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A Message
from the IUVA President
Details are important. All IUVA activities – our publications, events, protocols and sponsorships – are concerned
with the details of how ultraviolet technology supports environmental and public health. As an organization, our
members work together to build awareness of the challenges and opportunities that exist. In August, I was invited
Oliver Lawal
to share some of these details at the annual international conference of the Electric Power Research Institute
(EPRI). This group was very receptive to the message that our technology has consistently improved efficiency and reliability over the
past decade with exciting developments forecasted for the next decade.
Other key collaborations include Chris Schulz leading a full-day workshop with the Association of State Drinking Water Administrators
(ASDWA). Dr. Richard Martinello and Troy Cowan leading a health care working group meeting at Yale University. Dr. Kati Bell
leading workshops, and potentially publications, with the National Water Research Institute (NWRI). We are also considering
establishing a new IUVA Food Safety Working Group. All these activities are concerned with details important to ultraviolet
technology.
IUVA members who are likewise interested in the details of supporting environmental and public health are invited to join the
Manufacturers Council and contribute ideas and action for issues of concern. Members also can connect with IUVA’s various committees,
including Technical, Awards, Nominations, Education and the new Young Professionals group. Most importantly, decide to participate in
the 20th anniversary World Congress in Sydney, Australia, in early 2019. Submit an abstract, take advantage of sponsorship opportunities,
chair a session, or display a product or service. There are many opportunities for members to take advantage of.
Again, thanks to everyone who has contributed with these important details over the past 20 years and, as always, please do not hesitate
to contact me directly with any questions or concerns at oliver.lawal@aquisense.com or 859.869.4700.
Oliver Lawal, IUVA president
President and CEO, AquiSense Technologies

A Message
from the Editor-in-Chief
With this issue, at the request of Jim Bolton, we pass the baton from him to me as the editor-in-chief. I thank Jim Bolton
for all he does to advance UV technology and IUVA. He has educated the environmental science and engineering
profession on fundamental and applied research approaches to thinking about UV technology, determining UV fluence
Jim Malley
and UV fluence rate, performing UV collimated beam and AOP studies, and he continues to mentor many generations
of students and colleagues in all aspects of UV technology. Happily, Jim will stay involved with the magazine as associate editor, and he will
lead the next edition (2018 Quarter 4), which will focus on air and surface treatment.
The IUVA board is working closely with Peterson Publications to ensure growth and total quality improvement of IUVA News. We are all very
excited for what 2019 holds. IUVA will launch a brand new publication – UV Solutions – featuring a new design and expanded readership.
This IUVA News issue features four water reuse articles and other items that are of interest to professionals who focus on the water
environment. The articles discuss AOPs, both UV-chlorine and UV-hydrogen peroxide, along with biofiltration and emerging organic
micropollutants. The final article highlights Gwinnett County’s nationally recognized expertise and leadership in water and wastewater
treatment and its research funded by the WateReuse Research Foundation. There is also an update on the revision of the NWRI UV
Guidelines to produce a fourth edition of this key water reuse reference. Delivery of this issue is timed to spur networking for attendees of the
upcoming WEFTEC 2018 Conference (Sept. 29 through Oct. 3, 2018 in New Orleans, Louisiana).
Authors who would like to submit a paper for the Quarter 4 issue, please send it to Jim Bolton at assoceditor@iuva.org. For 2019, please
submit papers to Jim Malley at editorinchief@iuva.org. Deadlines are Nov. 15, 2018, for the 2018 Quarter 4 issue and Feb. 15, 2019, for the
2019 Quarter 1 issue.
IUVA News is a quarterly ultraviolet magazine keeping readers up-to-date on what is trending in UV technology and at IUVA, so please take
some time to read it through, and don’t forget the ads. The ads make it possible to publish the magazine, so please support the advertisers by
visiting their websites or contacting them for further information.
Jim Malley, IUVA News editor-in-chief
Professor of Civil and Environmental Engineering, University of New Hampshire
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Awards for Young Professionals Aim
to Help People Travel to World Congress
IUVA Young Professionals Committee
Interested in traveling to the IUVA
World Congress? The Young
Professionals (YP) Committee
has several initiatives aimed at
making it easier for YPs to attend
the 2019 IUVA World Congress
in Sydney, Australia.

