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A Message
from the IUVA President
Autumn has arrived, and since our last IUVA News, our members have organized and executed some very exciting activities. First, a special thanks to Dr. Jamal Awad, who organized a special workshop conjunction with the WateReuse Association at their annual event with the theme of UV applications in reuse. With excellent attendance, the program included
presentations by several IUVA members on emerging regulations, advanced oxidation applications and research into
UV system sizing, as well as information on operations and maintenance. Later in September, IUVA also had members
Kati Bell
at the Water Environment Federation Technical Exhibition & Conference (WEFTEC) in New Orleans, Louisiana. With
member volunteers manning the booth, this was a great opportunity to spread the word about UV applications for total
water management solutions. Thanks to all of our members who volunteered their time to support this outreach effort.
These kinds of activities are excellent ways for IUVA to increase its visibility in the water space, so if you are interested in volunteering a few
hours to increase IUVA’s visibility in the wastewater industry, please contact Gary Cohen (gcohen@iuva.org) with your contact information, and
we can look for the best opportunity to connect you with IUVA.
Later this fall, the IUVA has organized the first ever “Confluence” meeting, planned in conjunction with the US EPA in Cincinnati. The program,
to be held Nov. 9 at the Radisson on the Cincinnati Riverfront, will include speakers from IUVA, as well as EPA and industry. The day will end
with a tour of the Greater Cincinnati Water Works Richard Miller Treatment Plant, which hosts one of the largest drinking water UV disinfection
systems in the country.
We also have the 2017 IUVA Americas conference coming up in February in Austin, Texas. This meeting will host two special workshops, one
on UV-LED technologies, and one on UV-AOP. And our EMEA co-chairs also have been busy planning events in the UK and Germany in the
spring and summer of 2017. Finally, dates and location for the IUVA World Congress 2017 have been set. This event will be held at the Valamar
Hotel in Dubrovnik, Croatia, from Sept. 17-20. Watch for the call for abstracts in the coming weeks.
With great opportunities for education and networking through IUVA events, there are always technical issues and regulatory challenges;
our organization is critically important for providing an opportunity to address issues that potentially have significant impact on the application of UV. Both the education committee and the technical committee are active in collaborations to address these issues. I want to take the
opportunity to thank Dr. Linda Gowman, technical committee chair, and Bryan Townsend, technical committee co-chair, for their dedication
to advancing several important industry issues during their term. With their terms coming to a close, we are looking for nominations for these
positions, including self-nominations. If you are interested in nominating a member or have interest in this role, please contact Gary Cohen
(gcohen@iuva.org) to discuss nomination requirements.
As we wrap up the year, we are looking forward to another great year of UV, with a healthy list of events and activities to supporting a meaningful, scientific approach to providing UV solutions. I’m looking forward to seeing you all at the next event, and if you would like to discuss
opportunities for greater levels of participation in the organization, please contact either myself at kati.bell@mwhglobal.com or Gary Cohen
(gcohen@iuva.org) to discuss opportunities!
Kati Bell, IUVA President
Water Reuse Practice Leader at MWH Global

A Message
from the Editor-In-Chief
This IUVA News issue features an update of the 2006 review of the “UV sensitivities of microorganisms,” an article
from a customer describing experiences in installing and monitoring a UV wastewater treatment system and an article
describing a UV-AOP system in Korea. There is also a detailed comment about a recent article concerning viable but
non-culturable bacteria. Finally, there is an application note from one of our corporate members.

Jim Bolton

Additionally, the review on UV sensitivities is worthy of special attention. This review has 166 references compared to
64 references in the last version that was published in 2006. Only the introduction will be published in IUVA News, but
the full review can be downloaded from the Member Zone of the IUVA website.

IUVA News is your quarterly ultraviolet magazine, so please take some time to read it through – and don’t forget the ads. The ads make it possible to publish IUVA News, so please support our advertisers by clicking through to their websites or contacting them for further information.
If you are a marketing manager in a UV company, I encourage you to advertise in IUVA News. You will not only attract direct sales but also
enhance your image in the UV community. Send me an email at editorinchief@iuva.org, and I’ll send you the IUVA News Media Kit. Also note
that IUVA News publishes short Application Notes highlighting novel and ground-breaking applications of a UV company’s technology.
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Fluence (UV Dose) Required to Achieve
Incremental Log Inactivation of
Bacteria, Protozoa, Viruses and Algae
Revised, updated and expanded by
Adel Haji Malayeri1, Madjid Mohseni1, Bill Cairns2* and James R. Bolton3*
With earlier contributions by
Gabriel Chevrefils (2006)4 and Eric Caron (2006)4
With peer review by
Benoit Barbeau4, Harold Wright (1999)5 and Karl G. Linden6

1. Department of Chemical and Biological Engineering, University of British Columbia, Vancouver, BC, Canada
2. Trojan Technologies, London, ON, Canada
3. Department of Civil and Environmental Engineering, University of Alberta, Edmonton, AB, Canada
4. Chaire Industrielle-CRSNG en Eau Potable, Polytechnique Montreal, Montreal, QC, Canada
5. Carollo Engineers, Boise, ID
6. Department of Civil, Environmental and Architectural Engineering, University of Colorado-Boulder
*Corresponding authors: Bill Cairns (bcairns@trojanuv.com) and James Bolton (jb3@ualberta.ca)

Introduction
Revision history
This paper represents the second revision of a compilation
that goes back to 1999. The original compilation (Wright and
Sakamoto 1999) was an internal document of Trojan Technologies. The first revision was published in 2006 (Chevrefils et
al. 2006). Data from the previous reviews have been included
here. In addition, data from the past 10 years have been added
and a new table for algae has been added. Two other reviews
of the UV sensitivity of microorganisms have been published
(Hijnen et al. 2006; Coohill and Sagripanti 2008).

are now considered standard practice (Bolton and Linden
2003; Bolton et al. 2015a) in order to determine the average
fluence delivered to the microorganisms within the irradiated sample. Such uncorrected data are marked and should
be considered as upper limits, since the necessary corrections have not been made. Some data are from polychromatic medium pressure (MP) mercury arc lamps, and in
some cases both lamp types are used. In a few cases, filtered
polychromatic UV light is used to achieve a narrow band of
irradiation around 254 nm. These studies are also designated
as LP.

Brief description and selection criteria
for content of the tables
Tables 1-5 (only available in the downloaded magazine
version) present a summary of published data on the ultraviolet (UV) fluence-response data for various microorganisms that are pathogens, indicators or organisms encountered
in the application, testing of performance, and validation of
UV disinfection technologies. The tables reflect the state of
knowledge but include the variation in technique and biological response that currently exists in the absence of standardized protocols. Users of the data for their own purposes are
advised to exercise critical judgment in how they use the data.

None of the data incorporate any impact of photorepair
processes. Only the response to the inactivating fluence
is documented. The references from which the data are
abstracted must be carefully read to understand how the
reported fluences are calculated and what the assumptions
and procedures are in the calculations.

