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DITORIAL
Paul Overbeck
Editor-in-Chief
The second quarter of 2009 has been
filled with industry events that bear
witness to the strong global interest
in UV Technology.

The North American Conference on
Ultraviolet and Ozone Technologies
held in Cambridge, Massachusetts
had 322 attendees from 10
Paul Overbeck
countries. The strong technical
program developed under Karl Linden and Mohamed
Gamal El-Din delivered 81 papers and 7 posters.
Attendees had the opportunity to discuss the latest in
equipment, instrumentation and controls with 27
exhibiting companies. Many took part in the optional preconference UV Technology Workshop organized by Dennis
Greene of AECOM as well as tours of the Brockton, MA
advanced wastewater and Pawtucket, RI drinking water
treatment plants. We appreciate the support we received
from all of our sponsors, including conference primary
sponsor ITT Water and Wastewater and the many
volunteers from local host, the Massachusetts Water
Resources Authority.
UV Technology was strongly represented during AWWA
ACE in San Diego. Paul Swaim (CH2M Hill) organized a
Sunday Workshop on UV and Ozone Advanced Oxidation
Processes. Details on the program and speakers are found
in the “NEWS from IUVA” section. Our booth had good
traffic and a number of interesting technical questions,
with many answered by Jim Malley and Joop Kruithof who
volunteered some of their time during the week. Diana and
I appreciated it very much!

Singapore PUB is an excellent example of an agency and
utility, committed to protection of public health and the
environment taking on a leadership role through its research
in advanced technologies, adoption of best available
practices and transfer of information to benefit others. Water
is a limited resource on this island nation due to limited
catchment area. Therefore, PUB has invested in water
reclamation and reuse featuring UV as a critical process step
under its “NEWater” program (www.pub.gov.sg/NEWater)
and is in the process of adding UV to its Johor River Water
Treatment Works and Indianapolis' White River Facilities for
treatment of more than 350 million gallons of drinking water
per day.
Market interest and member activity leads me to believe
that the 5th UV World Congress this September in
Amsterdam will be an exciting and rewarding event.
Regina Sommer, Technical Program Chair and her technical
committee team of Joop Kruithof, Jim Malley and Andreas
Kolch have put together a strong technical program.
Additionally, Andreas organized a UV Regulatory Workshop
while Joop has put together a unique technical tour option
for Wednesday following the Congress.
Details can be found at www.iuva.org/worldcongress2009.
See you there!
- Paul

The day after AWWA ended, I was off to Singapore and
Singapore International Water Week (SIWW). In its second
year, SIWW appears to be on its way to being a major
environmental and water-wastewater-reuse conference
and exhibition event for this rapidly developing region.
Rongjing Xie of the Singapore Public Utility Board (PUB)
organized a UV Workshop prior to the opening of the
exhibition (“NEWS from IUVA” section). Our thanks to
Rongjing and Harry Seah of PUB for their sponsorship,
support and high energy!
IUVA members were also active in the main program with
Rick Sakaji (EBMUD) invited to speak on UV use in
municipal applications and Jim Malley, ever the IUVA
supporter, chairing 2 technical sessions.

4 | IUVA News / Vol. 11 No. 2

...manning the booth at AWWA’s ACE
Jim Malley, Diana Schoenberg, Joop Kriuthof

UV

INDUSTRY
NEWS

The following are some of the more interesting items
from the IUVA Member Announcements:

UV disinfection system receives UVDGM validation

Trojan Technologies, a Canadian developer and
proponent of large-scale ultraviolet (UV) water
disinfection systems used worldwide, has been named
the winner of the 2009 Stockholm Industry Water
Award.

Aquionics announced that its InLine+ series of UV water
disinfection systems are now fully validated in accordance with
the USEPA UV Disinfection Guidance Manual (UVDGM). The
validation certifies the use of the systems for the Long Term 2
Enhanced Surface Water Treatment Rule (LT2ESWTR) released
by EPA in November 2006.

www.trojanuv.com
"Trojan's success has contributed to a viable competitive industry
in the area of ultraviolet technologies, leading to the
development of a full range of industrial technologies in both
specialised and general applications," noted the Stockholm
Industry Water Award nominating committee in its citation.
"Their work with other members of the UV industry has advanced
world-wide regulatory acceptance, overcome many limitations of
existing technologies, and provided a new means of protecting
public health and developing new sources of water supply."
Executives from Trojan Technologies will formally receive the
Stockholm Industry Water Award at a ceremony during World
Water Week in Stockholm this coming August.
In its citation, the Stockholm Industry Water Award nominating
committee highlighted several recent installations of Trojan
systems that illustrate the potential of UV treatment for
wastewater re-use applications. The most notable of these are
large-scale projects in Orange County, California and South East
Queensland, Australia.
New Book on UV in Air and Surface Treatment to be
released soon.

www.ImmuneBuildingSystems.com
Dr. Wladyslaw (Wally) Kowalski and Springer Publishing
announced the pending release of an Ultraviolet Germicidal
Handbook: UVGI in Air and Surface Disinfection. The book will
feature 20 chapters and 7 appendices including UV Rate
Constants for Bacteria, Virus and Fungi, UV lamp database, UV
lamp modeling source code, UV material reflectivities and URV
Tables.
Details on the book and table of contents will be sent to IUVA
members shortly.
Nedap Light Controls introduces New Lamp Driver
www.nedaplightcontrols.com
Nedap introduced its new Electronic Lamp Driver for LP Lamps
240-800W at the North American Conference on Ultraviolet and
Ozone Technologies in Boston. Nedap Light Controls designs and
manufactures high-quality, easy-to-use, energy saving intelligent
electronic ballasts, ranging from 15W to 48kW, used to control
UV light for various curing and disinfection applications.

www.aquionics.com

The testing was conducted by Carollo Engineers at its Portland,
OR validation facility and covered a three-dimensional matrix
of UV transmittance, flow and reduction equivalent dose, using
both T1 and MS-2 phage test surrogates. Dose delivery
equations were derived for all reactors that predict T1 and MS2 RED as a function of flow, UV-T, UV sensor readings, and
microbe UV sensitivity.
New UVC Kit Delivers germicidal UVC to fan coils, unit
ventilators and indoor air handlers

www.steril-aire.com
A new UVC Kit for Air Handlers from Steril-Aire, Inc. may be
used in a wide range of HVAC applications to destroy
microorganisms including flu viruses, bacteria and mold. The
easy-to-install kit delivers Steril-Aire's proven UVC technology
to fan coil units, unit ventilator systems and indoor air handlers
with coils up to 84" (213.4 cm) with dual access.
Applications include air handlers serving patient rooms,
classrooms,
hotel/motel
rooms,
apartments
and
condominiums, and offices in commercial buildings and
industrial plants. It kills or inactivates airborne microbial
contaminants to greatly reduce the spread of infectious
diseases and eliminate the major source of allergy and asthma
discomfort.
CALGON CARBON AWARDED SAN FRANCISCO UV CONTRACT

www.calgoncarbon.com
Calgon Carbon Corporation was been awarded a contract by
PCL Civil Constructors, Inc. to supply Sentinel® UV Disinfection
Systems (UV systems) at the City of San Francisco's Tesla Portal
drinking water plant. The contract for treating up to 320
million gallons of drinking water per day is valued at $5.0
million.
San Francisco's commitment is to provide safe drinking water
to its customers and to comply with federal regulations for the
control of Cryptosporidium, Giardia, and other waterborne
organisms. Installation is scheduled to begin in early 2010.

Continued on page 7
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NEW IUVA MEMBERS

The International Ultraviolet Association takes great pleasure in welcoming these new members… thank you for
joining us in the first half of 2009!
Australia
Geoffrey Puzon
CSIRO
Wembley, Australia
Canada
Jules Carlson
Trent University
Peterborough, ON
Saad Jasim
Walkerton Clean Water Centre
Walkerton, ON
Patrick Niquette
Dessau
Montreal, QC
China
Tae Young Choi
ITT Water & Wastewater Asia Pacific
Hong Kong SAR
Robin Wong
ITT Water & Wastewater Asia Pacific
Hong Kong SAR
Denmark
Povl Kaas
Scan Research A/S
Vorgod, Denmark
Germany
Christian Bokerman
ITT - Water & Wastewater
Herford, Germany
Arne Diering
Alldos Eichler Gmbh
Herford, Germany
Israel
Danny Taragan
Atlantium Technologies Ltd.
Bet Shemesh, Israel
Italy
Biagio Gennuso
Pero, Italy
Japan
Kumiko Yasui
Tokyo, Japan
New Zealand
Steve C. Warne
Davey Water Products
Auckland, New Zealand
Norway
Vidar Lund
Norwegian Institue of Public Health
Oslo, Norway
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Singapore
Beryl Beulah
Keppel Seghers Engineering
Tzyy Haur Chong
Singapore Membrane Technology
Centre
Lee Zhang Er
PUB – WSP
Bee Keen Gan
Institute of Materials
Research & Engineering
Dhimant Hiralal
PUB – WRP
Seak-Lai Chun Hoi
PUB – P&P
Lim Mong Hoo
PUB – WSP
Teik Thye Lim
Nanyang University
Mohammad Norhisham
PUB – WSP
Thomas Pang
PUB – WSP
Vera Liany Puspitasari
Singapore Membrane
Technology Centre
Lim Ngin See
PUB – TWQO
Ang Wui Seng
PUB – WSP
Sia Chin Seng
PUB – WSP
Feng Shan
Sembcorp Industries Ltd – SUT
Stanilaus Raditya Sumarno
Nanyang Technical University
Quan Wang
Keppel Seghers Engineering
Eric Woo
Filtration and Control Sysems (S) PTE LTD
Shijie Jackson Ye
Sembcorp Industries Ltd – SUT
Hao Zhang
Sembcorp Industries Ltd - SUT

Yangpeng Zhang
Sembcorp Industries Ltd – SUT
Switzerland
Thomas Egli
Eawag
Duebendorf, Switzerland
The Netherlands
Wim Bruggink
Philips CL
Dratchen, The Netherlands
United Kingdom
Keith Watson
Hanovia Ltd.
Slough, United Kingdom
United States of America
Keith Abercrombie
Valencia Water Company
Valencia, CA
Phil Ackman
Los Angeles County Sanitaiton Dept.
Whittier, CA
Michael Bahorich
Calgon Carbon Corp
Allison Park, PA
Katherine Bell
CDM
Brentwood, TN
Jim Bishop
Metropolitan Water District
of Southern California
Glendora, CA
Marina Bronstein
RMC Water and Environment
San Jose, CA
Rajen Budhia
West Basin MWD
Carson, CA
Hao Bui
Southern California Edison
Santa Ana, CA
Arturo Burbano
MWH
Arcadia, CA
Joe Cannavino
DEL Ozone
San Luis Obispo, CA
Bud Christiancy
Anaheim Public Utilities
Anaheim, CA

James Cooper
Ultraviolet Sciences, Inc.
San Diego, CA
Josefin Edeback
Hazen and Sawyer, P.C.
Tampa, FL
Rick Eismin
The Coombs-Hopkins Company
Carlsbad, CA
Tom Hawkins
Puralytics
Aloha, OR

Patrick Rymer
Perkin Elmer
Fremont, CA

Elinor Midlik
Carol Stream, IL
Daniel Moran
Veolia Water North America
Indianapolis, IN
Naoko Munakata
LA County Sanitation Districts
Monrovia, CA
Joseph Murro
Double Star Ultraviolet Systems
Bridgewater, NJ

Mark Heath
Carollo Engineers
Portland, OR
John Hinds
Los Angeles Dept. of Water and Power
Los Angeles, CA
Mike Jouhari
Anaheim Public Utilities
Anaheim, CA
James Kim
CDM
Walnut Creek, CA
Mike Kirkland
DEL Ozone
San Luis Obispo, CA
Russell Krinker
Southern California Edison
Victorville, CA
Owen Lu
Metropolitan Water District
La Verne, CA

UV

Kelly Mayhew
Morgantown, WV

Ron Port
ITT - Water & Wastewater
Charlotte, NC
Casey Quinn
City of Signal Hill
Signal Hill, CA
Elisa Reynolds
Los Angeles Dept. of Water and Power
Los Angeles, CA
Gerald Rhoads
Metropolitan Water District
La Verne, CA
John Richards
Caralight
Cary, NC
Stacey Roberts
Golden State Water Co.
San Dimas, CA

Marc Serna
West Basin MWD
Carson, CA
Stephen Sherman
Covina Irrigating Company
Covina, CA
Brian Tan
Los Angeles Dept. of Water and Power
Los Angeles, CA
Jim Tanner
Siemens
Zionsville, IN
Mark VanMeeveren
City of Signal Hill
Signal Hill, CA
Chandrashekar Venkataraman
Black & Veatch
Charlotte, NC
Sunny Wang
Black & Veatch
Los Angeles, CA
Jason Wen
City of Downey
Downey, CA
Ed Williams
CF Design
Charlottesville, VA
Matthew Zwartjes
University of California - Irvine
Sherman Oaks, CA

INDUSTRY
NEWS
Continued from page 5

New CFdesign UVCalc Module Available to Design
Engineers: www.cfdesign.com
Blue Ridge Numerics and Bolton Photosciences announced
the availability of the new CFdesign UVCalc Module, an
industry-first Upfront CFD solution for simulating and
validating ultraviolet (UV) reactor performance to ensure
accurate fluence rates (irradiances) for UV light disinfection.
With the new partnership of Blue Ridge Numerics, Inc. and
Bolton Photosciences, Inc., design engineers developing UV
applications for drinking water disinfection, wastewater
treatment, and manufacturing processes for the food and
and
beverage,
medical
device,
pharmaceutical,
semiconductors industries (among others), can now easily
leverage fluid flow and UV calculation capabilities to speed up
and optimize their product development process.

