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A Message
from the IUVA President
First of all, what a great way to start a new year! Thanks to all of our sponsors, exhibitors, speakers,
organizers, volunteers, and attendees for making the IUVA World Congress in Vancouver, Canada, a
successful event!
The event, held from Jan. 31 to Feb. 3, 2016, had an excellent turnout of 269 delegates from 25 countries, as well as 21 exhibitors. At this event, the technical committee arranged the program to maximize
networking time, lengthening the period of networking breaks, but maintaining the number of papers
presented. While we have initially heard comments from a few attendees, IUVA staff will be sending out a brief survey to
obtain additional feedback from attendees on what they liked about the program, and what areas could be improved at the
next IUVA event. So, when you see this survey in your email, please do take a few minutes to answer a few short questions
to make our next event even better.
Kati Bell

The new Executive Operating Committee has already had its meeting following this year’s congress, and we have a great
lineup of several other excellent events this year that I’d like to highlight. Immediately, our new Asia Pacific Vice President,
Kumiko Oguma, and our immediate past president, Dr. Karl Linden, are organizing a one-day workshop “UV Innovations: Towards Sustainable Water Use” in collaboration with the Research Center for Advanced Science and Technology,
University of Tokyo on April 22, 2016. The event, which will be translated in Japanese and English, is expected to host
over 100 attendees. Other events planned for 2016 include an LED Short Course to be held in conjunction with RadTech’s
annual conference in Chicago and a regulatory event in conjunction with EPA. The IUVA LED Short Course will be held in
Chicago on May 15, 2016 – more information is available at http://radtech2016.com and will soon be posted to the IUVA
website.
With the successful turnout of attendees at the World Congress Sunday Workshop “Proposed Changes in International
Regulations and their Potential Impacts on Disinfection Practices,” a one-day workshop on UV regulations is also being
prepared with EPA, later this year. Additionally, with the increased interest in reuse applications for UV-advanced oxidation processes, an AOP workshop is also being planned for later this year. More information will be forthcoming on both of
these events on the IUVA website, which is undergoing some much needed upgrades. Please be sure to thank Josh Goldman
of CDM Smith for his efforts at website support during the World Congress, and look forward to the enhancements in the
coming year.
There are a lot of exciting things happening in IUVA, and there are plenty of opportunities to get involved in organizing
events, or volunteer to help the organization advance the science of UV. So, if you aren’t yet an active volunteer in IUVA
and are looking for an opportunity to become more involved, please reach out to me at kati.bell@mwhglobal.com or to
our managing administrator Gary Cohen at gcohen@iuva.org for ideas about how to get involved. I look forward to seeing
you at our next event!
Best regards,
Kati Bell
IUVA President
Water Reuse Practice Leader at MWH Global

A Message
from the Editor-In-Chief
I came back from the IUVA World Congress in Vancouver with a feeling that IUVA is very much alive
and active in the ultraviolet field. The presentations that I attended were very good and generated a lot
of discussion. There is a full World Congress Report in this issue.

Jim Bolton
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The next issue (Summer 2016) will be devoted to full papers from the UV Workshop “Proposed Changes
in International Regulations and their Potential Impacts on Disinfection Practices.” If you would like
to have a paper published in IUVA News, please send the manuscript to me at editorinchief@iuva.org.
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2016 IUVA World Congress
The IUVA World Congress on Ultraviolet
Technologies was held from Jan. 31 to Feb. 3 in
Vancouver, Canada. A turnout of 269 delegates
from 25 countries attended the event along with 21
exhibitors. The banquet on Tuesday evening was
a special highlight, including the announcement
of IUVA awards. Proceedings from the IUVA World
Congress are available to all delegates, and pricing
will be set so papers are available to non-delegates.
Pre-Congress Workshop Draws 50-Plus Attendees

“Proposed Changes in International Regulations and Their Potential Impacts on Disinfection Practices”
took place on the Sunday before the World Congress. It was well attended with more than 50 participants
and included presentations from Keith Bircher, Regina Sommer, Kati Bell and Andy Salveson. These
presentations will appear as full articles in IUVA News in the summer 2016 issue.

Kati Bell Takes Over as IUVA President; Oliver Lawal Chosen as President Elect
At the IUVA General Assembly, Dr. Kati Bell of MWH Global was installed as
IUVA’s president, taking over from Karl Linden, who will become past president.
Dr. Bell is the water reuse global practice leader for MWH. She has over 20 years
of experience in selection, design, implementation and optimization of water
treatment process. Disinfection and advanced oxidation processes are key focus
areas for Bell. Bell also led the recently published IUVA/WEF special publication
for UV disinfection of wastewater. As a researcher, she was recently appointed to
the Johns Hopkins Bloomberg School of Public Health.
Kati Bell

It was also announced that Oliver Lawal has been elected as the president elect.
Lawal will take over as president in late 2017.
Lawal has been involved with UV technology since the late 1990s. As the founder of
AquiSense Technologies, he is able to execute his passion for chemical-free water
treatment using UV-C LEDs. He previously served as president of Aquionics Inc., a
leading UV water treatment supplier using conventional mercury-vapor lamps.

Oliver Lawal
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Lawal holds two engineering degrees from Manchester University in the United
Kingdom. He has enjoyed serving on the board of directors of the International
Ultraviolet Association as treasurer and as an active member of several committees. He also has served on the Board of Confluence, an Ohio Valley water innovation cluster and the Water and Wastewater Equipment Manufacturers Association (WWEMA). He has been widely published on UV topics, named in various
global patents and is considered one of the thought leaders in the practical
application of UV-LEDs for water treatment.
IUVA News / Vol. 18 No. 1

IUVA Board, Executive Committee Elected

The IUVA Membership elected the following to the IUVA Board of Directors. Members of the Executive
Committee are noted.
Name/Country

Executive

Organization

Volker Adam/Germany		
Heraeus Noblelight
Scott Alpert/USA		
Hazen and Sawyer
Jamal Awad/USA		
HR Green
Kati Bell/USA
President
MWH Global
Keith Bircher/Canada		
Calgon Carbon
Ernest Blatchley/USA		
Purdue Univ.
Jim Bolton/Canada		
Bolton Photosciences Inc.
Pedro Da Cruz/USA		
Suez Treatment Solutions
Joel Ducoste/USA		
North Carolina State Univ.
Bertrand Dussert/USA		
Xylem Services
Jutta Eggers/Germany		
DVGW
Josh Goldman/USA		
CDM Smith
Linda Gowman/Canada		
Trojan Technologies
Ron Hofmann/Canada
Secretary
Univ. of Toronto
Jiangyong Hu/Singapore		
Nat. Univ. of Singapore
Gary Hunter/USA
Treasurer
Black and Veatch
Joop Kruithof/Netherlands		
Retired

