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DITORIAL
Paul Overbeck
Editor-in-Chief
Happy Anniversary IUVA!
IUVA celebrates its first 10 years as the
forum for scientific and technological
issues that relate to the use of ultraviolet
light. Our objectives:
• to speak in a common voice for the
interests of our members,

Paul Overbeck

• to encourage research into the
advancement of the applications of
ultraviolet technologies and

• to support adoption of rational
technical nominclature and environmental regulations that
encourage the use of ultraviolet technologies.
In April 1999, a small group of passionate individuals came
together to form the IUVA (please read the “News from the IUVA”
page 4 for recollections).
When I look at our Association’s growth and future longevity, now
with 600 members representing UV interest in 28 countries, I
think of a mighty forest of Aspens.
When you see Aspen trees, it’s their leaves that are the most visibly
striking feature. They are nearly perfectly round. They flutter, or
“quake” in the breeze, which produces a beautiful shimmer.
Aspens look like individual trees, but they’re all connected.

What truly makes Aspen trees unique is their root system. Their
roots are ancient. There’s a colony of Aspen trees in Utah, called
“Pando,” that’s reportedly 80,000 years old. But, unlike other
trees, Aspens spawn from root stems. A single seedling can
produce an enormous stand of trees, all of which are connected by
that single shared root system. The trees you see are actually part
of the same living organism. They’re not really individual trees. The
same seedling will give rise to hundreds of Aspens, with individual
trees up to 60 feet apart. And these root systems are extremely
long lived, because they’re able to withstand forest fires.
IUVA has grown from the efforts of a few passionate individuals,
sound technology and visionary leadership. IUVA has both strong
roots with young stands in many countries prepared to continue
delivering its positive message and impact on the environmental
sector globally. The success of workshops, conferences and world
congresses testify to this.
At this time, we thank our founders and those who have served
to guide this young association including past Presidents – Jim
Malley, Jennifer Clancy, Bob Hulsey, Andreas Kolch and current
President Linda Gowman. We look forward to the contributions of
Bertrand Dussert, President-elect and his team of volunteer Board
members. I see a bright future for the IUVA with ongoing support
of all our shimmering members to assure continued growth and
accomplishment of our Association mission.
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UV

INDUSTRY
NEWS

The following are some of the more interesting
items from the IUVA Member Announcements:
Voltarc joins Light Sources Family of Affiliated
Lighting Companies
www.light-sources.com
The companies today announced the execution and
closing of the asset purchase transaction of Voltarc
Technologies, Inc. Located in Waterbury, Voltarc is a
manufacturer of fluorescent and neon sign lighting
components, specialty fluorescent lamps, ultraviolet curing
lamps, and related electrical lamp holders and wiring
devices. Voltarc’s machinery and equipment will be
relocated to the production facilities in Orange, CT.
Ocean Optics Certified ISO 9001:2008 and Establishes
OEM Engineering Support Group
www.OceanOptics.com
Ocean Optics, has achieved ISO 9001:2008 certification
applicable to the design and manufacture of electrooptical equipment. The company’s quality management
system was audited by National Quality Assurance, U.S.A.
and found to be in compliance with the provisions of the
ISO 9001:2008 standards.
Additionally, to better serve its growing global OEM
business, Ocean Optics has formed a dedicated OEM
engineering group. This group provides expert integration
support to optimize and expedite the commercialization
efforts of both new and established OEM customers.

equipped the hospital with two and sometimes even three
layers of UVC protection – in the outside air intake; in the
individual air handling units that serve virtually all patient
areas; and in ceiling-mounted devices that are specially
engineered for ‘after-hours’ disinfection of the surgical and
procedural areas with cleansing germicidal light. Through
this approach, we expect to destroy 99+ percent of
microbial contaminants.”
French WWTP installs LIT open channel UV-system
www.lit-uv.eu
LIT UV Europe distributor, O.E.I. France, recently installed a
LIT open channel UV system at the Canet-en-Roussillon
WWTP in the south of France for final treatment before
discharge into the Têt River close to the Mediterranean
Sea. The plant is designed for a peak flow of 21,000 m³ per
day and currently treats an average of 12,250 m³ per day
for the 10,182 inhabitants. The capacity of the WWTP
however is based on the summer season population of
66.000 inhabitants.
The installed LIT UV system consists out of 2 banks of 3
modules with twelve 350W lamps each. The lamps are
submerged and placed parallel to the flow. The entire UV
system is installed outdoor. The installation of the LIT UV
system in Canet-en-Roussillon assures the water quality to
comply with the stringent European Bathing water
directive. This compliance is an essential part of the annual
review by the Foundation for Environmental Education
(FEE) and allows this popular touristic area to wave the blue
flag indicative of sustainable development on their
beaches.

Community Hospital Adopts UVC Lights for Infection
Control
www.steril-aire.com
Muskogee Community Hospital in Muskogee, Oklahoma
has initiated use of Steril-Aire, Inc., UVC Emitters™ facilitywide in an innovative infection control strategy. The
devices are installed in the air handling units and in
custom-designed, ceiling-mounted devices in the surgical
and procedural suites, marking the first time a hospital has
used UVC technology in this way.
“We are hopeful that UVC technology will help us to
record some of the lowest infection rates in the country by
keeping bacteria and other microbes continuously in
check,” reports hospital president Mark Roberts. “We have

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

Offices Nationwide • www.pirnie.com
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NEWS FROM IUVA
Recollections on the
Formation of IUVA
The International Ultraviolet association
(IUVA) was formed in Washington, DC in
April, 1999 during an Ultraviolet Workshop
organized by the US Environmental
Protection Agency. The formative meeting
took place on 28 April 1999 with the
following (from left to right in the photo)
in attendance:
Norman Ammerer, Ozonia North America (USA)

Bob Abernethy, Calgon Carbon (USA)

Sylvester Hsu, Bonestoo, Rosene and Anderlik (USA)

Jim Malley, University of New Hampshire (USA)

Keith Carns, EPRI/CEC (USA)

Jim Bolton, Bolton Photosciences (Canada)

Alex Mofidi, Metropolitan Water District, So. CA (USA)

Karl Linden, Duke University (USA)

Jen Clancy, Clancy Environmental (USA)

Andreas Kolch, WEDECO (Germany) (left before photo taken)

Rip Rice, RICE International Consulting Enterprises (USA)

Bob LaFrenz, Innovatech (USA) (left before photo taken)

Tom Marshall, Malcolm Pirnie (USA)

Bryan Townsend, University of New Hampshire (USA)
(left before photo taken)
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The following also agreed to join the Steering Committee,
but could not be present:
Andrew Campbell, DYNALAS (Norway)
Bob Cushing, Carollo Engineers (USA)
Oluf Hoyer, DVGW Test Lab (Germany)
Shawn Lin, Bio-Lab (USA)
Bruce Macler, US EPA (USA)
Mike Murphy, Aquafine (USA)
Koji Nakano, Photosciences Japan (Japan)
Dan Schmelling, US EPA (USA)
G. Elliott Whitby, Suntec Environmental (Canada)
All are still active in UV, except that sadly Bob LaFrenz has
passed away.
This being the 10th anniversary of the formation of IUVA,
Jim Bolton IUVA Executive Director (retired) and President,
Bolton Photosciences Inc. has contacted many of the
formation group to solicit their recollections. Please read
the following short summaries on the beginning of the
IUVA and expect a few more in the next issue:

Rip Rice
Prior to April, 1999
I came to the IUVA as a result of the International Ozone
Association, which was created during 1973, and formally
incorporated in 1974. Having been a Prime Mover in
forming the IOA and then helping it through some tough
initial growing pains, I quickly saw the need for a similar
Association dealing with ultraviolet radiation.
Together with Ron Larocque (then with the Ozone Division
of Francis Hankin Consulting Engineers, a Canadian firm),
the two got as far as printing up a letterhead in 1977 and
approached several UV firms on the North American
continent with a proposition to form an International UV
Association. But interest was sorely lacking, and the two
abandoned their formative efforts and went about their
respective businesses.
By late 1998, Amendments to the Safe Drinking Water Act
had been passed by the U.S. Congress, and new drinking
water regulations were being developed and promulgated
by the U.S. Environmental Protection Agency. A survey of
European and Canadian water plants using ozone and
chlorine dioxide had been sponsored by the EPA in 1977
and again in 1978 to look at Biological Activated Carbon
water treatment processes in European drinking water
plants. I was a member of those survey teams and was
introduced to several European UV firms and their interests
in potable water treatment.
In the late 1980s, halogenated disinfection byproducts
were being studied in chlorinated drinking waters, and
alternative methods of disinfecting water were being
sought. Ultraviolet radiation was a natural candidate for this
task, but there was no association or industry group to
represent UV interests in the regulatory arena.