Also, the YP Committee is offering two new Corporate
Awards for the upcoming World Congress: an organization
will receive one free normal registration upon registering
one YP who has never attended a World Congress. Contact
Mickey Fortune (mfortune@iuva.org) for details.

YPs who submit an abstract for the conference can check a
box on the submission page to apply for an award to help
reduce the cost of attending to the conference.

Planning on traveling to the conference and looking for a
place to stay? The YP Committee is working to organize
housing for YPs near to the conference venue, allowing YPs
to stay together as a community and reduce housing costs.
For more information, email iuvayp@iuva.org. n

Several $1,500 and $300 awards are available for YPs traveling internationally or from within Australia, respectively.
Awards can be used to cover travel costs, conference registration and/or housing in Sydney.

The IUVA Young Professionals (YP) Committee was formed
this past summer to increase interest and involvement in
the IUVA and UV industry among YPs and to allow YPs to
actively contribute to the IUVA.

THE NEW BENCHMARK

IN SMART UV
DRIVER TECHNOLOGY
Connected for ease of maintenance

Bluetooth connected
Ground leakage detection in idle mode
IMO and USCG approved technology
Nedap UV Driver
Diagnostics App: pro-active
system monitoring

Optimized for high Power Factor and low
THD for improved eﬃciency and higher
reliability

smart rack mount
design

small cabinet
footprint

www.nedap-uv.com
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WRD GRIP UV/Cl2 AOP
for Indirect Potable Reuse
Ken Ortega, assistant general manager, Water Replenishment District of Southern California
Tom Knoell, operations superintendent, Water Replenishment District of Southern California
Jamal Awad, Ph.D., PE, principal manager-project delivery and client services, GHD
Adam D. Festger, business development manager-potable reuse, Trojan UV
Alan Royce, senior scientist, Trojan UV
Project overview
The Water Replenishment District
of Southern California (WRD, or
District) was established in 1959
pursuant to the Water Replenishment
District Act of 1955. WRD manages
two interconnecting groundwater
sub-basins, the Central Basin and the
West Coast Basin. WRD manages
groundwater for nearly four million
residents in 43 cities of southern Los
Angeles County. The 420 square mile
service area uses about 220,000 acrefeet per year (AFY) of groundwater,
which equates to over 40% of the
total demand for water. WRD ensures
that a reliable supply of high-quality
Figure 1. Artist rendering of the Water Replenishment District of Southern
groundwater is available through its
California’s Groundwater Reliability Improvement Project (GRIP) Advanced Water
water supply programs and effective
Treatment Facility (AWTF) in Pico Rivera, California.
water recycling.
Grounds (MFSGs), after blending with San Jose Creek
WRP’s tertiary treated effluent (the resulting combined
Facility and project description
WRD has developed the Groundwater Reliability Improvement water is referred to as the blended tertiary treated water),
Project (GRIP) Advanced Water Treatment Facility (AWTF) and (2) injecting the advanced treated recycled water into
with the overarching goal of offsetting and replacing the the supplemental recharge wells located at the GRIP AWTF.
current use of imported water for groundwater replenishment The GRIP AWTF infrastructure is designed with a provision
with advanced treated recycled water. The landmark facility to expand to an ultimate production capacity of 29.6 MGD.
(Figure 1) is located at 4320 San Gabriel River Parkway, Figure 2 presents a schematic diagram of the GRIP AWTF.
Pico Rivera, California. The GRIP AWTF has a treatment
capacity of 14.8 million gallons per day (MGD). The GRIP A brine pipeline will convey RO concentrate and other AWTF
AWTF treats the tertiary treated effluent from the Los Angeles waste streams to a trunk sewer, in Beverly Boulevard, for
County Sanitation Districts’ (LACSD) San Jose Creek Water treatment at LACSD’s Joint Water Pollution Control Plant
Reclamation Plants (San Jose Creek WRP), East and/or West (JWPCP) in Carson.
facilities, using ultrafiltration (UF), reverse osmosis (RO),
ultraviolet advanced oxidation process (UVAOP), post- UV AOP overview
treatment stabilization and dechlorination to produce advanced The UV AOP at the GRIP AWTF consists of low-pressure,
high-output UV reactors with chlorine addition upstream of
treated recycled water for groundwater recharge.
the UV trains as the oxidant. UV AOP is used to disinfect
The GRIP AWTF enables WRD to help achieve its goal of RO permeate and destroy constituents of emerging
recharging the aquifers with local sources. Recharge of the concern (CECs) that pass through RO membranes due to
advanced treated recycled water is accomplished via (1) their low molecular weight and low ionic charge, notably
surface spreading in the Montebello Forebay Spreading N-Nitrosodimethylamine (NDMA) and 1,4-dioxane.
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Specifically, the Trojan UVPhox™ system will accomplish
NDMA treatment to below the notification level (i.e. 475 ng/L
to <10 ng/L or >1.67 log) and will simultaneously accomplish
0.5-log removal of 1,4-dioxane in accordance with California
Department of Drinking Water (DDW) requirements for
potable reuse projects. Trojan Technologies will assist in
conducting on-site acceptance testing of the UVAOP so that
the performance of the system can be verified. Treatment
data comprising NDMA and 1,4-dioxane destruction will be
submitted for review.