Name/Country

Executive

Organization

Oliver Lawal/USA
President Elect
Aquisense
Karl Linden/USA
Past President Univ. of Colorado
Wenjun Liu/China		
Tsinghua Univ.
Bram Martijn/Netherlands		
PWN
Jon McLean/USA		
ETS UV Technol.
Shelly Miller/USA		
Univ. of Colorado
Kumiko Oguma/Japan		
Univ. of Tokyo
Jennifer Osgood/USA		
CDM Smith
Phyllis Posy/Israel		
Atlantium
John Ryan/UK		
Hanovia
Rick Sakaji/USA		
East Bay Mun. Util. Dist.
Chengyue Shen/USA		
HDR
Regina Sommer/Austria		
Med. Univ. of Vienna
Dick Stowe/USA		
Heraeus Noblelight
Paul Swaim/USA		
CH2M Hill
Bryan Townsend/USA		
Black and Veatch
Harold Wright/USA		
Carollo Engineers

IUVA Honors G. Elliott Whitby with Lifetime Achievement Award
Having retired from full-time employment in 2014, Elliott Whitby leaves a legacy
as one of the leading UV system designers. Whitby has worked for a number of
manufacturers, including Trojan, Wedeco, Calgon Carbon and Wallace and Tiernan. He was instrumental in the promotion and acceptance of UV disinfection for
wastewater applications.

G. Elliott Whitby

Previous winners:
Jim Malley, Jr., 2007
Hank Vanderlan, 2009
Bill Cairns, 2011
Jim Bolton, 2013

In his 35-year career, Whitby has written hundreds of papers and presentations
and has a patent on the application of UV light to control zebra mussels. Whitby
is a pioneer who has helped train and mentor hundreds of people in the UV
industry. He has worked tirelessly on committees and was always available to
volunteer. He is a founding member of the IUVA, is on the editorial board of
IUVA News and was the recipient of the IUVA Volunteer Award at the last World
Congress in Las Vegas. Whitby has been a key element in the commercialization
of open channel wastewater water systems for over 25 years. In addition, Whitby
has been a key member of many IUVA initiatives, conferences and publications.
As he is now retiring, his presence will be missed at IUVA events, and we hope
this recognition will offer a lasting memory of his contributions to the industry.
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UV Engineering Project of the Year: Groundwater
Replenishment System, Orange County, Calif.
(Nominated by Crystal Nettles, Orange County
Water District; award accepted by Denis Bilodeau,
director of the Orange County Water District)
The Groundwater Replenishment System (GWRS)
is the world’s largest water purification system for
indirect potable reuse and helps increase Orange
County, California’s water independence by providing a locally-controlled, drought-proof supply of
high-quality water. With an initial expansion completed in June 2015, the GWRS generates enough
near-distilled quality water to meet the annual
needs of 850,000 people.
After wastewater is treated to secondary levels at
the Orange County Sanitation District, it flows to
the GWRS where it undergoes a state-of-the-art
purification process consisting of microfiltration,
reverse osmosis and ultraviolet light (UV) with hydrogen peroxide.
Water is exposed to high-intensity UV light with
hydrogen peroxide to disinfect and to destroy any
trace organic compounds that may have passed
through the reverse osmosis membranes. This
step is required by the project’s permit and is considered an extremely efficient safety barrier. This
process also is important to garner public sup-

port as a source of safe, high-quality and reliable
water.
More than 1,700 UV lamps were installed during the
GWRS initial expansion, bringing the system’s total
to 5,616. It takes only 10 seconds for the water to
pass through three reactors and become completely sanitized.
Project benefits include:
• A locally-controlled, reliable supply of highquality water that is drought-resilient.
• Protection for the environment by reusing a
precious resource and reducing the amount of
wastewater discharged to the Pacific Ocean.
• Producing water that meets or exceeds state
and federal drinking water standards.
• It is designed to be further expanded to increase production capacity to help meet future
water needs.
• It uses less than half the energy required to transport water from Northern to Southern California.
• It uses one-third the energy required to desalinate seawater.
• It produces water at a unit cost of $525 an
acre-foot with subsidies and $850 an acre-foot
without subsidies – each less than the cost of
imported water.

UV Light Award (Volunteer Recognition): Oliver Lawal
Oliver Lawal has been a member of the IUVA since
its founding in 1999 and was just elected as the new
incoming president. He has led two key initiatives
of the Manufacturers Council that resulted in important UV industry documents published by the IUVA:
“Measurement Protocol for UV Lamps with a Monochromatic (254 nm) Output” and the “Uniform Protocol for Wastewater UV Validation Applications.”
Lawal became a member of the IUVA Board in 2009
and has continued to actively support the efforts

of the organization through participation in conferences, the contribution of material to IUVA News
and through event sponsorship and advertising.
Most recently, as treasurer of IUVA, Lawal worked to
help manage and sustain the organization through
a transition period and worked on an almost fulltime basis to manage IUVA finances. Oliver Lawal
has built his career with a passion for UV treatment.
He has worked hard to ensure the IUVA can remain
viable as an organization to continue its vision.
page 8 u
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UV Young Professional Award: Dr. Mengkai Li

Mengkai Li

Dr. Li is an assistant professor at the Research Center for Eco-Environmental Sciences (RCEES) of the Chinese Academy of Sciences in Beijing. Among his accomplishments, Dr. Li has developed a leading-edge
photoelectric detector, which is the first fluence rate (FR) detector with
broad application prospects in the UV field. Based on this novel detector,
a number of distinctive studies have been completed, including in-situ
fluence rate distributions in single- and multiple-lamp running UV reactors, the reflection effect of various inner reactor walls and innovative
technologies for on-site inspection of the practical fluence in UV reactors.
In addition, Dr. Li also developed an innovative mini-fluidic photoreaction system (MFPS) suitable for bench-scale photochemical experiments.
With this system the photoreaction results of various light sources can be
quickly and accurately compared, providing a powerful tool for selection
of an optimal light source to meet diversified requirements in water and
wastewater treatment.