IUVA

AUTHOR
GUIDELINES

Share Your News with the World

The IUVA welcomes you to submit your articles, press
releases, product announcements, latest application
notes, and any other exciting UV related information
that you may have.
We have dedicated two sections called “Hot UV News”
and “UV Industry News” to your submissions. This
complimentary feature is open to all - we select items to
be published on a first received/first included basis - and
make every effort to fit as many articles as possible into
each issue. (Sorry, no photos.)
Request for Articles
IUVA News publishes technical and non-technical
articles related to Ultraviolet technology and
applications. We request articles from our membership
for publication in IUVA News quarterly.
Before submitting finished materials, author(s) should
contact Editor-In-Chief,
Paul Overbeck to determine appropriate timing,
deadlines, and length.
All articles/papers should avoid promotion of
commercial products and services.
Submissions must include:
-

Author’s complete name & job title

-

Author’s contact information including telephone
number, fax number, and email address

-

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

Feature articles range from 2,000 to 5,000 words in
length.
Articles must be provided in digital form (Microsoft
Word preferred), 12-point, Times New Roman font,
including bibliography. PDF submissions and
printed/faxed copies will not be accepted.
Technical papers will be reviewed for scientific validity
and necessary revisions will be requested. Technical
papers should include an abstract of approximately 100200 words highlighting the key findings of the paper.
Also, a list of key words should be included at the end of
the abstract. Corresponding photos, charts, etc. are
always welcome & appreciated.
Send Submissions To:
Press Releases, Product Announcements &
Application Notes
Diana Schoenberg – DianaS@iuva.org
Technical & Non-Technical Articles
Paul Overbeck – Paul.Overbeck@iuva.org
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In late 1998, the U.S. EPA Office of Drinking Water
organized a two-day meeting in the Washington, DC area
to be held in April 1999 to discuss UV technologies and
their applications to drinking water. The primary objective
of this meeting was for EPA to be educated by leading UV
firms and experts into the status of the science and
engineering of UV radiation.
At this point, I realized that the timing was right to form the
IUVA. With EPA interest in UV technologies being very high
at the moment, and with the appropriate academic,
consulting, and industrial personnel also interested, a plan
was set in place to hold an IUVA-formation meeting the first
night of that two-day meeting – April 28, 1999. Rice
contacted Jim Bolton and Jim Malley, and these three UV
musketeers did the initial planning for the meeting.
April 28, 1999
A seminal night. The 100th birthday of Edward Kennedy
(“Duke”) Ellington, a native Washingtonian. We couldn’t
fail in forming the IUVA.
After a day of technical and regulatory meetings, three
people sat on the podium that night to present reasons
why the IUVA should be formed and how the deed should
be done. There was no doubt that the two Jims (Bolton and
Malley) were well-known in the UV field and were
acceptable to those present to initiate the Association. But
this guy Rice !!! What about him? He had founded the
International Ozone Association, and ozone was the enemy
of UV!! What was HE doing here?
I had three things to offer the IUVA –
1. I had been through the formation and growing pains of
the IOA for its first 16 years.
2. The combination of ozone plus UV radiation was
finding applications as a stronger oxidizing couple than
either technology applied separately.
3. I had been editing and producing Ozone News for the
past 4-5 years, and wanted to perform the same
function for the IUVA – editing and producing IUVA
News.
I also recalled making an appeal to those who considered
ozone to be the enemy technology of UV. It seemed to me
that only in very rare instances would it ever be UV OR
ozone. More and more it was becoming clear that the two
technologies, taken either together or in tandem, could
provide synergisms that neither could provide alone.
And when I left the meeting that night, I thought that I had
made my points – especially after Jim Malley and Jim Bolton
both told the attendees that they would hold me in check,
and not let my “ozone biases” get in the way.
And awayyy we went!!!

Jim Bolton
Rip has recalled very well the events that took place around
the meeting the launched IUVA in 1999. Prior to April,
1999, I had been involved in photochemistry and
ultraviolet research for about 30 years. In June 1998, at the
1998 Annual Conference of the American Water Works
Association in Dallas, it was first reported that UV is
extremely effective in the inactivation of Cryptosporidium
parvum. This discovery was one of the reasons that the US
EPA became quite interested in UV disinfection. Hence their
interest in organizing a UV Workshop, which took place in
Washington in April, 1999.
Through series of meetings that evolved the Steering
Committee into the first IUVA Board of Directors, I agreed
to become the IUVA Executive Director. I remember that
Jim Malley and I had dinner in Toronto probably around
June, 1999. We were discussing the organization of the
IUVA Board and the topic came to who should be the first
President. I looked at Jim and said, “Jim, will you take it
on?” He gulped, and then said yes, so we had our first
President. Of course, our procedures for selecting
Presidents are much more organized now!
Those early days were heady, and there was much to do.
Rip Rice took on the job of editing IUVA News. I set up an
office in Ayr, ON, Canada (my home at that time) and
advertised for an Administrative Assistant. I put a small ad
in the Ayr News (Ayr is a town of about 1,000 people). I got
over 50 applications! From these I selected 3 to interview,
and there was no question that the best choice was Kathy
Harvey. Kathy served IUVA well through to the end of 2007,
when the IUVA office was moved to Arizona.
Jen Clancy took the lead and organized the First IUVA
International Congress on Ultraviolet Technologies, which
was held in June, 2001 in Washington DC just prior to the
AWWA Annual Conference. It was a resounding success and
helped to put IUVA on a sound financial basis.

Jim Malley
What a pleasure it has been to be associated with the
immense talent and general good humor of the IUVA
membership for these past ten years. I began performing
UV research funded by AwwaRF (now Water Research
Foundation) in 1992 with the focus being on its application
for post ozone-GAC to control bacterial sloughing and on
its potential use in the upcoming groundwater rule. The
concern at that time was about potential impacts on the
regulated DBPs and their precursors. Little did any of us
know back then that in 1997-1998 Jennifer Clancy, Marilyn
Marshall and Jim Bolton would work together merging
solid knowledge in UV irradiation and in microbiology, and
almost by serendipity, show that UV was highly effective for
Cryptosporidium (thanks so much to those animal
infectivity assays).
In parallel, between 1994 and 1999, I had started a series
of e-mail correspondences that I called UV Mail to answer
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questions about UV disinfection for drinking water professionals.
As Rip and Jim B. indicated, there was a groundswell of
excitement about UV’s potential applications to drinking water
treatment by 1999, and Jim B. asked me to chair that IUVA
formation steering committee and serve as its founding
president. What the hell was I getting into and how the heck
would I ever get promoted to full professor now were some of
the thoughts I had while flying home from my meeting in
Canada with Jim B in 1999. But at the same time I was damn
excited too! I had observed from some literature reviews during
my early research projects that UV knowledge was spread over
many groups from WERF in wastewater disinfection; to IOA; to
the American Dental Association; to Air disinfection to industrial
applications of curing inks and polymers. It made a lot of sense
to me to attempt to grow a single home for UV professionals.

The best technology in UV disinfection

During those years I was also quite active with my son (then 13)
and daughter (then 10) in the NH Soccer Association and their
motto was “Anyone Can Play”. From that simple saying I drew
my inspiration to help form an IUVA that was truly open and
supportive of all good ideas. I very much wanted it to be a
collection of savvy senior professionals and energetic young
professionals. Further, I truly wanted it to be international in
scope. Economics of non-profits were also firmly on my mind,
so I did some reading in that area and it made total economic
sense to base IUVA on a single world headquarters and to insist
that our decisions to spend money be based on keeping the
organization in the black. These are all things that I continue to
dwell on and mention to the IUVA leadership each year.
During my founding presidential year, there were two very
fortunate coincidences. The first was that it was my sabbatical
year from UNH so I had the time, the energy and the passion to
carry the message of this new and exciting IUVA to all parts of
the globe. Many have kidded me about my 500 canned slide
presentations that everyone got to see and borrow perhaps
more than they wanted too. Second, I had two talented and
energetic former MS students, Laurel Passantino succeeded by
Bryan Townsend, whom with little budget and even less free
time started the IUVA website and were the first and second
volunteer webmasters of the site, which we paid for during the
first several years of IUVA from my research overhead account at
UNH. I recall at the time colleagues in WERF and AWWA
commenting on how much they liked the site and how cost
effective it was compared to their larger budget sites.
I am so proud of the young professionals whom I have worked
with in the UV field since 1992. My hopes and wishes for IUVA’s
next decade are that it will have savvy, fiscally conservative,
senior leadership that are open and sensitive to promoting our
future which inevitably will be in the hands of the students and
young practitioners interested in UV technology.