In most cases, the data are generated from low-pressure (LP)
monochromatic mercury arc lamp sources for which the
lamp fluence rate (irradiance) can be measured empirically
and multiplied by exposure time (in seconds) to obtain an
incident fluence onto the sample being irradiated; however,
earlier data do not always contain the correction factors that

4
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It is the intention of the authors and sponsors to keep this
table dynamic, with periodic updates. Recommendations
for inclusion in the tables, along with the reference source,
should be sent to:
Dr. Bill Cairns, chief scientist
Trojan Technologies Inc.
3020 Gore Road
London, ON, Canada N5V 4T7
Email: bcairns@trojanuv.com

Prof. James R. Bolton
Department of Civil and
Environmental Engineering
Edmonton, AB, Canada T6G 2W2
Email: jb3@ualberta.ca

The selection criteria for inclusion are recommended as
follows:

1. Data must already be published in a peer-reviewed
journal or other peer-reviewed publication media;
some exceptions have been allowed where data are
only available in non-peer-reviewed papers;
2. For the publications where an LP or MP UV lamp was
used as the UV source, the calculated fluence should
usually be determined by using a collimated beam
apparatus; however, for other UV sources, this criterion
was not strictly followed and such cases are noted;
3. Ideally, the fluence rate (irradiance) should be
measured with a recently calibrated radiometer, and
when this has not been done, a well-characterized
organism should be run as a reference to provide a
comparison with the literature values to substantiate
that the radiometer is within calibration;
4. The publication from which the data are abstracted
should describe the experimental procedures including
collimated beam procedures, fluence calculation
procedures along with any assumptions made,
organism culturing procedures, enumeration and
preparation for experiments;
5. Ideally, as noted above, the protocol published by Bolton
and Linden (2003) or the recently published IUVA
Protocol (Bolton et al. 2015a) should be followed. In
cases where this protocol has not been followed, notes
to that effect have been provided. Such data should be
considered as an upper limit for the fluence since the
normal correction factors have not been applied. In some
cases only the water factor has been applied; these are
deemed to have met the protocol criterion, since the
water factor is the most important correction.
6. Responses should be determined over a range of
fluences; that is, a complete fluence-response curve is
preferred to a single fluence-response measurement.
These criteria will be applied strictly for future editions of
these tables.
For the users of these tables, the following points can be
helpful in understanding the information provided:
• In some papers, the authors used different methods for
enumeration of their selected microorganism and based
on that, they reported different fluence-responses in
their work compared with the work of others. Where
this has happened for a specific paper, a brief description of the implemented method is provided within the
box containing the name of the tested microorganism.

Absolute UV measurement in a flash

BTS2048-UV
Spectroradiometer

www.gigahertz-optik.com
Our talents bring the
resources of a global
company to local water,
wastewater, energy,
natural resources and
industrial projects.
When MWH experts
share knowledge,
skills, experience and
innovation, our clients
save time and money.

RESOURCE.Full

mwhglobal.com
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• For the studies with UV sources other than an LP
lamp (e.g., filtered MP lamps, UV-LEDs, excimer
lamps, etc.) the full width at half maximum (FWHM)
of wavelength distribution around the peak wavelength is usually about 10-12 nm, except for the
tunable laser where the bandwidth is < 1 nm.
• Where the authors have reported kinetic models based
on their experimental data, these models were used
in fluence calculations for these tables. Where model
fits were not provided, the fluence reported for each
specific log reduction number was extracted by graphic
linearization (Web Plot Digitizer software) between two
adjacent experimental data points in the fluence range.
• In some cases, fluence-response curves have been
determined at several wavelengths, so that an action
spectrum can be determined. These cases are noted as
“action spectrum;” however, only data for wavelengths
near 254 nm are included in the tables. Data for other
wavelengths can be obtained from the cited reference.
• The reader should be aware that for a given microorganism there is a data spread even after the selection
criteria have been applied. Some studies have applied a
Bayesian statistical analysis (e.g., see Qian et al. 2004,
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App Store!
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Healthcare and
Water Applications
Since 1960 American
Ultraviolet has manufactured 100,000+
UVC germicidal fixtures
for commercial, healthcare and residential
applications. Contact
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2005) to obtain an average fluence-response curve and
95 percentile limits. Some of the factors that could
affect the reported data are: the medium (e.g., drinking
water or wastewater), differences in the nutritional state
of the cells being assayed, the presence of particles
because of a failure to fully disperse cells following
pre-concentration for the collimated beam assay, etc.
• For a given microorganism, the fluence-response curve
can depend markedly on the strain examined. This is why
studies of a given strain have been grouped together.
• Note that the data in the tables below originate from
highly controlled protocols usually using defined media
and culture methods, irradiation methods, etc. These
data are useful when validating UV technologies and
envisioning regulations; however, as water quality,
nutritional state, particle content and a number of other
factors can impact on microbe responses to disinfection
in real environmental samples or processed water, such
real waters should be used for site specific assessments
of UV, and design specification should benefit from
the results of assays using these site-specific waters.
• In some cases, the quality of the data was questionable
and did not meet some of the selection criteria listed
above. In these cases, the data entries are in italics.
These tables can be used as a helpful document for understanding
the fluence-responses for different organisms at different wavelengths, with different UV sources; however, if more details are
important for the users of these data, they must read the reference provided for each study.
Units and nomenclature
Throughout this review, fluence rate and irradiance (units mW/
cm2) are used interchangeably since they are virtually identical
in a collimated beam apparatus. The term fluence (units mJ/cm2)
is used, which is the proper term [see Bolton et al. (2015b) for a
recommended set of terms and definitions] rather than UV dose,
which was used in earlier revisions of this document; however,
it should be noted that the term UV dose is still widely used.
Finally, it is noted that in Europe and other parts of the world,
the units W/m2 for irradiance or fluence rate and J/m2 for fluence
(UV dose) are more commonly used. One mW/cm2 = 10 W/m2
and 1 mJ/cm2 = 10 J/m2.
The tables
Five tables have been prepared covering spores, bacteria,
viruses, algae and other microorganisms. These tables – as well
as a reference list – are too large for print, but the full review can
be downloaded from the Member Zone on the IUVA website at
www.iuva.org. n

Application Note
Air Purification at a Wastewater
Treatment Plant
Ludmila Ziabrikova, Arseny Fokanov and Alexander Shallar
NPO ENT Ltd., St. Petersburg, Russia
Contact: Ludmila Ziabrikova (fokanov@mail.ru)

Wastewater treatment systems, located near population
centers, create problem air pollution and unpleasant odors
for the inhabitants of closely spaced buildings. Air pollution
– in particular, hydrogen sulfide (H2S) – occurs at the aeration
step by evaporation from the exposed surfaces of the wastewater containing sewage.
NPO-ENT has developed a device using an Advanced Oxidation Process (AOP) for air purification. This device is a
metal case that contains fans, low-pressure mercury lamps
and a photocatalytic filter installed in the air flow across the
exposed surfaces (see Figure 1). The air flow of the device is
1700 m3/h.

26°C air temperature, wind speed of 2 to 5 m/s and humidity
73%. Air samples before processing were taken 5 m from
the entrance to the device. Air samples after processing were
taken from the device exit (see Figure 2). Distinctions of gas
dynamic samplings conditions on the entrance and exit of the
device were taken into account. The test results are in Table
1, seen below.

Figure 2. (1) The device, (2) sampler and
(3) wastewater.

Figure 1. Diagram of the AOP device. (1) UV lamps
(185 nm), (2,3) photocatalytic units.

Plans are to carry out indoor tests of all stages in a wastewater
treatment plant with application to an exhaust ventilation of
devices on the AOP technology for air protection of inhabited
places. n

Device tests were carried out on an urban wastewater treatment system with a capacity of 350,000 m3/day.
The device was located outdoors, 3 m above the surface of
the wastewater. Tests were conducted with daytime sunlight,
Table 1. Test results
Analysis
component

Concentration in air (μg/m3)
MAC Russia
Before
After

% reduction

H 2S

8

38

3.8

90

Phenol

10

0.65

0.17

74
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Performance is the Key: How an
Initial Failure Turned into Success
Ing. Álvaro Irigoyen, Ciemsa

Soriano 1180, Montevideo, Uruguay
Contact: Airigoyen@ciemsa.com.uy or irigoyen@netgate.com.uy