UV Product Innovation: Stet Clean®
(nominated by Dr. Gabriele Messina)
Stet Clean® is a high-tech innovative device for disinfecting a stethoscope
membrane through UV-C LEDs. Hospital-acquired infections are a huge
worldwide problem. The stethoscope is the most used medical device: a
sensor, a symbol of medicine and hand extension of health care professionals. The stethoscope also has proved to be a carrier of microorganisms because of its membrane coming into direct contact with patients’
skin.
Stet Clean® has developed a micro-electronic device that breaks down
and eliminates the transmission of microbes caused by stethoscopes. It
approaches the problem in an innovative way, using a physical method of
disinfection – UV-C light generated by a single LED. Health professionals,
after every use of the stethoscope, simply attach the stethoscope’s head
to Stet Clean®, which disinfects the membrane in a few minutes. Stet
Clean® looks like a badge on the operator’s coat to which the potentially
contaminated surface of the stethoscope’s head adheres by a self-closing magnetic latch that does not interfere with the user’s activities. Stet
Clean® is lightweight, adaptable to all stethoscopes, effective, rechargeable and inexpensive.
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Classic Paper Award: Michael R. Templeton, Robert
C. Andrews and Ron Hofmann
The study – “Inactivation of
particle-associated viral surrogates by ultraviolet light,”
2005. Wat. Res. 39, 3487–3500
– investigated the influence of
particle size and composition
on the inactivation of two viral
Michael R. Templeton
surrogates, bacteriophages
MS2 and T4, by low-pressure UV light. It was the
first of its kind to specifically examine the impact
of actual particle-enmeshment on UV disinfection
(versus simple particle scattering) by taking steps
to physically attach the phage to particles. It was
also one of the first studies to employ techniques

for extracting and enumerating particle-enmeshed
organisms. The study showed that particles smaller
than 2 microns can shield phages from UV light
and that UV-absorbing particle composition (e.g.
organic content) is especially important in phage
survival. This study supports the importance of placing particle removal processes, such as filtration,
before UV disinfection, especially in waters prone to
the risk of occasional turbidity spikes or UV-absorbing particles (e.g. iron oxides). The paper has been
cited 60 times (Google Scholar, as of Oct. 1, 2015)
by researchers working in areas, including drinking
water treatment, wastewater treatment, the food
and beverage industry and water reuse.

Student Presentation Award Winners
1st place: Laith Furatian

Laith Furatian

Laith Furatian received his bachelor of science in engineering physics from the University of Alberta. He obtained a strong foundation in the theory of water treatment
while obtaining his master of science in civil engineering from the University of New
Hampshire under the co-supervision of Drs. J. Malley and M. Robbins. His master’s research work involved the study of the UV/H2O2 process applied to biologically treated
wastewater and was conducted at Trojan Technologies during a yearlong internship in
London, Ontario, with Dr. B. Cairns. Furatian is completing his doctorate in chemical
and biological engineering from the University of British Columbia, under the supervision of Dr. M. Mohseni, while teaching in the civil engineering department of the
British Columbia Institute of Technology.

Project for which the award was given: “Influence of Temperature and Chloride on the 185 nm Advanced
Oxidation Process,” by Laith Furatian and Madjid Mohseni. Furatian’s doctoral research deals with the influence
of the water matrix on the 185 nm-based advanced oxidation process. While hydroxyl radicals are generated from
water photolysis by 185 nm photons emitted by a conventional low-pressure lamp, the major solutes in the water
matrix strongly influence the kinetic pathways and degradation rates of target contaminants. In addition to typical AOP hydroxyl scavengers, the role of chloride and sulfate has been investigated. This work has demonstrated
that when chloride is present at typical concentrations, chlorine radicals may become the dominant oxidant under
185 nm irradiation. In general, the 185 nm AOP involves a combination of OH, Cl and SO4– radicals, depending on
the water matrix composition and relative reactivity of organic matter. Regarding temperature, it was found that
despite the increasing absorbance of water at 185 nm, temperature has a negligible influence on the process.
page 10 u
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2nd place: Natalie Hull
Natalie Hull, a native of eastern Kentucky, earned her bachelor of science in civil
engineering from the University of Kentucky. After getting married and moving
west, she earned her master of science in civil engineering from the University of
Colorado at Boulder. Hull then spent two years researching in Dr. Norman Pace’s
microbial ecology lab studying drinking water distribution systems. She is currently a Ph.D. candidate in environmental engineering at the University of Colorado at Boulder. With her adviser, Dr. Karl Linden, and members of the DeRISK
center, she is researching fundamentals and applications of wavelength-tailored
UV technologies for sustainable drinking water disinfection in small communities.

Natalie Hull

Project for which the award was given: “Ultraviolet Wavelength- and DoseDependent Damage of Adenovirus Proteins,” by Sara Beck, Natalie Hull, Chris Poepping and Karl Linden.
Adenovirus is a protein-encapsulated, double-stranded DNA virus that is more susceptible to disinfection
by polychromatic, medium-pressure (MP) ultraviolet (UV) light than monochromatic, low-pressure UV light.
Enhanced disinfection by MP UV is not due to DNA damage alone at wavelengths below 240 nm. This
study used SDS-PAGE to quantify wavelength and dose-dependent UV damage of adenovirus proteins.
Protein damage correlated with adenovirus absorbance spectrum and spectral sensitivity and was greatest
and dose-dependent at wavelengths below 240 nm. This data can inform design of disinfection systems to
achieve virus inactivation credit at lower doses than are currently required.

3rd place: Wen-Long Wang
Wen-Long Wang was born in 1990 in China. In 2012, he earned his bachelor of
science in environmental engineering from Beijing Normal University. After that,
he started his Ph.D. program in Tsinghua University (THU) under the supervision
of Prof. Hong-Ying Hu. Now, he is in the fourth year as a Ph.D. candidate in the
field of wastewater reclamation. His research interest focuses on the advanced
treatment of wastewater to make water reuse possible, especially the removal of
adverse trace organic contaminants.
Project for which the award was given: “UV/chlorine oxidation for wastewater
reclamation treatment: micropollutant degradation,” by Wen-Long Wang, QianYuan Wu and Hong-Ying Hu. The synergetic effect of UV/chlorine showed a significant synergistic effect on
micropollutant (carbamazepine) degradation in wastewater through a generation of radical species (•OH
and •Cl). The degradation rate of CBZ increased linearly with increasing UV irradiance and chlorine dose.
The degradation of CBZ by UV/chlorine in acidic solutions was more efficient than that in basic solutions,
mainly arising from the effect of pH on the dissociation of HOCl and OCl– and then on the quantum yields
and radical species quenching. Inorganic carbon and dissolved organic matter could moderately inhibit
the degradation efficiency of carbamazepine by UV/chlorine, while chloride did not.
Wen-Long Wang
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Special Recognition
We would like to recognize the following people
that were instrumental in organizing the 2016 IUVA
World Congress. Without their efforts, the World
Congress would not have happened.
2016 World Congress Organizing Committee
Karl Linden, University of Colorado
Kati Bell, MWH
Jennifer Osgood, CDM Smith
Oliver Lawal, AquiSense
Ron Hofmann, University of Toronto
Technical Content Committee
Ron Hofmann, University of Toronto
Ernest Blatchley III, Purdue University
Jens Scheideler, Xylem
Linda Gowman, Trojan Technologies
Scott Alpert, Hazen and Sawyer
We also would like to thank the 2016 World
Congress sponsors:
CDM Smith
Nedap
Trojan Technologies