Andreas Kolch
Early April 1999 John Marrino, at that time President of the
North American Wedeco subsidiary, called and urged me to fly
over to Washington. “There is something going on with EPA and
UV for drinking water disinfection”. I was excited; there was a
big market for UV disinfection in the US; but just for wastewater
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applications; for drinking water UV was more or less
completely ignored. This could in fact mean a huge multimillion dollar market – something that doesn’t happen too
often. So I headed out to Washington and attended the
venue. A big crowd of people coming from various
directions discussing the pros and cons of UV in light of
several Cryptosporidium events in the US and Canada; how
to evaluate the technology and how to prove it works.
From the beginning on there was “something in the air”. I
still remember that people stared at me, when I stood up
and told them about the existing European test standards
in Austria and Germany. I was one of the rare non US
attendees and, for sure, I must have made a strange
impression like “look at this guy from Germany; no one has
ever seen him before but he has an answer for
everything…”. For sure I hadn’t; but I am still delighted by
the fact that the UVDGM has adopted the European
standards to a large extent and that I had the chance to
play a role in that process.
As if that wasn’t enough, the venue came to the next big
point: Founding an association similar to IOA for UV
technologies on a global scale. A dream came true; I
worked for an UV and Ozone supplier those days, and I
always envied my ozone colleagues for having the IOA,
whereas nothing was going on with UV. So I stood until the
end and suddenly became a founding member of the IUVA;
I became introduced to Rip; Jim Bolton and Jim Malley and
6 years later I had the honor to be IUVA’s first European
President for 2 years; all of that because of John’s phone
call. So thanks John, and for anyone who would like to
meet him: today he runs the first microbrewery in
Charlotte, North Carolina. So both, John and the IUVA,
came a long way since that evening in Washington.

Karl Linden
In 1999, 2 years out of my PhD, it was thrilling to be invited
to be part of the EPA’s process of evaluating UV light for
water disinfection. The fact that I was able to participate in
this workshop with some of my academic heroes such as
Jim Malley, Jen Clancy, and Jim Bolton was a formative
experience for me. I knew this was the big leagues! The
unusual aspect of that time is that since then, all of us who
were there have developed unique professional
relationships and friendships that have lasted due to the
intense work we undertook, and continue to engage in, to
help promote UV acceptance for water treatment. This
meeting was one of those proverbial “forks in the road” for
many of us, and we took a path that was paved with hard
work, good science, and lots of good times that live on.

Jen Clancy
Just after the founding of Clancy Environmental
Consultants, Inc. (CEC) in 1994, we formed a research
partnership with Marilyn Marshall of the U. of Arizona
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(UAZ) to work on issues of Cryptosporidium control in
drinking water. Cryptosporidium was the major challenge
to the drinking water industry after the Milwaukee
outbreak.
Marilyn’s lab group were experts in
Cryptosporidium from the clinical veterinary area while
CECs’ focus was water. Disinfection of Cryptosporidium
was a major focus at that time since oocysts are resistant to
commonly used chlorine-based disinfectants, and if they
penetrated the filtration process, infectious oocysts could
enter the distribution system.
And they did on a number of famous occasions (Carrollton,
GA; Milwaukee, WI; Waterloo, ON; Swindon and Oxford,
UK among others).
The UAZ was one of two labs in the US that did animal
infectivity studies, considered the gold standard to
demonstrate oocyst inactivation as evidenced by the
inability of oocysts fed to mice to cause infection in those
mice. Animal infectivity experiments were very costly, time
consuming, and impractical for routine use in disinfection
studies. In 1996, the CEC-UAZ research team, with our
United Kingdom counterparts, was trying to figure out
which in vitro viability assay for Cryptosporidium most
closely correlated with animal infectivity so as to move to a
simpler, rapid, readily available assay.
This did not happen, since we discovered that the in vitro
assays were measuring neither infectivity nor viability, but
rather metabolic activity in oocysts that were no longer
infectious (hence dead) but still exhibiting membrane
activity allowing dye exclusion and ‘appearing viable’.
Applying a UV dose of 14 - 40 mJ/cm2 pulsed UV resulted
in no oocysts remaining infectious.
This meant that 1) there was not a simple substitute assay
for animal studies (we now use cell culture and no longer
sacrifice mice thanks to work by Paul Rochelle and Marilyn)
and that 2) the work we and others had done on oocyst
inactivation using in vitro assays was subject to question.
The CEC-UAZ team began a number of studies (one with
Jim Bolton and Calgon Carbon) to understand just how
sensitive this seemingly ultra-resistant parasite was to UV.
Our work and that of other groups led to the EPA meeting
in April 1999. As a regulatory agency, the EPA operates
with a high level of skepticism in reviewing and adopting
new technologies before they are well proven. But the
flurry of activity and excitement surrounding the possibility
that UV could possibly control Crypto and wasn’t even a
new technology had the industry buzzing. EPA convened
the workshop to get the experts together to hear what
those in the research, industry, and regulatory communities
had to say. The meeting was successful in that EPA and
other interested parties were able to hear what was
happening and see the assembled data on UV disinfection
which was very convincing, and at the end of the meeting,
we were able to corral enough excited and hardworking
individuals to start the IUVA.
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The following are interesting media items that may
affect the UV Industry

latest trends and strategies derived from hundreds of
executive interviews.

Comprehensive Analysis of European Biological
Wastewater Treatment Systems Market Available

Worldwide Water Footprints

www.researchandmarkets.com/research/91ef28/
european_biologica
Research and Markets announced the addition of Frost &
Sullivan's new report "European Biological Wastewater
Treatment Systems Market" to their offering.
This Frost & Sullivan research service titled European Biological
Wastewater Treatment Systems Market provides a
comprehensive analysis of the biological wastewater treatment
systems market in key regional markets of Europe. These include
Germany, France, the United Kingdom, Italy, the Benelux region
(the Netherlands, Luxembourg and Belgium), Iberia (Spain and
Portugal), Scandinavia (Denmark, Norway, Sweden and
Finland) and the Alpine region (Austria and Switzerland).
Fifth Singapore water reuse plant starts up 8/26/2009
www.pub.gov.sg/NEWater/Pages/default.aspx
The Sembcorp Changi NEWater Plant (SCNP), soon to be one
of the world’s largest water recycling plants, has started its
Stage 1 operations in Singapore. Black & Veatch is providing
design engineering, construction support and commissioning
services for the plant.
The plant uses microfiltration, reverse osmosis and ultraviolet
disinfection to treat water, which is recycled for use throughout
Singapore. First stage capacity is 69,000 m3d (18.2 million
gpd) with second stage under construction to boost the total
capacity to 228,000 m3d (60.2 MGD) within 1 year.
It is Singapore’s fifth and largest NEWater plant and when all
are in full operation by 2010, they will together supply 30
percent of the nation’s needs. The NEWater project is an
ambitious program of Singapore’s water utility, the Public
Utilities Board (PUB), to recycle wastewater for reuse. Natural
water resources in Singapore, a small city-state, are limited.
Water/Wastewater Market Projected to be Worth
$127B in 2009
www.zweigwhite.com/go/waterview09
According to the update to the Environmental Business
Journal/ZweigWhite WaterView Report, the U.S. water
industry is projected to be worth $127B in 2009, a 2.4%
increase over 2008 figures. The volume of this market is
driven by many factors, including an aging infrastructure
combined with population growth.
This 811-page report maps out the water industry by sector,
with many market data breakdowns and forecasts, and the