Introduction
The cities of Maldonado and Punta del Este are located in
southeast Uruguay in South America. These cities are home
to the most exclusive beach resorts in the country and are
among the most popular tourist destinations in South America.
In 2010, Obras Sanitarias del Estado (OSE), the Uruguayan water
and sanitation company, secured a contract for the construction
of a new sewage system intended to treat effluent from residents of Maldonado and Punta del Este. The construction and
commissioning contract was given to Ciemsa, a Uruguayan
company with more than 25 years of expertise in construction
and operation of this kind of system. Completed in 2012, the
system includes seven pump stations and an improved primary
treatment plant, flocculation-sedimentation with aluminum
sulfate – Al2(SO4)3 – as the flocculating agent with an offshore
outfall of 1,100 meters. The maximum capacity of the system
is 4,960 cubic meters per hour (m3/h), and the median flow is
2,200 m3/h. The ultraviolet transmittance (UVT) of the influent
to the systems is less than 40%, the total suspended solids level
typically less than 30 mg/l. This low value was the design objective for treatment. To reach better values of UVT, we needed to
use higher doses than designed [120mg/L of Al2(SO4)3] with
the risk of inhibition of the anaerobic sludge digestion.
This study examines two ultraviolet (UV) disinfection system
designs and provides recommendations on optimizing system
design for UV disinfection with low UVT influent. The study
illustrates the importance of understanding influent parameters
prior to the specification of a UV disinfection system in order
to achieve optimum efficiency. Ultimately, an open channel UV
disinfection system is found to be the optimum solution for UV
disinfection with low UVT influent – delivering clean, safely
treated wastewater of the highest standard using a minimum
amount of energy.
Initial failure
Following commissioning of the UV disinfection system, the operators found that the technology originally selected did not perform
in line with expectations of a 3 log (99.9%) reduction in fecal coliform numbers to less than 1,000 CFU/100 mL of fecal coliforms.
The original equipment selected was Xylem’s Wedeco TAK55
UV system with two banks in series of 11 modules and 18
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lamps in each module. The project specification assumed that a
single bank must be sufficient to disinfect a flow of 3,600 m³/h.
At flow rates of 1,800 m³/h or less, however, the equipment did
not achieve this objective. In its first year of operation, with
medium flow of 1,300 m3/h (30% of the maximum capacity of
the system), the equipment only achieved the expected 3 log
reduction goal in 28% of tests. All of these values were tested
with UVT and TSS values under specification.
To address this issue, more power was required to run the
lamps, and spare banks were put into operation. Working in
close collaboration, Ciemsa and Xylem made changes in the
operational parameters of the UV system (power, number
of lamps and banks, wiping frequency, etc.) with a view to
increasing the log reduction. This led to the goals being met
in 70% of cases. The best configuration for the Maldonado
plant was two banks at 90% of power and four wipes per hour.
Possible reasons for underperformance in
the original UV disinfection system selected
Confident that the system was properly installed, the system
designers and operators together investigated all possible
parameters and their impact on the system’s performance.
Water parameters
The design specification included the following parameters:
(at maximum flow rate of 4,936 m3/h)
• UV transmittance ≥40%
• Total suspended solids ≤30 mg/L (average 10 mg/L)
• Particle size ≤30 µm
• Effluent temperature 5 to 30°C
While there were occasional samples showing a UVT of
<40%, this alone would not explain the performance shortcomings of the UV system.
Maximum ﬂow rate
The influent flow is measured by a Parshall flume and
registered in a Supervisory Control and Data Acquisition
(SCADA) system at one-minute intervals. The flow rate
did not exceed the maximum capacity of the system. As the
Wedeco TAK system’s flow meter showed similar values to
that of the Parshall flume (five percent maximum deviation),
the team concluded that the influent flow was not the issue.

Equipment
The investigation also focused on problems noted while the
system was in operation, such as some lamps burning out
before the end of their lifetime, and visible blackening of
some bulbs. The impact of a single burned-out lamp on the
UV disinfection results was examined.

sizing method based on
point-source
summation overestimated the
effects of turbulence for
complete mixing. With
incomplete mixing, the
wide lamp centerline
prohibited the exposure
of the bacteria to the UV
dose relevant for a three
log inactivation.

Aging
The lamp parameters, including electrical and ambient
parameters, were studied to establish why some lamps failed
before the end of their expected lifetime.
Maintenance/fouling
The poor effluent quality proved to be a challenge for both
channel and quartz sleeve cleanliness. While equipped with
an automatic wiping system, the UV system still required
additional maintenance (e.g. regular wiper ring replacement).
Secondary effluents fouling factors >0.9 are commonly
observed, but the fouling factor at this site was initially 0.5.
With additional chemical cleaning with citric acid at 15%, the
fouling factor reached 0.8. The operational parameters were
corrected, and a more detailed investigation about the design
of the technology was undertaken.
Lamp centerline
One of the parameters studied in more detail was the distance
between the lamps (lamp centerline).
The installed Wedeco TAK55 has a lamp centerline of 120
mm, which results in a free distance of 7 centimeters (cm)
between lamp sleeves, in both directions.
At a UVT of 40% (and sometimes lower), a 99.9% inactivation of fecal coliforms was not achievable consistently because
of the irradiance and residence time distribution. The original

Photo 1. Internal view of the TAK55

Design UV dose
At the time the TAK
system was designed for this site, the common design
approach for open channel UV systems was based on a calculated dose. The tender called for a UV design dose >30 mJ/
cm² under the described operational parameters.
Using the results of the UVCalc®1 software, it was calculated that for a flow-rate of 400 m3/h in an 18-lamp module
at a UVT = 40% the delivered UV dose would be about 38
mJ/cm2. However, as seen in Fig. 1 below, the fluence rate
distribution in the module is very inhomogeneous under such
a low UVT. Some parts of the flow only receive a UV dose of
20 mJ/cm2 causing the lower than expected biological performance.
That’s why UV system validation testing has gained increased
importance – even for wastewater UV system designs over
the course of the last several years. If a UV system has undergone such testing, then performance can be better predicted
for the set of tested conditions. If the validated conditions
include comparable low-water qualities, then this would

page 10 u

Figure 1. Fluence rate
distribution in the central plane for the Xylem
Wedeco TAK55 UV
system. X is along the
length of the module,
and Y is along the width.
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even apply for such low-water qualities as encountered at
this site.
Design revision based on validated UV dose
Having established a clear understanding of the parameters of
the system, the Xylem team was able to recommend a “best
fit” solution, which would ensure optimum efficiency and reliability. Xylem’s Wedeco Duron UV system consists of 216 UV
lamps in one channel (18 modules with 12 lamps each, installed
in six banks). Xylem’s application engineers worked closely
with the system operators to deliver the alternative UV solution
in a timely manner, with minimal disruption to operations.
The Wedeco Duron UV system (new to the market in 2012)
with the 600 W UV lamps was installed inclined at 45 degrees.
The system also has the following:
• Staggered lamp arrangement for high-disinfection
performance.
• Fast and easy lamp change with UV modules remaining
in the channel.
• Reduced channel depth for lower construction costs.
• All electrical connections are out of the water.
The Wedeco Duron UV system has been validated according
to the US Environmental Protection Agency (EPA) UV Disinfection Guidance Manual (UVDGM); the National Water
Research Institute (NWRI) 2012 Guidelines for Drinking
Water and Water Reuse; and the International UV Association
(IUVA) uniform protocol for wastewater UV validation applications. Being validated down to the conditions encountered at
this site, the Duron system’s design was based on a bioassay.
Figure 2 explains the difference in the critical particle path
for the lamp arrangement of the Duron system compared to a
horizontal lamp system, such as the TAK55 system.

Figure 2. Particle tracking in the horizontal UV lamp system
(TAK 55) vs. the staggered UV lamp system (Duron).

While – assuming zero mixing effects – the particle in the
very center of four lamps of a horizontal lamp system will
only receive a minimum UV dose (and at low UVTs this
could in effect be zero), whereas the staggered array of the
Duron system forces the particle to high zones of irradiance
(and hence UV dose).
This is further highlighted in the visual display of CFD simulations shown in Figure 3.
The Wedeco Duron system has passed the commissioning
phase successfully, and it is meeting the design objectives
and outperforming the TAK55 system under similar conditions.
The disinfection achieved was in the range of four log inactivation (three log inactivation is the design objective), as
shown in Figure 4. Because of the poor quality of the water,
a high fouling potential still is observed.
In order to avoid increased operational attendance, Xylem
is testing a special non-chemical wiper ring design for such
challenging effluents.