Xylem
AquiSense Technologies
MWH Global

aquisense
technologies
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www.heraeus-noblelight.com
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Round Robin Test of the IUVA UV Lamp
Efficiency Testing Protocol (Revised)
James R. Bolton1 and Michael J. Santelli2
1. 628 Cheriton Cres. NW, Edmonton, AB, Canada T6R 2M5 (corresponding author)
2. Light Sources, 37 Robinson Road, Orange, CT 06477
Contact: James R. Bolton (jbolton@boltonuv.com)
Introduction
Over the past several years, the Manufacturers’ Council of the
International Ultraviolet Association (IUVA) has developed a
protocol for testing of the UV efficiency of low-pressure and
low-pressure high-output UV lamps. The first version of this
protocol was adopted in 2008 (Lawal et al., 2008). A roundrobin test of this protocol was conducted in 2009, but the results
were not satisfactory. In reviewing the 2008 protocol, there was
no flaw in the requirements but rather the practice. Such factors
as adherence to protocol, reflectance and measurement methods
led to high sources of error.
Hence, in 2013, The Manufacturers’ Council adopted a revised
protocol (see Appendix A on page 15) that further refined the
requirements of the 2008 protocol. Before finalizing this new
protocol, it was decided to conduct a second Round Robin. This
paper presents the results of this new Round Robin.
The Round Robin was initiated by testing at Light Sources
Inc. (Orange, CT) of 15 Light Sources 320 W (model
GPHHA1554T6L/4P) low-pressure high-output (spot amalgam)
UV lamps (arc length 1.475 m) according to the revised Protocol
using an electronic power supply (Philips Electronic Ballast –
Model TUV 325W XPT) and a recently calibrated radiometer
(International Light model ILT 1700 with an SED240 detector
with an NS254/NS254 filter and a W diffuser). After the tests
were completed, the lamps, power supply and radiometer were
shipped sequentially to nine other manufacturers where similar
tests were conducted.
Procedures
The testing procedures followed the protocol given in Appendix
A. Some centers used method 1 to minimize reflection, and
some used method 2, as shown in Appendix B on page 18.
Results
Table 1 gives the average lamp efficiencies under four conditions as obtained from the tests conducted by the participating
manufacturers, which were (in random order): Hanovia, Trojan,
Xylem, Light Sources, Calgon Carbon, Heraeus, Philips, FoshanComwin, LightTech and Ozonia. Table 2 gives the average lamp
voltages, lamp powers, optical powers, lamp current and the
ambient and surface temperatures.

12
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Detailed tables of results for individual lamps are in Supplementary Files.
The four conditions were:
1. Steady-state efficiency after a period of at least 10 min
a. Input to the lamp
b. Input to the ballast
2. Efficiency at time of peak output (usually about 2-5 min)
a. Input to the lamp
b. Input to the ballast
Discussion
The following observations can be made:
1. The results are generally highly reproducible among the
various test centers.
2. There was a 2-3% drop in efficiency between
measurements across the lamp vs. those from the wall.
This indicates that the power supply consumes about
7-12% of the input power with the rest going to the
lamp.
3. One would expect that the efficiency at peak output
should be more reproducible among the various
labs; however, there is not much difference in the
reproducibility between the data for steady state and the
data for peak output.
4. There does not appear to be any significant correlation
between lamp efficiencies and the ambient temperature,
although the temperature range is quite small.
5. One test center (C) failed to make reliable measurements
of the output across the lamp.
6. Some centers (e.g., C and H) reported electrical values
that were well outside the norm. Perhaps there was a
problem with the calibration of their power analyzers.
7. The distance from the center of the lamp to the
radiometer detector varied from 2.88 to 4.00 m. There
did not appear to be any correlation in the results vs. this
distance. This confirms the recommendation that this
distance be at least twice the arc length.
8. When the lamps, ballasts and radiometer were returned
to Light Sources and again tested in October 2014, the
results were almost the same as when the lamps were
originally tested in September 2013.
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Table 1. Average lamp efficiencies (%) for the conditions: (1) Steady-state for the “input to the lamp,” (2) Steady-state for the
“input to the ballast,” (3) Time of peak output for the “input to the lamp” and (4) Time of peak output for the “input to the ballast.”

Table 2. Average lamp voltage, current and optical power for the “input to the lamp” condition and the average ambient and
surface temperatures.

Conclusion
These results provide strong verification that the IUVA Test
Procedure is effective and valid.
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Round Robin Test Appendix A: Proposed Method for
Measurement of the Output of Monochromatic (254nm)
Low-Pressure UV Lamps (Revised)
Prepared by Oliver Lawal (Wedeco), Bertrand Dussert (Siemens),
Craig Howarth (Hanovia), Karl Platzer (Light Sources), Mike
Sasges (Trojan), Jennifer Muller (Trojan), Elliott Whitby (Calgon
Carbon), Richard Stowe (Fusion UV), Volker Adam (Heraeus),
Dave Witham (UVDI), Stuart Engel (Sanuvox), Phyllis Posy
(Atiantium) and Argan van de Pol (Phillips) – contributing authors
on the IUVA Manufacturer’s Council

with a monochromatic (e.g., 254 nm) output. The lamp output
power P can be calculated from Equation 1 (the Keitz formula):
		

[1]