w w w. e u r o p e a n - w a t e r n e w s . c o m / n e w s / i d 7 4 0 Worldwide_Water_Footprints.html
Water footprint data was obtained from the Water Footprint
Organization, a research institute based in the Netherlands
displays a map of the water footprint per inhabitant of the
world's nations. A collaboration with Delft University
(Netherlands), the WWF and the United Nations' Institute for
Water Education, the Water Footprint Organization studies
the worldwide usage of water resources.
Hormone disrupting pesticide, Atrazine, found in US drinking
Water and Watersheds
Hormone disrupting pesticide, Atrazine, found in US
drinking water and Watersheads
www.nrdc.org/media/2009/090824.asp
Atrazine a widely used pesticide known to impact wildlife
development and, potentially, human health has
contaminated watersheds and drinking water throughout
much of the United States, according to a new report
released today by the Natural Resources Defense Council
(NRDC).
Banned by the European Union, atrazine is the most
commonly detected pesticide in U.S. waters and is a known
endocrine disruptor. It has been tied to poor sperm quality in
humans and hermaphroditic amphibians. It is regulated by
the U.S. Environmental Protection Agency (EPA). Under the
Safe Drinking Water Act (SDWA), with an annual average of
no more than 3 parts per billion (ppb) of atrazine may be
present in drinking water.
The report, “Poisoning the Well: How the EPA is Ignoring
Atrazine Contamination in Surface and Drinking Water in
the Central United States” creates a ground breaking
analysis of atrazine pollution by bringing together data from
watershed monitoring and drinking water compliance
programs for the first time.
The report reveals that all of the watersheds monitored by
EPA and 90% of the drinking water sampled tested positive
for atrazine. Contamination was most severe in Illinois, Iowa,
Indiana, Missouri, and Nebraska.
An extensive U.S.
Geological Survey study found that approximately 75 percent
of stream water and about 40 percent of all groundwater
samples from agricultural areas contained atrazine, and
according to the New York Times, an estimated 33 million
Americans have been exposed to atrazine through their
drinking water systems.
Continued on page 12
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In Related News:
Indiana State instructs farmers to keep weed
killer out of water
Muncie Indiana corn growers apparently are heeding
concerns that the popular weed-killer atrazine turns
male frogs into females – and potentially threatens
human health. Atrazine detections in Muncie's finished
drinking water during 2008 ranged from not detected to
1.9 ppb. Atrazine was widespread in all 11 Indiana
watersheds monitored by EPA during 2004-06, including
the White River in East Central Indiana, where a
maximum concentration of 22.5 ppb was detected.
"We've seen levels over 15 ppb in the source water in
Muncie," said Jeff Robinson, director of water quality at
Indiana-American.
As a result of concern that corn growers were not
following label requirements, the state chemist's office
several years ago launched outreach programs that
reached more than 20,000 Indiana pesticide applicators
that use atrazine or might use it to control weeds in corn
crops.
"A lot of applicators were not aware of setbacks, and if
they were, they
didn't really understand the
importance," said Leighanne Hahn, water quality
specialist in the pesticide section of the state chemist's
office. "One of the messages we were working on really
hard was that atrazine behaves one way when applied to
the soil and a different way when it makes its way into
a water body."
Indiana's outreach program is being copied by Illinois
and Minnesota, Hahn said. NRDC is asking the EPA to
require more monitoring and to phase out the use of the
weed killer, which has been used for decades by Indiana
farmers.
The group is also concerned about the impacts of
atrazine on wildlife. For example, frogs exposed to
atrazine at levels as low as .1 ppb turn into
hermaphrodites, said NRDC's Andrew Wetzler in a
telephone new conference.
Lawsuit questions safety of herbicide
http://www.pjstar.com/news/x1844611495/Lawsuitquestions-safety-of-herbicide
A class action lawsuit representing water districts
throughout Illinois cites recent research contending
atrazine in drinking water is unsafe at any level, even
measurements well below U.S. Environmental Protection
Agency guidelines.
Illinois American Water Co. reports atrazine levels of 0.5
parts per billion in Peoria tap water, a level recent
research has linked with low-birth weights but a level well
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below the 3 parts per billion considered safe by the EPA.
The suit cited a report issued last month by the National
Institutes of Health that links low-birth weight and
atrazine levels as low as 0.1 parts per billion.
Tacoma Washington consider filtration or UV to meet
LT2 ESWTR
http://www.thenewstribune.com/news/local/story/84644
3.html
Tacoma’s water department is moving forward with a plan to
install new water treatment equipment in an effort to comply
with federal regulations and to guarantee the long-term
health of water pumped from the metro area’s surface water
source, the Green River.
City leaders are leaning toward a $140 million filtration
system that would result in a rate increase of 15 percent to 20
percent over three or four years beginning in 2011. The city’s
other option, an ultraviolet (UV) light disinfection system,
would cost an estimated $70 million and result in an
estimated rate increase of 5 percent to 10 percent.
Up until now, the city has not needed to filter its supply by
employing ozone as the primary disinfectant and chlorine for
distribution of settled surface water. However, it must now
comply with the LT2 ESWTR to ensure the drinking water is
safe from the microorganism Cryptosporidium, which is
capable of causing severe, and sometimes fatal, diarrhea.
The city also is investigating the possibility of separately
treating water that is earmarked for industrial use only.
Russia Sees $20 billion Investment in Water by 2020
Russia plans to invest over $20 billion in managing its water
resources and infrastructure upgrades, Prime Minister
Vladimir Putin told a government meeting last week. With
over 20 percent of the world's fresh water, Russia is second
only to Brazil in global fresh water resources. However, fresh
water is spread unevenly across Russia's territory, with
resources in the far east exceeding by 30 times those in the
fertile European provinces of the south. Russian crops have
been hit by severe drought this year.
Water issues are top environmental concern worldwide
www.globe-net.com/search/display.cfm?NID=4568&CID=8
A public opinion survey on attitudes about fresh water
sustainability, management and conservation finds that
people around the world view water issues as the planet’s top
environmental problem, greater than air pollution, depletion
of natural resources, loss of habitat or climate change.
The results of the survey were released today in Stockholm as
part of World Water Week, a gathering of leaders and policy
makers meeting in Sweden this week to discuss water-related
challenges. The survey results suggest people around the
world view water pollution as the most important issue (93%
across the 15 countries surveyed) with concerns about fresh
water shortages a close second (91%).

High levels of estrogens discovered in some industrial
wastewater

systems installed in the facility, is awarded the 2009 Stockholm
Industry Water Award at the World Water Week in Stockholm.

www.sciencedaily.com/releases/2009/08/090810162105.htm
In a groundbreaking study, civil engineering researchers in the
University of Minnesota's Institute of Technology have discovered
that certain industries may be a significant source of plant-based
estrogens, called phytoestrogens, in surface water. They also
revealed that some of these phytoestrogens can be removed
through standard wastewater treatment, but in some cases, the
compounds remain at levels that may be damaging to fish.
The cleantech `revolution`: Transforming our economies
www.globe-net.com/search/display.cfm?NID=4523&CID=8
A new report from Oxford Analytica concludes that clean
technology (’Cleantech’) is on the cusp of transforming
practically every business sector in the economies of Europe,
and those who fail to face the challenge and indeed turn this
into an opportunity, risk falling by the wayside.
Cleantech, the Impact on Key Sectors in Europe finds that the
economic downturn has not derailed the development of
Cleantech, only temporarily shifting its focus toward public
policy issues and that Cleantech provides a necessary futureproofing of the leading economies beyond the financial crisis.
In fact, the economic impact of Cleantech on the economies of
Europe (and everywhere) is measured in the trillions.
In particular, the report examines the way Cleantech will develop
in four key sectors each of which are on the front-line of today’s
issues, namely (1) damage to the planet, including climate
change, (2) energy security, (3) commodities, food and water
security and (4) huge population growth and increased longevity.
UV treatment of choice for Maine’s twin cities
www.sunjournal.com/node/79047
A new $7.7 million water treatment facility being built on the
banks of Lake Auburn won't do anything nature doesn't do
already. "It's just ultraviolet light, but a lot more of it," said John
Storer of the Auburn Water District. "It's just light. It's not
another chemical we're putting into the water, and that
appeals to us."
The facility is being built with federal American Recovery and
Reinvestment Act money — a grant covering 30 percent of the
costs and interest free loans for the rest. Construction should
wrap in 2010, and the facility should start treating Twin Cities'
water in 2011.
Orange County reuse system set to expand
www.gwrsystem.com
Orange County’s Groundwater Replenishment System (GWR
System), which went on line in January 2008, currently is under
design for an expansion to boost its capacity from 70 mgd and
soon may be expanded to treat 85 mgd.
The system, which won the 2008 Stockholm Industry Water
Award, is set to receive even more recognition when Trojan
Technologies, the Canadian developer of the ultraviolet

Pennsylvania to invest $355 Million in Water
Infrastructure
http://www.portal.state.pa.us/portal/server.pt?open=512&
objID=2999&PageID=431162&mode=2&contentid=http:/
/pubcontent.state.pa.us/publishedcontent/publish/global/
news_releases/governor_s_office/news_releases/governor_r
endell_announces__355_million_investment_in_water_infr
astructure.html
Wastewater Treatment Plant to get Ultraviolet Cleaning
Boost
To read the full story, click here
Water in Auburn California’s Ravine Creek is about to
become a little cleaner.
Auburn’s wastewater treatment plant, which drains into the
creek near Ophir, is about to undergo improvements involving
new water-cleaning technology. According to Bernie Schroeder
of Public Works, Auburn had to meet new water-quality
standards set by the regional water quality control board. The
major change is the addition of “ultraviolet disinfection” to
clean the water.
The estimated cost for the city was originally $10 million, but
went down to $8 million due to the struggling construction
climate, and the demand for jobs.
Bill to limit chlorine-gas use clears committee
www.awwa.org/publications/breakingnewsdetail.cfm?item
number=49269
The House Homeland Security Committee this week approved
on an 18-11 party-line vote a proposed law that would allow
the federal government to order facilities using high-risk
chemicals to switch to “inherently safer technologies” (IST).
When applied to drinking water and wastewater treatment
plants, the law (HR2868) would affect the use of gaseous
chlorine. Water/wastewater utilities had been exempt from a
federal security program set up to prevent terrorist 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 at water plants, the new law, the Chemical Facility AntiTerrorism Act, would also give the US Department of
Homeland Security the power to stop a plant’s operations,
although wastewater plants are specifically exempted from
that provision, according to AWWA.
AWWA said the House committee did approve amendments
allowing facilities to: appeal an IST order to an administrative
law judge; require Homeland Security to report to Congress on
the effects of ISTs before ordering a switch to them; and
prevent Homeland Security from ordering such changes if they
would “demonstrably reduce” the facility’s operations. AWWA
has urged Congress to leave chemical choices up to individual
facilities.
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A New Role for UV?
Shelf Life Extension of Plant Foods
by UV-induced Effects.
Gilbert Shama
Department of Chemical Engineering, Loughborough University, Loughborough, LEICS., LE11 3TU, UK.