Figure 2. Simplified WRD GRIP AWTF process flow diagram

UV AOP effectively reduces and inactivates pathogenic
microorganisms and achieves the maximum disinfection
credits allowed for target microorganisms. The chlorine
used for oxidation also provides the disinfectant residuals
necessary to protect the supplemental recharge wells
from biofouling. The inactivation of microorganisms and
reduction of micropollutants vary with the UV dose, which
is a product of the UV light intensity, the exposure time and
the chlorine dose. The GRIP AWTF is the second full-scale
implementation of UV AOP for an indirect potable reuse
(IPR) application using chlorine as an oxidant, after the City
of Los Angeles’s Terminal Island Water Reclamation Plant.
The advanced treated recycled water is dechlorinated using
sodium bisulfite, prior to blending with the tertiary treated
effluent. The blended tertiary treated water is used for
spreading at the MFSGs (including the unlined portion of
the San Gabriel River between rubber dams) or it can bypass
the MFSG and be discharged to the lined portion of the San
Gabriel River and unavailable for groundwater recharge.
Dechlorination ensures compliance with the total residual
chlorine limitation in the GRIP AWTF NPDES permit.
A portion of the advanced treated recycled water from the
Product Water Storage Tank, which has undergone UF,
RO, UV AOP and post-treatment stabilization (but not
dechlorination), is pumped to the supplemental recharge
wells for injection into the aquifers.
UV AOP description
The Phase 1 GRIP AWTF UV AOP consists of two (2)
parallel trains each with three (3) Trojan UVPhox™
D72AL75 reactors and sodium hypochlorite chemical
storage and feed facilities. The Trojan UVPhox™ system is
designed to reliably destroy NDMA, 1,4-dioxane and other
trace contaminants present in RO permeate source water.

Design criteria
Table 1 summarizes the UV/Cl2 AOP system design criteria.
The primary system design criteria are for the proposed UV
oxidation system to treat the maximum design flow of 14.83
MGD of RO permeate having a minimum UVT of 96% by
a minimum of 0.5-log reduction (LR) of 1,4-dioxane and
1.67-log reduction of NDMA with at most 4 ppm of free Cl2
present in the reactor influent.
Table 1. Summary of UV AOP design criteria
Peak design flow (RO
Permeate), MGD

14.83

Minimum specified UVT, %

96%

Required 1,4-dioxane Log
Reduction

0.5

Required NDMA Log
Reduction

1.67

Allowable free chlorine dose,
mg/L

2 to 4

System model and lamp type

Trojan UVPhox™ D72AL75;
LPHO

Number of trains

2

Number of chambers per train

3

Number of reactors per
chamber

2

Number of lamps per reactor

72

Total number of lamps per train 432
Lamp input power, each (kW)