where (see Figure 1)
E is measured irradiance (W m–2)
Revised by James Bolton (Bolton Photosciences) and Michael D is distance (m) from lamp center to the UV sensor.
L is lamp length (m) from electrode tip to electrode tip.
Santelli (Light Sources)
α is the half angle (radians) subtended by the lamp at the sensor
Please send any comments to Volker Adam (volker.adam@ position. That is, tan α = L/(2D).
heraeus.com), Jennifer Muller (jmuller@trojanuv.com), Mike
Santelli (msantelli@light-sources.com) or James Bolton This expression has been tested by comparing with goniometric
measurements of lamp output, and by comparing results from
(jbolton@boltonuv.com).
laboratories in different countries (Sasges et al. 2007). The
Note that this is the testing protocol that was used for the Round results are considered accurate within 5% and have shown good
Robin tests. This protocol is currently under consideration by agreement between laboratories.
the IUVA Manufacturers’ Council and further revisions may be
Depending on how the lamp output data are to be used, it may be
made to the protocol.
advised that UV companies undertaking lamp testing under this
protocol engage a qualified third-party consultant to oversee the
Context
This paper has been developed to present a consistent meth- testing and write a third-party independent report.
odology for the determination and benchmarking of UV lamp
output from monochromatic (254 nm) lamps operated by a Necessary conditions
1. Measurements shall be conducted in still room air, not in
corresponding power supply (ballast). The protocol can be used
a moving air stream.
for testing and comparing different lamp and ballast combina2. The lamp orientation shall be horizontal.
tions, to compare test results from different laboratories and
to compare operation under different ambient conditions. The
protocol is not intended for general manufacturing quality
control or quality assurance testing.
Monochromatic lamps include tubular low-pressure and lowpressure high-output (e.g., amalgam) lamps that are typically
used in water and air disinfection applications. The protocol
described herein is not recommended for medium-pressure,
pulsed, folded, nonsymmetrical or other special lamps (e.g.,
excilamps – also called excimer lamps).
In this revision, suggestions are given concerning minimizing
the effect of reflected UV.
Formula
Figure 1. Geometry of the Measurement System.
Based on the work of Keitz (1971), the following formula is
page 16 u
recommended for calculating the total UV output from a UV lamp
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3. Reflected light must be avoided (e.g. through use of
baffles, differential measurement with beam stops). See
Appendix B for two possible methods of accounting for
or minimizing reflection.
4. The UV sensor must have an adequate cosine response
for the lamp length and distance used. See Validation.
Temperature conditions
Low-pressure and amalgam lamps are affected by their operating temperature, which is in turn affected by their surroundings, air temperature, etc. These lamps will generally exhibit
increasing UV output with increasing temperature after ignition until an optimum temperature is reached and then a
decreasing output with further increases in lamp temperature.
This behavior is shown in Figure 2, denoted as a “slightly overheated lamp.” It is desirable to measure a lamp under these
slightly overheated conditions, so that the maximum output can
be measured. Lamps shall be measured at a stable and constant
air temperature.
The entire warm-up curve of irradiance vs. time shall be
reported, including the maximum peak. Room temperature
shall be documented and included in the report. There is a
question as to where on the growth curve the efficiency should
be determined. Some like to use the “steady-state” plateau
after long warm-up, but others prefer to use the peak efficiency
because this may better represent the operating conditions of
a UV lamp in a quartz sleeve with water flowing outside the
sleeve, where the lamp temperature will be controlled. The
final report should state where on the growth curve the efficiency is determined.
Measurements
The lamp output reported shall be measured after a new-lamp
100h burn-in period. The lamp output reported shall be based
on lamps operating under air conditions, in which the lamp has
reached a maximum output and then decreases to steady state,
indicating that the lamp has passed through an optimum into an
overheated condition. This will generate a UV irradiance curve
as a function of time, which will illustrate the maximum and
steady state output values.
Lamp and ballast efficiency
Lamp Output Power is generally compared with the electrical
(line) power consumed in order to calculate the efficiency of the
lamp/ballast system. It is recommended that the input power to the
ballast be accurately measured as true RMS, so that the efficiency
may be calculated. This electrical power measurement must be
done accurately, using calibrated instruments for power (e.g., a
power analyzer suitable for the operating frequency of the power
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Figure 2. Lamp output vs. time after ignition for a slightly overheated lamp and for a lamp that does not reach its optimum
temperature.

supply). In particular, it is not sufficient to measure the ballast
voltage and current to obtain the lamp power by multiplication.
Calibrations
The following traceability of calibration, standard method must
be confirmed, showing calibration within one year:
1. Radiometer with a detector traceable to a National Laboratory (e.g. NIST, PTB, NPL, NRC, etc.). The calibration for the
UV radiometer used must be valid and traceable for calibration
in the UVC range, and it must include a wavelength of 254 nm.
If a spectroradiometer is used, then only the output between 250
and 260 nm shall be included in the calculated output.
2. The radiometer or spectroradiometer calibration to be validated by a qualified third party and/or accredited facility.
3. Confirmation for calibration of the power analyzer.
Detailed Method
General remarks
Avoid reflected light during measurement of UV light.
a. Use nonreflecting materials or flat black paint for walls,
floor and baffles.
b. Be aware that the UV reflectance may be different from
reflectance in the visible range.
c. Choose a method to reduce reflected light. Two possible
methods are described in Appendix B.
d. Test: to check the amount of reflected light, compare the
sensor signal to that measured when direct irradiation is
blocked out. Report the corrected result.
Safety
1. Do not expose uncovered skin or eyes to UV radiation
2. Use adequate protective equipment, such as a UV safety
shield, gloves and UV goggles. Almost all plastic or glass safety
glasses do not transmit UV below 300 nm.

Equipment
1. Adjust lamp and detector at suitable height over the ground.
2. Check validity of calibration for all devices that influence
results:
a. Radiometer
b. Spectroradiometer
c. Electrical equipment (power analyzer, multimeter, etc.)
d. Thermometer
e. Warm up all devices.
f. Make sure the measurement equipment is appropriate.
Validation
1. The cosine correction for radiometers and spectroradiometers is critical to proper measurement of the UV irradiance.
The cosine correction must be confirmed by the following
method for each lamp and ballast combination, so the lamp
measurements are consistent within and between laboratories.
2. Validation of cosine response and the resulting minimum
distance Dmin where measurements for a given combination of
lamp and detector can be performed as follows:
a. Take readings of the UVC Detector for different distances
(detector position perpendicular to lamp axis), recommended range from D = L/2 to 4 L.
b. Take several readings of the UVC irradiance. For
example, moving the detector from the closest point to the
most remote point and then back again.
c. Average the irradiance readings for each distance.
d. Calculate the UVC power from the measured irradiances
using Equation 1 (the Keitz formula) for each distance.
e. Plot calculated UVC power versus distance.
f. At a certain distance (Dmin) the UV output should become
independent of distance.
g. Measure at least at one distance greater than Dmin.
3. The distance derived by this method is valid for the combination of this lamp length and this individual detector.
Measurement procedure
1. Record or monitor ambient temperature (±1°C tolerance).
2. Determine that the distances for radiometer readings are valid.
3. Start recording the readings (UVC irradiance, electrical
measurements, etc.) after the lamp is turned on.
4. Sampling rate should be matched to the rate of change of the
UV intensity readings.
5. Rate of ~1 reading every 10s is often sufficient to mark the
maximum.
6. Record the ambient temperature again.
7. Calculate peak and steady-state UV-power using the Keitz
formula. The peak UV power value is the value where the influence of temperature is reduced to a minimum and which can be
compared to results of other laboratories.

