV technology transcend and overlap a given
applications. For organizational clarity, this paper breaks
the discussion into three “market” areas: wastewater
treatment, drinking water treatment and water reuse.

WASTEWATER TREATMENT
APPLICATIONS
Past to Present
There are numerous reasons why UV technology was a very
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attractive fit for wastewater treatment applications: First, it is
highly effective at inactivating bacterial pathogens as well as
poliovirus and hepatitis virus. Second, it has a relatively small
footprint and low headloss making a retrofit into a
treatment plant easier. Third, its process performance could
be based upon residual concentrations of total coliforms or
fecal coliforms or E. coli in the same way chemical
disinfectants were. Fourth, it produced no chemical
residuals thus eliminating the need for chemical
dechlorination as the wastewater industry became more
and more concerned with whole effluent toxicity to the
aquatic food chain. Despite these positive features, the
widespread use and acceptance of UV technology for
wastewater disinfection took about two decades to develop.
This slow development has within it some important
lessons. The UV lamp technology common in the early
1970’s was predominantly low pressure and this meant a
large number of lamps, in the thousands, for large
wastewater flow so it was deemed impractical for an
operation and maintenance perspective. In addition, the
early UV systems had many operational problems, many
traced to poor electrical components and lack of water tight
connections, with many treatment plants noting that once
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they installed UV disinfection they needed to employ a
fulltime plant electrician and a fulltime operator just to keep
the UV system running.
Another common problem noted was the lack of
conservative designs in terms of the flow conditions, the
total suspended solids and the UVT. Many wastewater
channel systems to this day have very poor inlet hydraulics
and very poor outlet hydraulic controls. In addition, the size
of the UV system (number of lamps) was often too small to
handle the actual TSS and the actual UVT of the water
entering the UV system and the end result was numerous
coliform permit violations. In most wastewater systems the
UV sensors provided were quickly identified by the owners
or operators as producing meaningless results and ignored.
Lastly, there were numerous complaints about UV lamp
fouling and the need for constant, time consuming cleaning
which in those early days typically involved an air mixed,
acid dip tank.
Thanks to the work of many dedicated engineers, scientists,
operators and UV equipment manufacturers many of those
early limitations on applying UV to wastewater were
overcome. The LP lamp systems were often replaced with
MP lamp systems and more recently with LPHO lamps
systems. These new systems employed less lamps and
allowed UV applications to be cost effective for higher
design flows. The fewer lamps also reduced most of the
operation and maintenance complaints and allowed for
automatic wiper systems to handle the fouling issues. Many
design engineers and UV manufacturers also began to focus
on improving UV channel hydraulics and accounting for
higher TSS levels in their selection of UV power and number
of lamps.
The attractiveness of UV technology for wastewater
disinfection also received an external boost from several
factors. Concerns over whole effluent toxicity (WET),
aquatic food chains and overall ecological health of
receiving streams required most wastewater facilities that
apply chlorine to use dechlorination. Regulations on the
production, shipping, storage and application of toxic
chemicals, such as chlorine and dechlorinating sulfites,
increased the costs of using chemical systems. Increasing
public concern about toxic chemicals in their communities
and a desire for more natural or “green” solutions
encouraged many wastewater plants to seek chemical free
alternatives.
More recently there has been an interest and a move by the
public toward making the sustainability of the treatment
options we select a priority. The sustainability of UV
technology is an issue in all applications of UV whether air,
wastewater, drinking water, or water reuse. Sustainability
and carbon footprint are usually linked and a large number
of approaches to computing the carbon footprint of a given
option have been developed. This paper CAUTIONS the
reader about the temptation to conclude one technology is
more sustainable than another without careful analysis.
After review of numerous documents from PhD dissertations
to peer reviewed publications to engineering sales literature
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it becomes very clear that a careful review of the input
assumptions and variable for a sustainability analysis must
be performed before a conclusion can be used with
confidence.
For example, by manipulating the input variables and
assumptions it is easy to conclude on any given project that
the use of chlorine followed by dechlorination is more
sustainable than the use of UV technology or to conclude
the exact opposite. Clearly, the marketplace will be
compelled to perform a sustainability analysis with a
reasonable set of input assumptions and variables but still
favors their product or technology. Rather than the concept
of a “right” answer to the question of sustainable process
selection, it is better to approach this issue by determining
what input variables and assumptions are the most
important to the stakeholders in a given project and then
based on those inputs and assumptions determine which
technology emerges from the analysis as the most
sustainable.
When the issue of sustainability is discussed for UV
technology applications it often turns to a discussion of
power use. Clearly it is in the best interest of the profession
to develop UV systems that are as energy efficient as
possible. However, in almost all cases when an audit of the
entire treatment facility focuses on improving energy
efficiency, it becomes clear from the usage data that UV
technology is a very small and almost insignificant part of
the overall treatment plants power use. Facility owners and
operators differ in their opinions on this issue but based
upon the data, when a facility wishes to reduce their carbon
footprint it is always in their best interest to focus efforts on
improving the energy efficiency of their water pumping
systems.
Future
The World Health Organization, International Water
Association and World Bank at numerous conferences,
workshops and public presentations identified the need for
wastewater treatment improvements as the top
environmental challenge and the area in most need of
investment for the developing world including but not
limited to the expanding populations of India and China.
Therefore, it is a relatively sure prognostication that UV
technology applications in wastewater treatment will rapidly
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expand around the world in the next decade. The number
of new UV disinfection facilities for conventional wastewater
treatment should be on the order of 15,000 worldwide in
the next decade. In addition, there are tens of thousands of
wastewater UV applications that will reach or exceed their
design life in the next ten years.
The challenges facing this growing wastewater UV market
will include the following items: First, wastewater UV
applications lack a reasonable validation protocol which can
lead to inadequate designs, poor equipment performance
and poor public health protection. Efforts are underway
through an IUVA committee to develop a wastewater UV
validation protocol that can meet the needs of the
international community. Second, there has been a widely
accepted minimum wastewater UVT of 65% specified in
many UV specifications and awarded contracts. Recent
experience shows that the mean wastewater UVT of 100
composite samples of conventional wastewater treatment
plants throughout the New England in the USA was 52%
and these data ranged from 46% to 73%. The most
common reason for the decreasing UVT values has been an
increase in water conservation practices and a general
reduction in collection system infiltration and inflow. For
other wastewater systems there has been an increase in the
use of UV absorbing organic chemicals by the contributing
industries and citizens of the system. UV absorbing
chemicals such as para-aminobenzoic acid and similar
compounds are used in a wide array of industrial and
commercial applications from chemical coatings to
protecting printed circuit boards to sunglasses and personal
care products like sunscreens. Third, there are increasingly
stringent disinfection requirements being specified for
conventional wastewater treatment plant effluents to insure
greater public health protection. A review of discharge
permits in the US has shown a downward trend from 1,000
total coliforms/100 mL to 200 fecal coliforms/100 mL and
more recently to 100 E. coli/100 mL over the past 30 years.
These tighter standards will require more robust wastewater
UV disinfection system designs and performance.