Figure 3. Computational fluid dynamics (CFD) UV dose distributions for the horizontal (TAK55)
vs. the staggered (Duron) systems.
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Figure 4. Disinfection of fecal coliforms. The blue dots represent influent values, and the red dots represent effluent values.

The photos below show the current Duron installation at
Maldonado.

fouling factor should be established. One cannot
simply use a fouling factor from a different quality
effluent irrespective of cleaning system. The fouling
factor in this situation was 0.85. A lamp aging
factor set at 0.9 or less is acceptable for the design
calculations if one does not have on-site studies.
4. In operation, the power and lamp intensities must be
controlled daily to monitor and control fouling.
5. The lamp aging factor must be controlled and the
lamps replaced when lamps reach aging factor values
lower than calculated values – all the lamps in one
bank (or row) must be in operation.
6. The equipment must have mechanical or chemical
wiping.
7. Every six months, all the equipment must be cleaned
outside the channel with proper equipment and products.
Conclusions
All influent parameters must be thoroughly investigated
before the specification of a UV disinfection system to ensure
the optimum efficiency of the system.
Technology suppliers should engage in their own ongoing
studies of these parameters to inform equipment design.
The system operator and maintenance provider also must
have an in-depth knowledge of the technology. The new
specifications and guidance for design (UVDGM) must be
used when the predesign and specifications are being drafted.
Finally, regular testing should be undertaken during the first
month after commissioning of the system to ensure optimum
performance of the UV disinfection system and process is
achieved. At the Maldonado plant, scientists are continuing
to study and increase the efficiency of the UV system. n

Recommendations for specification
of low UVT disinfection by ultraviolet
Based on these studies, recommendations can be made about
the specification, operation and maintenance of UV equipment when it is used in wastewater treatment plants with
influents of low UV transmittance.
1. UV system designs for low-quality effluents based
on a calculated UV dose approach (PSS) may lead to
overestimation of UV system performance. Therefore, UV system design should be based on validated
UV systems.
2. The selected system should be proven independently
to deliver the required UV dose – especially at low
UVT rates.
3. If the effluent exhibits a high fouling potential (e.g.,
due to high iron or manganese levels), a site-specific
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A recently published paper (Zhang et al. 2015) reported on
induction of a viable but nonculturable (VBNC) state among
populations of E. coli and P. aeruginosa. The authors used
this claim and other information from their paper to reach
a conclusion that “A public health risk may exist when UV
radiation is utilized as a drinking water treatment system.”
We believe the authors have greatly overstated the significance of their work. Moreover, there are numerous fundamental flaws in the literature review, experimental methods,
and interpretations of their data. As a result, we do not believe
the central conclusion of this paper (described above) to be
scientifically defensible.
The VBNC state was first reported by Xu et al. (1982) in
what now has become a classic paper. VBNC bacteria are in a
dormant state which allows them to retain metabolic activity,
while failing to grow on routine bacteriological media (Oliver
2005). The morphology, physiological, and phenotypic characteristics of VBNC bacteria may change relative to unaffected
cells. As many as 51 species of bacteria have been reported to
exist in a VBNC state (Li et al. 2014). Induction of the VBNC
state is considered to be a common response of bacteria to
exogenous stress; of particular relevance to water treatment is
induction by commonly used disinfectants, including chlorine
(free and combined), ozone, and ultraviolet radiation.
Zhang et al. (2015) suggest their work is the first to demonstrate UV induction of the VBNC state. In fact, this behavior
has been reported many times previously and is widely
recognized among researchers in the area as an attribute of
UV disinfection. As an example, consider the data presented
in Table 1, which summarizes responses of laboratory-grown
cultures of bacteria to UV254 irradiation under a collimated
beam device. For the three species of bacteria investigated,
UV254 doses that achieved 6-7 log10 units of reduction in the
concentration of culturable bacteria yielded reductions of

12

IUVA News / Vol. 18 No. 3

respiration (measured directly using a respirometer) of only
about 75% (i.e., roughly 0.6 log10 unit reduction). These vast
differences in culturability and respiration provide a clear
indication of the development of VBNC bacteria. Said et al.
(2010) also reported induction of the VBNC state by examining infection of UV254-irradiated E. coli by Qβ phage. Their
results demonstrated loss of culturability among bacteria that
retained their susceptibility to phage infection.
Table 1. Summary of culturability and respiration rate responses to UV254 irradiation from a collimated beam. Reported
culturability (N) and respiration rate (R) responses are normalized with respect to their values for non-irradiated cultures
(N0 and R0, respectively). Data from Blatchley et al. (2001).
Bacterium

UV254 Dose
(mJ/cm2)

N/N0

R/R0

E. coli

100

10-6.8

0.23

P. aeruginosa

50

n/a

0.26

S. faecalis

70

10-6.0

0.25

Recent history has demonstrated the importance of proper
interpretation of microbial responses to UV radiation, as
well as proper interpretation of the results of assays used to
measure these responses. Until the late 1990s, the consensus
opinion within the scientific community was that UV irradiation was ineffective for control of protozoan parasites,
including Cryptosporidium parvum and Giardia lamblia.
This erroneous conclusion was attributable to the use of analytical methods that were inconsistent with the mechanism of
disinfection that is associated with UV-based processes. The
works of Bukhari et al. (1999), Craik et al. (2000), and many
others indicated that when appropriate analytical methods are
used (i.e., methods based on infectivity, rather than indirect
measures of the potential for infection), UV emerged as the
disinfectant of choice for control of these protozoan para-

sites. The implications of this lesson should not be lost when
investigating the responses of other microorganisms to UV
irradiation.

by Bolton and Linden (2015) and by the Austrian Standards
Institute (ÖNORM M 5873-1:2001), which now represent
standards for collimated beam testing.

Information from the refereed literature also indicates that
other commonly-used disinfectants, including chlorine, will
induce the VBNC state. For example, Dukan et al. (1997)
demonstrated that exposure of E. coli to free chlorine will
yield three subpopulations: dead cells, culturable cells, and
VBNC cells. Subsequent exposure of the bacterial culture
to nutrient-free phosphate buffer resulted in regrowth. They
provided evidence that much of the population recovery was
attributable to regrowth of the culturable cells in the population. However, they also provided information to indicate
that resuscitation of VBNC cells contributed to observed
regrowth. A subsequent study by Rockabrand et al. (1999)
demonstrated chlorine-induction of VBNC cells within a
culture of E. coli. Their investigation was based on presence
or absence of proteins that are included or excluded, respectively from cultures of growing bacteria.

To be fair, some of the correction factors described by Bolton
and Linden (2003) result in small changes in the estimate
of the UV dose delivered in a collimated beam experiment,
at least when other conditions of proper experimentation are
used (see below). However, another important flaw in the
methods used by Zhang et al. (2015) appears to have contributed to considerable error in the interpretation of their data.
Specifically, they report the use of bacterial concentrations
of approximately 2 x 109 CFU/mL. This concentration is two
to three orders of magnitude higher than used in most previously published work involving collimated beam exposures
of bacterial cultures; the use of such a high bacterial concentration likely will lead to aggregation of bacteria (turbidity)
and low UV transmittance. Both of these attributes will shield
bacteria from UV exposure and reduce the UV dose actually
received by the cells. Zhang et al. (2015) provided no indication that these attributes of their experiments were accounted
for in their calculations of UV dose.