8. Calculate lamp efficiency based on lamp power (Equation 2a;
top) or power from the wall (Equation 2b; bottom; optional) as:

Report Content
Measurement report to include:
1. Full and detailed information about the lamp (e.g., manufacturer, identification, etc.).
2. Full and detailed information about the ballast (e.g., manufacturer, identification, etc.).
3. Lamp orientation during testing (horizontal required).
4. Active arc length L (between the ends of the filaments for
“linear” lamps).
5. Measurement of the distance D from lamp center (with
tolerance) to the “calibration plane” of the radiometer detector.
6. Room temperature (°C).
7. Give an estimate of the fraction of reflected light in the
total irradiance reading.
8. Sensor and radiometer brand, model number and serial
numbers for the radiometer, detector and any filters or other
optical elements (e.g., diffuser) on the detector.
9. Valid, traceable radiometer or spectroradiometer calibration documentation.
10. Plot of irradiance vs. time after ignition, with an indication of the peak irradiance values and the point on the curve
where the efficiency calculations were made.
11. Calculated peak UV power, with uncertainty.
12. Electrical power meter (e.g., brand, model number and
serial numbers for the power meter). Confirmation of calibration or calibration certificate for the electrical power meter.
13. Measured voltage and current into the ballast.
14. Measured electrical power across the lamp and “from the
wall” with uncertainty.
15. Calculated lamp efficiency (%) both with respect to the
electrical power consumed by the lamp and the “from-thewall” (optional) electrical power. n
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Round Robin Test Appendix B: Two Suggested Methods
to Minimize the Effects of Reﬂected UV
1. Detector mask method
In this method, a black cardboard or wooden mask is placed at a
distance about D/2 from the lamp, where the size and the positioning of the mask casts a complete shadow over the detector.
The mask should be of a size that completely blocks the direct
rays from the lamp, but not much larger.
In this case the irradiance reading Erefl from the detector represents
only UV reflected from the floor, ceiling and walls. Erefl should be
subtracted from the overall irradiance reading and should represent less than 1% of the total irradiance at the detector.
2. Two-chamber method
UV can reach the UV sensor by reflection from walls, the floor
and the ceiling. This reflected UV must be avoided or subtracted
from the detector signal in order to get proper irradiance values.
A two-sector approach can be used for this purpose.
In this method, the test chamber is divided into two light-tight
sectors, with the divider between the two sectors at least 35 cm
from the center of the UV lamp. The lamp and detector should
be mounted at least 25 cm (preferably about 1 m) from the floor
and preferably about 1 m from the wall behind the lamp.
A rectangular hole 3 cm longer than the arc length and 2 cm
wider than the width of the lamp should be cut in the divider,

Figure 3. Diagram of a setup that minimizes reﬂected UV.

so the UV sensor can “see” the entire arc length of the lamp
through the hole. See Figure 3 for a possible setup.
Irradiance measurement procedure that
minimizes the effect of reﬂection
When the two-sector chamber approach is used, the procedure
is the same as that described in the main body of this protocol.
In addition, a measurement should be made with the hole
between the two chambers covered with black cardboard. The
radiometer signal in that case should be virtually zero. n
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The Importance of Developing a
Standardized Procedure for the Operation
and Characterization of UV-LEDs
Ataollah Kheyrandish, Madjid Mohseni and Fariborz Taghipour
Chemical and Biological Engineering Department, University of British Columbia,
2360 East Mall, Vancouver, BC, V6T 1Z3, Canada
Contact: Fariborz Taghipour (fariborz.taghipour@ubc.ca)
Introduction
Light emitting diodes (LEDs) are semiconductor devices
that can emit radiation of different wavelengths. They can be
designed to produce ultraviolet (UV) radiation at the optimal
germicidal wavelength. This and many other advantages of
UV-LEDs make them an attractive alternative to mercury-based
UV lamps in water treatment systems.
Despite rapid improvements in the performance of UV-LEDs and
their enormous potential role in water treatment systems, there
is no standardized assessment of the operation and application
of UV-LEDs for studying the inactivation of microorganisms. In
addition, there is no standard protocol for efficiently measuring
the characteristics of UV-LEDs. The lack of such a protocol can
result in inconsistent, inaccurate and irreproducible output and
results. A recent review paper on the application of UV-LEDs for
water disinfection (Song et al. 2016) demonstrates many inconsistent and incomparable data from published studies, which
highlights the importance of developing a standard method. In
this article, we present parameters that can affect the output of
UV-LEDs, and discuss the necessary considerations for developing a protocol to reliably measure UV-LED output.
The necessity of determining UV-LED output
In order to utilize each new UV source for inactivating microorganisms or degrading micropollutants, a standard method
is required to measure their output. In the case of UV-LEDs,
parameters such as radiation profile, radiant power and peak
wavelength are critical for designing a UV photoreactor. The
position of UV-LEDs in a reactor, and their radiation profile
and power output, determine the radiation distribution inside
the reactor. Working with these parameters, an appropriate
radiation field – based on the hydrodynamics of the reactor –
can be achieved to provide optimum inactivation efficiency of a
UV reactor. The total power output and even the spectrum of a
UV-LED is a function of operational conditions, which need to
be appropriately and consistently controlled.
For monochromatic, low-pressure UV mercury lamps, for
example, a standard measurement method has been proposed
(Lawal et al. 2008). The existing protocol for conventional
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UV lamps, however, is not applicable to UV-LEDs. Since the
power output and peak wavelength of UV-LEDs are a function
of operational conditions, such as temperature and current, the
absence of a standard and universally accepted protocol for
measuring UV output will result in inaccurate calculation of
UV dose delivered to a solution. This could lead to inconsistent,
and sometimes incorrect, data among different studies for calculating the UV dose-response of microorganisms.
UV-LEDs are typically distinguished by their radiation profile,
radiant power and peak wavelength. In comparison, the radiation profile of low-pressure mercury lamps is axisymmetric,
and the emitted radiation spectrum is constant, such that lamp
output can be calculated by measuring single-point irradiance at
a specific distance from the lamp at steady state using an appropriate formula. This procedure is not directly applicable for
determining UV-LED output, since their characteristics cannot
be represented by a single-point measurement.
The differing radiation patterns of typical UV-LEDs are
depicted in Figure 1. It is evident that irradiance at the centerline
and a specific distance from a UV-LED will differ, depending
on its radiation profile. As a result, single-point measurement
cannot provide accurate calculation of the power output. For
instance, 5 μW/cm2 irradiance at a distance of 30 cm from
each of the UV-LEDs can be related to very different radiant
powers, ranging from 0.16 to 16.9 mW, as presented in Table
1. It should be mentioned that the small footprint of UV-LEDs
makes it possible to measure radiant power using a calibrated

Figure 1. Radiation profile of four different UV-LEDs

Table 1. Potential radiant power based on 5 μW/cm2
irradiance at 30 cm distance from UV-LED centerline
UV-LED

Calculated Radiant Power (mW)