DRINKING WATER TREATMENT
APPLICATIONS
Past to Present
Many UV technology references begin by explaining that
UV applications in drinking water treatment have been
documented for almost 100 years and then went into a
period of demise due to electrical and lamp operational
challenges along with the rapid advances and the cost
effectiveness of chemical disinfection using chlorine and
ozone. The resurgence of interest in UV technologies for the
disinfection of drinking water resulted from the
understanding that low doses of UV were extremely
effective at inactivation of Cryptosporidium. Interestingly, this
result was not due to significant changes in our
understanding of UV technology rather it was due to a
better understanding of how to test for viability of
Cryptosporidium and Giardia after it was dosed with UV. This
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finding combined with the fact that UV technology at
disinfectant doses does not increase the production of
regulated DBPs made final promulgation by USEPA of the
LT2ESWTR and the Stage 2 D/DBPR economically
acceptable. It is anticipated that these rules will results in
3,000 to 5,000 UV systems being installed in the U.S. at
drinking water treatment plants using surface waters and/or
groundwaters under the direct influence of surface waters in
the U.S. by 2014 (the end of the implementation period).
The USEPA also funded the largest single investment in a UV
disinfection guidance manual (UVDGM) in the history of UV
technology and as a result of that six year effort a copious
document that significantly furthered our understanding of
UV technology selection, design, validation, operation and
maintenance
was
produced
(www.epa.gov/safewater/disinfection/lt2/pdfs/guide_lt2_uv
guidance.pdf).
The UVDGM drew upon and expanded past validation
approaches developed in Germany and Austria as well as
U.S. efforts by NWRI and AwwaRF. The UVDGM
development process also highlighted two important
aspects of UV technology applications to drinking water that
remain important research issues. It underscored the
importance of fully understanding the UV dose distribution
of the UV reactor in order to have the most efficient system
and the most accurate validation. As a result, work
continues on using multiple test organisms to better
understand dose distribution and on perfecting a system
using dyed microspheres to directly determine the dose
distribution of a UV reactor. The UVDGM also compiled and
established the available, reputable UV dose response data
for adenovirus serotypes resulting in a complete paradigm
shift in the granting of virus inactivation credit for UV
disinfection. The UV dose of 186 mJ/cm2 for 4-log
inactivation credit of virus (based on adenovirus) was
developed during the UVDGM process and codified in the
Federal Register as part of the LT2ESWTR. This represents a
dose of over four times higher than the 40 mJ/cm2 value
that had been used for years as the benchmark for insuring
virus inactivation credit.
The de facto decision by USEPA to base 4-log virus
inactivation credit for UV technology on adenovirus and on
the available data set generated during the UVDGM had
widespread ramifications in the U.S. for utilities that need to
comply with the subsequent GWR also finalized in 2006.
Groundwater systems that have serious concerns about
using chlorination and wishing to use UV as a better means
of improving overall public health protection are now faced
with conflicting guidance since accepted protocols for
validation of UV systems at high doses of 186 mJ/cm2 are
not available and it has been left to each state to make
decisions on the applicability of UV technology for these
groundwater systems. The issue of adenovirus and GWR
compliance has led to several innovative and interesting UV
projects including validation testing with live adenovirus to
demonstrate that 4-log inactivation can be achieved and the
related finding that the polychromatic UV light from MP UV
systems is more effective at adenovirus inactivation than the
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monochromatic (254nm) UV light from LP and LPHO
UV systems.

efforts on improving the energy efficiency of their water
pumping systems.

Impacts of polychromatic UV light versus monochromatic
UV light systems have also been a concern in applying UV
technology to drinking water treatment because of
concerns with nitrogenous disinfection by products and
their precursors. It is well know that polychromatic UV light
systems have wavelengths which can effectively reduce
nitrate to nitrite whereas monochromatic UV light at 254nm
does not produce this reaction. Research is ongoing to
determine the effects of UV light on nitrogenous DBPs and
their precursors with reports that low levels of chloropicrin
formation are enhanced following MP UV irradiation and
chlorination of some water sources.

However, the growing number of installations of UV
technology in drinking water treatment has allowed the
field to identify areas that should be addressed to improve
the technology. A particular focus is the need to make UV
systems more sustainable and that implies improvements to
existing UV lamp technologies both in terms of making
them mercury free and in terms of increasing their
energy efficiency.

More recently there has been an interest and a move by the
public toward making the sustainability of the treatment
options we select a priority. The sustainability of UV
technology is an issue in all applications of UV whether air,
wastewater, drinking water, or water reuse. Sustainability
and carbon footprint are usually linked and a large number
of approaches to computing the carbon footprint of a given
option have been developed. This paper CAUTIONS the
reader about the temptation to conclude one technology is
more sustainable than another without careful analysis.
After review of numerous documents from PhD dissertations
to peer reviewed publications to engineering sales literature
it becomes very clear that a careful review of the input
assumptions and variable for a sustainability analysis must
be performed before a conclusion can be used with
confidence. Clearly, the marketplace will be compelled to
perform a sustainability analysis with a reasonable set of
input assumptions and variables but still favors their
product or technology. Rather than the concept of
a “right” answer to the question of sustainable
process selection, it is better to approach this issue
by determining what input variables and
assumptions are the most important to the
stakeholders in a given project and then based on
those inputs and assumptions determine which
technology emerges from the analysis as the
most sustainable.

Future
Widespread application of UV disinfection to drinking water
treatment is expected to increase steadily worldwide for the
next several decades. The number of new UV disinfection
facilities for conventional drinking water treatment should
be on the order of 7,000 worldwide in the next decade. It
is anticipated that the current issues that have surfaced in
the past decade will continue to be addressed through
research through the coming decade. In particular,
refinements to the UV validation process are expected that
will identify the true UV dose distribution of a reactor and
allow the accurate prediction
through dynamic modeling and
batch, bench scale microbial data
the inactivation efficiency of a UV
reactor for a variety of pathogens.
Similarly, the research into
polychromatic UV light and its
ability to more efficiently inactivate
adenovirus as well as its potential

When the issue of sustainability is discussed for UV
technology applications it often turns to a discussion
of power use. Clearly it is in the best interest of the
profession to develop UV systems that are as energy
efficient as possible. However, in almost all cases when
an audit of the entire treatment facility
focuses on improving energy efficiency,
it becomes clear from the usage data
that UV technology is a very small and
almost insignificant part of the overall
treatment plants power use. Facility
owners and operators differ in their
opinions on this issue but based upon
the data, when a facility wishes to
reduce their carbon footprint it is
always in their best interest to focus
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impact on nitrogenous DBPs or DBP precursors will continue
until mechanisms and potential implications are
adequately understood.
The search for more sustainable UV light sources will also
continue with the hopes of finding a source that has longer
life, significantly better energy efficiency and is free of toxic
components such as mercury. The most promising new UV
light sources are germicidal light emitting diode (LED)
technology. This technology has numerous potential
advantages including: extremely long lives on the order of
hundreds of thousands of hours; energy efficiencies which
can reach better than 50%; extremely durable components
without mercury; and virtually no limitations on the
potential geometry of the UV emission sources. However,
UV LEDs are years away from widespread commercial use
since the current generation of germicidal UV LEDs have
very low outputs on the order of ten microwatts of
germicidal UV and costs up to $400 U.S. These present UV
LED cost are tens of millions of times more expensive that
commercially available LP, LPHO and MP UV sources.
The drinking water treatment field for the past 40 years has
experienced a series of alternating concerns between
microbial risks from waterborne disease and chemical risks,
in particular cancer and reproductive health effects, from
the long term ingestion of DBPs. Currently, there are
increasing interests in nitrogenous disinfection by-products
and it can be anticipated that questions about the role of UV
technology in the formation either directly or indirectly of
emerging DBPs will be the subject of several future research
projects. Similarly as new waterborne disease outbreaks
occur or emerging pathogens are identified (either naturally
or as the result of homeland security related activities) it
should be expected that the UV dose response for these
organisms will be identified and the ability of UV technology
to attain disinfection credits for these organisms will
be determined.