Given the widely-held view that the VBNC state is a common
response of bacteria to exogenous stresses (Li et al. 2014), it
is not surprising that disinfectants, such as UV radiation and
chlorine, would elicit this response. The work of Zhang et
al. (2015) supports previous publications that have provided
evidence of VBNC induction by UV radiation. The new
information provided by Zhang et al. (2015) relates largely
to their application of molecular biology to characterize the
VBNC response, and they are to be commended for their use
of these tools to examine the VBNC phenomenon. However,
some aspects of their experiments do not to conform to wellestablished methods for conducting UV exposures of microbial populations.
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Zhang et al. (2015) used a UV source that involved a vertically-oriented, low-pressure Hg lamp surrounded by a lampshade. At the very least, this represents an unconventional
configuration for a UV source to be used as a “collimated
beam.” There were no data provided in the paper to indicate beam uniformity or calculations of the so-called “petri
factor,” as defined by Bolton and Linden (2003). More generally, the definition of UV dose used in their investigation is
not provided. By inference, it appears that the “dose” values
reported by Zhang et al. (2015) represent the product of incident irradiance and exposure time.
In other words, it appears that the authors have failed to
account for the various terms that are needed to accurately
describe the UV dose that is received by a suspension of
microorganisms in a collimated beam experiment. These
correction factors are described in great detail in the paper
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This last point is important with respect to the presentation
in Zhang et al. (2015) of changes in bacterial culturability
as a function of UV dose. Their data, which were provided
for E. coli and P. aeruginosa, differ markedly from previously published reports of changes in culturability that occur
among suspensions of vegetative bacterial cells. For comparison, Figure 1 provides a summary of data from two previous
investigations, along with the data provided by Zhang et al.
(2015) for responses of E. coli. Included in this figure is a data
set from Blatchley et al. (2001) that demonstrates the tailing
behavior also described by Zhang et al. (2015). The tailing
behavior in the data set from Blatchley et al. (2001) was
attributed to formation of bacterial aggregates, which were
confirmed by microscopy. Sommer et al. (2000) provided
data to summarize the changes in culturability among eight
strains of E. coli, which showed considerable variability.
Included in Figure 1 are the dose-response data for the most
(O157:H7) and least (O25:K98:NM) UV-sensitive of the E.
coli suspensions investigated by Sommer et al. (2000). The
axis scales were selected for Figure 1 so as to allow for direct
comparison of the responses of various E. coli cultures to
UV254 irradiation.

Figure 1. Comparison of reported changes in E. coli culturability in response to UV254 irradiation. Labels in the legend
indicate the strain of E. coli; parenthetical entries identify the
reference from which the data were taken.

The data of Zhang et al. (2015) indicate apparent UV resistance that is at least an order or magnitude greater than any
of the other data sets included in this figure, or that can be
found in the refereed literature. More generally, Chevrefils et
al. (2006) assembled a comprehensive review of published
UV dose-response data for a wide range of microorganisms.
Among the vegetative bacteria included in their summary,
the maximum UV254 dose required to achieve a 5 log10 unit
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reduction in culturability [roughly the location of the tailing
behavior reported by Zhang et al. (2015)] was 14 mJ/cm2. In
the data provided by Zhang et al. (2015), a dose of at least 100
mJ/cm2 was required to approach 5 log10 units of decrease in
E. coli culturability.
Zhang et al. (2015) also included data to describe changes in culturability of P. aeruginosa in response to UV254 irradiation. Very little
data are available in the literature to describe the response of P.
aeruginosa to UV254 irradiation, probably because this bacterium
tends to be “sticky” and forms aggregates quite easily. Aggregation greatly complicates the interpretation of bacterial responses
to UV irradiation because it provides a mechanism for protection of bacterial cells from UV exposure. When the potential for
aggregation exists in an experiment, it needs to be accounted for
in the analysis and interpretation of the resulting data. No such
analysis was included in the paper by Zhang et al. (2015).
Given the general observation that vegetative cells of bacteria
tend to be quite sensitive to UVC radiation, it seems unlikely
that the data reported by Zhang et al. (2015) are an accurate
portrayal of the actual UV dose-response behavior of their
bacteria. More plausible explanations for the large differences between the sensitivity to UVC radiation in their study
and previous reports of this behavior are the flaws in the
experimental design described above.
To clarify the impact of the experimental design used by
Zhang et al. (2015), we performed UV254 irradiation experiments with P. aeruginosa in suspensions of two different
concentrations. P. aeruginosa (NCTC 10662; obtained from
DSMZ-German Collection of Microorganisms and Cell
Cultures, Braunschweig, Germany) was grown in LB broth
for 16 h at 37°C, washed by centrifugation, and resuspended
in sterile saline as described by Zhang et al. (2015). One
suspension of P. aeruginosa was adjusted to a concentration
of about 1 x 106 CFU/mL, the other to a concentration of
1 x 109 CFU/mL based on colony count using nutrient agar
(Columbia agar base, Oxoid, UK; incubation 37°C for 24 h;
pour plate method). Twenty mL portions of the suspensions
each were irradiated in sterile petri dishes under continuous
stirring on a magnetic stirrer in a laboratory irradiation device
according to ÖNORM M 5873-1:2001 (Austrian Standards
Institute, 2001). The concentrations of P. aeruginosa in the
non-irradiated and irradiated samples were quantified in triplicate by means of the same pour plate method as described
above. The UV254 transmittance (1.0 cm; UV-VIS spectrophotometer, Lambda 25, Perkin Elmer, USA) and the turbidity
(nephelometer, Turb 430 IR, WTW, Germany) of the suspensions were measured. The results are given in Table 2.

Table 2. UV254 transmittance (1.0 cm) and turbidity of the
two P. aeruginosa suspensions used for the UV254 irradiation
experiments.
P. aeruginosa
concentration
(CFU/mL)

UV254
transmittance
(1.0 cm) (%)

Turbidity
(NTU)

1 x 106

83.0

0.89

1 x 109

1.7

552

In Figure 2 a picture of the suspensions of P. aeruginosa in
the sample flasks is shown. Even with the naked eye the huge
difference in turbidity caused
by the two different bacterial
concentrations can be seen.
In Figure 3 the results of the
UV254 inactivation curves of P.
aeruginosa in the suspensions
with two different concentrations are presented. The impact
of the protective effect due
to the low UVT254 and highturbidity in the suspension
with a bacterial concentration
of 1 x 109 CFU/mL can be seen
clearly.

Figure 2. The suspensions
of P. aeruginosa with two
different concentrations
(1 x 106 CFU/mL and
1 x 109 CFU/mL).

Figure 3. UV254 inactivation of P. aeruginosa in suspensions
with two different concentrations (N0) performed in a laboratory
irradiation device according to ÖNORM M 5873-1:2001.

Zhang et al. (2015) did not account for UV254 transmittance when calculating the UV fluence (dose). Moreover,
the authors used the nominal lamp emission given by the

manufacturer as irradiance (0.28 mW/cm²) and multiplied it
by the UV irradiation time. No measurements of the actual
irradiance were performed, and the irradiance was not even
corrected for the distance between lamp and sample (33 cm).
The extraordinarily high UV254 resistance of P. aeruginosa
as presented by Zhang et al. (2015) can be attributed to these
non-regular circumstances and has to be seen as an experimental artifact.
Since turbidity compromises the reliability of disinfection
processes (chlorine, ozone and UV irradiation) strict limits have
been implemented in international regulations for drinking
water. The World Health Organization (WHO) recommends
for drinking water, especially when disinfection is in place,
values for turbidity of 0.1 to 1 NTU (WHO, 2006). From the
data given in Table 2, it can clearly be seen that at a bacterial
concentration of 1 x 109 CFU/mL, the turbidity (552 NTU)
was far beyond the maximum acceptable limit for regular
disinfection conditions, and data gained under such circumstances cannot be seen as valid. Suspensions with a bacterial
concentration of up to 1 x 106 CFU/mL ensure correct conditions to obtain reliable UV inactivation data.
From a public health standpoint, an important issue associated
with VBNC cells is the potential for them to regain culturability, a process often described in the literature as resuscitation. Zhang et al. (2015) reported the ability of UV-induced
VBNC cells to resuscitate by using a technique of dilution
of UV254-irradiated samples to a concentration well below 1
CFU per culture tube. This strategy, which has been used in
many investigations of resuscitation of VBNC cells (Oliver
2005; Li et al. 2014), is applicable when the concentration of
VBNC cells in the original (undiluted) sample is higher than
the concentration of culturable cells.
In the case of Zhang et al. (2015), they used the appearance of
turbidity during incubation of diluted samples as an indication
of resuscitation. A heterotrophic plate count (HPC) growth
medium was used in these experiments, which is consistent
with the understanding that VBNC cells may not respond
to selective growth media. However, there was no recognition of the potential for interference from other bacteria, a
common problem in the application of HPC methods. There
was no confirmation that the appearance of turbidity in their
experiments was attributable to the target bacteria.
A related issue is the potential for bacterial recovery by dark
repair or photoreactivation. These processes represent well-

page 16 u
Fall 2016

15

t page 15
known mechanisms for recovery of culturability among
UV-damaged cells (Jagger 1967; Oguma et al. 2002). No
information is provided in the paper to indicate an investigation of dark repair or photoreactivation, both of which could
be viewed as forms of resuscitation.
Lastly, the authors state that “In Europe, UV radiation has
been applied since the 1980s for the disinfection of drinking
and reclaimed water to reduce heterotrophic plate counts,”
and they refer to Kruithof et al. (1992) and Seckmeyer et al.
(1994) to support this statement.