UVCalc, developed by Dr. James Bolton, is a software program
that allows an engineer to map out the fluence rate or
irradiance distribution in a UV reactor. The combination of
CFdesign and UVCalc together in the CFdesign UVCalc
Module allows engineers to simulate the UV fluence rate in
combination with the flow field, to ultimately predict the
fluence or UV dose delivered.
Predicting the UV dose is vital, but even more important is
studying and understanding the sensitivity of a reactor design
with respect to changing conditions, such as piping
connections, water transmittance, and flow rate.
The ability to validate UV reactor performance for
biodosimetry testing, while still on the digital drawing board,
is the focus of CFdesign and the UVCalc Module. Exploration
of multiple design scenarios before building prototypes for
physical testing equates to significant cost and time savings.
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NEWS FROM IUVA

BOSTON CONFERENCE –
A LOOK BACK IN PHOTOS

Familiar faces at the Registration Desk
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UV Tour – Pawtucket, RI

UV Tour – Brockton, MA

Many thanks to Volker Adam and Joop Kruithof for their photo
contributions

AWWA WORKSHOP
On 14 June, Paul Swaim (CH2M Hill) and other IUVA members
presented a one day workshop at AWWA ACE Workshop titled,
“UV and Ozone Advanced Oxidation Processes – Practical
Information on an Emerging Treatment Approach”.
The program included:
• Advanced Oxidation Process Basics and Emerging
Applications in Drinking Water
-- James Malley, University of New Hampshire
• UV AOP Performance and Evaluation for Contaminant
Destruction -- Karl Linden, University of Colorado at Boulder
• Ozone and Ozone AOPs
-- Shane Snyder, Southern Nevada Water Authority
• Orange County Water District GWR System Case Study for
UV/AOP Process
-- Mehul Patel, Orange County Water District
• Implementing an Effective UV-AOP: Three Projects and
Lessons Learned -- Paul Swain, CH2M Hill
• Comparison of UV AOP and Ozone AOP for Contaminant
Destruction
-- Christine Cotton & James Collins, Malcolm Pirnie, Inc.
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• UV/AOP Master Planning for Cincinati’s 240 MGD
Richard Miller Treatment Plant
-- Chris Schulz, CDM & Harold Wright, Carollo Engineers
• The Trend in Dutch Drinking Water Treatment, from
Ozone to UV/H2O2 Treatement: a World Perspective
-- Joop Kruithof, Wetsus & Peer Kamp, PWN
• What’s Next? Recent Advancements in AOP Research
– Erik Rosenfeldt, University of Massachusetts

• UV / AOP Reuse Case Study: Luggage Point AWTP
-- Rory Morgan, CH2M Hill
• UV Disinfection and Oxidation for Advanced Water
-- Tian Xian Yong , Black & Veatch
• Regulatory Experience and Guidance
-- Richard Sakaji, East Bay Municipal Utility District

IUVA thanks those who volunteered their
time and energy to put on these excellent
technology transfer workshops.
We welcome your participation and support at workshops
and conferences. Also, don’t forget to send us feedback,
Application Notes and articles/papers for inclusion in
IUVA News.
Please visit http://www.iuva.org/books_and_proceedings if
you are interested in acquiring IUVA Congress, Conference
and Workshop proceedings and presentation CDs

Joop Kruithof, Paul Overbeck
at AWWA AOP Workshop

and

Paul

Swaim

SIWW WORKSHOP
Rongjing Xie (Singapore PUB) organized and hosted a one
day workshop titled, “UV Technology, Applications and
Advancements” on 22 June during the 2nd Singapore
International Water Week. SIWW 2009 was attended by
more than 10,000 delegates and trade visitors from 79
countries with foreign participants making up
approximately 70 percent of the total attendance.

SIWW Workshop speakers (L to R) - Tian Xian Yong,
Rick Sakaji, Chris Schulz, Jim Maley, Harold Wright,
Rongjing Xie, Rory Morgan, Paul Overbeck

• Welcome Remarks
-- Harry Seah, Director, TWQO,/PUB
• UV Technology and Process Introduction
-- Jim Malley, University of New Hampshire
• The Use of UV in Large-Scale Drinking Water
Applications
-- Richard Sakaji, East Bay Municipal Utility District
• Designing Municipal Drinking Water UV Systems for
Disinfection and Advanced Oxidation Applications
-- Chris Schulz, CDM
• Validation and Operation of UV Systems
-- Harold Wright, Carollo Engineers
• Small UV Systems
-- Jim Malley, University of New Hampshire
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Harry Seah of Singapore PUB receives a recognition gift for
their support of IUVA events.

H

OT UV
NEWS

The following are interesting media items that may affect
the UV Industry
5th UV World Congress Host – Amsterdam - to become EU`s
First “Intelligent City

http://www.businesswire.com/portal/site/home/perma
link/?ndmViewId=news_view&newsId=200906070050
30&newsLang=en
The City of Amsterdam will implement its ‘Amsterdam Smart City’
program and create the European Union’s first ‘intelligent city.’
The purpose of the Amsterdam Smart City program is to take a
comprehensive and coordinated approach to developing and
implementing sustainable and economically viable projects that help
the city reduce its carbon footprint and meet the European Union’s
2020 emissions and energy reduction targets.
The Amsterdam Smart City will use a smart electric grid, smart
meters, smart-building technologies and electric vehicles to reduce
energy consumption in housing, commercial properties, public
buildings and areas, and transportation. Smart grids are electricity
distribution networks that combine traditional and new technology
to manage the flow of energy more effectively and efficiently than
previously possible. Amsterdam is the first city in the EU to deploy
intelligent technology, such as smart grids, in its electricity
distribution system.
“Amsterdam Smart City is closely linked to the Amsterdam Climate
Program, which states clear climate goals for the City of Amsterdam
to reduce carbon emissions and encourage change in the energy
consumption of our citizens,” said Joke van Antwerpen, director of
the Amsterdam Innovation Motor, the first phase of the Amsterdam
Smart City’s low-carbon projects, launched on June 3, includes:
A ‘Climate Street’ at Utrechtsestraat, Amsterdam’s popular shopping
and restaurant street, will have sustainable waste collection, tram
stops, and street and façade lighting. Smart meters and energy
usage feedback tools will help municipal authorities and shop and
restaurant owners manage energy consumption.
E. coli in bottled water not acceptable: FDA

Not surprisingly, the US Food and Drug Administration (FDA) has
amended federal regulations regarding bacteria in bottled water,
publishing in the Federal Register a final rule establishing a zero
tolerance for E. coli bacteria in bottled water.
The International Bottled Water Association (IBWA) on May 28
announced its long-standing support of a zero-tolerance standard of
quality for E. coli. According to the IBWA announcement, “In fact,
FDA’s final rule reflects IBWA’s ‘Code of Practice’ standard which was
adopted in 1999 and which all IBWA bottler members must meet.”
Both the FDA and IBWA refer to the stricter regulation as an extra
measure of safety for the consumer. IBWA President and CEO Joe
Doss is quoted in the IBWA announcement as saying, “Our members
work hard and long to protect against E. coli. Now it’s the law of the
land for all bottled water products.”

The FDA rule was promulgated under Section 410 of the Food,
Drug, and Cosmetic Act, which requires that FDA’s bottled water
regulations be as protective of the public health as the US
Environmental Protection Agency’s (EPA) tap water standards. EPA
issued its new National Primary Drinking Water Regulation, the
Ground Water Rule, on November 6, 2006, which provides for
increased protection against fecal microbial pathogens in public
water systems that use groundwater sources. The EPA and FDA rule
both become effective on December 1, 2009.
The primary elements of the new FDA rule are:
• Bottled water manufacturers that obtain their source water from
other than a public water system must test their source water at
least weekly for total coliform. If that source water is total
coliform-positive, the manufacturer must conduct follow-up
testing to determine whether any of the total coliform organisms
are E. coli.
• Source water found to contain E. coli will not be considered water
of a safe, sanitary quality as required for use in bottled water.
• Before a bottler can use water from a source that has tested
positive for E. coli, the bottler must take appropriate measures to
rectify or otherwise eliminate the cause of E. coli contamination
of that source in a manner sufficient to prevent its occurrence. A
source previously found to contain E. coli will be considered
negative for E. coli after five samples collected over a 24-hour
period from the same sampling site that originally tested positive
for E. coli are tested and found to be E. coli negative.
• Bottlers must maintain records of corrective measures taken to
rectify or eliminate E. coli contamination.
• If any coliform organisms are detected in weekly total coliform
testing of finished bottled water, follow-up testing must be
conducted to determine whether any of the coliform organisms
are E. coli.
• Analyses conducted to determine compliance with the standards
for microbiological quality for total coliform and E. coli must be
made in accordance with the multiple-tube fermentation (MTF)
method and membrane filter (MF) methods.
If E. coli is present in bottled water, then the bottled water is
deemed to be adulterated under section 402(a)(3) of the Federal
Food Drug and Cosmetic Act (FDCA) and is banned from sale or
distribution
$440M in stimulus money for water moving to California

California will receive about $440 million for water and wastewater
projects under the economic stimulus program (American Recovery
and Reinvestment Act of 2009) signed into law in February, the US
Environmental Protection Agency announced in press release.
Laura Yoshii, acting regional EPA administrator for the Pacific
Southwest, said the funds will give the state an “unprecedented”
opportunity to finance many overdue water projects, the release
said. The funds are earmarked for the state’s two revolving loan
funds for water projects, according to EPA. Shovel-ready projects
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have been identified by the State Water Board, its chairman, Charlie
Hoppin, was quoted as saying. He said that normally the state would
handle about $250 million annual for water-related revolving loans,
and the additional federal funds will be put to good use quickly.
Bill to limit chlorine-gas use clears committee

www.awwa.org/publications/breakingnewsdetail.cfm?i
temnumber=49269
The House Homeland Security Committee this week approved on an
18-11party-line vote a proposed law that would allow the federal
government toorder facilities using high-risk chemicals to switch to
“inherently safertechnologies” (1st).When applied to drinking water
and wastewater treatment plants, the law(HR2868) would affect the
use of gaseous chlorine. Water/wastewaterutilities had been exempt
from a federal security program set up to preventterrorist acts or
other incidents caused by the use of hazardous chemicals.In
addition to giving the government the ability to order the use of ISTs
atwater plants, the new law, the Chemical Facility Anti-Terrorism
Act, wouldalso give the US Department of Homeland Security the
power to stop a plant’soperations, although wastewater plants are
specifically exempted from thatprovision, according to
AWWA.AWWA said the House committee did approve amendments
allowing facilities to:appeal an IST order to an administrative law
judge; require HomelandSecurity to report to Congress on the
effects of ISTs before ordering aswitch to them; and prevent
Homeland Security from ordering such changes ifthey would
“demonstrably reduce” the facility’s operations. AWWA has
urgedCongress to leave chemical choices up to individual facilities.
U.S. EPA Announces $24 Million in ARRA Funding for Iowa

In a move that stands to create jobs, boost local economies, improve
aging water infrastructure and protect human health and the
environment for the people in the state of Iowa, the U.S.
Environmental Protection Agency (EPA) has awarded $24,293,000
to the Iowa Department of Natural Resources.
This new infusion of money provided by the American Recovery and
Reinvestment Act (ARRA) of 2009 will help the state and local
governments finance many of the overdue improvements to water
projects that are essential to protecting public health and the
environment across the state.
"Iowa needs this funding to fix aging infrastructure in both urban
and rural communities," said William Rice, acting regional
administrator. "Clean drinking water is essential for healthy
communities and healthy local economies. These funds will bring
about needed repairs, focus on green solutions and provide goodpaying jobs."
The ARRA funds will go to the state's Drinking Water State Revolving
Fund program, which provides low-interest loans for drinking water
systems to finance infrastructure improvements. The program also
emphasizes providing funds to small and disadvantaged
communities and to programs that encourage pollution prevention
as a tool for ensuring safe drinking water. An unprecedented $2
billion will be awarded to fund drinking water infrastructure projects
across the country under the ARRA in the form of low-interest loans,
principal forgiveness and grants. At least 20 percent of the funds
provided under the act are to be used for green infrastructure, water
and energy-efficiency improvements and other environmentally
innovative projects.