LED – 1

11.9

LED – 2

0.16

LED – 3

16.9

LED – 4

13.5

an example of a suggested goniometric method to measure the
radiation profile of a UV-LED. Since the radiation profile of
UV-LEDs may not be symmetrical in the azimuthal direction
(Figure 3), three-dimensional (3D) measurement of the radiation profile has to be conducted. The integration of the 3D radiation profile determines the total radiant power of the UV-LED.
When performing inactivation studies in a solution, knowing
the orientation of the UV-LED and the solution allows the total
radiant power delivered to the solution to be estimated.

integrated sphere. However, the radiation profile and the total
radiant power delivered to a solution for inactivation studies
could differ from the total UV output. Therefore, measurement
of the radiation pattern (rather than the total output) is usually
required for kinetic inactivation studies and for the application
of UV-LEDs in water disinfection reactors.
Potential features of an appropriate protocol
Operational conditions: UV-LEDs are highly sensitive to operational conditions such as temperature and electrical current, which
can easily affect the radiant power and peak wavelength. Consequently, appropriate equipment is needed to control and monitor
temperature and current. The UV-LED temperature may be
controlled by any combination of a heatsink and thermo-electric
cooler. Electrical current can be maintained by means of a constant
current driver. UV-LEDs may be operated by direct connection to
a power supply, but the resulting output would be inconsistent.
Increased UV-LED temperature could result in lower resistance,
leading to greater consumption of current. Higher current consumption leads to greater radiant power and heat generation, resulting
in higher temperature, and this cycle could continue affecting the
radiant power and lifetime of UV-LEDs.

Relative irradiance (a.u.)

Measurement procedure: Considering the significance
of measuring radiation pattern, radiant power and the peak
wavelength of UV-LEDs, an appropriate set-up for accurate
measurement of these parameters is needed. Figure 2 shows

Figure 3. 3D Radiation pattern of a UV-LED

Conclusion
A standard method of measuring the output and maintaining
the performance of UV-LEDs is required to obtain reliable
inactivation kinetic information. The operational parameters of
UV-LEDs, such as current and temperature, must be controlled
as they can impact radiation profile, radiant power and spectral power distribution. Furthermore, an appropriate method for
measuring total UV-LED output and total radiant power delivered to a solution should be determined, taking into consideration the effects of UV-LED/solution orientation and UV-LED
radiation profile. Such protocols could ensure appropriate design
and consistency in the execution of experiments and among the
results obtained from different studies. n
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UV Industry News
Absolute UV Measurement in a Flash – Gigahertz-Optik’s
BTS2048-UV is a compact, high-spectral resolution spectroradiometer for absolute UV measurement
in the lab, factory or
field. The BTS2048-UV employs
cooled,
back-thinned
CCD
AbsoluteaUV
measurement
in a flash
array with a 0.7 nm optical bandwidth and a pixel resolution of
0.13 nm/pixel. Ultrafast response times are achieved using three
processors, a LAN interface and electronic shutter. An internally controlled filter wheel combined with smart stray light
correction and measurement routines enable traceably calibrated absolute UV measurements down to 200 nm. The meter
features a cosine diffuser input optic (f2 ≤ 3 %). No light guide
means improved sensitivity and calibration stability. Also the
meter mounts directly to Gigahertz-Optik integrating sphere
port frames. S-BTS2048 software (supplied) offers a flexible
desktop that can be self-configured to display the graphical and
numerical data of interest. An SDK option is also available.

BTS2048-UV
UV-Guard Announces Website
– To coincide with a number
Spectroradiometer

of product enhancements and global company developments,
UV-Guard’s new websitewww.gigahertz-optik.com
is
live. Customers are able to
view UV-Guard’s extensive
product range of UV water
disinfection systems, while
learning how they can be implemented into a variety of applications. UV-Guard’s media pages will be updated with company
news through monthly newsletters and published material,
while the contact page provides a customer-friendly portal to
connect with the company’s engineers for product recommendations and water treatment advice.
EFSA Panel Says UV-Treated Milk is Safe – The European Food Safety Authority (EFSA) Panel on Dietetic Products, Nutrition and Allergies (NDA) has delivered its opinion
on ultraviolet (UV)-treated milk. It concludes that the dairy
product is safe for the target group, which is the general public,
with the exception of infants younger than 1.

Neptune Benson’s ETS-UV Equipment Chosen for
Fish Hatchery Upgrade – Neptune Benson® is pleased to
announce that its ETS-UV disinfection systems were selected
for the Art Oehmcke Hatchery located in Woodruff, Wisconsin.
The Art Oehmcke Hatchery project is an upgrade that will
include two ETS-UV UVLW reactors to disinfect the Madeline
Lake and Clear Lake water for use in the hatchery. The UV
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reactors will disinfect incoming water to ensure contaminants
are not exchanged between the hatchery and surrounding bodies
of fresh water. Water quality is an essential factor in effectively
raising fish from juveniles to healthy adults. Low water quality
may result in outbreaks of viral and bacterial fish diseases. To
prevent an infection cycle between farms and natural fish populations, a UV system is used to treat water entering and circulating within the farm. UV disinfection is an ideal solution for
fish farms and hatcheries because it is a chemical free treatment
that will not create by-products that could harm the fish stock or
aquatic life and is non-selective in the destruction of waterborne
bacteria, pathogens, viruses and microorganisms.
AquiSense Selected to Participate in International
Space Station Project – AquiSense Technologies (Europe)
Ltd, a wholly owned subsidiary of AquiSense Technologies LLC,
has been selected to participate in the Biocontamination Integrated
Control for Wet Systems for Space Exploration (BIOWYSE)
project. AquiSense is part of a seven-company consortium that
includes Italian company Thales Alenia Space, one of the main
suppliers to the International Space Station. The BIOWYSE
consortium will design, build and test innovative prevention,
monitoring and mitigation modules to be integrated in a compact
system. AquiSense will design the key technology within the
decontamination module, employing UV-C LED technology,
similar to that used in PearlAqua. Richard Simons, a PhD graduate engineer from Imperial College London, has been appointed
as program manager for AquiSense. AquiSense’s CTO Jennifer
Pagan, PhD, said, “It is literally an engineer’s dream to be able to
apply their work to something as technically advanced as the space
station. I am thrilled that our water disinfection technology will be
used to help keep the astronauts safe.” The proposed BIOWYSE
project foresees development and demonstration of an integrated
biocontamination control system for water and humid areas to be
demonstrated on the International Space Station and future human
exploration missions. BIOWYSE stems from actual flight experiments and state of the art prevention, monitoring and mitigation
technologies. BIOWYSE will investigate the possibilities for spinoff developments in the terrestrial water management industries.
This project is funded by the European Commission under the €80
billion *Horizon 2020 program and is valued at €3 million.
International Light Technologies
Launches ILT2400 Handheld Light
Meter/Optometer – Peabody, MA –
International Light Technologies (ILT),
a leading designer and manufacturer of
light measurement and detection systems,
is pleased to announce the ILT2400 Light
Meter/Optometer. “ILT wanted to follow
up our success with the ILT5000 Research
Radiometer in 2015 with a handheld