WATER REUSE APPLICATIONS
Past to Present
A wide variety of factors have contributed to a worldwide
increase in water reuse applications including
unprecedented population growth in regions with
extremely limited water resources, record setting droughts
and severe over-pumping of groundwater resources leading
to salt water intrusion and/or extreme land subsidence. The
use of UV technologies in water reuse applications increased
in the 1980’s and 1990’s when systems needed to meet the
stringent disinfection requirements embodied in the
California Title 22 Water Reuse Standards. Guidance for the
selection, design and validation of water reuse systems to
comply with Title 22 requirements were published by NWRI
in the 1990’s and revised in 2003. When UV technologies
are applied in reuse applications solely for disinfection all of
the past, present and future issues previously discussed for
wastewater and drinking water would apply.
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More recently, UV based advanced oxidation processes
(AOPs), in particular UV and hydrogen peroxide, have been
applied in water reuse applications to provide a barrier to
micro-pollutants such as NDMA and 1,4 dioxane. In a much
smaller number of cases UV based AOPs have also been
applied to conventional drinking water treatment plants for
the purpose of seasonal taste and odor control and year
round disinfection. It is very important to note that UV
based AOPs are an entirely different technology than the
conventional UV technologies used for the disinfection of
wastewater and drinking water. UV based AOPs often apply
UV doses in the range of 500 to 2,000 mJ/cm2 along with
chemical feed systems to deliver hydrogen peroxide
concentrations of 3 to 20 mg/L. UV based AOPs because
they has the joint actions of direct UV photolysis which is
effective for NDMA and hydroxyl radical oxidation which is
effective for 1,4 dioxane were adopted and installed in six
very high profile projects and are being built in a seventh.
The full-scale applications of this technology: first in the two
PWN plants (Andijk and Heemskirk) in the Netherlands; the
70 MGD Groundwater Replenishment plant in Orange
County, California; three plants in Southeast Queensland,
Australia; and lastly the large plant under construction for
Aurora, Colorado; has provided confidence that this
technology will operate effectively.
UV based AOPs as well as non-UV based AOPs may also be
an attractive technology for a wide variety of
micropollutants including endocrine disrupting compounds
(EDCs) as well as pharmaceutical and personal care
products (PPCPs) that have been found at low levels
(nanograms per liter) in many water resources and finished
drinking waters around the world. Further discussion of
non-UV based AOPs is beyond the scope of this paper but it
should be noted that in any given application these
processes may be favored over UV based AOPs and a careful
comparison is needed.
In many ways, our knowledge of UV based AOPs is in its
infancy and is quite similar to the level of understanding the
profession had about UV disinfection prior to the 1990’s
when large amounts of research money was pumped into
the field by the USEPA, WRF (formerly AwwaRF) and others
to better understand its use as a barrier for Cryptosporidium.
UV based AOPs have been pilot tested, selected, designed
installed and are operating successfully as previously noted
but there is a lack of standard guidance and approaches to
the most efficient ways to select, design, validate, operate
and maintain an AOP system. There is a growing need for
an AOP guidance manual development effort that can build
upon what is known. It is unlikely that an AOP guidance
manual effort would need to be as intensive, length or result
in as copious a document as the UVDGM.
As these full-scale UV based AOP facilities operate around
the world it provides a good opportunity to benchmark
their performance and the area that warrant improvement.
In general, the area identified so far include: efforts to
reduce power use perhaps through more optimized lamp
systems; better understanding of the design basis for the
systems so operational optimization can be performed;
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improved ability to quantify free radical scavengers and how
they change with time to adjust facility response to these
changes; further study of byproducts produced by the UV
based AOP process in terms of potential for toxicity or
decreasing the biologically stability of the treated water; and
alternatives to the use and quenching of hydrogen peroxide
to initiate hydroxyl radical oxidation.
There is significant debate about whether AOP processes are
sustainable and whether or not the water treatment
profession is moving in the right direction by choosing
them. Often in this debate, the energy use for the UV
system is cited as well as the carbon footprint related to the
production, transportation, storage, delivery and quenching
of the hydrogen peroxide. UV based AOP technologies
clearly use more energy than UV disinfection applications
but this energy use is not the largest fraction of the
treatment plants total energy use. As previously discussed in
this paper rather than the concept of a “right” answer to
this question of AOP process sustainability; it is better to
approach this issue by determining what input variables and
assumptions are the most important to the stakeholders in
a given project and then based on those inputs and
assumptions determine which technology emerges from the
analysis as the most sustainable. It is a complex question
and the answer is often site specific depending upon the
treatment goals of the facility and many other variables.
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Future
Population growth and water resource distributions around
the globe both strongly suggest that water reuse will
increase steadily in the next decade. This combined with the
ability to measure low levels of organic micropollutants in
water supplies and the related public concern about the
presence of these compounds suggests that the number of
UV based AOP facilities will grow during the next ten years.
In many cases, these UV based AOP facilities may be built as
part of advanced wastewater treatment plants prior to
discharge to the receiving water if the goal is to prevent
aquatic food chain impacts from EDCs and PPCPs.
However, UV based AOPs are a complex technology that is
inherently energy intensive when compared to UV
disinfection and presently it requires the addition of
chemicals, normally hydrogen peroxide, to produce
hydroxyl radicals. Therefore, the growth and overall number
of facilities that will use UV based AOPs is predicted to be far
less than the number of UV disinfection facilities. For
example, if the number of new UV disinfection facilities for
wastewater is projected to be 15,000 worldwide for
conventional wastewater applications and 7,000 worldwide
for conventional drinking water applications in the next
decade the number of new UV based AOP facilities is likely
to be in the 50 to 100 range worldwide.
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UV based AOP research that has been initiated in this
decade and should expand into the next decade will include
several areas. Ongoing research to develop an optimized UV
lamp with light output specifically to form hydroxyl radicals
from hydrogen peroxide or some other initiator will
continue. Efforts to develop other UV based AOPs that do
not use hydrogen peroxide will continue and may include
such things as nano-particle titanium dioxide, UV excited
chlorine to form radicals or UV excited nano-iron to form
radicals. Research into improved ways to assess the hydroxyl
radical scavenging potential and real time online scavenging
potential monitoring will continue. Better understanding of
the potential human and/or aquatic food chain toxicity from
waters treated by UV based AOPs (or other AOPs) will be
developed from research projects during the next decade. It
is well knows that AOP processes cannot cost effectively
convert all constituents to their mineralized forms (i.e.
carbon dioxide, water, nitrogen gas and chloride) and
therefore byproducts will be formed. The potential for these
byproducts to contribute to problems such as formation of
regulated DBPs, increased biological re-growth and
biologically unstable water and/or the potential for
increased corrosion and the prevention of these potential
problems will be the topic of many research studies during
the next decade.