Craik, S.A.; Finch, G.R.; Bolton, J.R. and Belosevic, M. 2000. Inactivation
of Giardia muris cysts using medium-pressure ultraviolet radiation in
filtered drinking water, Water Res., 34, 18: 4325–4332.
Dukan, S.; Lévi, Y. and Touati, D. 1997. Recovery of culturability of an
HOCl-Stressed population of Escherichia coli after incubation in phosphate buffer: resuscitation or regrowth?, Appl. Environ. Microbiol., 63,
11: 4204–4209.
Jagger, J. 1967. Introduction to Research in Ultraviolet Photobiology,
Prentice-Hall, Englewood Cliffs, NJ.
Kruithof, J.C.; Van der Leer, R.C. and Hijnen, W.A.M. 1992. Practical
experiences with UV disinfection in the Netherlands, J. Water SRT, 41,
2: 88–94.

However, this statement is incorrect, since (1) in Europe, UV
radiation has been used for many years for drinking water
disinfection and not only for reducing the concentration of
HPC, and (2) Seckmeyer et al. (1994) describe changes of
UV-B irradiation in the environment due to clouds, aerosols
and stratospheric ozone; their paper has no connection to UV
disinfection of drinking water.

Li, L.; Mendis, N.; Trigui, H.; Oliver, J.D. and Faucher, S.P. 2014. The
importance of the viable but non-culturable state in human bacterial
pathogens, in Frontiers in Microbiology: Microbial Physiology and
Metabolism, 5, Article 258, 1–20.

Induction of the VBNC state is an important consideration in the
application of any disinfection process, including UV. Zhang
et al. (2015) are to be commended for inclusion of molecular
biological methods in the examination of this phenomenon, as
related to UV disinfection. However, we encourage them to
seek guidance from experts in the field regarding the conduct
of bench-scale UV exposure experiments. Lastly, we feel that
existing scientific information indicates that when properly
applied, UV disinfection does not introduce a public health
risk, as suggested by Zhang et al. (2015). Quite the contrary:
UV disinfection has been demonstrated to represent an effective strategy for reduction of risk associated with microbial
pathogens in water supplies. n

Oliver, J.D. 2005. The viable but nonculturable state in bacteria, J. Microbiol., 43: Special Issue No. 5: 93–100.
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Introduction
The Siheung Water Treatment Plant (WTP), located in South
Korea, is a 101,000 m³/d WTP using flocculation/coagulation followed by sedimentation and sand filtration plus
a final chlorination step to produce drinking water from a
natural reservoir. The seasonal occurrence of taste and order
compounds, such as 2-MIB, over the level of notification,
was driving the need for an advanced treatment step. In 2015,
the full-scale system consisting of 3 x WEDECO K143 UV
low-pressure AOP reactors was validated by an onsite performance test to evaluate the most economic treatment conditions and to establish a control concept enabling the system to
react on changing water conditions in real time. The common
approach to control UV AOP systems used to be the electrical
energy per order (EEO) or electrical energy demand (EED)
method. The results of this study will lead to a more sophisticated and energy saving control concept based on the applied
UV dose of the system which is measured and controlled
online
Materials and methods
The study was carried out using the full-scale UV AOP installation at the Siheung WTP as shown in Fig. 1. Each of the three
reactors passed a performance test to demonstrate the required
0.5 log removal of 2-MIB. Different power settings and
hydrogen peroxide concentrations were evaluated to remove
2-MIB to below the notification level of 15 ng/L. The flow was
adjusted to approximately 1,500 m³/h; hydrogen peroxide and
Low-pressure UV lamp

2-MIB were dosed into the water buffer basin before the UV
reactor. While the influent concentration of 2-MIB was fixed to
60 ng/L, different doses of H2O2 and UV were applied.
For the verification of the reactor performance, a collimated
beam device (CBD) experiment was conducted. The UV
doses of the reactor (calculated by the PLC) and the reduction of 2-MIB were compared with the dose response curve
established by the CBD experiment (actinometrical). By this
the Reduction Equivalent Dose (RED) of the reactor is determined and can be used to control the UV AOP system based
on a UV dose approach.
Results
Using the CBD method, the UV dose to achieve a 0.5 log
reduction of the 2-MIB was determined to be 324 mJ/cm²
with a corresponding hydrogen peroxide dose of 6 mg/L. The
full-scale reactor achieved under the same conditions a 0.5
log reduction with a UV dose of 320 mJ/cm² calculated by the
reactors PLC, which means that the UV dose shown by the
PLC is equal to the RED. This proved that the control logic is
capable to deliver, monitor and control exactly the UV dose
that is needed according to the UV dose response curve established by the CBD experiment. The UV reactor can be set on
a target UV dose and will maintain it independently from the
flow rate or UVT changes.
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Figure 1. Diagram of the full-scale UV reactor and the collimated beam device (CBD).
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Figure 2 shows the dose response curve of the 2-MIB at a
fixed peroxide dose of 6 mg/L and various UV doses applied
by the CBD. According to this a UV dose of 324 mJ/cm² is
necessary to achieve a 0.5 log reduction of 2-MIB. The log
reduction achieved by the UV reactor with a fixed hydrogen
peroxide dose of 6 mg/L and various flow rates results in the
application of different UV doses calculated by the reactor’s
PLC. According to the control logic, a UV dose of 320 mJ/cm²
is necessary for a 0.5 log reduction of 2-MIB.
1.2

1.0

0.8

0.4

0.2

0.0

250

270

290

310

330

350

370

390

410

430

Table 1. Comparison of EED/EEO and UV dose approaches
UVT

450

Figure 2. UV dose response curve for 2-MIB for [H2O2] = 6
mg/L.

UV dose approach vs. EED/EEO
Compared to the older Electrical Energy Demand (EED) or
Electrical Energy per Order (EEO) approach (Bolton et al.
2001) where a fixed power is programmed into the PLC,
the UV dose approach allows for operational savings and
simultaneously assures 100% compliance with the treatment goal.
Table 1 shows the difference between the EED/EEO approach
and the UV dose approach with regards to the energy
consumption of the system. The system controlled by UV
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Power level

93% (design base)

0.039

320

100%

94%

0.039

320

90%

95% (avg. cond.)

0.039

320

75%

98%

0.039

320

50%

Full-scale installation of WEDECO
K-Reactors at the Siheung WTP
The system is capable of shutting down lamp rows when less
UV is needed, which is the case when no 2-MIB is present
and only disinfection is required. This allows for significant
costs savings as less energy is consumed and fewer lamps
need to be replaced. In addition, the reactors can be upgraded
by implementing additional lamp rows.
Conclusions
1. The necessary UV and hydrogen peroxide doses can
be established using an on-site CBD experiment.
2. State of the art UV AOP reactors have the ability for
an accurate UV dose measurement by utilizing UV
sensors inside the UV reactor.
3. UV-based AOPs can be controlled safely using the
UV dose approach to assure 100% compliance with
the treatment goal.
4. The UV dose approach allows for energy savings
when the water quality improves. n
Reference

Wisdom in UV

UV dose
2
(mJ/cm
)
EED (kWh/m )
3

The UV AOP PLC controlling the system is based on the UV
dose approach. Each reactor row is monitored by a sensor to
assure lamps are operating properly and to calculate the UV
dose in dependence of the flow rate. With this approach it is
possible to react on water quality changes in real time and
adjust the UV dose for 100% compliance

y = 0.0042x - 0.7929
R2 = 0.91994

0.6

dose can dim the lamps when the UVT increases and by this
significantly save electrical energy.