0.24

Ballast type

High efficiency; electronic

UV AOP performance testing/commissioning
The Trojan UVPhox™ system performance test is required
to verify that the performance of the proposed system meets
the treatment criteria at the design operating conditions. The
design conditions are summarized in Table 1, including the
specification of 0.5-log reduction of 1,4-dioxane and 1.67log reduction of NDMA. The performance testing is intended
to provide data for multiple objectives. The primary objective
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is to demonstrate that the system meets the guaranteed
contaminant destruction criteria at design conditions (i.e.,
96% UV-T; 14.83 MGD; 0.5-LR of 1,4-D; 1.67-LR of
NDMA; ≤4 mg/L free chlorine).
The performance testing also will establish performance data
over a range of expanded operating conditions (e.g., lower
UV transmittance, lower Cl2 residual) in both manual and
automatic control modes for a more thorough examination
of the system performance. These results will also be used
to support the development of an operations plan for the
UV AOP system and its submission to DDW for approval.
Performance will be assessed by analyzing UV reactor influent
and effluent pairs of water samples for 1,4-dioxane and
NDMA. NDMA and 1,4-dioxane will likely need to be spiked
to increase influent concentrations during testing. In addition
to monitoring contaminant destruction, the performance test
will include measurement of headloss across the UV reactor.
UV oxidation fundamentals
UV-based advanced oxidation processes rely upon the
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UV-based advanced oxidation processes
rely upon the simultaneous mechanisms of
direct UV photolysis and UV oxidation to
degrade chemical contaminants in water.
simultaneous mechanisms of direct UV photolysis and UV
oxidation to degrade chemical contaminants in water. UV
photolysis is the process by which chemical bonds of the
contaminants are broken by the energy associated with UV
light. UV photolysis does not require the addition of an oxidant.
UV oxidation systems rely on the generation of radicals (e.g.,
hydroxyl radical or •OH) by way of the UV photolysis of an
oxidant, such as H2O2 or aqueous Cl2, and the subsequent
oxidation of chemical contaminants by those radicals.
In recent years, UV radiation in combination with chlorine
(UV/Cl2) has been investigated as an alternative to the typical
UV/H2O2 process, particularly in water reuse projects. The UV/
Cl2 AOP relies on photolysis of free chlorine with formation
of hydroxyl radicals and chlorine atoms as oxidizing species.
The process is gaining increased attention from water utilities
because chlorine is already required for residual disinfection,
it is cheaper and dosed at lower concentrations than hydrogen
peroxide (H2O2), all of which could translate into significant
cost savings should the treatment conditions be favorable.
Hydroxyl radical scavenging demand
While the desired reaction in UV oxidation systems is between
photogenerated hydroxyl radicals and contaminant molecules,
the unselective nature of hydroxyl radical reactions results
in reaction pathways with constituents in the background
water matrix. Examples of these hydroxyl radical scavenging
reactions are the oxidation reactions with the natural organic
matter (NOM) present in waters or reactions with carbonate
and/or bicarbonate ions. Aqueous chlorine species themselves
will react with hydroxyl radicals and, therefore, are considered
hydroxyl radical scavengers. All these scavenging reactions
have the effect of reducing the steady state concentration of
hydroxyl radicals in the water. Since the rate of contaminant
degradation is proportional to the steady state concentration of
hydroxyl radicals, these hydroxyl radical scavenging reactions
reduce the rate of contaminant degradation. The level of
scavenging reactions associated with a water sample can be
quantified and is referred to as the hydroxyl radical scavenging
demand of the water.
UV/Cl2 AOP
The UV/Cl2 process is more complex than UV/H2O2 AOP,
and its efficiency is highly dependent on the spectral power

Figure 3. WRD LJvL UV AOP

distribution of the UV lamp and water pH, with the latter
restricting its applicability to low pH range (<~6.5, where
HOCl is dominant). Its performance as an oxidizing agent
has been evaluated through several pilot and full-scale
installations (e.g., Aflaki et al. 2015; Wang et al. 2015). For
the same mass-based concentration (i.e., milligrams per liter)
considered in the UV AOP, free chlorine absorbs more UV
light at 254 nanometers (nm) than H2O2 and, as a result, can
more efficiently be converted to the hydroxyl radicals (•OH).
At 254 nm, the radical yield from HOCl photolysis is almost
twice that generated from −OCl photolysis.
On the other hand, the UV AOP performance is negatively
impacted by the oxidant (H2O2 or free chlorine) reactivity towards
the generated radicals. H2O2 reaction with •OH is much slower
than those of free chlorine species (hypochlorous acid, HOCl,
and its conjugate base, −OCl). The −OCl demonstrates a very
high affinity for •OH radicals, resulting in much higher radical
scavenging capacity than both HOCl and H2O2. At advanced
water treatment facilities using RO membranes in their core
treatment process, pH levels of between five and six are typically
observed in RO permeate. This is a favorable condition for the
use of free chlorine as the oxidant in UVAOP. Therefore, the
lower scavenging potential of HOCl, together with the effects of
wavelength-dependent molar absorption coefficient and higher
radical yield, lead to higher treatment efficiency.
The dark chemistry of molecular chlorine and chlorine
radical species is much more complex than that of H2O2
and hydroxyl radical. The presence of chloramines in RO
permeate is an additional aspect to consider in the UV/Cl2
implementation to water reuse treatment, as both chlorine
and chloramines photolyze and react with the radical
species, their speciation is pH-dependent, and the entire
system displays rapid dynamics. Further, if the RO permeate
contains free ammonia, then it will react with the added free