SUMMARY
The paper presents a 50,000 foot view of the UV technology
field including where the field has been and where it may be
going in the area of water treatment. Application of UV to
wastewater was the initial and remains the most promising
large long term market for the technology. Clearly the
developing world will have numerous wastewater treatment
challenges and UV will be widely used with a projection of
up to 15,000 new facilities worldwide in the next decade.
Challenges for wastewater UV includes much lower design
UVT values; higher log inactivation requirements; and the
need for tighter design requirements and validation.
Applications of UV technology to conventional drinking
water treatment should increase steadily in the next decade
with projections of up to 7,000 new facilities worldwide.
Challenges for drinking water UV include insuring that
significant health effects resulting from currently
unregulated DBPs are not produced; determining
effectiveness of UV for emerging pathogens; development
of mercury free lamps; and refinement of validation
procedures. Application of UV to water reuse is likely to
grow at a slower rate in the next decade due to the
complexity and costs of UV based AOPs with a projection of
up to 100 new facilities worldwide using UV based AOPs in
the next decade. Challenges of UV for reuse applications
include those mentioned for disinfection and also include
UV based AOP applications. UV based AOPs need a much
closer examination since they are a much more complex
technology often intended to meet multiple treatment
objectives. The need for validation protocols and a detailed
guidance manual for UV based AOPs will become more and
more apparent as the number of full-scale systems put into
use increase.
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The sustainability of UV technology is an issue in all
applications of UV whether air, wastewater, drinking water,
or water reuse. Sustainability and carbon footprint are
usually linked and a large number of approaches to
computing the carbon footprint of a given option have been
developed. This paper CAUTIONS the reader about the
temptation to conclude one technology is more sustainable
than another without careful analysis. After review of
numerous documents from PhD dissertations to peer
reviewed publications to engineering sales literature it
becomes very clear that a careful review of the input
assumptions and variable for a sustainability analysis must
be performed before a conclusion can be used with
confidence. Clearly, the marketplace will be compelled to
perform a sustainability analysis with a reasonable set of
input assumptions and variables but still favors their product
or technology. Rather than the concept of a “right” answer
to the question of sustainable process selection, it is better
to approach this issue by determining what input variables
and assumptions are the most important to the stakeholders
in a given project and then based on those inputs and
assumptions determine which technology emerges from the
analysis as the most sustainable.
When the issue of sustainability is discussed for UV
technology applications it often turns to a discussion of
power use. Clearly it is in the best interest of the profession
to develop UV systems that are as energy efficient as
possible. However, in almost all cases when an audit of the
entire treatment facility focuses on improving energy
efficiency, it becomes clear from the usage data that UV
technology is a very small and almost insignificant part of
the overall treatment plants power use. Facility owners and
operators differ in their opinions on this issue but based
upon the data, when a facility wishes to reduce their carbon
footprint it is always in their best interest to focus efforts on
improving the energy efficiency of their water pumping
systems. Even in the case of UV based AOP technologies
which use far more energy than UV disinfection
applications, this energy use is not the largest fraction of the
treatment plants total energy use.
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Comparison of UV Power Measurement of Low
Pressure UV-lamps by a worldwide Round
Robin Test
Volker Adam, Dr. Ralf Dreiskemper, Martin Kessler
Heraeus Noblelight GmbH, Heraeusstrasse 12 -14,
63450 Hanau, Germany

ABSTRACT
få=ëéêáåÖ=OMMU=íÜÉ=frs^=ã~åìÑ~ÅíìêÉêDë=ÅçìåÅáä=~ÖêÉÉÇI=~ÑíÉê=~=äáîÉäó=ÇáëÅìëëáçåI=çå=~=ëí~åÇ~êÇ=ãÉíÜçÇçäçÖó=Ñçê=íÜÉ=ãÉ~ëìêÉãÉåí
çÑ=äçï=éêÉëëìêÉ=EimF=~ã~äÖ~ã=ä~ãéÛë=çìíéìíI=ÇÉíÉêãáåáåÖ=íÜÉ=rsJéçïÉê=çÑ=~=imJãÉêÅìêó=ä~ãé=~ë=íÜÉ=çåäó=Åçãé~ê~ÄäÉ=î~äìÉI
áåÇÉéÉåÇÉåí=Ñêçã=Çáëí~åÅÉI=ÇáêÉÅíáçåI=~åÇ=ãÉ~ëìêáåÖ=íÜÉ=ã~ñáãìã=çìíéìíI=ÉîÉå=áåÇÉéÉåÇÉåí=Ñêçã=ÉåîáêçåãÉåí~ä=ÅçåÇáíáçåë=äáâÉ
íÜÉ=éä~ÅÉ=çÑ=íÜÉ=ä~Äçê~íçêó=~åÇ=áíë=ëí~ÑÑK
få=çêÇÉê=íç=îÉêáÑó=íÜáë=ãÉíÜçÇ=~åÇ=íç=éêççÑ=íÜÉ=ëìáí~Äáäáíó=çÑ=íÜÉ=ãÉíÜçÇ=~=êçìåÇ=êçÄáå=íÉëí=ï~ë=ëí~êíÉÇ=áå=íÜÉ=ãáÇ=çÑ=ä~ëí=óÉ~êI
áåÅäìÇáåÖ=é~êíáÅáé~åíë=Ñêçã=ÇáÑÑÉêÉåí=áåÇìëíêáÉëW=ä~ãé=ã~åìÑ~ÅíìêÉêëI=ÉèìáéãÉåí=ã~åìÑ~ÅíìêÉêë=~åÇ=çåÉ=ëÉåëçê=ã~åìÑ~ÅíìêÉêK=
kçï=íÜÉ=Ñáêëí=êçìåÇ=áë=ÑáåáëÜÉÇI=íÜÉ=ä~ãéë=Ü~îÉ=ÄÉÉå=ãÉ~ëìêÉÇ=Äó=ëÉîÉå=ä~Äçê~íçêáÉë=~åÇ=ÅÜÉÅâÉÇ=~ÑíÉêï~êÇë=Äó=íÜÉ=ëí~êíáåÖ
ä~Äçê~íçêó=EãÉ~ëìêÉãÉåí=ä~Ä=çÑ=íÜÉ=eÉê~Éìë=kçÄäÉäáÖÜí=dãÄeFK=
qÜáë= é~éÉê= áë= ÖáîáåÖ= ~= ëÜçêí= çîÉêîáÉï= çîÉê= íÜÉ= êÉëìäíë= çÑ= íÜáë= íêá~äK= råÑçêíìå~íÉäó= ëçãÉ= ä~Äë= ÇáÇ= åçí= ÇÉäáîÉê= íÜÉ= ÉñéÉÅíÉÇ= Ç~í~
ÅçãéäÉíÉäóI= ëç= íÜÉ= Ç~í~= ÅçääÉÅíÉÇ= ëç= Ñ~ê= ~êÉ= åçí= ëìÑÑáÅáÉåí= íç= ÖáîÉ= ëçãÉ= êÉäá~ÄäÉ= çîÉê= ~ää= ëí~íáëíáÅ~ä= ëí~íÉãÉåíK= qÜÉ= ëí~íÉãÉåíë
éìÄäáëÜÉÇ=áå=íÜáë=é~éÉê=~êÉ=çåäó=èì~äáí~íáîÉ=ÅçåëÉèìÉåíäóI=~ë=äçåÖ=~ë=ïÉ=ÅçääÉÅí=ãçêÉ=Ç~í~=íç=ëí~êí=~=êÉäá~ÄäÉ=ëí~íáëíáÅ~ä=Éî~äì~íáçåK
tÉ=áåíÉåÇ=íç=Å~êêó=çå=ïáíÜ=íÜÉ=áåíÉêÅçãé~êáëçå=~åÇ=Éåä~êÖÉ=íÜÉ=Ç~í~=Ä~ëÉ=Ñçê=íÜÉ=Ñáå~ä=ÇÉÅáëáçå=çå=íÜáë=ãÉíÜçÇçäçÖóK
hÉó=ïçêÇëW=räíê~îáçäÉíX=rs=ÇáëáåÑÉÅíáçåX=içï=mêÉëëìêÉ=i~ãéX=rs=fåíÉåëáíóX=jÉ~ëìêÉãÉåí=mêçíçÅçäX=oçìåÇ=oçÄáå