Bolton, J.R.; Bircher, K.G.; Tumas, W. and Tolman, C.A. 2001. Figuresof-Merit for the Technical Development and Application of Advanced
Oxidation Technologies for both Electric- and Solar-Driven Systems,
Pure Appl. Chem., 73(4): 627-637.

Association News
IUVA members are working together to develop new opportunities for our technology at national and regional events,
including the following:
• A special “IUVA Workshop” at WateReuse 2016
in mid-September in Tampa. Member volunteers
presented on a range of topics and participated in a
lively question and answer session on our technology.
• In partnership with WEFTEC, IUVA was offered
a booth at the event and distributed our IUVA
News magazine and information about our group
– including a special first-time member offer.
• For the first time ever, IUVA participated in the
19th Annual Pollution Prevention Conference and
Tradeshow in Indianapolis. The event offered a
training session, presentations on water disinfection and Continuing Education Units (CEUs) for
Wastewater Operator/Apprentice, Drinking Water
Operator, and Professional Engineers (PEs).
• A unique partnership with the Confluence Water
Technology Innovation Cluster and IUVA will present
an “Ultraviolet Disinfection, Regulation, Innovation and Operation Symposium,” featuring senior
leadership from the US EPA, utility executives and
operators and leading national consulting engineers
to discuss regulatory issues related to UV technology
and the practical experiences of midsize and large
utilities operating UV treatment facilities. The event
is November 9 in the Cincinnati area. Visit
www.iuva.org for more information and to register.
• Following our very successful World Congress
in Vancouver, the IUVA heads south to Austin,

Texas, for our 2017 IUVA Americas Conference,
Feb. 5-8, 2017. Abstract submission is strong, with
leading edge presentations expected on a range
of UV topics. Visit https://iuva-americas.com/.
• Please also make plans to join us for our next
World Congress, planned for fall 2017 in
Europe. Details will be announced shortly.
IUVA partnerships and participation in events to spread the
word about UV technology are only possible with the leadership of IUVA members. Have an idea? IUVA offers leadership opportunities and enhanced visibility for our members.
Please contact us with your ideas or if we may ever be of
service to you. n

Review of the ‘Advanced Oxidation Handbook’
by Ani Siyahian, LA Department of Water and Power, Los Angeles, California
Ani.Siyahian@ladwp.com
The “Advanced Oxidation Handbook” fulfills its purpose of providing a brief introduction to the
fundamentals, design and operation of Advanced Oxidation Technologies (AOT). The handbook
covers the basic principles of advanced oxidation and photochemistry, as well as the practical
aspects to be taken into consideration when designing and operating treatment facilities. For
instance, discussion of various types of AOTs is provided along with practical design parameters
to be considered ranging from water quality, process equipment sizing to where the facility should
be located. Several examples of existing facilities utilizing the technology are provided in the
handbook, demonstrating the various applications of AOTs. This handbook is useful for engineers,
scientists and managers involved in introducing AOTs into their water system treatment processes.
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UV FAQ
Editor’s Note: From time to time, I receive questions that come
in from the IUVA website. The following are some of the more
interesting questions and answers.
Question: Kindly inform about the UV protection by various
types of materials, e.g., latex, nitrile and vinyl, etc. Which
material can give complete protection against UV radiation?
Answer: Most plastics absorb UV quite strongly. Exceptions
are polyethylene and polytetrafluoroethylene. You should be
able to obtain the transmittance properties of a given plastic
from the manufacturer.
Question: Hello, I’m working in a lab for forensic document
examiners, where we examine identity documents. Different
UV lamps are essential to this work. One of my tasks is also
to recommend equipment to police officers and people who
work with document examination. The most common source
of UV is ~365 nm torches – some more powerful than others.
We are not exposed to the rays over long periods of time, but
we use them quite often. Sometimes we are recommended to
use protective glasses by the producers, but to be honest, we
don’t.
Now, my question is, how harmful is it to use 365 nm torches
without protective glasses? Have in mind that we don’t expose
our eyes directly to the UV light but indirectly as the light is
reflected from the surfaces we examine. (Although, our skin
is directly exposed when we hold the documents). Also keep
in mind that I’m asking this question in a health and safety
context, so it’s something that affects our work.
Answer: There is an article by Wieringa in IUVA News
(http://www.iuva.org/sites/default/files/member/news/
IUVA_news/Vol08/Issue2/WieringaArticle.pdf) that gives
the acceptable safe limit for exposure to 365 nm UV. The
limit value is 27,000 mJ/cm2. This is a very high limit; for
example, the safe limit at 254 nm is 6 mJ/cm2. If the irradiance at your eyes is 1 mW/cm2 (a fairly high value), it would
take an exposure of 27,000 seconds, or 450 min, to come to
the limiting UV dose.
Question: I want to make a sunlight box for winter tanning
without exposure to cold wind. What kind of translucent
material should I buy that will assure ultraviolet light transmission?
Answer: The best material would be quartz; however, there
are some grades of polyethylene that transmit down to 300 nm
(the limit of the solar spectrum at the earth’s surface.
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One thing that you should be aware of is that the ultraviolet
fraction in sunlight decreases sharply with the angle of the
sun away from the zenith. Hence, in the winter, there is not
much ultraviolet in sunlight. So you are not likely to get much
tanning in a winter exposure.
Question: We are producing cheese products and packaging into transparent glass jars. Those glass jars are cleaned
by compressed air, but we want to make a second step in
cleaning. We are discussing with our HACCP consultant
about installing UV lamps in the storage area, as well as the
conveyor belt where the jars are moving into filling machines.
Would that help with sterilization? Which wavelength is most
appropriate?
Answer: First of all, ordinary glass does not transmit the
UV wavelengths that are necessary for UV disinfection. Only
quartz glass is transparent to these wavelengths. Secondly,
the most effective wavelengths for UV disinfection lie in
the range of 220 to 280 nm. Many UV lamps are based on
emission from a low-pressure mercury lamp, in which the
emission is at 254 nm. Thirdly, UV disinfection is “line of
sight.” This means that only the surfaces that receive UV
directly from the UV lamp will be disinfected. For example,
the insides of the glass bottles and the rear of the bottles will
not be disinfected.