portable unit with a very similar software platform, but with
truly 21st century hand-held meter features,” said Jill Fowler,
director of ILT’s Systems & Sources product lines. “Those
features include a large touchscreen color display that can be
used in either traditional portrait or the more graph-friendly
landscape orientation.”
Calgon Carbon Announces Appointment – Calgon
Carbon has announced that Christopher (Chris) D. Todd has
been appointed as the executive director
for UV Technologies. Chris studied Marine
Engineering Systems at the U.S. Merchant
Marine Academy and earned his MBA from
Purdue University. He began his career as
a design engineer at Electric Boat for the
Virginia Class submarine and then moved to
Caterpillar Marine in various technical and Christopher Todd
sales roles spanning 10 years including seven
years serving the European market. After managing the marine
division at Kohler Power Systems for four years, Chris became
sales director for Hyde Marine, which specializes in the manufacture of UV technology for the disinfection of ballast water.
He was elected to the board of directors of CoGo’s corporation
in 2015. Chris was promoted to executive director for Calgon
Carbon UV Technologies in 2016, which unites the municipal
UV disinfection business for drinking and waste water with
Hyde Marine’s ballast water treatment business.

hazenandsawyer.com

Xylem’s Wedeco Celebrates 40-Year Legacy of Water
Treatment Technologies – Xylem, a leading global water
technology company dedicated
to solving the world’s most challenging water issues, announced
today that its Wedeco brand
– a pioneer in chemical-free, sustainable water treatment technologies – is this year celebrating its 40th anniversary. There
are more than 250,000 Wedeco ultraviolet (UV) disinfection
and ozone oxidation systems operating worldwide in private,
public utility and industrial applications. Founded in Herford,
Germany, in 1976, Xylem’s globally-renowned Wedeco brand
offers customers an alternative to environmentally-harmful
disinfection chemicals with its extensive portfolio of state-ofthe-art treatment technologies including UV and ozone disinfection systems and Advanced Oxidation Process solutions.
ZED Ziegler Electronic Devices GmbH Expands UV
Monitoring Portfolio – The new ZED SmartMeter serves as a
monitoring unit for all digital ZED UV-C/VUV sensors. Measured
values are displayed in numerical and graphical form and can be
stored on an SD card. In combination with the appropriate refer-
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ence sensor, the SmartMeter can be used as Reference Radiometer
according to the Austrian standard ÖNORM or the German standard DVGW. Furthermore, the SmartMeter allows the configuration and optionally the UV-recalibration of digital ZED sensors by
the customer. Since the UV recalibration is directly in the hands
of the customer, the UV-recalibration option enables a more time
and cost-efficient recalibration cycle. The sensor UV calibration
data will be encrypted with a customer specific key to prevent
unauthorized access. Contact info@z-e-d.com.
Atlantium Achieves NSF Certification – Atlantium has
been awarded NSF/ANSI 61 certification for system components
in contact with drinking water, adding one more certification to
Atlantium’s portfolio of compliance with global standards and
regulations. In addition, recent regulations reducing the amount of
lead in equipment that is in contact with drinking water triggered
the development of the new stricter NSF372 standard. Atlantium,
whose units are lead-free, also achieved this certification.
Pentair Aquatic Eco-Systems Launches Website –
PAES is proud to announce the launch of a website for PAES
W.A.T.E.R. (World Aquaculture Technology Engineering &
Research) Center, its state of the art Recirculating Aquaculture
Systems demonstration facility located in Apopka, Florida.
PAESWATER.com is a fully-interactive website designed to
provide users with an experience of the 12,400-square-foot
facility as if they were there in person, including an enhanced
navigated path tour that features 39 “product hotspots.”
Ballast Water Treatment and the MPN Method – The
United States Coast Guard’s preliminary decision to not allow
the use of the MPN method impacts all UV ballast water
management suppliers and practically disallows the use of UV
as a treatment technology for ballast water. It also leaves shipowners trading in U.S. waters with very limited – and likely
solely chemical-based – ballast water management options.
Visit www.mpnballastwaterfacts.com for further information.
Light Dawns for Cryptosporidium Problem – atg UV
Technology, the UK’s leader in ultraviolet disinfection systems,
has been awarded a contract by Trant Engineering for Portsmouth
Water. The contract covers supply and installation of UV units
for Cryptosporidium inactivation at two water treatment works:
Eastergate and Westergate. Both are 20 ML/d borehole works, and
each site will be provided with fully automatic duty and standby
atg UV UVLX 16800 20 UV reactors. The reactors, which are third
party-validated to US EPA UVDGM, feature atg UV’s multi-lamp,
high-output, ultra-efficient 800 Watt Amalgam UV lamps. This is
a new technology offering significant cost savings compared to
traditional UV lamps. The contract, which is due for completion
by mid-2017, will be Portsmouth Water’s first UV installation. n
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Association News
Registration Open for IUVA Japan
UV Innovations: Toward Sustainable Water Use
April 22, 2016 (one day)
University of Tokyo, Hongo campus
Topics will include:
• An overview of UV applications in North America and Asia
• UV treatment at drinking water treatment plants sourcing
surface water
• Difficulties at small water supply systems, and UV technologies as a potential solution
• Emerging UV technologies for water treatment
For more information, visit: https://www.iuva.org/iuva-symposium-tokyo-0.

urine and feces, which ends up in wastewater. However, most
WWTPs have not been designed to deal with such compounds.
As a result, surface waters contain increasing concentrations of
all kinds of pharmaceuticals. This may not only be harmful for
aquatic life but also may affect the production of safe drinking
water. A lot of research is dedicated to finding methods for dealing
with these compounds, either in surface water or in drinking
water. Therefore, the journal Water will dedicate a special issue
to this topic, focusing on abatement and control options for pharmaceuticals and metabolites in the aquatic environment.
You are kindly invited to send in your paper for publication in
this special issue. Deadline for manuscript submissions is June
30, 2016. For more information, visit http://www.mdpi.com. n

Review of IUVA/WEF Publication Posted
A review of the recent IUVA/WEF publication “Ultraviolet
Disinfection for Wastewater – Low-Dose Application Guidance
for Secondary and Tertiary Discharges – can be found at http://
www.wef.org/publications/page_wet.aspx?id=12884907150&
page=ca&section=Water%20Volumes.
Submissions Sought for Publication
The amounts of pharmaceuticals used worldwide are increasing.
After use, large parts of these pharmaceuticals are excreted via
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