ABSTRACT
In its traditional disinfective role, UV is used to bring about the more or less direct inactivation of micro-organisms by a number
of different mechanisms, chief amongst these being damage to microbial DNA. The time scale for such events is typically of the
order of seconds. However, a new way of exploiting UV is beginning to emerge which has particular relevance to plant foods such
as fruits and vegetables. In this relatively new role, exposure to UV triggers a series of biochemical events within the plant tissue.
A number of quite distinct responses have been identified; some involve the synthesis of enzymes that have activity against molds,
whilst others result in the generation of a host of so-called ‘phytoalexins’ which are inhibitory to micro-organisms.
Crucially, these effects are produced by the use of very low UV doses, and the time scale for the induction of such events is
measured over hours or even days and the term ‘hormesis’ has been applied to this type of treatment. Equally intriguing is the
fact that some of the compounds induced by UV are known to have beneficial health effects – the most well studied of these being
resveratrol synthesis in grapes.
The claim that has been made for this type of low UV dose treatment is that it can result in the extension of shelf life of a number
of perishable commodities. However, to date few efforts have been made to ‘translate’ these laboratory observed phenomena into
the field. A number of key questions remain unanswered, for example, it has to date only been applied as a post-harvest
treatment, and whilst this may be suitable for some types of produce, it excludes others; can protective effects be obtained by
pre-harvest exposures to UV? This review surveys the evidence for such UV-induced effects and discusses the problems that will
have to be overcome if this technology is to be applied commercially.
Key words: Ultraviolet treatment; Fruits and vegetables; Hormesis; Phytoalexins; Health benefits.

INTRODUCTION

Conventional UV Treatment

Post harvest losses of perishable commodities such as fruit
and vegetables occur at every stage in their growth,
processing, distribution and retail. Disposal by consumers,
or rather, would be consumers, is arguably less controllable
and much discarded produce ends up in landfill.

UV treatment applied to a solid object with the express
purpose of inactivating microorganisms on the object in
question scarcely needs any elaboration. However, in order
to compare with what follows below it will be useful to
provide the essential elements of this type of treatment.
Firstly, for maximum lethal effect UV sources which emit
primarily shortwave UV should be used. The most useful
wavelengths are in the so called UV-C region of the
spectrum (100 to 280 nm) and they are sometimes referred
to as “germicidal.” More specifically, wavelengths in the
region of 250 nm have been shown to be most efficient at
inactivating microorganisms (Harm 1980). Fortuitously, the
principal emissivity of the low pressure mercury burner
happens to be at 253.7 nm making them ideal sources for
this purpose. Treatment requires that every surface of the
object is exposed to UV light for a time sufficient for any
microorganisms present to accumulate a lethal dose.

Whilst pesticides and fungicides have hitherto been relied
upon to reduce such losses, a trend is developing towards
minimising the use of chemical agents. This is occurring
partly in response to regulatory demands but also as a
result of pressure by consumer groups on the basis that
chemical residues are associated with threats to human
health (Wilson et al. 1991). If, as seems likely, this trend
continues and losses are not to increase still further as a
consequence, alternative methods of preserving perishable
produce must be found. One possibility is the use of UV.
The application of UV in the food industry is by no means
novel. However, research conducted in the 1990s has
revealed a radically different approach to UV treatment in
relation to fresh produce. This research is described here as
well as the difficulties that would have to be faced in
translating these laboratory findings to the commercial
sector.
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This type of UV treatment may also be characterised by its
relatively short time scales. This is essentially the length of
time to which the microorganisms present on a solid object
will be exposed to UV, and is generally of the order of
seconds, although times as high as minutes are not

unknown. However, the defining characteristic of this form
of UV treatment is that it is direct – only whilst organisms
are exposed to UV will they accumulate damage to cellular
targets. In other words, once they are outside the UV field
no further damage is sustained. Many microbial
components are susceptible to, and ultimately damaged
by, UV but the most labile of these is the cell’s DNA (Harm
1980).
At the length scale of microbial cells (i.e. dimensions of the
order of 1μm), surfaces can display wide varieties of
topographies. For instance, some surfaces may be almost
perfectly smooth so that any microorganisms present on
them will be fully exposed to incident UV light. Other
surfaces may offer niches in which microorganisms may
obtain protection or shielding from incident UV. The effects
of shielding were demonstrated by Gardner and Shama
(1998) who deposited spores of Bacillus subtilis on various
grades of filters and membranes and showed that spores
were activated at lower UV doses on filters in which the
spores remained closer to the surface and therefore more
relatively exposed to incident UV.
Microbial cells that are completely shielded by surface
features may escape UV treatment unscathed and remain
fully viable. The only way of inactivating microorganisms that
are partially shielded at the surface of an object is to increase
the dose of UV that is applied. However, where foods are
involved there are limitations to the UV doses that may be
applied without bringing about deleterious or even harmful
effects. To a large extent considerations such as these have
tended to limit the application of UV for food treatment.

The Concept of Hormesis and the
“Responsive Target”
The first hormetic phenomena were apparently recorded in
the 1880s and since then hormesis has attracted a more or
less steady stream of attention (Calabrese, 2002). Hormesis
involves the use of small doses of potentially harmful agents
directed against a living organism or living tissue in order to
elicit a beneficial or protective response. The agent used to
bring about such effects may be either physical or chemical,
and of particular relevance here is the fact that UV
constitutes one such agent. The most studied UV induced
hormetic phenomena have been in fruit and vegetables.
It is essential to distinguish hormetic UV treatment from
conventional UV treatment described above. In
conventional treatment the UV is directed at
microorganisms present on the surfaces of an object,
whereas in hormetic UV treatment it is the object itself that
is the target of the incident UV. Where fruits or vegetables
are concerned these should not therefore be seen simply as
passive carriers of microorganisms. The objective of the
treatment is to elicit an anti-microbial response in the fruit
and vegetable tissue. Both types of UV treatment employ
the same wavelengths but for hormetic treatments only low
UV doses are required. These were recently reviewed for
fruit by Shama and Alderson (2005), and vary according to
the type of fruit but the doses range from 0.1 to 9.0 kJ/m2.

The essential feature of hormetic phenomena is that they
are induced: the UV in effect is perceived as an external
stress and the tissue responds by activating certain
metabolic pathways. It should be stated here that other
physical treatments such as heat or gamma irradiation are
also capable of eliciting such stress responses (Schreiner
and Huyskens-Keil 2006). Induction implies an elapse of
time between the application of treatment and the
maximal protective response. This period of time can vary
from hours to days in some cases.
The induction of metabolic pathways means that the
response is generated throughout the entire tissue rather
than at its surface. This is in stark contrast to conventional
UV treatment where direct inactivation effects are
confined to the surfaces of solid objects. In fruit, for
example, it has been shown that UV is rapidly adsorbed
by the "exocarp", the most outer layer of the fruit wall
(Blanke 1996) and therefore would not be able reach
microorganisms just a few microns from the surface. The
literature contains numerous reports of hormetic UV
treatments resulting in protective effects against
microorganisms throughout the entire tissue rather than
at its surface only. For example, Stevens et al. (1999)
showed that sweet potatoes inoculated with spores of
Fusarium solani as deep as 12 mm below the surface
could successfully be protected from infection following
hormetic UV treatment.
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The concept of the ‘responsive target’ is further reinforced
by work described below. The term ‘epiphyte’ is used in the
plant sciences to describe a microorganism that either
grows on or is otherwise associated with plants. The
epiphytic microflora may have an important role as natural
antagonists of pathogens (Wilson et al., 1991) and
therefore it is important that any applied treatment should
not negatively impact on the epiphytic population. Nigro
et al. (1998) observed increases in epiphytic yeast and
bacteria following low dose UV treatment. They speculated
that the growth of these organisms may have been
stimulated by the UV-induced permeabilization leading to
the leakage of nutrients. Presumably conventional UV
treatment directed at surface phytopathogens, and
requiring higher UV doses, would have a greater
probability of disrupting the epiphytic microflora,
When treating peaches with low doses of UV Stevens et al.
(1998a), found that the population of epiphytic yeasts
belonging to the species Debaromyces hansenii actually
increased with applied doses of up to 7.5 kJ/m2. Most
intriguing was the fact that doses of this magnitude had
severely depleted populations of the same yeast on the
surface of paper disks. This led the authors to conclude that
the yeast were under the genetic control of the host i.e. the
peach. A similar explanation might account for the results
obtained by Lopez-Rubin et al. (2005) who treated
pomegranate arils with UV and found that whilst bacterial
counts were reduced by certain UV doses, yeast counts
remained essentially constant.