Question: In a large drinking water utility using 100 million
gallons of water per day with a UV disinfection system, how
far does the UV light/wave penetrate through the glass sleeve
and into the water to provide effective microbial disinfection?
Answer: The penetration depth of UV into water depends
on the UV transmittance (UVT) of the water. For drinking
water, where the UVT is >85%, the UV penetrates 10 to 15
cm. However, for wastewater, where the UVT is 40 to 60%,
the UV penetrates only 1 to 2 cm. This means that the spacing
of UV lamps should be much further apart for drinking water
UV reactors than for wastewater UV reactors.
Question: I have units of mWs/cm2 and mWs/m2. How do
I compare those?
Answer: There certainly is confusion in the literature in
regards to units and names. Here is a brief summary:
Intensity. Not well defined. It’s better to use irradiance or
fluence rate. Intensity can be used qualitatively as in “sunlight
has a higher intensity than moonlight.”
Irradiance. The total UV power incident from all upward
directions on a small element of surface dA divided by the
area dA of that surface. The units of irradiance are W/m2, but
often mW/cm2 are used; 1 mW/cm2 = 10 W/m2.
Fluence rate. The total UV power incident on a tiny sphere
of cross-sectional area dS divided by the area dS. The units of
fluence rate are the same as that of irradiance.
Note that when the UV beams are parallel, the irradiance and
the fluence rate become the same.
Radiant exposure. The time integral of irradiance – units are
J/m2 or mJ/cm2; 1 mJ/cm2 = 10 J/m2.
Fluence (or UV dose). The time integral of fluence rate –
units are the same as that for radiant exposure.
Other units are used, such as mWs/cm2. Since Ws = J, this
is the same as mJ/cm2; microwatts/cm2 = 1000 x mJ/cm2. n

UV lamps – UV sensors – Ballasts – Quartz
Application-specific UV lamps perfectly
matched for air and water disinfection.

www.aladin-uv.de

www.uvtechnik.com
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UV Industry News
ZED Produces Electronic Ballasts – ZED Ziegler
Electronic Devices GmbH, Langewiesen, Germany, one of
the world’s leading ballast suppliers for the UV-C market,
announced its entry
into the production
of electronic ballasts
for medium pressure lamps. Over
the last 20 years,
ZED established the
quasi standard in
ballast design for UV-C lamps. The form factor and design
of its standard ballasts can be found in the products of several
competitors.
Beside standard lamp drivers, ZED developed a new ballast
line with digital processing and communication interfaces.
More detailed information concerning operating state and
parameters, as well as enhanced controlling features, was
possible. The ZED controllable and adjustable ballasts allow
a comfortable integration into automated UV systems. UV
lamp operation can be optimized to the conditions on site and
permanently controlled via RS485 interface. Up to now, ZED
was focused on lamp drivers for low-pressure and amalgam
lamps. Starting in late 2016, ballasts for medium pressure
lamp will join the line of ZED controllable and adjustable
ballasts. For more details, email info@z-e-d.com.
MicroTek Unveils Improved Website – MicroTek
Processes, Worcestershire, England, announced enhanced
products and extended international development on its
recently updated website. The improved
website includes details of MicroTek’s
standard range of UV systems and now
incorporates media pages for current
news, published materials and promotional brochures.
Also, after six months of trials,
MicroTek rolled out a new product for
the treatment of wastewater streams, its
Advanced Oxidation Process (AOP). The
system, designated MP7AOP, combines
MicroTek UV, ultrasound and an ozone system, incorporating an H2O2 dosing unit. Another product, MicroTek’s
MP5 closed vessel beverage system for treatment of beverages such as milk, orange juice, sugar syrup and other opaque
liquids, has been further enhanced. The closed vessel system
has been updated to ensure greater efficacy in product treatment, following extensive product trials.
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Company Develops UV Disinfection Systems –
NPO ENT Company, St. Petersburg, Russia, has produced
UV equipment for the disinfection of water, air and surfaces
since 1991. Now the company has developed and produced
UV systems for the disinfection of air and internal surfaces
of accumulative tanks for drinking and technological waters,
including those with no centralized water supply. The technology uses UV with wavelengths of 254, 185 nm and fans.
Ozone and hydrogen peroxide in the water are measured at
the exit to the tank.

Allen Bradley Announces Aquionics UV System –
Allen Bradley PMO controls feature built-in data collection
and reporting. The new PureLine PQ with PMO controls
package from Aquionics provides third-party validated
UV treatment for the dairy producing industry. The system
contains built-in data collection and reporting compliant with
the Food and Drug Administration’s 2015 Pasteurized Milk
Ordinance guidelines. PMO guidelines approved the use of
UV for the continuous treatment and disinfection of incoming
water sources, condensate of whey (COW), polished water,
reverse osmosis (RO) water, permeate and pasteurized equivalent water (PEW).
Designed in partnership with automation specialist Allen
Bradley, the new PureLine controls handle the complete
fulfillment of PMO requirements, including inlet/outlet and
divert valve control. The system uses variable power to ensure
only the energy needed to meet the performance requirements is used. Aquionics PureLine PQ has a small footprint
and is easily installed directly into existing pipework. PMOrequired data can be accessed directly on the PureLine PQ
touchscreen display, with no need for an external laptop.
The PureLine system also features a USB port to download
reports at any time.

Nikkiso Acquires AquiSense – AquiSense Technologies, Erlanger, Kentucky, the world leader in UV-C LED
disinfection systems, has been wholly acquired by Nikkiso
America, Inc in a cash deal. With over a half century of
product development, Nikkiso has provided original technologies to a range of industries, including medical, aviation, life sciences and microelectronics. AquiSense and
Nikkiso share a common goal of providing life-saving
disinfection products employing UV-C LEDs. Nikkiso
is a leading manufacturer of UV-C LEDs, utilizing core
technology from Nobel Prize recipients. AquiSense is an
award-winning manufacturer of water, air, and surface
disinfection systems with UV-C LEDs at the core of each
design.
This acquisition allows Nikkiso and AquiSense to accelerate
market commercialization of disinfection products around
the world. “We have been excited to see the innovative solutions at AquiSense enter a number of high value markets and
look forward to supporting those efforts,” said Dennis Martin,
CEO of Nikkiso America. Oliver Lawal, CEO of AquiSense
said, “We have worked closely with a number of suppliers
to integrate the best UV-C LEDs, and Nikkiso have consistently delivered strong product to us.” Lawal will continue in
his role, together with Jennifer Pagan as CTO, and all other
employees.
Xylem Systems Approved for Reuse Application –
Xylem, San Diego, California, announced that its Wedeco
LBX 850e and LBX 1500e ultraviolet (UV) disinfection
systems have received acceptance from the California State
Water Resources Control Board’s Division of Drinking
Water. These closed-vessel UV systems are now validated
and approved for unrestricted reuse applications to meet the
stringent water disinfection standards as required by Title
22 of the California Code of Regulations.

allows us to partner with engineers and utilities to find the
best water reuse solution that is both safe and sustainable.”
UV-C LED Water Disinfection System First to
Receive NSF Lead-free Certification – AquiSense
Technologies, the world leader in UV-C LED disinfection
systems announces certification from the Water Quality
Association (WQA) for its
water disinfection system
– PearlAqua™. WQA is an
independent public health
organization that tests and
certifies a wide range of
plumbing and drinking
water treatment products.
Specifically, the PearlAqua
meets the stringent requirements of NSF/ANSI 372,
which is accreditation for
the scope of providing leadfree water and NSF/ANSI 61, which certifies the PearlAqua
for safe drinking water.
PearlAqua was the first-to-market UV-C LED water disinfection system and continues this trend as it is the first UV-C
LED system to receive NSF/ANSI certification. These certifications confirm that the PearlAqua provides clean water
without the use of lead – which has contaminated water in a
number of communities around the world.
“This is a significant step in our overall commercialization
strategy,” said Oliver Lawal, AquiSense CEO. “It further
validates that switching over to semiconductor-based technology is viable in providing equal or safer water quality.
More to come!” n

The acceptance of the LBX 850e and 1500e UV systems adds
to the existing portfolio of Wedeco UV systems approved
for Title 22 reuse applications including the LBX 90e, LBX
400e and LBX 1000e along with the open-channel TAK55
and recently approved open-channel Duron, the first Title
22 reuse approved disinfection system with an inclined
lamp array.
“The approval by the state means that Xylem’s Wedeco brand
can provide its customers in California and beyond with
one of the broadest portfolios of approved UV disinfection
systems for water reuse of any manufacturer,” said Richard
Loeffler, Wedeco senior sales engineer for Xylem. “This
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Together
we can be
sure it’s pure
Water purification isn’t purely about satisfying the
demand for clean water. Customers also have a thirst
for ways to reduce energy and maintenance costs
with solutions from a partner they trust. Like Philips.
Our state-of-the-art UV lamps, drivers and modules
are optimized for performance in a wide range of
applications. They also come with exceptional
development support, including microbiological
performance testing. And we’re pioneering the
development of UVC LED modules, so together we
can be sure it’s pure, today and tomorrow.

Find out more at
www.philips.com/uvpurification