Bacteria create Aquatic Superbugs in Waste Treatment Plants

http://www.ns.umich.edu/htdocs/releases/story.php?i
d=7144
In the first known study of its kind, Chuanwu Xi of the University of
Michigan School of Public Health and his team sampled water
containing the bacteria Acinetobacter at five sites in and near Ann
Arbor's wastewater treatment plant.
They found the so-called superbugs—bacteria resistant to multiple
antibiotics—up to 100 yards downstream from the discharge point
into the Huron River Xi and colleagues found that while the total
number of bacteria left in the final discharge effluent declined
dramatically after treatment, the remaining bacteria was
significantly more likely to resist multiple antibiotics than bacteria in
water samples upstream. Some strains resisted as many as seven of
eight antibiotics tested. The bacteria in samples taken 100 yards
downstream also were more likely to resist multiple drugs than
bacteria upstream.
"Twenty or 30 years ago, antibiotics would have killed most of these
strains, no problem," he said. Multiple antibiotic-resistant bacteria
has emerged as one of the top public health issues worldwide in the
last few decades as the overuse of antibiotics and other factors have
caused bacteria to become resistant to common drugs. Xi's group
chose to study Acinetobacter because it is a growing cause of
hospital-acquired infections and because of its ability to acquire
antibiotic resistance.
Xi said the problem isn't that treatment plants don't do a good job
of cleaning the water—it's that they simply aren't equipped to
remove all antibiotics and other pharmaceuticals entering the
treatment plants. The treatment process is fertile ground for the
creation of superbugs because it encourages bacteria to grow and
break down the organic matter. However, the good bacteria grow
and replicate along with the bad. In the confined space, bacteria
share resistant genetic materials, and remaining antibiotics and
other stressors may select multi-drug resistant bacteria.
While scientists learn more about so-called superbugs, patients can
do their part by not insisting on antibiotics for ailments that
antibiotics don't treat, such as a common cold or the flu, Xi said.
Also, instead of flushing unused drugs, they should be saved and
disposed of at designated collection sites so they don't enter the
sewer system.
WateReuse and
Colaboration

Singapore

PUB

announce

Research

The nonprofit WateReuse Foundation and PUB, Singapore’s national
water agency, announced that they have signed a research
agreement during the WateReuse Foundation’s 13th Annual Water
Reuse & Desalination Research Conference to co-fund up to $5
million worth of research designed to help water agencies
worldwide provide a sustainable water supply while enhancing the
environment and protecting public health.
Harry Seah, director of PUB’s Technology and Water Quality Office,
said in the release, “The sharing of expertise and knowledge
between the two organizations will be beneficial to both Singapore’s
research community as well as the rest of the water industry.”
The research will be managed by one or both organizations and the
results will be shared and disseminated to water utilities, research
institutions and water technology providers.
Continued on page 13
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Singapore’s Public Utility Board won the Excellence in
Environmental Engineering Superior Achievement Award this
year from the American Academy of Environmental Engineers
(AAEE)

http://www.pub.gov.sg/mpublications/Pages/PressRelea
ses.aspx?ItemId=205
Singapore’s Marina Barrage became only the second project outside
the USA in the past decade to win the top award, widely considered
the most prestigious of professional, peer-recognition awards focused
exclusively on environmental engineering, the award recognizes a
holistic environmental perspective, innovation, proven performance
and customer satisfaction, and contribution to an improved quality of
life and economic efficiency. The Marina Barrage beat 33 other
entries. Winners from this competition are automatically entered for
the International Water Association (IWA) 2010 biennial Project
Innovation Awards.
USDA allocates $615.8 million for rural water

More than 190 water and environmental projects are being funded in
rural communities in 34 states through the American Recovery and
Reinvestment Act, the US Department of Agriculture recently
announced.
Agriculture Secretary Tom Vilsack said the funds would create or save
12,385 jobs in those towns, adding that, "Aging water and waste
infrastructure systems threaten the ability of rural communities to
provide clean, reliable drinking water to residents and protect
precious environmental resources." Funding of individual recipients is
contingent upon their meeting the terms of the loan or grant
agreement.
USDA Rural Development's Water and Environmental Program
provides loans and grants to ensure that the necessary investments
are made in water and wastewater infrastructure to deliver safe
drinking water and protect the environment in rural areas.
Drinking Water Week 2009 Celebrated as lean, clean, green

In addition to the technology and operations workshops, technical
tours and educational sessions presented during the IUVA and IOA
North American Conference on municipal UV and Ozone technologies
the American Water Works Association (AWWA), an authoritative
resource on safe water, supported Drinking Water Week 2009, an
annual celebration of our most precious natural resource.
"Drinking Water Week is an opportunity for Americans to think about
what water means to each of us," said AWWA President Mike Leonard.
"A safe and reliable water supply is central to our daily lives, and we
enjoy some of the highest quality water in the world. This week is a
great time to celebrate our drinking water and renew our
commitment to keeping it safe."
"Tap water is lean, clean and green," Leonard said. "It's lean in that it's
a zero-calorie choice to keep us healthy and hydrated. It's clean
because dedicated water professionals treat our drinking water and
constantly monitor it, ensuring that lives up to high water quality
standards. And our tap water is ‘green' in that it encourages the
protection of our watersheds and does not require a bottle."

EPA Awards $430-Million Wastewater Projects Grant to New
York

http://www.epa.gov/owm/cwfinance/cwsrf/
In the single largest grant in its history, the U.S. Environmental
Protection Agency (EPA) has awarded more than $430 million to the
State of New York for wastewater infrastructure projects that will
create thousands of jobs, jumpstart local economies and protect
human health and the environment across the state.
“EPA is committed to being part of the solution in this economic
downturn. By keeping the waterways clean and healthy, we’re
bringing new jobs and new opportunities to local communities,” said
EPA Administrator Lisa P. Jackson. “Protecting human health and the
environment is a great way to put people to work and stimulate our
economy.”
“New York State is committed to innovative approaches to building
environmentally sustainable and energy efficient wastewater
treatment technologies. This funding will help protect our
environment and will support thousands of jobs across the State at a
time when we need it most,” said New York Governor David Paterson
This grant is a portion of the unprecedented $4 billion dollars that will
be awarded to fund wastewater infrastructure projects across the USA
under the American Recovery and Reinvestment Act. The state will use
the Recovery Act grant to provide money to municipal and county
governments and wastewater utilities for projects to protect lakes,
ponds and streams in communities across New York.
New York State will also provide at least 20%, or at least $86 million,
of its Recovery Act funds to “green” projects, those that involve green
infrastructure, improve energy or water efficiency or that have other
environmentally innovative aspects. New York’s program also provides
funding to communities facing financial hardships.
Blog updates status of US Water & Wastewater Infrastructure

http://blogs.asce.org/govrel
The American Society of Civil Engineers (ASCE), which recently
released a report that rated as “D-” the current condition of the
nation’s drinking water and wastewater infrastructure sectors, offers a
state-by-state look at water and wastewater infrastructure needs in a
blog called “Our Failing Infrastructure.”
According to the blog many consider the official blog of ASCE
Government Relations, the “ASCE has compiled detailed online fact
sheets on each of the 50 USA states that detail the conditions of the
various infrastructure categories on a local level.” Various
infrastructure needs information for each state is presented, including
drinking water and wastewater infrastructure needs.
The ASCE said it also has collected case studies that examine the ways
states and localities are solving infrastructure problems. Drinking
water, wastewater and dams are covered under the “Water &
Environment” topics.
Study Confirms Chlorination DBP Links

Although perhaps the greatest public health achievement of the 20th
century was the disinfection of water, a recent study showed that the
chemicals used to purify the water we drink and use in swimming
pools react with organic material in the water yielding toxic
consequences. (ScienceDaily)

http://www.sciencedaily.com/releases/2009/03/090331
112725.htm
University of Illinois geneticist Michael Plewa said that disinfection byproducts (DBPs) in water are the unintended consequence of water
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purification. "The reason that you and I can go to a drinking fountain
and not be fearful of getting cholera is because we disinfect water in
the United States," he said. "But the process of disinfecting water with
chlorine and chloramines and other types of disinfectants generates a
class of compounds in the water that are called disinfection byproducts. The disinfectant reacts with the organic material in the
water and generates hundreds of different compounds. Some of these
are toxic, some can cause birth defects, some are genotoxic, which
damage DNA, and some we know are also carcinogenic."
The 10-year study began with an EPA grant to develop mammalian
cell lines that would be used specifically to analyze the ability of these
compounds to kill cells, or cytotoxicity, and the ability of these
emerging disinfection by-products to cause genomic DNA damage.
"Our lab has assembled the largest toxicological data base on these
emerging new DBPs. And from them we've made two fundamental
discoveries that hopefully will aid the U.S. EPA in their regulatory
decisions. The two discoveries are somewhat surprising," Plewa said.
The first discovery involves iodine-containing DBPs. "You get iodine
primarily from sea water or underground aquifers that perhaps were
associated with an ancient sea bed at one time. If there is high
bromine and iodine in that water, when you disinfect these waters,
you can generate the chemical conditions necessary to produce DBPs
that have iodine atoms attached. And these are much more toxic and
genotoxic than the regulated DBPs that currently EPA uses," he said.
Plewa said that the second discovery concerns nitrogen-containing
DBPs. "Disinfectant by-products that have a nitrogen atom
incorporated into the structure are far more toxic and genotoxic, and
some even carcinogenic, than those DBPs that don't have nitrogen.
And there are no nitrogen-containing DBPs that are currently
regulated."
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In addition to drinking water DBPs, Plewa said that swimming pools
and hot tubs are DBP reactors. "You've got all of this organic material
called 'people' -- and people sweat and use sunscreen and wear
cosmetics that come off in the water. People may urinate in a public
pool. Hair falls into the water and then this water is chlorinated. But
the water is recycled again and again so the levels of DBPs can be tenfold higher than what you have in drinking water."
Plewa said that studies were showing higher levels of bladder cancer
and asthma in people who do a lot of swimming - professional
swimmers as well as athletic swimmers. These individuals have greater
and longer exposure to toxic chemicals which are absorbed through
the skin and inhaled.
"The big concern that we have is babies in public pools because
young children and especially babies are much more susceptible to
DNA damage in agents because their bodies are growing and they're
replicating DNA like crazy," he said.
EPA Publishes Latest Drinking Water Survey

www.epa.gov/safewater/needssurvey/index.html
The EPA noted that a recent drinking water needs survey will help the
agency determine the distribution formula for Drinking Water State
Revolving Fund (DWSRF) grants for the fiscal years 2010 through
2013 budgets. The assessment documents anticipated costs for
repairs and replacement of transmission and distribution pipes,
storage and treatment equipment, and projects that are necessary to
deliver safe supplies of drinking water.
The Drinking Water Infrastructure Needs Survey and Assessment,
which is done every four years, reflected data collected in 2007 from
states. According to the survey results, the nation's water utilities will
need to invest an estimated $334.8 billion over the next 20 years to
deal with aging infrastructure.
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ABSTRACT
A mathematical model is presented to explain the ultraviolet susceptibility of viruses in terms of genomic sequences that have a
high potential for photodimerization. The specific sequences with high dimerization potential include doublets of thymine (TT),
thymine-cytosine (TC), cytosine (CC), and triplets composed of single purines combined with pyrimidine doublets. The complete
genomes of 49 animal viruses and bacteriophages were evaluated using base-counting software to establish the frequencies of
dimerizable doublets and triplets. The model also accounts for the effects of ultraviolet scattering. Constants defining the relative
lethality of the four dimer types were determined via curve-fitting. A total of 70 data sets were used to represent 27 RNA viruses.
A total 77 water-based UV rate constant data sets were used to represent 22 DNA viruses. Predictions are provided for dozens
of viruses of importance to human health that have not previously been tested for their UV susceptibility.