ROUND ROBIN SETUP

OSRAM GmbH, Muenchen, Germany

The Round Robin test of the proposed method for
measurement of the output of monochromatic LP-lamps
was coordinated by Heraeus Noblelight, Germany, up to
now seven laboratories of well established commercial
companies have been taking part. One of them measured
not according to the instruction and will not be respected
in the following evaluation.

Trojan Technologies, London, Ontario, Canada

Starting in Hanau, Germany, participants received the same
samples and devices one after the other, sending it back to
Germany for performing the final measurement at the
starting lab.
Participants
Up to now the lamps have been measured by (in
alphabetical order)
Calgon Carbon Corporation, Pittsburgh, USA
Infilco Degremont, Richmond, Virginia USA
Dr. Gröbel UV-Elektronik GmbH, Ettlingen, Germany
Heraeus Noblelight GmbH, Hanau, Germany
Light Sources, Inc. Orange, CT, USA
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Test Samples
After some trials with different combinations of lamp and
ballast suitable for a worldwide test we selected a rather
short lamp because of the better ruggedness and shorter
measurement distances necessary to fulfill the Keitz
formula’s requirements. As ballast we chose electronic
ballast with a wide range power input to eliminate the
problem of different mains voltage and frequencies, being
aware of the problem of measurement of electrical lamp
data at higher frequencies and non sinusoidal waveforms.
As a feasible combination we chose the Heraeus lamp NNI
125/84 XL and the electronic ballast EVG 160-200W/2A-PH.
This combination showed the expected behavior according
to the proposed methodology, a slightly overheated lamp,
showing an easily detectable maximum output during
warming up for a wide range of environmental
temperature. The lamps have been aged for 100 hours to
eliminate some possible initial drop of intensity and selected
for a good repeatability of optical and electrical parameters.
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As result of these trials we identified a set of 5 lamps for
measurement and one single lamp, showing a good stability
in steady state operation, for the detector testing.
Type of lamp: Heraeus low pressure amalgam lamp
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In practice, as shown in Öê~éÜ=N, the reported values are not
constant at all. In this case the reported UV-power values
depend on the chosen measurement distance, leading to
high uncertainties in UV power calculation.

Model: NNI 125/84XL
Five lamps for measurement according to the IUVA
methodology
One lamp for measurement and evaluation of the
laboratory's UV detector
Electronic ballast EVG 160-200W/2A-PH
Additionally we supplied an UVC - Sensor (Heraeus
Disinfection Control) for independent monitoring and
additional comparison of the UVC-values. This detector was
intentionally unadjusted, in order not to influence the
measurement data by comparing absolute data from the
proprietary sensor to the reading taken from the provided one.
The participating laboratory had to provide
• calibrated UVC-irradiance radiometer
• power meter for mains power measurement and an
adjustable AC-Power supply 230V 50/60Hz, in order to
eliminate the uncertainties caused by mains voltage
• optional: a power meter for lamp power measurement,
suitable for measurement of electronic ballast output
values.
The lamps have been measured in the beginning, after an
initial aging of 100h as required by the Proposed Method
and at the end of that trial by the laboratory of Heraeus
Noblelight in order to achieve information about changes of
lamp output over the testing period. The final data comply
with the initial data, so the lamps are regarded stable for the
recent measurements and will be sent out again to the next
participants.

MEASUREMENTS
Within this round robin, each laboratory conducted two
different measurements by means of an instruction manual
and the “Proposed method for measurement of the Output
of monochromatic (254nm) low pressure UV-Lamps”(1).
píÉé= NW= aÉíÉêãáå~íáçå= çÑ= ãáåáãìã= ãÉ~ëìêÉãÉåí
Çáëí~åÅÉ= Eî~äáÇ~íáçå= çÑ= íÜÉ= ÅçëáåÉ= ÅçêêÉÅíáçå= éêçéÉêíáÉë
çÑ=íÜÉ=ëÉåëçêF
First step was evaluation and validation of the UVC-sensor
concerning the quality of the cosine correction as a
preparatory test for determination of the optimum
measurement distance for the individual setup and sensor.
According to Keitz’ formula the calculated UV power is
independent from measurement distance, observing some
additional terms like measurement setup (in compliance
with the requirements of the Keitz’ formula and its
preconditions) and influences by distance (and background
signal handling)

Figure 1: Relative deviation from average UV-Power

Some laboratories reported relatively high deviations from
the expected constant UV power value, using the same
sensor as another participant. With the assumption of nearly
the same cosine response this fact gives a strong hint to
influences by background signal, reflected light or a poor
signal-to-noise ratio. This is a subject to be analyzed to get
better confidence in the future.
Only one lab reported the measures taken to minimize these
influences and data concerning background signal, as
requested in the instruction manual, so that there is no
opportunity to distinguish the straylight or scattered light
(setup) from the cosine error (sensor) effect.
Further examination concerning cosine error and the
appropriate consideration of reflected light is necessary to
achieve an acceptable level of uncertainty deriving from
these terms, reducible by good measurement practice.
In Step1, the optimum distance between detector and lamp
at the individual laboratory setup and detector type has
been determined. All subsequent measurements should
have been conducted using this setup.
píÉé=OW=aÉíÉêãáå~íáçå=çÑ=rs=mçïÉê=~í=j~ñáãìã=lìíéìí
Measurements had to be carried out according to the paper,
“Proposed Method for Measurement of Output of
Monochromatic (254 nm) Low Pressure UV Lamps”(1)
which was attached to the instruction manual.
According to the method the irradiance had to be
monitored from turn-on instant until steady state operation.
Important was the recording of the whole set of lamp
parameters (voltage, current, electrical power) at the point
of maximum UV irradiance, also the steady state values had
to be reported.
These tests had to be carried out for each of the five lamp
samples five times, in order to get some information about
the repeatability of the irradiance and the electrical
parameters.
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Distance between lamp and sensor was not predefined and
was chosen by each laboratory according to the initial
measurement, conducted in ëíÉé=N.
The final evaluation was the determination of the average
maximum irradiance derived from the 5 measurements for
each individual lamp and the calculation of UV power, using
the Keitz formula as well as the calculation of system
efficiency (UV-power in relation to the electrical power
consumption at the point of maximum irradiance).
fåÇÉéÉåÇÉåÅÉ=Ñêçã=~ãÄáÉåí=ÅçåÇáíáçåë=
According to the proposed method lamps should show a
much better repeatability of the peak irradiance compared
to the irradiance recorded at steady state conditions. This is
shown in ÑáÖìêÉ= O, where the benefit of the peak
measurement is obvious.