Hormetic Mechanisms
The accumulated literature on UV hormesis in fresh
produce reveals two distinct effects. The first is protection
against attack by phytopathogens – mainly fungi - and the
second is delaying the onset of ripening. Both effects are
obviously desirable and would contribute to reducing
losses. In some cases the identities of some or all of the
elicited chemical species is known, whilst in others it
remains to be discovered.
Perhaps the greatest attention has focussed on citrus fruit
and in such fruits; enhancement of resistance to
phytopathogens such as Penicillium digitatum has been
attributed to accumulation of the phytoalexins scoparone
(Kim et al. 1991; Rodov et al. 1992; D'hallewin et al. 1999)
and scopoletin (D'hallewin et al. 2000). Phytoalexins have
been described as low molecular weight compounds that
accumulate in plants as a result of infection or stress (Kuc
1995). In carrots, UV treatment has been shown to result in
accumulation of 6-methoxymellein (Mercier et al. 1993).
Nigro et al. (1998) treated grapes with low doses of UV and
attributed increased resistance in the treated grapes to
resveratrol.
In addition to phytoalexins a number of workers have
reported the induction of phenylalanine ammonia lyase
(PAL) as well as in a host of so-called pathogenesis-related
(PR) proteins (chitinases and β-1,3-endoglucanases) in
both citrus fruit and peaches (Droby et al. 1993; Porat et al.
1999). Of the PR-proteins produced by plants, chitinases,
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glucanases and lysozymes have the ability to hydrolyse
insoluble polysaccharides from the cell walls of fungi and
bacteria. Glucanases and chitinases inhibit fungi by
hydrolysing β-1,3-ether linkages in β-1,3-glucans and β1,3-1,6-glucans and hydrolysing β-1,4-ether linkages in
chitin. Lysozymes and some chitinases also inhibit bacteria,
with the lysozymes hydrolysing the carbohydrate
component of bacterial peptidoglycan (Shama and
Alderson 2005).
Ripening in fruit and vegetables is a complex process in
which the growth regulator ethylene plays a key role. It is
not the intention here to enter into a description of this
process but rather to focus on those aspects of it that are
affected by low doses of UV. Polyamines are known to play
an important role in ripening and Maharaj et al. (1999)
showed that low UV doses led to increased levels of the
polyamine putrescine which inhibits ripening. Similarly,
Stevens et al. (1998b) attributed delayed ripening of UVtreated tomatoes to high levels of induced putrescine and
spermine. Barka et al. (2000b) noted less activity of cell
wall-degrading enzymes, i.e. polygalacturonase, pectin
methyl esterase, cellulase, xylanase, β-D-galactosidase and
protease, in tomato fruit treated with UV irradiation and in
later work observed an increase in lipoxygenase and PAL
activities (Barka et al. 2000a).

New Functional Foods?
Rising rates of cancers and heart disease have become
virtually synonymous with a western industrialized lifestyle.
Compelling evidence exists that the incidence of such
diseases can be reduced by increased consumption of fruit
and vegetables, and national governments and a diversity
of other agencies have for some time been promoting
changes to dietary habits (Schreiner and Huyskens-Keil
2006). One such campaign is the consumption of 5 pieces
of fruit and vegetables per day and only time will determine
to what extent such promotions are successful. Recent
studies suggest that it may be possible to increase the
protective effects that fruit and vegetables can confer by
treatment of such produce with low doses of UV. The
chemical species at the heart of these effects are identical
to those giving protection against phytopathogens and in
delaying ripening – i.e. the phytoalexins. Perhaps the wellstudied of these is resveratrol.
Resveratrol has been claimed to have cardioprotective, antiinflammatory and anti-tumorogenic properties, and
perhaps most intriguingly, that it extends the lifespan of
lower organisms. With the exception of the latter, the other
effects have only been demonstrated in-vitro but as Baur
and Sinclair (2006) point out in their review of the
therapeutic potential of resveratrol, it will be necessary to
validate the claims in-vivo, and these authors give details of
ongoing large-scale clinical trials.
Assuming that future studies confirm the desirability of
increasing the dietary intake of resveratrol, strategies for
doing so may already be in place. Cantos et al. (2001)
showed that delivering low doses of UV to grapes caused
resveratrol levels to increase significantly and they went so

08_049_final_Korr.qxd

26.02.2008

13:36 Uhr

Seite 1

far as to describe UV-treated grapes as a “functional food”.
In addition, levels of resveratrol increased by UV treatment
persist in wines produced from the grapes (Cantos et al.
2003).
Resveratrol is by no means the only health protective
phytoalexin whose concentration in fresh produce may be
increased by low dose UV treatment. For example,
tomatoes contain a number of potentially very interesting
species. These include tomatine and tomatidine and a host
of related glycoalkaloids. In a recent review Friedman
(2002) discussed the roles of this family of compounds in
relation to human health.
An issue that has largely been unaddressed to date is how
will consumers respond to foods treated with UV? This will
to some extent be influenced by marketing and how the
beneficial effects of UV-induced phytoalexins are
promoted. In connection with consumer acceptance it is
possibly advisable that terms such as “irradiation” be
avoided in describing the treatment of fresh produce with
UV as the term has become associated in the popular mind
with the use of ionising radiation.

Quality is more
than a product.

Adverse Effects of UV Treatment
Although hormetic effects are elicited by low UV doses,
damage to fresh produce even at low doses has been
reported. It should be borne in mind that such effects are,
after all, brought about by agents (in this case UV) which are
harmful at high doses. These undesirable effects include skin
discoloration in tomatoes (Maharaj et al. 1999), browning
and drying of calyxes in strawberries (Marquenie et al.
2002), increasing susceptibility to brown rot in peaches
(Stevens et al. 1998a) and premature ripening in mangoes
(Gonzalez-Aguilar et al. 2001). Prolonged exposure of
tomato fruits to UV has actually been found to accelerate
ripening and senescence of tomatoes (Liu et al. 1993). All of
these adverse effects would contribute to postharvest losses
and any proposed treatment methods should have in place
measures for carefully controlling the maximum UV dose
that can be delivered to individual fruits.

Process Requirements
A potentially very interesting finding was made by Stevens
et al. (2005) who reported that for apples, peaches and
tangerines it was not necessary to expose the entire surface
of the fruits to UV to elicit the desired hormetic response.
These workers found that the UV dose resulting in optimal
protective effects could be delivered solely at the stem end
of the fruit. They suggested that the vascular tissue in these
fruits might play a role in signal transduction from the
receptor tissue at the stem end. If this were confirmed to
hold for other types of fresh produce, it would have
significant consequences for commercial treatment as
produce could be packed in a certain way as to enable their
stem ends to be exposed to UV. Clearly, this is one area
where further investigations are required.
An equally important finding to that described above is
that many of the effects induced in living systems by UV –
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including hormetic effects - have been shown to be partly,
or in some cases wholly, reversible by subsequent exposure
to light of a longer wavelength, typically either UVA or
visible light. Stevens et al. (1998a) exposed UV-treated
peaches to ordinary fluorescent white light sources at high
light intensity continuously for 48 hrs and found that the
beneficial effects of the UV-C in reducing brown rot disease
caused by Monilinia fructicola were completely eliminated.
By contrast, storage in the dark did not result in a reversal
of beneficial effects of UV treatment.
The possibility that post treatment exposure to visible light
would reverse hormetic effects would require careful
control of the post treatment environment. There appears
to be currently no information in the literature concerning
the length of time after irradiation that produce should be
protected from exposure to photoreversing wavelengths. It
would be crucial therefore to establish after what period of
time after treatment does UV-induced damage become
irreparable. Presumably after the elapse of time it would be
safe to permit exposure of the treated produce to visible
light. Further work needs to be conducted to obtain the
answers to these questions.
Another factor in the UV treatment of fresh produce is the
time of harvesting. D’hallewin et al. (2000) found that UV
induced higher levels of phytoalexins in grapefruit harvested
late in the season (February and May) than those harvested
early in November. They also noted that decay control for
fruit harvested late in the season was generally more difficult.
Droby et al. (1993) had earlier shown that grapefruit
harvested in February required approximately double the UV
dose to confer resistance against Penicillium digitatum.
Another finding with implications for commercial applications
is the physiological status of the produce at time of treatment.
de Capdeville et al. (2002) found that fresh apples were more
responsive to treatment than were fruit stored for 3 months
in a controlled atmosphere environment, relatively little is
currently known about how fruit with different postharvest
‘ages’ respond to UV treatment. This is clearly one area in
which more work is needed.
All previously published work on the application of low doses
of UV to fresh produce has been restricted to the treatment of
produce after it has been harvested i.e. post-harvest. Is preharvest treatment a possibility and might it offer advantages?
Certain soft fruits such as strawberries are traditionally
harvested directly into punnets (a small light basket used as a
measure for fruits) without any form of treatment simply
because the fruit are delicate and almost any form of
mechanical handling results in damage and subsequent losses.
There is currently very little information to assess whether
pre-harvest treatment could result in the induction of
hormetic effects or indeed whether it would be practical
and ultimately economically viable. Specific questions to be
answered include at what point in the growth cycle of the
fruit should the UV be applied? Would a single dose or
multiple doses be required? What effects would the UV
have on the growing plant?
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Should future studies validate pre-harvest treatment, the
practicalities of applying UV doses to fruit on the vine, as it
were, could presumably be addressed. For instance,
returning to strawberries, the current methods of
cultivation in glass house with the plants arranged in rows
with the fruit overhanging for ease of picking coincidentally
offers possibilities for potential UV treatment. In this
context a patent filed by Michaloski (1991) may be of
potential interest. This patent describes a bank of UV
sources designed to be pulled by a tractor between rows of
vines for the purposes of eradicating powdery mildew from
the vines. Such a device could readily be adapted for the
treatment of fruit such as strawberries.