INTRODUCTION
The susceptibility of viruses to ultraviolet (UV) light has
traditionally been defined in terms of the UV rate constant,
also called a Z value, which is the slope of the survival curve
on a logarithmic scale. The UV rate constant refers to either
broad range UV in the UVB/UVC spectrum (200-320 nm)
or, more commonly, to narrow-band UVC near the 253.7
nm wavelength. UV susceptibility can also be defined by
the UV exposure dose (fluence) required for 90%
inactivation (the D90 value), a more intuitive parameter that
avoids the problem of defining shoulder effects and second
stages in the survival curve. In this paper the UV rate
constant is defined in terms of the D90 value to provide an
absolute indicator of UV susceptibility in the first stage of
decay, and these values are thereby interchangeable. The
 ln(
S)
UV
rate
constant,
in m2/J, applicable to the first stage of
k=
decay is D
defined as:
90

k=

 ln(S )
D90

(1)

where S = survival, fractional
D = UV exposure dose (fluence), J/m2
90
The D value is then:
(2)

development of a complete quantitative model of virus
inactivation. The actual theoretical basis for UV
susceptibility has been elucidated in the works of Setlow
and Carrier (1966), Smith and Hanawalt (1969), Becker
and Wang (1989), and others. This paper applies the basic
model of UV inactivation as detailed in these seminal works
to viral genomes from the NCBI database (NCBI 2009) and
statistically evaluates the correlation with known UV D90
values. With some enhancements of the basic model and
adjustments to the parameters, a model is developed
herein that provides predictions for both RNA and DNA
viruses. This model also includes a new ultraviolet
scattering model developed by the authors that contributes
to the overall accuracy of the DNA model.

Rate Constant Determinants
Various intrinsic factors determine the sensitivity of a virus
to UV exposure under any set of constant ambient
conditions of temperature and humidity including physical
size, molecular weight, DNA conformation, presence of
chromophores, propensity for clumping, presence of repair
enzymes or dark/light repair mechanisms, hydrophilic
surface properties, relative index of refraction, specific
spectrum of UV, G+C% content, and % of potential
pyrimidine dimers.

 ln(1  0.9)  ln(0.1) 2.3026
=
=
k
k
k
The physical size of a virus bears no clear direct relationship
The subject of virus UV susceptibility
has
been
 ln(1  0.9)  ln(0extensively
.1) 2.3026 with UV susceptibility. UV-induced damage to DNA is
= level
D90 = that occur at =the molecular
studied and the processes
k but the
k
independent of molecular weight (Scholes et al 1967).
have been quantified to ank great degree,
D90 =

complexities of these processes and prior lack of fully
sequenced genomes have heretofore precluded

Virus nucleocapsids are too thin to allow any significant
chromophore protection. The specific UV spectrum has a
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relatively minor or insignificant effect according to most
studies although some differences between LP and MP
lamps have been noted (Linden et al 2007), but in this
study virtually all the data is based on LP lamps. Viruses
have no repair enzymes and their dark/light repair
mechanisms play a minor or insignificant role. Hydrophilic
surface properties and propensity for clumping are largely
unknown for viruses. The DNA conformation directly
impacts UV susceptibility but this model treats DNA viruses
in water (B conformation) separately from RNA viruses (Aconformation). The G+C% content plays an indirect role in
UV susceptibility but this factor is enveloped by the more
detailed approach of analyzing genomic content addressed
in this model. The relative index of refraction in the UV
range is not known for viruses but a general model for UV
scatter is developed and incorporated in the DNA model.
The RNA model has negligible UV scattering effects due to
their size parameters being so small.

The UV Scattering Model
Viruses, which are about 0.02 microns and larger, are
subject to ultraviolet scattering effects due to the fact that
their size is very near the wavelength of ultraviolet light.
The effect of scattering is to reduce the effective irradiance
to which the microbe is exposed, and it is necessary to
account for this attenuation if it has a major impact on
reducing the UV exposure dose. The interaction between
ultraviolet wavelengths and the particle is a function of the
relative size of the particle compared with the wavelength,
as defined by the size parameter:
2a

x=
2a 
x=


(3)

where a = the effective radius of the particle
l = wavelength

Readers may consult the references for further information
on Mie theory (vandeHulst 1957, Bohren and Huffman
1983). The refractive index of microbes in visible light has
been studied by several researchers but there are no studies
that address the real refractive index of viruses at UV
wavelengths. Water has a refractive index of nm = 1.4 in the
ultraviolet range. If the UV refractive index of viruses in
visible light is scaled to that of water, the estimated real
refractive index would be about 1.12 (Kowalski 2009). In
fact, UV scattering effects are not sensitive to the choice of
values within the range 1.03-1.45 and the choice of n=1.12
is reasonable. For the imaginary refractive index (the
absorptive index) in the UV range no information is
available. However, we can reasonably assume a value
comparable to that of water, k=1.4, or any value in the
range of the real refractive indices given above as they have
even less overall impact than the real refractive index.
These values were used as input to a Mie Scattering
program (Prahl 2009) to estimate the effects of UV
scattering at the wavelength of 253.7 nm.
The computed ratio of the scattering cross-section to the
extinction cross-section represents the fraction of total
irradiance that is scattered away (Kowalski et al 2009). The
fraction of scattered UV is relatively minor for most RNA
viruses, but increases sharply through the DNA virus size
range, approaching a limit of about 0.68. The computed
values for UV scatter are used to correct the incident UV
irradiance (or D90 exposure value). Table 1 shows the
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WITH THE INNOVATIVE

where n = real refractive index
k = imaginary refractive index (absorptive
index or absorption coefficient)
The process of independent Mie scattering is also governed
by the relative refractive index, defined as follows:

m=

ns
nm

(5)

where ns = refractive index of the particle (a microbe)
nm = refractive index of the medium (air or
water)
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Table 1: Virus Mean Diameters and UV Scattering Corrections
Virus

Type Diameter UV Scatter
m
Correction
DNA
0.020
0.9732
RNA
0.024
0.9552
RNA
0.025
0.9501
RNA
0.027
0.9391
RNA
0.027
0.9391
RNA
0.032
0.9086
DNA
0.034
0.8955
RNA
0.037
0.8755
RNA
0.042
0.8389
RNA
0.045
0.8214
RNA
0.050
0.7889
DNA
0.050
0.7889
DNA
0.061
0.7240
DNA
0.062
0.7186
DNA
0.062
0.7186
DNA
0.063
0.7133
DNA
0.065
0.7030
DNA
0.065
0.7030
RNA
0.069
0.6835
RNA
0.070
0.6788
DNA
0.070
0.6788
DNA
0.075
0.6569
RNA
0.079
0.6408
RNA
0.079
0.6408
DNA
0.084
0.6224


Bacteriophage MS2
Echovirus (Parechovirus)
Encephalomyocarditis virus
Coxsackievirus
Hepatitis A virus
Murine Norovirus
Feline Calicivirus (FCV)
Canine Calicivirus
Polyomavirus
Simian virus 40
Coliphage lambda
Coliphage T1
Semliki Forest virus
Coliphage PRD1
HP1c1 phage
Coliphage T7
Mycobacterium phage D29
VEE
Adenovirus Type 40
Rabies virus
WEE
Sindbis virus
Adenovirus Type 1
Adenovirus Type 2
Adenovirus Type 5

Virus

Type Diameter UV Scatter
m
Correction
B. subtilis phage SP
DNA
0.087
0.6122
Coliphage T4
DNA
0.089
0.6057
Borna virus
DNA
0.090
0.6026
Friend Murine Leukemia virus
DNA
0.094
0.5907
Moloney Murine Leukemia virus
RNA
0.094
0.5907
Rauscher Murine Leukemia virus RNA
0.094
0.5907
Avian Sarcoma virus
RNA
0.098
0.5798
Influenza A virus
RNA
0.098
0.5798
BLV
DNA
0.099
0.5772
Murine Cytomegalovirus
RNA
0.104
0.5649
Vesicular Stomatitis virus (VSV)
RNA
0.104
0.5649
Equine Herpes virus
RNA
0.105
0.5626
Avian Leukosis virus
RNA
0.107
0.5581
Coronavirus (incl SARS)
RNA
0.113
0.5457
Murine sarcoma virus
RNA
0.120
0.5330
HIV-1
RNA
0.125
0.5249
Rous Sarcoma virus (RSV)
DNA
0.127
0.5218
Frog virus 3
RNA
0.167
0.4793
Herpes simplex virus Type 2
RNA
0.173
0.4750
Herpes simplex virus Type 1
RNA
0.184
0.4681
Pseudorabies (PRV)
DNA
0.194
0.4626
Newcastle Disease Virus
DNA
0.212
0.4544
Vaccinia virus
DNA
0.307
0.4280
Measles
DNA
0.329
0.4237
NOTE: Virus diameters represent logmean values.


Table 1. Virus Mean Diameters and UV Scattering Corrections

diameters of the viruses used in this study and the
associated UV scatter correction factors, which are later
applied to the raw D90 values shown in Tables 3 and 4.
Virus diameters were obtained from various sources (i.e.
Kowalski 2006). Diameters are logmean values of the
smallest dimension or logmean values of ovoid
envelopes. For more detailed information on the
computation of UV scattering effects see Kowalski
(2009).

photoproducts in double-stranded DNA, per studies by
Becker and Wang (1989), who also showed that purines
only form dimers when adjacent to a pyrimidine doublet.
The formation of purine dimers requires transfer of
energy in neighboring pyrimidines, and will only occur
on the 5’ side of the purine base (a 50% probability).
Becker and Wang (1985) formulated these simple rules
for sequence-dependent DNA photoreactivity:
1.

Whenever two or more pyrimidine residues are
adjacent to one another, photoreactions are
observed at both pyrimidines.

2.

Non-adjacent pyrimidines, surrounded on both
sides by purines, exhibit little or no photoreactivity.

3.

The only purines that readily form UV
photoproducts are those that are flanked on their 5’
side by two or more contiguous pyrimidine residues.