Figure 4. Full-scale UV/H2O2 and UV/Cl2 AOP testing at
WRD LJvL AWTF

chlorine, increasing the chlorine demand and the resulting
chloramine concentration and causing a decrease in the UV-T
and an increase in the radical scavenging demand of the water
entering the UV reactors. Commercially available sodium
hypochlorite solutions contain caustic soda (NaOH). Thus,
the addition of sodium hypochlorite increases the pH of the
RO permeate and subsequently reduces the AOP efficiency.
Comparing UV/Cl2 and UV/H2O2 AOPs
Pilot and full-scale testing comparing UV/Cl2 and UV/H2O2
AOPs was performed in recent years at several water reuse
utilities. WRD, in collaboration with Trojan, conducted
full-scale testing of the two AOPs at the Leo J. vander Lans
(LJvL) AWTF (Figure 3), which currently uses similar UV
reactors and H2O2 as an oxidant for IPR. The facility has
been in operation since 2003. The results from the full-scale
testing at the LJvL AWTF (a portion of which is shown in
Figure 4) indicated the following:
• UV/H2O2 is a well-established AOP in which the OH
radicals are generated through photolysis of hydrogen
peroxide.
• UV/Cl2 AOP relies upon the photolysis of chlorine
species to generate OH radicals and chlorine radicals.
• The UV/Cl2 AOP is a highly complex, pH dependent
process.
Following hypochlorite injection in RO permeate, there
are several chlorine species present simultaneously with
potentially changing concentrations.
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• These chlorine species absorb UV three to six times
stronger than H2O2 and are significantly consumed in
the UV reactor.
• UV/Cl2 AOP efficiency for 1,4-dioxane treatment in RO
permeate with pH~5.5 appears to be higher than that of
UV/H2O2, but corrected for UV-T the difference is slight.
• Few byproducts measured.
• UV/Cl2 has the potential for lower O&M costs, if removal
of residual peroxide is required and if pH is low.
GRIP TROJAN UV/Cl2 system controls
The operation of GRIP UV AOP (Figure 5) is based on the
calculation of an instantaneous contaminant log reduction as a
function of the fundamental contaminant kinetic parameters,
system flow, lamp power, lamp age, UV transmittance,
hydroxyl radical scavenging demand, water temperature
and free chlorine concentration. The methodology is based
on a contaminant treatment kinetic model that combines a
fundamental photochemical kinetic model with optical and
hydraulic performance of the specific reactor to accurately
predict the degradation of contaminants in a UV AOP.

8
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Therefore, the UV system
control algorithm provides
a
dynamically-adjusted
system based upon the
identified process input
parameters. Further, by
incorporating user-provided
Cl2 and electrical energy
costs, the algorithm can
calculate the combination
of lamp power and Cl2 dose
that meets the contaminant
treatment objective at the
lowest operating cost.
Specific constraints on Figure 5. WRD GRIP UV AOP
the limits of the system trains
operation also can constrain
the operating conditions. The controls will be calibrated after
the conclusions of the performance testing scheduled for
December 2018.