Conclusions
The concept of employing low doses of UV to elicit
hormetic responses in fresh produce has been firmly
established by a host of laboratory-based studies. However,
more work remains to be undertaken to enable this method
of treatment to be applied commercially. One promising
new area of investigation might be whether pre-harvest
treatment could ever be a practicality. It must also be
shown that key quality attributes of the produce are not
significantly compromised by UV treatment. In addition,
methods of treating delicate produce that minimises
mechanical handling must be devised. Finally, the attitude
of consumers must be taken into account in marketing
produce treated with UV and the benefits of treatment
clearly explained.
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ABSTRACT
Our study’s focus was to understand the role UV treatment had on forming selected nitrogenous disinfection byproducts (DBPs),
including haloacetonitriles, halonitromethanes, and nitrosamines under various operating and water quality conditions.
Preliminary experiments investigated DOM isolates dosed with elevated nitrate concentrations. These samples were exposed to
either low pressure (LP) or medium pressure (MP) UV sources combined with chlorination/chloramination where their order was
varied. In certain cases, dichloroacetonitrile (DCAN) formation decreased when UV exposure was followed by chloramination in
comparison to chloramination alone but remained constant when chloramination was added prior to UV exposure.
Nitrosodimethylamine (NDMA) and dimethylnitramine (DMNA) concentrations were found to increase upon similar MP 1000
mJ/cm2 UV exposure followed by chlorination in comparison to chlorination alone. We are pursuing bench scale experiments to
better understand formation mechanisms. Overall, this study will assist in understanding the potential various
UV/chlorination/chloramination treatment schemes will have on forming nitrogenous DBPs and therefore provide guidance for
utilities considering UV treatment.
Key words: UV treatment; Chlorination; Chloramination; Nitrogenous disinfection byproducts; Chloropicrin; Dichloroacetonitrile;
Nitrosamines

INTRODUCTION
Because it does not use chemicals, UV disinfection is becoming an
attractive alternative for many utilities to reduce the level of
chemical disinfection byproducts (DBPs). However, previous
studies suggest that water constituents exposed to UV light can
be modified by direct photolysis as well as through reactions with
OH radicals formed indirectly. NOM structures can be fragmented
into smaller, more hydrophilic, and more bioavailable forms and
serve as DBP precursors when coupled with chlorination or
chloramination. In addition, other compounds in the water matrix
such as nitrate can photolyze and form a host of highly reactive
nitrogen species (RNS). These species can then nitrosate or nitrate
NOM constituents, leading to greater nitrogenous DBPs which are
considered highly toxic (Plewa et al, 2004). Since utilities are
interested in using UV treatment along with chlorination/
chloramination, it is important to understand the role it may have
on forming currently regulated, known but not regulated, and
unknown DBPs.
The overall goal of this project is to assess the formation of various
nitrogenous
DBPs
that
include
haloacetonitriles,
halonitromethanes, and nitrosamines when different disinfectant
combinations are applied (UV/chlorination/ chloramination) and
source waters are used. Both medium pressure (MP) and low
pressure (LP) lamps will be examined. Source waters will range in
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quality such that total organic carbon (TOC) and total organic
nitrogen will vary. Source waters will be taken from utilities prior
to disinfection, spiked with specific known or suspected
precursors, and then treated with UV and chlorine/chloramine
disinfection in the laboratory. In addition, synthetic waters spiked
with a wide range of low and high molecular weight precursors
(e.g. phenol, dimethylamine, and humic acid) will also be
examined in a similar fashion to better characterize the formation
mechanisms involved.

MATERIALS AND METHODS
Source Water Preparation
Natural organic matter from Orange County Water and Sewer
Authority (OWASA) in Chapel Hill, NC was concentrated by
reverse osmosis (RO), and fractionated by polarity and acid base
properties on XAD resins (Rohm and Haas, Philadelphia, PA)
according to the procedures of Thurman and Malcolm (1981) and
Aiken et al (1992). Three sets of water isolates were obtained
which included unfractionated RO concentrate, fractionated
hydrophilic dissolved organic mater (DOM), and hydrophobic
DOM. Each set of water was diluted to a TOC of approximately 10
mg/L_C. Synthetic water (18.2 MΩ-cm resistivity) originated from
a Millipore water purification system.

Experimental Setup

Experimental Conditions

UV treatment

OWASA source water at 10 mg/L_C was spiked with 1.0 mg/L
bromide (Br-) and 10 mg/L_N nitrate. UV treatment and
chlorine/chloramine addition was varied in order as follows:

UV disinfection was performed using a collimated beam type setup for both LP and MP lamps. UV fluences used were 500 mJ/cm2
for the LP lamp system, and 1000 mJ/cm2 for the MP lamp system.
UV fluence was measured using a DNA weighted germicidal value
using calculation techniques described in Bolton and Linden
(2003) including factors such as incident irradiance, absorbance,
sample depth, divergence of beam, and Petri factor. Exposures
were run in crystallization dishes with 100 mL of sample at a time,
at depths of approximately 3 cm. To generate 1 L of UV exposed
sample, ten identical exposures were run.

Chlorine and Chloramine Preparation
Stock solutions of sodium hypochlorite (NaOCl) were prepared by
adding NaOCl to chlorine demand-free Milli-Q water. Pre-formed
chloramine stocks were prepared by mixing NaOCl with
ammonium sulfate in chlorine demand-free water in a
concentration ratio of Cl:N = 4:1 at pH 8.3. Chlorine residual tests
were conducted by dosing source waters ([TOC]i = 10 mg/L_C)
with chlorine/chloramines to achieve residual concentrations of
2.0 mg/L_Cl2 for the unfractionated RO concentrate and 6-8
mg/L_Cl2 for the hydrophilic and hydrophobic fractions after 72
hrs. Residual chlorine/chloramines were measured using the DPD
method
and
a
Hach
pocket
colorimeter.
Initial
chlorine/chloramine concentration doses thus ranged from ~14.020 mg/L_Cl2.

• No LP or MP treatment (control)
• No chlorine/chloramines (control)
• 1.0-1.5 mg/L_Cl2 mg/L free chlorine residual before LP or MP
treatment
• 1.0-1.5 mg/L_Cl2 mg/L combined chlorine residual before LP
or MP treatment.
• LP or MP treatment followed by an applied chlorine dose
leaving 1.0-1.5 mg/L_Cl2 chlorine residual. Quenched after 72
hrs with ascorbic acid.
• UV treatment followed by the addition of preformed
chloramines leaving a 1.0-1.5 mg/L_Cl2 combined chlorine
residual. Quenched after 72 hrs with ascorbic acid.
Using a similar procedure, additional experiments are currently
underway using synthetic water spiked with model precursors.
The Initial experiments include synthetic water spiked with humic
acid at 4 mg/L_C where nitrate and phosphate buffer at pH 7.0
are added at 10 mg/L_N and 670 μM, respectively. This spiked
water will be first treated with LP and MP UV light from 40-1000
mJ/cm2 and subsequently dosed with chlorine or chloramines at
7.0 mg/L_Cl2. Reactions will be quenched after 72 hrs with
ascorbic acid and subequently analyzed.
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Analytical Techniques

RESULTS AND DISCUSSION

Nitrosamines (NDMA, NMEA, NDEA, NMOR,
NPYR, and NPIP) and Dimethylnitramine

Unfractionated RO Concentrate
N-DBP Results

Quenched sample aliquots (500 mL) were shipped on ice to the
Mitch laboratory for analysis according to EPA Method 521 and
summarized here. After injection of d6-NDMA for isotope dilution
analysis for NDMA, samples will be extracted with by passing 500
mL through a solid phase extraction (SPE) cartridge containing
coconut charcoal. The cartridge will then be air dried and
extracted with methylene chloride. The methylene chloride
extract will be analyzed by GC tandem mass spectrometry in the
chemical ionization (methanol) mode.

We evaluated N-DBP formation in a solution of consisting of 10
mg/L nitrate, 1 mg/L bromide, and 10 mg/L as DOC of OWASA
source water concentrated by reverse osmosis. UV application
consisted of either 500 mJ/cm2 low pressure UV or 1000 mJ/cm2
of medium pressure UV. Results and preliminary interpretation for
the different N-DBP families are provided below. Chlorination and
chloramination were conducted to achieve residual
concentrations of 1-1.5 mg/L as Cl2. These conditions represent
extreme conditions and were designed to evaluate whether any
significant effects of UV on N-DBP formation are likely to be
observed.

Haloacetonitriles and Halonitromethanes
(CNM, DCNM, TCNM, CAN, DCAN, and TCAN)
Quenched sample aliquots (25 mL) will be preserved by injection
of glacial acetic acid to lower the pH to 3.5-4.0 where these
compounds are more stable. Samples will be transferred to 40 mL
vials and extracted by hand-shaking for 5 minutes into 4 mL MtBE
containing 1,2-dibromopropane as an internal standard. Samples
will be analyzed by gas chromatography with electron capture
detection (GC-ECD) against authentic standards.

Haloacetonitriles (HCANs)
Samples associated with free chlorine addition could not be
assessed due to matrix interference, and therefore, only the
chloramine results for dichloroacetonitrile (DCAN) are shown
below. No chloroacetonitrile (CAN) or trichloroacetonitrile
(TCAN) were detected. Our method does not detect brominated
analogues. The error bars represent the standard deviation of two
replicates.
16
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Figure 1. Chloroacetonitrile formation from OWASA RO
concentrate.