The Genomic Model
The effect of base composition can impact the intrinsic
sensitivity of DNA to UV irradiation and the specific
sequence of adjacent base pairs, as well as the frequency
of thymines, are major, if not primary, determinants of
UV sensitivity. The disruption of normal DNA processes
occurs as the result of the formation of photodimers, but
not all photoproducts appear with the same frequency.
Purines are approximately ten times more resistant to
photoreaction than pyrimidines (Smith and Hanawalt
1969). Minor products other than CPD dimers, such as
interstrand cross-links, chain breaks, and DNA-protein
links occur with much less frequency, typically less than
1/1000 of the number of cyclobutane dimers and
hydrates may occur at about 1/10 the frequency of
cyclobutane dimers (Setlow and Carrier 1966). Some
80% of pyrimidines and 45% or purines form UV

Table 2 summarizes these rules in terms that can be
computed numerically. The adjacent pyrimidines are
referred to as doublets and the flanked purines are called
triplets. Counting of these doublets is performed
exclusively (no doublets are counted twice) and in the
order (left to right and top to bottom) as shown in Table
2. Other counting orders are possible, of course, but this
straightforward method appears adequate.
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Table 2: Potential Dimerization Sequences
Group
Adjacent pyrimidines
Purines flanked by doublets

Surrounded pyrimidines

TT
ATT
GTT
TTA
TTG
ATA
ACA

DNA Sequence
TC
CT
ACC
ACT
GCC
GCT
CCA
CTA
CCG
CTG
ATG
GTA
ACG
GCA

CC
ATC
GTC
TCA
CGT
GTG
GCG

Dimer
Yes
50% Yes
50% Yes
50% Yes
50% Yes
No
No

Table 2. Potential Dimerization Sequences

A function can be written to sum the potential
dimerization values that exist within the physical volume
of DNA or RNA. The volume of the sphere will be directly
proportional to the genome size, since the nucleic acids
are essentially packed tight inside a capsid, and because
almost all animal viruses of interest are spherical, ovoid,
or possess a spherical capsid atop a tail. The potential
dimer density map can be viewed as points collapsed
onto a circular cross-section exposed to a collimated
beam of UV rays. The volume of the model sphere is
equivalent to the base pairs (bp) of the genome (in bp
units), and the area of the cross-section is then the cube
root of the square of the base pairs, as illustrated in
Figure 1.
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Some evidence is available in the literature to allow some
starting estimates of the dimer proportionality constants.
Per Setlow and Carrier (1966) the average for three
bacteria is 1:0.25:0.13. Patrick (1977) suggests ratios of
1:1:1. Unrau (1973) found the ratio was 1:0.5:0.5.
Meistrich et al (1970) indicate that in E. coli DNA, the
proportions of TT dimers, CT dimers, and CC dimers are in
the ratio 1:0.8:0.2, as did Lamola (1973). Table 3 lists 62 of
the 70 virus data sets that were used in the ssRNA model,
along with the average rate constants and the average D90
values representing 27 single-stranded RNA viruses. These
D90 values are not adjusted for UV scatter (per the Table 2
correction factors). Only water-based test results were used
since they are the most numerous and they all represent
the B-DNA conformation. Data was culled exclusively from
the literature and no animal virus or bacteriophage was
omitted from consideration. The data sets for MS2 (marked
with an asterisk in Table 3), however, were so numerous
that although they were all averaged, only seven data
points were credited, so as not to give undue weight to this
particular phage. The remaining eight data sets for MS2 are
listed in the References (Furuse and Watanabe 1971,
Sommer et al 2001, Mamane-Gravetz et al 2005,
Templeton et al 2006, Nuanualsuwan 2002, Rauth 1965,
Shin et al 2005, Meng and Gerba 1996). Only one
anomalous outlier was excluded from the 70 data sets
(HTLV-1 per Shimizu et al 2004).

Your
UV Partner

Figure 1: The spherical model of DNA has a circular cross-section with a
collapsed potential dimerization density map subject to collimated UV rays.

RNA Virus Model
Single stranded RNA (ssRNA) viruses are the simplest
structures to model and these are addressed first. The
square root of the sum of the potential dimer values,
counted as per Table 1, is used because it was found on
analysis that this produces the best fit overall, and so
without further theoretical justification the potential
dimerization equation for ssRNA viruses is written:
0.5

(6)
3

2

where Dv = dimerization value
tt = thymine doublets
cc = cytosine doublets
ct= ct and tc (counted both ways, exclusive)
YYU= purine w/ adjacent pyrimidine doublet
(counted both ways, exclusive)
bp = total base pairs
Fa, Fb, Fc = dimer proportionality constants
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Table 3: Rate Constants and D 90 Values for RNA Viruses

Virus

Bacteriophage MS2*

Murine sarcoma virus

Coxsackievirus

Echovirus

NCBI ID#

NC_001699

NC_001502

NC_001612

NC_001897

Feline Calicivirus (FCV)

NC_001699

Canine Calicivirus

NC_004542

Encephalomyocarditis virus

NC_001479

Influenza A virus

Vesicular Stomatitis virus (VSV)

NC_007366-73

NC_001560

Newcastle Disease Virus

NC_002617

Borna virus
Rabies virus

NC_001607
NC_001542

Rauscher Murine Leukemia virus NC_001819

VEE

NC_005147
NC_004718
NC_004718
NC_001449

Avian Sarcoma virus

NC_008094

WEE

NC_003908

Rous Sarcoma virus (RSV)

NC_001407

Murine Norovirus
Semliki Forest virus

NC_008311
NC_003215

Sindbis virus

NC_001547

Coronavirus (incl SARS)

BLV

NC_001414

HIV-1
Avian Leukosis virus
Measles

NC_001802
NC_001408
NC_001498

Moloney Murine Leukemia virus

NC_001501

Friend Murine Leukemia virus

NC_001362

Genome

D90

bp
3569
3569
3569
3569
3569
3569
3569
5833
5833
5833
7413
7413
7413
7413
7413
7413
7345
7345
7345
7677
7677
7677
8513
7835
7835
7835
13498
13498
13498
11161
11161
11161
11161
15186
15186
8910
11932
8282
8282
30738
29751
29751
11438
3166
3166
11484
9392
9392
7382
11442
11703
11703
11703
8419
8419
9181
7286
15894
8332
8332
8332
8323

J/m 2
295
275
250
217
217
213
187
237
144
299
128
86
80
60
95
72
106
80
70
434
80
40
67
50
52
65
20
48
17
13
12
100
6
8
45
79
10
157
480
7
226
3046
55
155
381
54
720
240
76
25
60
113
50
1799
221
280
631
22
115
370
280
320

UVGI k

Avg k

m 2/J
m 2/J
0.00780
0.00837
0.00920
0.01
0.01060
0.01063
0.01080
0.01230
0.0097
0.0111
0.016
0.0077
0.02
0.026837
0.02878
0.02834
0.03840
0.02424
0.03180
0.02190
0.02878 0.027859
0.03289
0.0053
0.0288 0.030567
0.0576
0.0345
0.0345
0.0465
0.0422
0.0446
0.0355
0.117
0.10103
0.048
0.1381
0.1806
0.19
0.1944
0.023
0.384
0.276
0.1636
0.0511
0.0292
0.0292
0.2193
0.2193
0.0147
0.00975
0.0048
0.321
0.1106
0.01
0.000756
0.04190 0.04190
0.0149
0.01047
0.00604
0.043
0.04300
0.0032
0.00640
0.0096
0.0304
0.03040
0.0921
0.09210
0.038645
0.03501
0.0203
0.0461
0.00128
0.00584
0.01040
0.00822 0.00822
0.00365 0.00365
0.10510 0.10510
0.02
0.00622 0.01148
0.00822
0.0072
0.00720

Avg D90
J/m 2

Source
Ko 2005
Thurston-Enriquez 2003
Battiggelli 1993

237

Simonet 2006
deRodaHusman 2004
Butkus 2004
Oppenheimer 1997
Nomura 1972

207

Kelloff 1970
Yoshikura 1971
Hill 1970
Havelaar 1987

81

Gerba 2002
Shin 2005
Gerba 2002
Battigelli 1993
Hill 1970

83

Gerba 2002 (type 1)
Gerba 2002 (type 2)
Nuanualsuwan 2002

75

Thurston-Enriquez 2003
deRodaHusman 2004

67

deRodaHusman 2004
Ross 1971

55

Rauth 1965
Zavadova 1968
Ross 1971

23

Hollaender 1944
Abraham 1979
Rauth 1965

12

Helentjaris 1977
Bay 1979
Shimizu 2004

14
79
10
236

vonBrodorotti 1982
Levinson 1966
Danner 1979
Weiss 1986
Kelloff 1970
Lovinger 1975
Weiss 1986

21

Kariwa 2004
Darnell 2004

55
220
54
360
76
25

Smirnov 1992
Owada 1976
Bister 1977
Dubinin 1975
Levinson 1966
Golde 1961
Lee 2008
Weiss 1986
vonBrodorotti 1982

66

Wang 2004
Zavadova 1975

394
280
631
22

Shimizu 2004
Guillemain 1981
Yoshikura 1989
Levinson 1966
DiStefano 1976
Nomura 1972

201

Guillemain 1981
Yoshikura 1989

320

Yoshikura 1971
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Figure 2 shows a plot of equation (3) applied to ssRNA
viruses that were averaged per species where more than
one data set was available. There is a fairly definitive
relationship across the entire potential dimerization range.
The dimer proportionality constants used to fit equation (3)
were: 1:0.1:6:6 (with the fourth constant being 4 for the
triplets), or FA=0.1, FB=6, FC=6.
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Figure 2: Plot of Dv versus effective D90 values for RNA
animal viruses and bacteriophages – D90 is the effective
dose because of correction for scatter. The line represents a
curve fit (equation shown on graph), fit to 27 viruses,
representing 70 data sets for UV irradiation tests in water.
It is curious to note that the slope of the curve in Figure 2
is positive, contrary to what intuition might suggest. That
is, as the number of potential dimerization sequences in a
genome increases, UV susceptibility also increases. It is for
this reason that Dv is not referred to as a ‘probability’ value.

DNA Virus Model
Application of the model to double-stranded DNA (dsDNA)
viruses requires some modifications to the ssRNA model.
Double stranded DNA has a template strand and a
complementary strand. The template strand will be
accounted for in equation (6) but the complementary
strand is not. However, a TT doublet in the complementary
strand will be represented by an AA doublet on the
template strand, and so counting base pairs can be done
with the template strand alone, by interpreting the
complementary bases. Incorporating the complementary
strand bases produces the following equation:
(

0.5

)
3

where

(7)

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

Your partner in UV.
Because we highlight
your success.

2

ct = ct and tc (both ways, exclusive)
ag = ag and ga (both ways, exclusive)
YYU = YYU and UYY (both ways, exclusive)
UUY = YUU and YUU (both ways, exclusive)
Fa, Fb, Fc = proportionality constants
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8

In addition to the doublets and triplets, it was found that
the quadruplets onwards also contributed to the DNA
model (which they did not for RNA viruses). The effect of
the quadruplets, quintuplets, and sextuplets onwards can
be characterized by a factor that accounts for
hyperchromicity. A given oligonucleotide is hyperchromic if
its overall absorbance is higher than the sum of its
constituents molecules. Hyperchromicity occurs when
multiple pyrimidines are stacked sequentially in clusters of
three or more with the effect leveling off at about 8-10
pyrimidines in a row. Although not enough is known about
the hyperchromic effect to quantify it exactly, a factor can
be added to equation (7) to increase the probability of
dimerization of any doublet or triplet whenever 3 or more
pyrimidines are found in sequence (Kowalski et al 2009).
The value of the factor is estimated by curve-fitting the data
to obtain the best fit. In the present model the factor
linearly increases the probability of dimerization for
doublets and triplets based on how many adjacent
pyrimidines are present in the genome, up to a value of 8
in a row. Each contribution can be defined as follows:
ttn = # of tt doublets within n pyrimidines
(template strand)

8 (n  tc )
tc h = H 
n
tc h = H n
=83 (n  tc n )
tc h = H 
n8=83 (n  tc n )
)
tc hh ==HH8
n =38 ((
ag
833nn(nntctcnag
)n nn))
tcag
n ==(

h = H
ag
h = H n
n =388 (n  ag )
ag h = H
n =3

n
8n8=3 (n  ag )
aghh ==HH
(n  ccn n)
cc

agcch ==HH
n=8=3(
3n
(n agccnn))
n
h
=n83=83 (n  cc )
cc h = Hn
n
cc hh == H
nncc
n =83 (
(
gg
H8
ggn n))
ccgg
HH
nn==8(
33n(ncc

h = =
n) )
 gg

h
n
n =3 8 8 (n  gg )
gg h = H
n
3
=

n
gg h h==HH8
 gg
n =38(n
( ngg
UYY
 UYY
n )n )

)
gg
n =n(
3=8n

h = H
n
(
UYY
=
H
n

UYY
3

h
n)
=3 88 (n  UYY )
UYYh = nH
n =3

n
UYYhh == H
n =83 (n
UUY
H8
n UYY
UUYnn))
UYY
=
H
nn==8(
33n(nUYY

h h = H
n )n )
UUY

 UUY
3n8=3 (n  UUY )
UUYh = Hn =
n
UUYh = H 8
n =3 (n  UUYn )
UUYh = H 
n =(
3n  UUYn )