GRIP UV AOP performance testing/commissioning
The primary task is to demonstrate that the UV AOP
performance meets the removal targets at the design conditions.
To quantitatively demonstrate the required log reduction of
NDMA and 1,4-dioxane, it is necessary to accurately measure
both the influent and effluent concentrations. The influent
1,4-dioxane concentration would need to be high enough to be
reduced by up to 0.5-log and produce an effluent 1,4-dioxane
concentration that is greater than the analytical method
reporting limit (MRL). The USEPA 522 MRL for 1,4-dioxane
is 0.07 μg/L (ppb). The influent concentration would need
to be at least 0.22 µg/L. If the UV influent 1,4-dioxane
concentrations were <0.22 µg/L, then it would be required
to spike 1,4-dioxane into the UV influent stream to achieve
concentrations higher than 0.22 µg/L. Similarly, the influent
NDMA concentration would need to be high enough to be
reduced by up to 1.67-log and produce an effluent NDMA
concentration that is greater than the analytical MRL. The
MRL for NDMA is expected to be approximately 1 ng/L (ppt).
The influent concentration would need to be at least 47 ng/L.
If the UV influent NDMA concentrations were < 47 ng/L, then
it would be required to spike NDMA into the UV influent
stream to achieve concentrations higher than 47 ng/L.
The UV oxidation system performance will be calculated
based on pairs of water samples collected from the UV
reactor influent and effluent sample ports. The UV reactor
influent sample port must be far enough downstream of the
Cl2 injection point to ensure that it is completely mixed in
the influent stream prior to sample collection. Further, the
UV reactor influent sample port must be far enough upstream
of the UV reactor to ensure that no impact of the UV AOP
reaction has occurred (i.e., light transmittance up the pipe
is minimal). A recommended distance from the reactor inlet
flange is 50 cm or more. Similarly, the UV reactor effluent
sample port must be far enough downstream of the reactor to
ensure that the AOP reaction is complete (i.e., UV intensity is
minimal) and that the water leaving the reactor is well mixed
and representative of the bulk water leaving the reactor.
A critical requirement is that the UV system be operating at
steady state prior to collection of the UV reactor influent/
effluent sample pairs by allowing five hydraulic retention
times (HRTs) to pass after a process change. The hydraulic
retention time is calculated by dividing the system volume by
the flow rate. The system volume from the Cl2 injection point
to the effluent sample port would need to be calculated and
divided by the flow per train to determine one HRT. Sample

THE HEART AND SOUL OF YOUR UV BWTS EQUIPMENT
– MADE IN GERMANY –
The heart: Our medium pressure UV lamps
We develop and manufacture most powerful UV lamps to the highest quality
standards to achieve excellent lifetime and utmost UV efficiency.
The soul: Our electronic lamp controls
The ELC® X series combines excellent lamp control performance with highest
reliability in marine environment applications.
Our highly flexible engineering and manufacturing guarantees perfect
integration into your UV ballast water treatment system.

eta plus electronic gmbh
www.eta-uv.com

IUVA News is seeking
article submissions.
News releases, product
announcements, application
notes and more are welcome.

Email editorinchief@iuva.org.
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collection should not occur prior to five HRTs following
either a change in the system flow, lamp power and/or the
chemical (e.g., Cl2) injection rate. For example, if the volume
between the Cl2 injection point and the effluent sample port
is 1,500 gallons, then at a flow of 1,500 gpm one HRT would
equal one minute and five HRTs would take five minutes.
Although the design UV-T value of the reactor influent stream is
specified as 96%, the typical operating conditions are expected
to produce water with a UV-T as high as 98%. It is, therefore,
planned to conduct performance tests at both ambient and design
UV-Ts to demonstrate the impact of UV-T on performance and
the ability of the UV system automatic controls to adjust the
operating parameters as a function of UV-T. It is also planned
to target a possible worst-case UV-T of 95%, which should
provide significant flexibility to system operation.
The performance test shall be considered successful if the
measured log reduction of 1,4-dioxane and NDMA is equal
or greater than the targeted 0.5-log reduction and 1.67-log
reduction values specified in the design conditions.
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Conclusions
The WRD GRIP AWTF joins the City of Los Angeles’
Terminal Island Water Reclamation Plant in implementing
full-scale UV/Cl2 AOP for indirect potable reuse (IPR)
applications. The UV/Cl2 AOP relies on photolysis of free
chlorine with formation of hydroxyl radicals. Using Cl2
rather than H2O2 as the oxidant should result in significant
cost savings at the WRD GRIP AWTF. The GRIP AWTF UV/
Cl2 AOP is expected to be operational at the end of 2018,
producing water to ensure continued reliable supply in the
WRD service area. n
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Full-Scale Testing of UV/Chlorine
for Potable Reuse
Greg Wetterau, CDM Smith
R. Bruce Chalmers, CDM Smith
Christopher Schulz, CDM Smith
Overview
Ultraviolet (UV) disinfection and advanced oxidation
have played an increasingly important role in the overall
treatment process for full advanced treatment as potable
reuse regulations have evolved. California regulations
currently require advanced oxidation enough to achieve a
minimum 0.5-log reduction of 1,4-dioxane, and this serves
as an indicator for other constituents of emerging concern
(CECs). Additionally, the overall treatment process must
be capable of reducing or preventing the formation of
n-nitrosodimethylamine (NDMA) below a 10 nanogram per
liter (ng/L) notification level.
The Leo J. Vander Lans Water Treatment Facility (LVL WTF)
in Long Beach, California, expanded from a production
capacity of three million gallons per day (mgd), up to 8
mgd in December 2014. The Facility provides advanced
treated recycled water to the Alamitos Barrier to protect the
inland aquifers against seawater intrusion. The expansion
of the facility will allow the Water Replenishment District
of Southern California (WRD) to fully replace the use of
imported, potable water, which has historically been used for
the barrier injection.
California’s Groundwater Replenishment Reuse Regulations,
implemented by the State Water Resource Control Board
(SWRCB) Division of Drinking Water (DDW), govern the
injection of recycled water into potable water supply aquifers.
The regulations require the use of advanced oxidation
achieving a minimum 0.5-log reduction of 1,4-dioxane, as
well as additional requirements for pathogen reduction. As
a result, full-scale demonstration testing was conducted at
the LVLWTF to confirm the log reductions achieved for
1,4-dioxane through a series of spiking tests. Additionally,
this full-scale testing was completed to evaluate the use of
UV with free chlorine as an alternative advanced oxidation
process. The results from the full-scale testing, including the
comparison of UV/peroxide with UV/chlorine for efficiency
of 1,4-dioxane reduction, is detailed below.
Advanced oxidation chemistry
Advanced oxidation processes involve the production of
hydroxyl radicals (HO•), which are strong oxidizing agents that
target organic compounds, that are often poorly removed by