Figure 4: Example for warming up behavior of sample 5

It has to be noted, that there occurred also measurements
showing atypical warming-up behavior, affecting the
maximum UV-output. Therefore the lamps have been
measured at least three times in order to determine the
characteristic output of the lamp and identify potentially
“bad” measurements.
rs=éçïÉê=ãÉ~ëìêÉãÉåí

Figure 2: Example for warming up behavior of sample 4

If a laboratory has good control over the ambient
conditions, the measurement curves may look like these
shown in ÑáÖìêÉ=P.

Measurements show (one exclusion) a feasible correlation
between the individual lamp measurements, the absolute
values differ about 15%, a result which reflects in general
what could be expected for the assumed measurement
uncertainty measuring UV with respect to the different
calibration sources and methods. Further evaluation could
be done as far as the concerning data, especially
uncertainties, would have been provided by the
participants.
Figure 5 shows the UV power data at maximum irradiation
for each laboratory. Data reported here are given in arbitrary
units in order to continue the round robin without
influencing subsequent results.

Figure 3: Example for warming up behavior of sample 3

Even when at this lab one measurement happened to be
different from the others, the maximum irradiance was not
affected. (cáÖìêÉ=Q)
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Figure 5: Reported UV power of the five sample lamps
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CONCLUSIONS
Reported UV-power values depend on three main factors,
cosine error of the sensor, sensor calibration source and
method and the appropriate consideration of reflected light
in the specific setup, leading to relatively high uncertainties
in UV power calculation.
For further evaluation it is important to have some
knowledge about the measurement uncertainties the
laboratories calculated for their data. Unfortunately not all of
the participants provided the full set of required
information.
One of the labs did not measure according to the
instruction and was not respected in the evaluation.
A detailed statistical evaluation will be published in a report
when the Round Robin is finished.

REFERENCES
1. Oliver Lawal et al., “Proposed Method for Measurement
of Output of Monochromatic (254 nm) Low Pressure UV
Lamps”, IUVA News Vol. 10 No. 1, April 2008

MARCH 2010 | 29

IUVA MARCH 2010-Vol 12_Issue 1:IUVA Oct 08.qxd

4/9/2010

2:14 PM

Page 30

Observational Study of the I2 Air Purge Flush
Method for Biofouling Control on UV Lamp
Sleeves
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ABSTRACT
qÜáë=é~éÉê=êÉéçêíë=çå=~å=çÄëÉêî~íáçå~ä=ëíìÇó=íç=ÇÉíÉêãáåÉ=íÜÉ=ÉÑÑáÅ~Åó=çÑ=~å=áå=ëáíì=^áê=mìêÖÉ=cäìëÜ=éêçíçÅçäI=ìëáåÖ=~=éêçéêáÉí~êó=ÅäÉ~åÉêI=áå
ÅçåàìåÅíáçå=ïáíÜ=áçÇáå~íÉÇ=ÄìÄÄäÉ=ëíêÉ~ã=Ñçê=Éäáãáå~íáåÖ=ÉñáëíáåÖ=Ñçìä~åíë=Ñêçã=rs=ä~ãé=ëäÉÉîÉëI=ïÜáäÉ=êÉÇìÅáåÖ=ÑìíìêÉ=ÑçìäáåÖ=ê~íÉ=ïáíÜçìí=íÜÉ
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íÜÉ=ÜÉ~í=éìãéë=~åÇ=áåàÉÅíáçå=ïÉääëK=^í=áåëí~ää~íáçåI=rs=ëäÉÉîÉ=áåíÉåëáíó=ï~ë=NMMBI=Äìí=íÜÉ=ëóëíÉã=ÄÉÖ~å=ÑçìäáåÖ=ëÜçêíäó=~ÑíÉêï~êÇëI=ÇÉëéáíÉ
ãÉÅÜ~åáÅ~ä=ïáéáåÖK=rs=äáÖÜí=áåíÉåëáíó=ãÉíÉê=Çáëéä~ó=êÉ~ÇáåÖë=ÇÉÖê~ÇÉÇ=íç=ëáåÖäÉ=ÇáÖáíë=ïáíÜáå=ïÉÉâëK=sáëì~ä=áåëéÉÅíáçå=çÑ=íÜÉ=ëäÉÉîÉë=áåÇáÅ~íÉÇ
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éìêéçëÉ=çÑ=íÜÉ=ëíìÇó=ï~ë=íç=ÇÉíÉêãáåÉ=ïÜÉíÜÉê=fO ^cfÛë=ãÉíÜçÇ=Ñçê=ÜÉ~í=ÉñÅÜ~åÖÉêLÖÉçíÜÉêã~ä=ïÉää=ã~áåíÉå~åÅÉ=éêçíçÅçä=ïçìäÇ=ÄÉ=~ééäáÅ~ÄäÉ
Ñçê=rs=éìêáÑáÉêëK
hÉóïçêÇëW=räíê~îáçäÉí=aáëáåÑÉÅíáçåI=fêçåI=_áçJcçìäáåÖI=rs=päÉÉîÉëI=dÉçíÜÉêã~äI=eÉ~í=bñÅÜ~åÖÉêI=_çí~åáÅ~ä=d~êÇÉåëI=fêçå=oÉÇìÅáåÖ=_~ÅíÉêá~