(11)

(12)

(13)

(14)

(15)

n =3

where tth = hyperchromic multiplier, or increase in
probability of dimerization from all multiple sequences of 3
to 8 pyrimidines. Similar for all other hyperchromic
constants aah, tch, agh, cch, ggh, UYYh, and UUYh.
In equations (8) through (15), hyperchromic regions above
8 are neglected since such extended regions tend to be
rare, and will be partly accounted for by these factors (i.e.
any region of 8 pyrimidines in a row will contain a region
of 8 in a row). Equation (5) is therefore re-written as
follows:

aan = # of aa doublets within n purines
(complement strand)
tcn = # of tc doublets within n pyrimidines
(template strand)
agn = # of ag doublets within n purines
(complement strand)

(

)

0.5

ccn = # of cc doublets within n pyrimidines
(template strand)

(16)

ggn = # of gg doublets within n purines
(complement strand)

3

UYYn = # of UYY triplets within n pyrimidines
(template strand)
UUYn = # of UUY triplets within n purines
(complement strand)
The equations for assigning the increase in probability due
to hyperchromicity can then be written as follows:

8

8 (n  tt )
tt h = H 
n
tt h = H 
n =3 (n  tt n )

(8)

n =38

8 (n  aa )
aa h = H 
n
aa h = H 
n =3 (n  aa n )

(9)

n =3
8

tc h = H  (n  tc n )
n =3
8

ag h = H  (n  ag n )
n =3
8

(10)

2

The proportionality constants represent the relative
proportions of each type of dimer, which differ in RNA and
DNA. Applying this model to DNA viruses produces the
result shown in Figure 3. The dimer ratios for this curve fit
were 1:0.2:40:18 (FA=0.2, FB=40, FC=18), with a
hyperchromicity factor H = 0.67 (meaning a multiplier of
1.67). The pattern of increasing D90 with increasing values of
Dv seems fairly definitive. Table 4 lists 67 of the 77 virus data
sets that were used in the ssRNA model, along with the
average rate constants and the average D90 values
representing 27 single-stranded RNA viruses. Viruses marked
with an asterisk (*) indicate that additional data sets were
used to compute the average rate constants – a maximum
of 7 data sets were used per virus so as not to give undue
weight to any virus. The remaining data sets are given in the
References (Rainbow and Mak 1973 & 1970, Linden et al
2007, Wang et al 2004, Bossart et al 1978, Bourre et al
1989). Two additional data sets for T7 (MP and LP values)
were accounted for in Table 4 (k=0.056 m2/J and k=0.061
m2/J) but not listed (Bohrerova et al 2008). The D90 values in
Table 4 are uncorrected for UV scatter. No available data was
omitted from Figure 3 and no outliers were excluded.

cc h = H  (n  cc n )
n =3
8

gg = H
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90 Values for DNA Viruses
Table 4. Rate Constants
and4:DRate
Table
Constants and D 90 Values for DNA Viruses

Virus

NCBI ID#

Genome

D90

UVGI k

Avg k

Avg D90

bp

J/m 2
299
350
300
400
400
720
546
57
70
72
184
1599
1439
1245
886
650
443
23
40
45
50
92
98
307
100
110
25
35
21
20
7
14
18
22
28
715
677
7
14
15
29
22
100
195
34
46
40
25
25
6
38
40
95
23
53
11
480
640
696
501
16
324
268
40
41
75
20

m 2/J
0.0077
0.0066
0.0077
0.0058
0.0058
0.0032
0.0042
0.0405
0.0331
0.0320
0.0125
0.0014
0.0016
0.0019
0.0026
0.0035
0.0052
0.1004
0.0576
0.0512
0.0461
0.0250
0.0234
0.0075
0.0230
0.0209
0.0933
0.0654
0.1105
0.1150
0.3490
0.1604
0.1279
0.1050
0.0829
0.0032
0.0034
0.3450
0.1685
0.1540
0.0800
0.1070
0.0230
0.0118
0.0676
0.0500
0.0576
0.0921
0.0921
0.3697
0.0600
0.0580
0.0242
0.1000
0.0432
0.2047
0.0048
0.0036
0.0033
0.0046
0.1430
0.0071
0.0086
0.0576
0.0565
0.0307
0.1180

m 2/J

J/m 2

0.00714

322

0.00691

333

0.00441

522

0.00422

546

0.02953

78

0.02768

83

0.03513

66

0.06262

37

0.115

20

0.12454

18

0.1709

13

0.01742

132

0.0676
0.05
0.0576
0.0921
0.0921

34
46
40
25
25

0.163

14

0.08192

25

0.0071

324

0.05623

41

0.06569

35

Adenovirus Type 1

AC_000017

35997

Adenovirus Type 2*

AC_000007

35937

Adenovirus Type 5*

AC_000008

35938

Adenovirus Type 40

NC_001454

34214

Coliphage lambda

NC_001416

48502

Simian virus 40*

NC_001669

5243

Hepatitis A virus

NC_001489

7478

Herpes simplex virus Type 1 NC_001806

152261

Coliphage PRD1

NC_001421

14925

Vaccinia virus*

NC_006998

198350

Coliphage T4

NC_000866

168900

B. subtilis phage SP

NC_004166

44010

Pseudorabies (PRV)
Murine Cytomegalovirus
HP1c1 phage
Equine Herpes virus
Frog virus 3

NC_005946
NC_004065
NC_001697
NC_005946
NC_005946

143461
230278
32355
150224
105903

Coliphage T1

NC_005833

48836

Coliphage T7

NC_001604

39937

Polyomavirus

NC_001699

5130

Mycobacterium phage D29

NC_001348

49136

Herpes simplex virus Type 2 NC_001798
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154746

Source
Battiggelli 1993
Nwachuku 2005
Shin 2005
Gerba 2002
Durance 2005
Nwachuku 2005
Thurston-Enriquez 2003
Gurzadyan 1981
Harm 1961
Weigle 1953
Davidovich 1991
Seemayer 1973
Cornellis 1981
Bockstahler 1977
Defendi 1967
Sarasin 1978
Aaronson 1970
Cornellis 1982
Battigelli 1993
Wang 2004
Wiedenmann 1993
Wang 1995
Wilson 1992
Nuanualsuwan 2002
Bockstahler 1976
Selsky 1978
Lytle 1971
Ross 1971
Albrecht 1974
Shin 2005
Galasso 1965
Ross 1971
Klein 1994
Zavadova 1971
Rauth 1965
Davidovich 1991
Collier 1955
Otaki 2003
Ross 1971
Harm 1968
Templeton 2006
Winkler 1962
Freeman 1987
Freeman 1987
Ross 1971
Shanley 1982
Setlow 1972
Weiss 1986
Martin 1982
Hotz 1971
Harm 1968
Fluke 1949 (265 nm)
Benzer 1952
Ronto 1992
Peak 1978 (B)
Peak 1978 (Bs-1)
vander Eb 1967
Defendi 1967
Rauth 1965
Latarjet 1967
David 1973
Sellers 1970 (D29)
Sellers 1970 (D29A)
Wolff 1973
Ross 1971
Ryan 1986
Albrecht 1974
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Figure 3: Plot of Dv versus effective UV dose for DNA viruses
– the D90 is the effective dose because it has been corrected
for UV scattering. The line represents a curve fit (equation
shown on graph). A total of 77 data sets were used,
weighted in the curve fit of the 22 viruses.
Table 5 compares the published estimates of the relative
proportions of the various dimer types with the constants
used in the previous models. The factors shown in the table
are the three constants in equations (7) and (16). The best
fit constants are those that were used in the model in the
previous Figures. The zero values assumed for the constants
that were not given by the indicated sources did not have
any great influence of the R2 value. The hyperchromicity
factor was zero for all RNA models, and kept at 0.67 for all
DNA models. The results for the DNA model are shown
with and without corrections for UV scattering, which make
about an 12% difference in the DNA model, but had only
a 1% difference on the RNA model, as would be expected
from their size. Hyperchromicity had no effect on the RNA
model but produced a 1% improvement in the DNA
model.
Table 5: Comparison of Dimerization Proportionality Constants
TT
CT

Dimer
Factor
Ratio
1
1
CT/TT
FA

CC

CC/TT

FB

UYY

UYY/TT

FC

Dimer

Setlow
1968
1
0.25

Meistrich
1970
1
0.8

Lamola
1973
1
0.8

Unrau
1973
1
0.5

Patrick
1977
1
1

0.13

0.2

0.2

0.5

1

Best Fit
RNA
DNA
1
1
0.1
0.05
6

40

0

0

0

0

0

6

18

RNA Model R2 (NS)

61%

60%

60%

64%

62%

66%

-

RNA Model R 2
Hyperchromicity
H
DNA Model R2 (NS)
DNA Model R2 (NH)

59%
0.67
33%
41%

61%
0.67
33%
44%

61%
0.67
33%
44%

64%
0.67
36%
48%

62%
0.67
39%
51%

67%
0
-

0.67
50%
61%

43%

46%

46%

50%

53%

-

62%

DNA Model R 2

(NH): No hyperchromicity. (NS): UV scattering not included.

Table 6 summarizes these predictions. Minimum and
maximum D90 values are listed that are within the
confidence intervals (CIs) of 86% for DNA viruses and
93% for RNA viruses. These CIs represent only the
intervals of the data as summarized and do not include
any uncertainty in the original 147 data sets, most of
which included no error analysis. By establishing a
theoretical basis for the UV susceptibility of viruses in
water, it becomes possible to link them to airborne rate
constants – water-based rate constants represent a limit
towards which airborne rate constants converge in high
humidity (Peccia et al 2001). For additional information
on genomic modeling see Kowalski et al (2009) and
Kowalski (2009).
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Table 5: Comparison of Dimerization Proportionality Constants

CONCLUSIONS
A mathematical model has been presented for the
prediction of UV susceptibility of RNA and DNA viruses
based on base-counting of potential dimers in the virus
genomes. The results correlate well with available data
on UV rate constants. This model has been used to
estimate the UV rate constants for a range of pathogenic
animal viruses and bioweapon agents for which complete
genomes were available from the NCBI database and
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Table 6. Predicted UV Rate
Constants
and D90 Values
Table
6: Predicted
UV

Virus

Type

NCBI #s

Rate Constants and D 90 Values

Dia.
m


Camelpox
Canine Distemper
Chikungunya
Crimean-Congo
Dengue Fever Type 1
Dengue Fever Type 2
Dengue Fever Type 3
Dengue Fever Type 4
Ebola (Reston)
Ebola (Sudan)
Ebola (Zaire)
EEE
Fowl Adenovirus A
Fowlpox
Goatpox
Hantaan
Hepatitis C
Herpesvirus Type 4
Herpesvirus Type 6A
Herpesvirus Type 7
Japanese Encephalitis
Junin
Lassa
LCM
Machupo
Marburg
Monkeypox
Mousepox
Mumps
Myxoma
Norwalk
Papillomavirus
Parainfluenza Type 1
Respiratory Syncytial
Rhinovirus B
Rhinovirus C
Rubella
Sendai
Smallpox
Turkey Adenovirus A
Usutu
Yellow Fever

DNA
DNA
RNA
RNA
RNA
RNA
RNA
RNA
RNA
RNA
RNA
RNA
DNA
DNA
DNA
RNA
DNA
DNA
DNA
DNA
RNA
RNA
RNA
RNA
RNA
RNA
DNA
DNA
RNA
DNA
RNA
DNA
RNA
RNA
RNA
RNA
RNA
RNA
DNA
DNA
RNA
RNA

NC_003391
NC_001921
NC_004162
NC_005300,01,02
NC_001477
NC_001474
NC_001475
NC_002640
NC_004161
NC_006432
NC_002549
NC_003899
NC_001720
NC_002188
NC_004003
NC_005218,19,22
NC_009827
NC_009334
NC_001664
NC_001716
NC_001437
NC_005080,81
NC_004296,97
NC_004291,94
NC_005079,78
NC_001608
NC_003310
NC_004105
NC_002200
NC_001132
NC_001959
NC_001691
NC_003461
NC_001803
NC_001490
NC_009996
NC_001545
NC_001522
NC_001611
NC_001958
NC_006551
NC_002031
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0.307
0.173
0.06
0.09
0.045
0.045
0.045
0.045
0.09
0.09
0.09
0.062
0.08
0.307
0.307
0.095
0.06
0.122
0.1
0.155
0.045
0.12
0.12
0.126
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ABSTRACT
The dramatic rise in energy and chemical costs is spurring additional focus on optimizing efficiency of wastewater disinfection
processes. At the same time, sustainability of disinfection in an increasingly-urbanized world will depend in part on the ability to
reuse treated effluent as a resource instead of a waste product.
Following the terrorist attacks of September 11, 2001, and devastation of Hurricane Katrina, the engineering design paradigm
was broadened to include safety, security and a response to all hazards. The “3-S Design Concept” for drinking water and
wastewater infrastructure systems was developed
The “3-S Design Concept” can be used to provide practical guidance for the design and operation of disinfection processes and
treatment systems in today’s economic environment in a manner that embraces sustainable solutions that benefit future
generations instead of short-sighted solutions with hidden future costs. Sustainability incorporates a triple bottom line approach
incorporating economic, environmental, and social factors in to the selection of a UV disinfection system.