The results indicate that chloramination alone formed significant
DCAN (~12.5 nM or 1.4 μg/L). As expected, treatment with 500
mJ/cm2 low pressure UV or 1000 mJ/cm2 medium pressure UV did
not form significant DCAN, as chlorination or chloramination
would be needed for chlorine addition. Similar DCAN formation
was observed for chloramination upstream of these UV treatments
as for chloramination alone, indicating that UV had minimal

impact on the formation process. For example, UV photolysis of
DCAN, inorganic chloramines, or any potential organic
chloramines intermediates seems to be negligible, even for these
elevated UV fluences. However, DCAN formation declined ~70%
to ~4 nM when these UV treatments were followed by
chloramination. These results may indicate that UV treatment
deactivates a significant fraction of the DCAN precursors.

Halonitromethanes (HNMs)
Samples were also evaluated for chloronitromethanes. Our
analysis does not detect brominated analogues. Data sets for
chloronitromethane (CNM), dichloronitromethane (DCNM),
chloropicrin (trichloronitromethane (TCNM)), and their totals are
provided below. As for haloacetonitriles, we could not evaluate
halonitromethane formation for samples exposed to chlorine, due
to massive matrix interference.

Nitrosamine and Dimethylnitramine
Formation
For the unfractionated RO concentrate samples, nitrosamine and
dimethylnitramine formation was evaluated. With the exception
of NDMA and dimethylnitramine (DMNA), no significant
formation was observed. For NDMA, significant formation (above
the 2 ng/L method detection limit) was observed for
chloramination, but not for chlorination, in line with previous
studies (Schreiber and Mitch, 2006). No significant formation was
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Low and medium pressure exposures alone produced no
significant HNMs, as chlorination or chloramination would be
needed for halogen addition. Chloramination alone produced
~10 nM chloronitromethanes, predominantly chloropicrin. With a
few exceptions, chloropicrin dominated the chloronitromethanes,
in line with previous studies (e.g., Joo and Mitch, 2007; Mitch and

Schreiber, 2008). When 500 mJ/cm2 low pressure UV was
combined with chloramination either upstream or downstream,
no significant difference in chloronitromethane formation was
observed compared with chloramination alone. However, when
1000 mJ/cm2 medium pressure UV was combined with
chloramination either upstream or downstream, a 300% increase
in total chloronitromethanes was observed. Some DCNM was
observed when chloramines were applied downstream of
medium pressure UV. These results are in accord with the lack of
significant photolysis of nitrate by low pressure UV exposures, but
significant nitrate photolysis by medium pressure UV due to a
significant action spectrum for nitrate via the medium pressure
emission band below 240 nm and near 313 nm.
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Figure 2. Chloronitromethane formation from OWASA RO concentrate.
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In the case of DMNA, neither chlorination nor chloramination
alone formed significant DMNA. Medium pressure UV treatment
alone, but not low pressure treatment alone, formed ~ 4.5 ng/L
DMNA. This formation may be associated with N2O4 formation via
medium pressure UV photolysis of nitrate. In the case of medium
pressure UV combinations with chlorine or chloramines,
chloramination upstream had no significant differences from
medium pressure treatment alone. However, chlorination
upstream reduced DMNA formation, likely due to deactivation of
organic nitrogen precursors, similar to the effects observed for
chlorination of NDMA precursors (Schreiber and Mitch, 2005;
indeed, the precursors are likely similar (Schreiber and Mitch,
2007). DMNA formation increased to ~8 ng/L with postchlorination or post-chloramination. This formation may be
associated with N2O4 formation via chlorine or chloramine
reactions with nitrite formed by UV photolysis of nitrate.

For low pressure UV treatments, such effects were not observed,
probably because low pressure UV does not significantly
photolyze nitrate.
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observed for low or medium pressure UV treatment alone. The
only significant increase in NDMA formation was observed when
the water was treated with 1000 mJ/cm2 medium pressure UV
upstream of chlorination, where ~ 6 ng/L NDMA was observed,
approximately a 300% increase compared with chlorination
alone. This formation may be associated with N2O4 formation via
the chlorination of nitrite formed by medium pressure UV
photolysis of nitrate. For chloramination/UV combinations, no
significant increase in NDMA formation was observed associated
with UV treatment.
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Figure 3. NDMA and DMNA formation for the
unfractionated RO concentrate isolates.
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Hydrophilic and Hydrophobic
Fraction N-DBP Results
Haloacetonitriles (HANs) and
Halonitromethanes (HNMs)
As discussed previously, samples associated with free chlorine
addition for the RO concentrate could not be assessed due to
matrix interference, and therefore, were not included in this study.
For the hydrophilic fraction, only results for dichloroacetonitrile
(DCAN), trichloronitromethane (TCNM), and chloronitromethane
(CNM) are presented below in Table 14. Although traces of CNM
were detected, they were always low, and few significant trends
were observed.

Other compounds such as chloroacetonitrile (CAN),
trichloroacetonitrile (TCAN), and dichloronitromethane (DCNM)
were not found at concentrations > MDL in > 88% of the samples
and were not included below.
Table 1. OWASA Hydrophilic results. Average values for
duplicate analyses are provided, and the standard error is
provided in the parentheses.

a
Significant background interference from 32-42 min (includes DCAN
and CNM retention times). This is possibly due to inference from DOMBr compounds given the type of samples it affects.

For the hydrophobic fraction, the only compound not found at
any appreciable level (> MDL) for any of these samples was
trichloroacetonitrile (TCAN). The remaining compounds were
observed and their results are presented below in Table 15.

exposures alone produced no significant HANs or HNMs (<
MDL) since chloramination would be needed for halogen
addition.
• Product formation for the hydrophilic fraction was comparable
to that for the total RO concentrate, but significantly greater
than that for the hydrophobic fraction.
• For the total RO concentrate, samples exposed to low and
medium pressure light followed by chloramination exhibited
decreases in DCAN formation compared with chloramination
alone. Such differences in treatment were not observed for
DCAN concentrations for the hydrophobic and hydrophilic
samples. Although mild increases in TCNM formation were
observed for medium pressure UV/chloramination for the
hydrophilic fraction, no such trend was visible for total RO
concentrate or hydrophobic fraction.
• Most samples treated with chloramines prior to exposure to
low or medium pressure light exhibited no significant
difference in DCAN or TCNM formation compared to samples
treated with chloramines alone. For the hydrophilic fraction,
however, DCAN decreased significantly (44% loss) upon
chloramination followed by 1000 mJ/cm2 medium pressure
exposure. One additional finding observed for the hydrophilic
fraction was the large increase in TCNM formation (440%)
when bromide (Br-) was excluded from the solution matrix. We

Table 2. OWASA Hydrophobic results. Average values for
duplicate analyses are provided, and the standard error is
provided in the parentheses.

* Values in italics include one of two duplicates that was found to be
“less than the MDL.
a One of two or b both duplicates presented a poor baseline
throughout chromatograph (from ~10-56m).
Poor baseline was most likely due to poor ECD performance and
was not sample related.

The following comments apply to the data from the total RO
concentrate and the hydrophilic and hydrophobic fractions:
• Similar to the RO concentrate, low and medium pressure
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suspect that brominating agents, such as NH2Br converted
TCNM precursors to partially or fully brominated analogues,
such that TCNM formation increased when bromide was
removed. For the total RO concentrate, chloramination
upstream of medium or low pressure UV treatment increased
TCNM formation.

Overall N-DBP Discussion
These results are suggestive, but not definitive of a UV impact on
nitrosamine and nitramine formation. There are additional
suggestions of differences in HNM or HAN formation for different
fractions. However, the differences in concentrations formed were
mild for what would appear to be an extreme case in terms of
large DOC and nitrate concentrations, and UV doses. Some of the
problems associated with drawing conclusions about the impact
of UV/chlorine/chloramination combinations from this data as an
extreme case include:
• We do not know the N-DBP precursor content of OWASA
water. Nitrosamine/nitramine precursors do not correlate with
DOC in general, but tend to be associated with wastewater
impacts. The low NDMA concentrations previously measured
in OWASA effluent indicate that the precursor content is low.
Similar comments may apply to HAN/HNM precursors, but
may be associated with organic nitrogen precursors in general.
However, the high bromide concentrations may hinder this
evaluation, as bromide would steer HNM/HAN formation
towards brominated analogues. Having a higher precursor
content would enable us to generate higher concentrations of
products and obtain statistical differences for treatment
conditions.
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• The UV doses were at the upper limit. We know that NDMA,
and likely the other N-DBPs are photolabile. Indeed 1000
mJ/cm2 fluence is used by some utilities to destroy NDMA.
These factors indicate a need to switch to a more fundamental
analysis of factors promoting formation of N-DBPs during
UV/chlorine/chloramine combinations. We propose to begin by
systematically examining factors promoting or hindering N-DBP
formation (e.g., UV fluence, nitrate concentrations etc.) using
model precursors.
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