INTRODUCTION AND BACKGROUND
A geothermal heat pump is an eco-friendly cooling/heating
system that pumps heat to or from the ground. It uses the
earth as a source of heating or cooling. It is designed to
take advantage of the moderate temperatures in the
ground to boost efficiency and reduce the operational costs
of heating and cooling systems. Geothermal systems are
cost effective, generally returning the cost of the setup in
reduced energy needs over 3-10 years. Open loop systems
rely on a supply well as a water source, and diffusion or
injection wells as a return site. As a means to utilize the
temperature variant for facility use, a heat exchanger is
used. Supply well water chemistry and bacteriological
makeup are a concern, since fouling on the plates within
the exchanger reduces heat transfer. This increases the
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need for auxiliary heating or cooling resulting in higher
energy needs. Additionally, as bio-fouling occurs within the
exchanger, pieces break off and cause downstream
occlusion of screens within the diffusion or injection well.
This has the effect of adding increased back pressure which
slows water flow through the exchanger and thus reduces
heat transfer. This condition adds additional load on supply
well pumps increasing energy demand and reducing pump
life.
Although ultraviolet disinfection is a proven, eco-friendly
method for reducing microbial content within the coolant
water, fouling of the quartz sleeves may limit its
effectiveness. Bacteriological films (biofilms), in conjunction
with mineral deposits, present a difficult maintenance
challenge. Biofilms are a polysaccharide matrix that stick to
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surfaces and protect microbial colonies from potentially
disruptive or destructive water conditions (i.e., biocides,
turbulence, etc.). Biofilms draw in minerals that harden
their composition making them difficult to remove with
mechanical or automated wiping. Their growth extension
into the water flow reduces the surface water velocity and
allows for additional bacterial attachment. Iron reducing
bacteria (IRB) derive their energy and multiply by oxidizing
dissolved ferrous iron into insoluble ferric oxide. IRB form a
biofilm that appears as a brown gelatinous slime that coats
quartz sleeves and breaks off for downstream occlusion.
There are three identified mechanical methods that may
initiate and promote fouling;
• Heat induced precipitation of metals on the sleeve
surface
• Foulant settling on the upper sleeve surfaces due to
fluid motion and gravitational influence within the
UV purifier chamber
• Low velocity zones near sleeve surfaces and around
fixtures that may impede water flow allowing for
attachment
The I2 method is a patented protocol, patent number
7,329,385, for the reduction of microbes through the
intermittent infusion of iodinated air bubbles into a fluid.
Used in the health industry and geothermal heat
exchangers, the I2 method eliminates the needs for high
levels of biocides through a novel air/iodine vapor/microbe
interaction. Additionally, the bubble stream acts as an air
sparging device which helps to prevent bacterial and
mineral attachment. Used initially to remove existing
foulants and then monthly, the I2 Air Purge Flush (APF)
protocol removes bio-film and minerals from internal
surfaces through pressurization, purging, agitation and
flush, using an EPA approved proprietary oxygen based
cleaner with detergents prior to APF bubble stream
introduction. It cleans interior components including
sleeves, wipers and chamber and does not expose staff and
environment to caustic chemicals.

OBJECTIVE
1. To determine the effectiveness of a protocol that uses an
in situ method for the disruption and removal of formed
bio-film/mineral coatings on the UV lamp sleeves.
2. To determine the reduction in fouling rate through the
intermittent introduction of iodinated air bubbles into the
UV purifier chamber by the:
• Elimination of low velocity zones
• Removal of recently attached foulants
• Prevention of Brownian motion and gravitational
effects
• Prevention of attachment of biological and
inorganic foulants
• Mitigation of higher temperature zones near the
sleeve surface
• Inactivation of bacteria within the purifier
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MATERIALS AND METHODS
The UV purifier specifications are as follows;
Atlantic Ultraviolet SANITRON® Model S10,000C
Maximum Flow Rate: 166 gallons per minute (gpm)
Material of Construction: Stainless Steel Type 316
Power Consumption: 560 watts
The Disinfection Chamber: consists of four (4) SANITRON®
Model S2400C closed chambers coupled together (two sets
of two) by means of 2" PVC unions, elbows and close
nipples. Each chamber measures 5.50 inches in diameter. In
the center of each chamber is a single port which is used to
attach an ultraviolet sensor probe assembly for use with a
Guardian Ultraviolet Monitor.
Ultraviolet Lamps: each chamber houses one low pressure,
rapid start, mercury arc germicidal lamp that produces
approximately 90% ultraviolet energy at 253.7 nanometers.
The lamp has an arc length of 38 inches which produces 42
ultraviolet watts at 110 volts.
Dual Action Wiper Mechanism: a mechanical device built
into the removable head of the chamber, facilitates periodic
cleaning of the quartz sleeve with a series of circular Teflon®
wipers are drawn across the surface of the quartz sleeve to
remove any fouling or deposits.
Guardian Ultraviolet Monitors: port site monitored intensity
meter.
The study was performed under normal operating
conditions and during normal working hours. The APF
protocol requires a water source for mixing the cleaner,
compressed air source and a drain. The iodinated bubble
infusion uses a compressed air source and I2 Air Infuser. All
infusion and drainage is done through the APF assembly
attached to the purifier drain. Water was introduced to the
purifiers through two gate valves monitored by flow meters
which indicated 124 gpm flow at 62 psi.
The study included the following:
• Initial testing of influent water to determine mineral
and bacteriological composition
• Selected UV purifiers were subjected to the APF
protocol with readings compared before and after to
determine effectiveness in removing existing films
• After cleaning, the purifier was allowed to foul to
determine the rate of foul layer formation without
I2 infusion
• After cleaning, fouling rate comparison was done in
purifiers that have either I2 infusion or not
The APF protocol consists of UV purifier isolation,
pressurization, purging, cleaner introduction, cleaner
agitation and flush. The time allotted is 15 min preparation,
40 min agitation, and 5 min flush.
The I2 bubble infusion is produced by injecting iodinated air
from the I2 Air Infuser Cartridge through diffuser tips into
the UV purifier chamber. During the study period, the air
infusion cycle took place for 15 minutes each hour, using a
timer control to develop data for performance comparison.
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Three of the four purifiers were
used for the study; upper front UF,
upper back UB and lower front LF.
Lower back LB was not used due to
a malfunctioning meter.
All services were performed by I2
Air Fluid Innovation and overseen
by members of the NYC
Department of Design and
Construction who observed and
confirmed all readings.
The study began on 11 May 2009 and water composition
from purifier LF, as determined by IME test ampoules,
Industrial Municipal Equipment, Inc., Eldersburg Maryland
were as follows;
Iron: Product Code #: IM42667
Hardness IME Product Code #: IM42847
Iron bacteria, Product Code #: IM97017