INTRODUCTION
The Clean Water Act (1972 and 1977) established the basis
for regulating pollutant discharges into the waters of the
United States. This Act contains many provisions regulating
pollutant discharges and surface water quality in the United
States. This act has also been modified by numerous
revisions and amendments since it was enacted in 1972.
The National Pollutant Discharge Elimination System
(NPDES) permit program (authorized by the Clean Water
Act) regulates point sources that discharge pollutants into
waters of the United States in an effort to control water
pollution. The NPDES permit program contains the
following programs which regulates sanitary wastewater
and stormwater runoff.
•
•
•
•
•
•
•

Secondary Treatment Standards;
Water Quality Based Permitting;
Combined Sewer Overflows (CSOs);
Sanitary Sewer Overflows (SSOs);
Municipal Separate Storm Sewer Systems;
National Pretreatment Program; and
Biosolids.

Disinfection of either treated sanitary wastewater or
stormwater (through CSOs) is a key unit process used by
the wastewater treatment industry to meet NPDES permit
requirements and protect the receiving water (and
downstream drinking water treatment plant intakes).

The public health and environmental benefits of practicing
wastewater disinfection in the United States are very clear.
On September 11, 2001, the possibility of an international
terrorist attack within the continental United States became
a reality. The most recent terrorist attacks targeting the
United States have been directed at constructed facilities
and infrastructure (e.g., the World Trade Center in New
York City, the Pentagon, selected Postal facilities and
Congressional Offices). Although these attacks seemed to
initiate terrorism in the continental United States,
numerous domestic terrorism attacks and incidents have
occurred in the United States since the early 1950’s. In
addition to intentional attacks, the impacts of hurricane
Katrina on the Gulf Coast of the United States highlighted
the risks and safety issues associated with remediation and
recovery of infrastructure systems following a major
disaster. Thus, the current focus of preparing for “All
Hazards” instead of focusing on intentional attacks or
accidental discharges.
To address these hazards the “3-S design guidance” was
developed in response to this paradigm shift.
• Safety
o
o

Public Health Protection Through Regulatory
Compliance
Workers and Surrounding Community
Protection
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• Security – “All Hazards”
o Vulnerability Assessments
o Emergency Response/Operation Plans
• Sustainability
o Infrastructure Design Support Systems
o Environmental Considerations

•

What is the best approach to incorporate
sustainability concepts into engineering design?

In addition to the 3-S Design Concept, the sustainability
triangle for drinking water and wastewater infrastructure
was adapted from the sustainability literature (UNEP, 2008)
and is shown in Figure 1.

Literature has discussed safety and security related to
disinfection systems, therefore this paper will focus on
aspects related to sustainability.

SUSTAINABILITY BACKGROUND
The United States and other countries have begun to
embrace the sustainability concept. This concept is best
defined by the following statement from the Bruntland
Commission Report.
“Humanity has the ability to make development
sustainable to ensure that it meets the needs of the
present without compromising the ability of future
generations to meet their own needs” Bruntland, 1987.
That same report reminds us of the following:
“Sustainable Development is not a fixed state of harmony,
but rather a process of change in which the exploitation of
resources, the direction of investments, the orientation of
technological development and institutional change are
made consistent with future as well as present needs”
Bruntland, 1987.
Life Cycle Management (LCM) is an integrated concept
used for managing the total life cycle of goods and services
towards more sustainable production and consumption.
Life Cycle Assessment (LCA) is a tool for the systematic
evaluation of the environmental aspects of a product or
service system through all states of its life cycle. The
international organization for Standardization (ISO) has
standardized this framework with the ISO 14040 on Life
Cycle Assessment (UNEP, 2008).
Engineers are being challenged to determine how to best
incorporate sustainability and sustainable concepts into
drinking water and wastewater infrastructure systems.
Presently, the primary method for sustainability
incorporation has been to include green building concepts
into utility buildings. These green building concepts have
been developed and certified by the Leadership in Energy
and Environmental Design (LEED). The effort to incorporate
sustainability has raised the following questions among
academics and consulting engineers:
•

Can sustainability (i.e., LCM and LCA) be
incorporated into standard engineering design of
infrastructure systems?

•

What is the best, most practical and meaningful way
to incorporate sustainability into the engineering
design and operation of the drinking water and
wastewater infrastructure?
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Figure 1. Sustainable Infrastructure Triangle (Adapted from
UNEP, 2008)

CARBON FOOTPRINT
One of the aspects of a LCA is the determination of the
carbon footprint of the disinfection system. The first
consideration in developing a carbon footprint is the
“boundaries” for the assessment. By this is meant a clear
definition of what activities, processes, emissions and
timescales should be included in the calculation. The
actual boundaries selected for the assessment depend on
the purpose of the assessment. For example, if the carbon
footprint will be used to assess the plant as part of a wider
local or regional program that looks at a variety of utilities
and activities then it is important that the utility follows a
standard protocol to ensure that an “apples for apples”
comparison is made and that emissions are not doubleaccounted. If the purpose of the carbon foot printing
exercise is to look at reducing onsite emissions, to provide
opportunities to sequester carbon or to sell carbon offsets,
then the utility may want to broaden the assessment to
include significant biogenic emissions (i.e. emissions that
are considered to be part of the natural carbon cycle) that
are not usually included in standard protocols.
The most significant source of greenhouse gas emissions for
most wastewater treatment facilities is the indirect emission
of CO2 due to the use of electricity to provide aerobic
treatment. These emissions can usually be calculated easily
as most facilities have good measurements of their
electricity use. An important consideration for wastewater
treatment plants that provide nitrification is the emission of
nitrous oxide (N2O) which is usually emitted in very small
quantities but is; however, 300 times more potent than

CO2 and so it can be a significant contribution to the overall
carbon footprint of the plant. The paper will discuss the
conditions that influence N2O emissions and give guidance
on preventing excessive emissions.
Once a carbon footprint has been calculated for a facility,
this baseline number can be used as a measurement to
assess steps to reduce the carbon footprint – such as the
use of co-generation using digester gas - or the increase in
carbon footprint due to requirements for improved effluent
quality.

SUSTAINABLILITY
Sustainability as a concept is somewhat difficult to
implement and determine as shown on Figure 2. A large
number of factors can be examined to establish the costs or
rankings for economic, environmental and social area of
sustainability.

DISINFECTION ALTERNATIVES
Design of disinfection systems can become challenging, as
there may be a number of end uses, each with its own set
of disinfection requirements. Since 1935, chlorination has
been the most common method of wastewater
disinfection. Despite its effectiveness, chlorine use has
more recently been questioned for several reasons: chlorine
transport from the chemical manufacturer to the point of

use carries quantifiable risks, chlorine gas can be toxic,
hypochlorite solution is corrosive, chlorine residual in
treatment plant effluent can harm aquatic systems, and
chlorine addition to wastewater can result in formation of
undesirable DBPs.
Chlorine Gas.
Gaseous chlorine is the most common means of
disinfecting wastewater in the United States. Design
parameters and dosing requirements for its use are well
established. The equipment is fairly reliable, easy to
operate, and is familiar to many wastewater treatment staff
as it is the current means of disinfection at the four plants.
Typical gaseous chlorine facilities are comprised of a
cylinder storage area equipped with cradles, scales, gas
detectors, and an overhead crane. Evaporators and
chlorinators transfer the chlorine from the cylinders and
disperse a dose of chemical into the wastewater. An
emergency scrubber is generally installed to capture and
neutralize any chlorine gas leaks. Chlorine contact basins
are provided to ensure adequate time for disinfection.
Perhaps the most substantial drawback associated with the
use of chlorine gas is the safety risk. Chlorine is a toxic gas
that can be harmful or fatal if inhaled. In 1988, the
Uniform Fire Code (UFC) was revised to include the
requirement that if more than 150 pounds of chlorine is
stored at a given time, the facility must be equipped with

Figure 2. Economic, Environmental and Social Factors used in Sustainability Analysis.
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safety systems to contain and treat chlorine gas in the case
of an accidental leak. Options include chlorine scrubbers
and cylinder containment vessels. Facilities constructed
before this requirement was adopted may at the discretion
of the local fire marshal be exempt until they are modified
or expanded.
In 1992, the Occupational Safety and Health
Administration (OSHA) put forth the requirements of its
Process Safety Management (PSM) rule (29 CFR 1910.119).
Utilities that operate gas chlorine systems are required to
comply with this regulation, given the threshold quantities
(TQs) of chlorine used and stored onsite. The TQs are
1,500 pounds for chlorine and 1,000 pounds for sulfur
dioxide. The rule contains the compliance requirements for
13 plan elements that apply to the facilities. Compliance
with the rule requires the development of written policies,
procedures, and records for each of these plan elements.
All of these factors increase training budgets for wastewater
treatment plant staff.
Disinfection with gaseous chlorine typically has a lower
operating cost than other methods. Therefore, there has in
the past been little or no economic incentive for utilities to
switch to another method. When the costs of various
options are similar, the non-economic factors sway utilities
away from using chlorine/sulfur dioxide gas disinfection.

technology since the 1930s. This process uses salt or a
brine solution and electric power to generate chlorine. If
salt is used, it is dissolved in a brine solution which is diluted
and then passed across electrodes powered by a low
voltage current.
This process produces a dilute
hypochlorite of 0.8 percent in solution.
On-site
hypochlorite generation requires the construction of a
brine tank, rectifier, electrolytic cells, a product tank,
metering pumps and controls. In 2002, Black & Veatch
conducted a survey on the use of on-site generation
hypochlorite in the wastewater industry. Results of this
survey found that there were less than 10 wastewater
facilities using this form of disinfection with the largest
facility having a peak design flow less than 25 mgd. Recent
improvements to the technology have allowed the
production of 12.5 percent solution resulting in an increase
of facilities using on-site generation. This process is
receiving interest from many communities as operating
costs are about one half of that of a sodium hypochlorite
system.
Alternatives to disinfection with chlorine gas and
hypochlorite have been developed to avoid some of these
problems. However, chlorine use will not be completely
discontinued in the near-term, because a chlorine residual
is still desired and/or required for many end uses.

Sodium Hypochlorite.
Sodium hypochlorite is a liquid disinfection agent which
has proven to be reliable in the inactivation of fecal
coliforms and bacterial pathogens. Sodium hypochlorite
typically achieves performance levels equal to that of
chlorine gas. Its effectiveness may be attributed to the fact
that sodium hypochlorite disassociates in solution to form
hypochlorous acid, which is the same disinfecting agent
formed when chlorine gas is introduced into solution.
When sodium hypochlorite is used for disinfection, sodium
bisulfite is typically used for dechlorination. Since sodium
hypochlorite and sodium bisulfite is delivered in liquid form
and is not a listed Hazardous Air Pollutant under the Clean
Air Act Amendments of 1990, its use as a dechlorinating
agent does not mandate the implementation of an
emergency scrubber.
A typical sodium hypochlorite feed system will consist of a
bulk storage tank, day storage tanks, metering pumps, and
a calibration column used to pace the metering pumps.
Sodium hypochlorite is typically delivered in a 10 to 15
percent solution strength in bulk quantities. Because its
solution strength degrades slowly over time, bulk quantities
are usually not stored for periods longer than 60 days. To
determine the minimum bulk storage requirements, a 15 to
30 day storage period at annual average flow conditions is
typically used.
On-Site Generation of Sodium Hypochlorite.
On-site sodium hypochlorite generation has been a proven
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of disinfection byproducts that are regulated under
the Safe drinking water act and byproducts that are
regulated by standards in the receiving stream.
Research is being conducted on the use of chlorine
dioxide at wastewater treatment facilities for
minimizing the formation of disinfection byproducts
as well. A review of literature indicates that while
chlorine dioxide is effective, it is several times more
expensive than chlorine; consequently, it has not
found widespread use as a disinfectant at WWTPs.

Disinfection Alternatives to Chlorine
Alternative disinfectants such as ultraviolet (UV) light,
ozone, chlorine dioxide, and chloramines are often
considered in reuse and recharge applications, primarily to
address chlorine residual and/or DBP issues, i.e.
trihalomethane (THM), haloacetic acids (HAA), and
nitrosodimethylamine (NDMA) formation. Below is a brief
discussion of the disinfection technologies and some of the
concerns with respect to reuse and recharge applications.
■

■

UV. UV disinfection has been used at many
installations, but water must be relatively free from
substances that absorb at 254 nm to ensure
disinfection. Since many reuse facilities employ
filtration, UV can be a good fit. One of the key
limitations with UV is that there is no form of residual
disinfectant following treatment. For many reuse
facilities, a residual chlorine concentration is desirable
to control biological growth in the distribution
system. In addition, many end users require a
residual. For example, for golf course irrigation, the
reuse water may be delivered to storage ponds prior
to application. To control biological and algal growth
in the pond as well as for public health concerns due
to potential public access, chlorine residual is
desirable. With UV, there is a potential for regrowth in
open storage ponds. A key feature of UV relates to
DBP formation. UV eliminates the formation of THMs
and is one of the few proven technologies to reduce
NDMA. When UV is used to treat NDMA the required
dosage is approximately 1,000 mJ/cm2 which is
significantly greater than the dosage range used in
reuse (60 to 140 mJ/cm2) and for basic level (20 to 40
mJ/cm2) disinfection (USEPA).
Chlorine Dioxide. Chlorine dioxide does not promote
the formation of THMs and is a highly effective
bactericide and viricide. It has been used successfully
for a number of years as a disinfection alternative at
water production facilities. It minimizes the formation

■

Ozone. Ozone has not been widely used for
disinfection of WWTP effluents. In the early 1970’s,
utilities in the US first recognized the need for adding
ozone as a disinfectant to treated wastewater effluent.
As early as 1981, researchers began to examine the
application of ozone as part of the water reclamation
process. Early research indicated that the following
ozone doses were required to achieve the specific
levels of disinfection (Table 1).

Concentration/time (CT) values for many of the early
facilities ranged from 20 to 150 mg/L•minute. The
literature indicates that the most significant factors that
influence the ozone dose requirements are effluent
chemical oxidation demand (soluble COD), influent
bacteria density, and target effluent bacteria density.
Results from recent studies (Snyder 2007, Hunter 2007)
indicate that at ozone doses near 3 mg/L, bacteria
concentrations can be reduced to at or below detection
limits. These studies have also found that bromate ( a DPB
from ozone) can be formed. Further research is being
completed to optimize bacteria removal with bromate
formation.

■

Ozone. Ozone has not been widely used for
disinfection of WWTP effluents. In the early 1970’s,
utilities in the US first recognized the need for adding
ozone as

■

Chloramination. Monochloramine is an effective
disinfectant which is formed through the reaction of
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chlorine with ammonia. In fully nitrifying activated
sludge systems it can be rapidly formed by adding
a controlled amount of ammonia (NH3) ahead of
chlorine addition. The benefits of chloramination
are (1) chlorine is immediately tied up with
ammonia which prevents the formation of
organochloramines which are non-germicidal and
require extremely high dosages of chlorine to get
effective disinfection, and 2) chloramines minimize
the formation of THMs as well as other potential
DBPs. The exception is NDMA which has been
identified as a potential byproduct created with
chloramination as well as chlorination. Najam and
Trussell found that NDMA concentrations of 700
ng/L or higher were observed when using
chloramines for disinfection. The complicating
factor for monochloramine disinfection is that after
dechlorination, monochloramine will be destroyed
and ammonia will be released. Depending on the
effluent discharge point, the release of ammonia
can impact nitrogen permit compliance as well as
cause ammonia toxicity concerns.
■

Peracetic Acid. Paracetic Acid is a promising new
disinfectant that is being evaluated more
frequently as a disinfection alternative. Researchers
debate whether PAA’s disinfection action occurs
due to active oxygen release or the hydroxyl
radical. Regardless, it is an effective disinfectant
that is not mutagenic or carcinogenic, decomposes
to harmless acetic acid, oxygen, and water, and
thus does not yield harmful DBPs. In addition, no
subsequent processes, i.e. dechlorination, are
required. The main disadvantages are the increase
of organic content in the treated effluent, the
potential for microbial regrowth caused by the
remaining acetic acid, the limited efficiency against
viruses and parasites, and the strong dependence
on wastewater quality. Literature indicates that
peractic acid has mostly been used for discharges
to marine waters which have less stringent
discharge limitations when compared to reuse and
It may not be cost
recharge requirements.
competitive when high doses are required, i.e., to
meet CA standards of 2.2 CFU/100 mL total
coliforms and >5 log inactivation of polivirus. It
has been shown that under the right conditions
(high PAA dosages, sufficient contact times, and
adequate concentration of organic and mineral
constituents in the final effluent) halogenated
byproduct formation may be a problem. Aquatic
toxicity issues and costs for full-scale operation are
not well-documented. While, PAA shows promise
as a disinfectant, many questions remain to be
answered prior to its full-scale application.
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CASE STUDY FOR SUSTAINABILITY
Several disinfection alternatives were considered for
secondary effluent as for the wet weather flow from a
secondary wastewater treatment facility. The following list
of criteria was used in the development of five disinfection
alternatives.
•

Maximum Primary Treatment Capacity – 135 mgd

•

Average Daily flow – 30 mgd

•

Secondary Treatment Capacity
o Sustained Daily Flow – 55 mgd
o Peak Flow – 75 mgd

•

Maximum Secondary Bypass Wet Weather Flow –
80 mgd (receives primary treatment)

Design guidance for the chlorination system was based on
State requirements and on disinfecting waters with similar
characteristics. The following criteria were used in
developing the disinfection alternatives:
•

A hypochlorite dosage of 6 mg/L for secondary flow
and 12 mg/L for bypassed primary flow.

•

Ten wet weather bypassing events per disinfection
season.

•

Contact chambers sized for 15 minutes of detention
time at peak flow and 30 minutes minimum at
average daily flow.

•

Storage of enough chemicals for 15 days with three
bypassing events.

Alternative 1—Liquid Sodium Hypochlorite
and New Contact Basins
This alternative would include a new sodium hypochlorite
system to disinfect all flows discharged from the plant. The
total of these flows would be 135 mgd (80 mgd of wet
weather flow and 55 mgd of secondary treated
wastewater). A new chemical feed building would be
constructed to store chemical and to house the chemical
feed equipment. New chlorine contact chambers would be
constructed as well. The existing basin has 15 minutes of
detention time at 49 mgd; therefore, it does not have
sufficient capacity for 55 mgd of secondary treated
wastewater. New basins would be built, one for secondary
treated flow and one for primary treated flow, and the
existing basin would not be used. Each basin allows
different hypochlorite dosages; the dosage for primary
treated flow is greater than for flow that has received
secondary treatment.

Alternative 2 —Ultraviolet Disinfection Using
Medium Pressure Lamps
This alternative would involve construction of a UV facility
to house the equipment (lamps, ballasts, PLC, and electrical
cabinets) to treat 135 mgd of plant effluent. Flow would be

diverted from the plant effluent and secondary bypass
sewers into the UV disinfection building. Primary and
secondary effluent would be combined in an influent
channel before they pass through the UV reactor.

Alternative 3—Ultraviolet Disinfection Using
Low Pressure – High Intensity Lamps
This alternative will involve the construction of a new
facility to treat the 135 mgd of blended plant effluent with
low pressure – high intensity UV lamps. Flow diverted from
the plant effluent and secondary bypass sewers into the UV
disinfection building would be blended in an influent
channel before passing through the UV channels.

Alternative 4 —Medium Pressure UV
Disinfection and Liquid Sodium Hypochlorite
This alternative combines two of the technologies
discussed above. Ultraviolet disinfection would be used on
the secondary flow. Liquid sodium hypochlorite would be

used to treat wet flow that receives only primary treatment.
Enough sodium hypochlorite would be stored on-site to
treat flow from two wet weather events. Because UV
disinfection would be used only on flows that have received
secondary treatment, the equipment needs are significantly
less than if it were to be used on flows that have received
only primary treatment in addition to the flows that have
received secondary treatment. The UV system needed
would be considerably smaller than would be needed to
treat the entire plant flow.

Alternative 5—Low Pressure – High Intensity
UV Disinfection and Liquid Sodium
Hypochlorite
This alternative combines two of the technologies
discussed above. Ultraviolet disinfection would be used on
the secondary flow. Liquid sodium hypochlorite would be
used to treat wet flow that receives only primary treatment.
Enough sodium hypochlorite would be stored on-site to

Table 1. Development of Present Worth Cost for Disintection Alternatives
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Table 2. Disinfection Albernatives with Carbon Tax

treat flow from two wet weather events. Because UV
disinfection would be used only on flows that have received
secondary treatment, the equipment needs are significantly
less than if it were to be used on flows that have received
only primary treatment in addition to the flows that have
received secondary treatment. The UV system needed
would be considerably smaller than would be needed to
treat the entire plant flow.

DEVELOPMENT OF COSTS
Capital costs and operating costs were developed for each
of the four disinfection alternatives to be considered
further. Disinfection costs are for alternatives operated for
6 months during a year. Capital costs were developed from
vendor information and from Black & Veatch experience
with similar projects. The operation and maintenance costs
are based on a 20-year life cycle and an annual interest rate
of 6%.
Chemical costs for sodium hypochlorite and sodium
bisulfite are $0.75 per gallon and $1.20 per gallon,
respectively. Chemical use was based on 180 days of
disinfection of secondary effluent and 10 wet weather
events. The operating labor costs were based on a rate of
$25 per hour.
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Carbon tax at $30/ton was used to initially examine the
carbon footprint of each disinfection alternative as shown
in Table 2.
The initial development of the carbon tax did not include
the cost of transportation of sodium hypochlorite or
replacement costs for the UV systems. Therefore additional
analysis needs to be completed to determine the overall
impact of carbon foot print on the selection of the
disinfection alternative. It is anticipated that after the cost
of transporting the sodium hypochlorite is added in the
present worth analysis, UV will become the most viable
alternative available for selection.
Sustainability was examined by looking at environmental,
social, and economic factors as they related to the Case
history. The following are the issues that were evaluated as
part of the sustainability evaluation that conducted for the
project.

Environmental Sustainablity
•

Disinfection by products were evaluated as part of
a bench scale study – values were found to be
below detection limits

•

Land use – While site is land locked ..conceptual
layouts for any of the disinfection alternatives
could be implemented

•

Green House Gas – Carbon Footprint only consider
manufacturing – transportation of chemicals still
needs to be included

Social Sustainability
•

Health Effects - location of plant does not impact
down stream drinking water intakes

•

Nuisance factors - Hypochlorite requires more
truck deliveries –for this example average of 7
truck loads per week

•

Aesthetics - UV smaller footprint

•

Safety - Hypochlorite transportation and handling
issues

•

Plant Operability - Size of plant, Staff Experience
on Technology

Economic Sustability
•

Capital Costs

•

Annual Operating Costs

•

Redundancy/Reliability/Equipment including Code
and Cooling

•

Construction Issues: Contingency, Soils, Timing
(Weather), Electrical

CONCLUSIONS
The use of Sustainability principles is here to stay. The
selection of the disinfection alternative will be impacted
based on the use of sustainable principles which allow for
consideration of environmental, social and economic
factors.
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