5 ppm
Moderate
Positive 24
hours/high
The initial weight of the I2 cartridge was 2118.2 g.
Dried air was passed through the I2 cartridge and iodinated
air was introduced to the LF purifier to observe the effect of
air bubbling on the system. Air flow was .25 cfm @ 62 psi.
Water pressure into the purifier was 60 psi.
Prior to the application of the APF protocol, the Guardian
monitor readings (0 - 100 scale) were:
UB (4), UF (1), LF (3)
Note: The wipers were frozen.
Initially, the APF protocol was performed on only two of the
three UV purifiers, UB and UF. The LF UV purifier was left
untouched but would be addressed during future
treatments. A dilute, half strength cleaning solution was
used and allowed to dwell for half the time without agitation
to test for component compatibility. No damage was visible.
Following the protocol, the study UV purifier monitors read:
UB (39), UF (37), LF (3)
Wipers were freed considerably allowing for full stroke
motion.
No I2 infusion was performed to allow fouling to take place.
OT=j~ó=OMMV - a complete APF protocol was performed on
all three purifiers using a full strength cleaning solution,
agitation and standardized dwell time of 60 minutes.
Monitor readings afterwards read:
UB (98), UF (100), ic=EVUF
No I2 infusion was performed to allow fouling to take place.
P=gìåÉ=OMMV - the APF protocol was performed on the LF UV
purifier only.
Monitor readings afterwards were:
UB (46), UF (38), ic=EVTF
No I2 infusion was performed to allow fouling to take place.
NM=~åÇ=NT=gìåÉ=OMMV - APF protocol repeated with Monitor
resultant reading:
6/10/09
UB (34), UF (37), ic=EVUF
6/17/09
UB (32), UF (27), ic=EVUF
No I2 infusion was performed to allow fouling to take place.
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OO=gìåÉ=OMMV - a reduced cleaning protocol was performed
on purifier LF and iodinated infused air was introduced to
the LF UV purifier only at a rate of .25 cfm and 62 psi.
Immediately after start of air infusion the monitors read:
UB (30), UF (22), ic=EVPF
Air was constantly infused into the LF UV purifier until the
next visit.
P= gìäó= OMMV - no cleaning was performed and infused air
was continued to the LF purifier only. Monitor read:
UB (11), UF (18), ic=EUTF
NM=gìäó=OMMV - prior to cleaning, the monitors read:
UB (11), UF (14), ic=ETVF
Subsequently, UV purifiers UB, UF and LF UV purifiers were
cleaned using the APF protocol. All monitors read 100 at the
end of the procedure. The UV Purifiers UF and LF received
infused air intermittently using a timer and solenoid, air was
introduced continually for 24 hours and then stopped for 24 hours.
NT= gìäó= OMMV - the final day of active study, no cleaning
protocol was performed and all air infusion stopped.
Purifiers with iodinated air infusion read: rc=EVSF=~åÇ=ic=EVQF
Purifier UB without iodinated air read (57).
The weight of the I2 cartridge was 2114.1 g, indicating a
loss of 4.1 g of iodine after 4 weeks. Water composition:
Water from lower front (LF) UV
Iron
3 ppm
Hardness
Moderate
Iron bacteria, slime producing IRB negative 72+ hours
P= ^ìÖìëí= OMMV - monitors read (14), UF (42), LF (39)
indicating rapid fouling without air infusion seventeen days
after end of active studies:
Observations
Prior to the study, all meters indicated advanced fouling with
single digit monitor readings. Visual observation of the sleeve and
monitor lens confirmed fouling. The foulant appeared to be a
hardened, reddish/brown film that could not be removed by
mechanical means. Water composition testing indicated high
levels of iron and the presence of slime forming IRB. The wiper
mechanism was frozen on all tested purifiers.
The monitor lens had a reddish/brown stain on the leading edge
to water flow. When the lens was cleaned with oxalic acid and
returned into the purifier, the meter readings rose slightly. Lens
cleaning was always performed prior all monitor readings.
After cleaning the UV purifiers with the APF protocol, the monitor
readings averaged 96. This was observed on multiple occasions
and on various system UV purifier chambers. The APF protocol was
easy to implement and required no disassembly of the purifier or
sleeve removal. The average procedure time was 67 min which
included 40 min dwell time. The APF cleaner removed the existing
biological and mineral films through agitation and chemical
cleaning. The sleeves appeared undamaged and transparent. The
wiper mechanism became unfrozen and moved freely.
Without I2 infusion, the readings would decline by an average 40
to 60% within one week. When I2 containing air was injected into
the purifier after cleaning, the sleeve fouling declined
approximately 6% to 10% a week. An active profusion bubble
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pattern was observed in flowing water from both distal and mesial
ends of the quartz sleeve. The bubbles rose from the air inlet
situated at the drain port, moved in a linear direction along and up
the quartz sleeve to exit into the outlet port at the distal end of the
UV purifier.

CONCLUSIONS
The APF protocol cleaned the interior components and appears to
be a simple to implement. The time required for cleaning allowed
for both sets of UV purifiers to be addressed in one session. The
cleaner appears to be active at varying dilutions which would allow
its use on larger or smaller systems. Reducing or eliminating the
need for mechanical removal of the sleeve should preserve sleeve
and gasket integrity and replacements due to cleaning breakage
would be reduced or eliminated. Both wiper use and failure would
be reduced through foulant removal.
The I2 infusion reduced fouling rates through a change in water
flow pattern within the chamber. This appeared to eliminate low
velocity zones and prevent sedimentation. The active bubbles
appeared to act as a sparger, lifting existing biofilms and
preventing attachment by planktonic bacteria and insoluble
minerals. The infusion maintained meter readings long enough to
allow for a monthly one hour APF protocol application. Water
tested for hardness from a purifier using an IME ampoule during
active iodinated air bubbling showed a reduction in hardness
indicating the possibility there may be some conversion of
insoluble calcium carbonate to soluble calcium iodide. Future
studies should be performed to indicate the degree of conversion
if any.
The protocol used approximately four grams of iodine in one
month’s time. It appeared to have no physical effect on the UV
purifiers, sleeves or interior components. Additionally, the
bubbling had no effect on the system piping, gaskets or heat
pumps. The bubbling appears to reduce the required APF protocol
time by presenting reduced sleeve foulant surface content.
Table I: Test results from action and measured light intensity
(0-100 scale) reading

Page 33

Intermittent air infusion appears to have a similar effect as constant
addition in delaying fouling.
The total protocol time per month was approximately 60 minutes
with actual labor time 20 minutes. The air infusion required no
staff involvement. Although performed by I2 Air Fluid Innovation,
the protocol could have been performed by the botanical garden
staff. It was estimated that cartridge and cleaner costs would be
approximately $540.00 per month for this system. Larger multi
lamp systems would not require much more in labor time or
material costs. This appears to be less expensive than the costs
involved with UV purifier disassembly, sleeve removal and manual
cleaning considering the time expenditure. Additionally, it would
reduce the possibility and associated costs of sleeve damage and
replacement.
The I2 Air Purge Flush protocol appears to have met all QBG requirements.
Article is for educational purposes only, no warranties are offered or
implied. Contact Author for full Disclaimer of Warranties and
Limitation of Liabilities.
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For more than 30 years, Trojan has led the way
toward safe, reliable and effective ultraviolet light
solutions. Tested, trusted and proven in more than

6,000 municipal installations around the world.
The TrojanUVPhox™ uses UV light to destroy potentially harmful chemical contaminants in
water, making it safe for drinking. It is now installed in a large number of municipal water supply
projects to destroy chemical contaminants, including in water reuse projects that recycle wastewater
for augmentation of drinking water supplies. TheTrojanUVPhox™ became operational at Orange
County’s (California) Groundwater Replenishment System in January 2008.
Water supply expansion strategies employing recycled water are being implemented throughout
the world. Trojan Technologies in London, Canada has taken a proactive role in developing
technology to make your water safe. The TrojanUVPhox™ solution is just one of the ways that we
deliver water conﬁdence through UV.

www.trojanuv.com

WINNERS
OF THE
STOCKHOLM
WATER PRIZE
IN 2008 AND
2009, OCWD
and Trojan have
partnered to
deliver the GWR
System, the
largest indirect
potable reuse
installation in
the world.
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