weaker oxidants. Hydroxyl radicals can form through a variety
of known reactions, including Fenton reactions between iron
and hydrogen peroxide, the reaction of ozone with hydrogen
peroxide or natural organic matter (NOM), or the reaction of
UV light with hydrogen peroxide or chlorine (dissolved in
water as hypochlorous acid). While the use of ozone, peroxone
and UV/peroxide for hydroxyl radical production is well
established and frequently used for control of taste and odor
compounds and the removal of CECs, UV/chlorine has only
recently been discussed as a potential treatment alternative.
It has long been known that excessive consumption of
chlorine can occur as the result of direct sunlight; however,
studies within the last decade (Jin et al., 2011, Sichel et al.,
2011) have demonstrated that this photolytic destruction of
chlorine results in significant formation of hydroxyl radicals,
as defined in the following reactions:
HOCl + UV photons → HO• + Cl•			 (1)

(2)
OCl- + UV photons → O•- + Cl•
			
(3)
O•- + H2O → HO• + OH			
While both hypochlorous acid (HOCl) and hypochlorite ion
(OCl-) can form hydroxyl radicals when exposed to UV light,
studies have found that the hypochlorite ion also acts as a
strong scavenger of hydroxyl radicals, reducing the ability
to accumulate significant concentrations of hydroxyl radicals
at higher pH (> 7.0) where hypochlorite ions predominate
(Wang et al., 2012). As such, it has been determined that UV/
chlorine is most efficient at lower pH (< 6.0), typically below
the levels seen in natural waters.
Additionally, hydroxyl radical formation has not been seen in
the photolytic destruction of chloramines. While chloramines
are light sensitive and will break down when exposed to UV
light, the resultant compounds are most commonly nitrate
or nitrite, with smaller concentrations of nitrous oxide and
ammonium (Li and Blatchley, 2009). As such, the use of
UV/chlorine as an AOP requires the presence of significant
free chlorine residual rather than the chloramine residuals
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commonly maintained in advanced water purification facilities
(AWPFs) treating wastewater sources.
UV/chlorine for AOP
Numerous evaluations have studied the potential benefits of
UV/chlorine for water and wastewater treatment compared
with existing AOPs. Sichel (Sichel et al., 2011) compared the
efficiency in the removal of eight CECs from a neutral pH tap
water (pH = 7.0). The study found that UV/chlorine achieved
a 60% chlorine reaction rate (or a 60% loss in chlorine
residual) with 0.32 kilowatt hours per cubic meter (kWh/m3)
electrical energy consumption (EEC), compared with only a
14% hydrogen peroxide reaction rate with an equivalent EEC
and equivalent UV dose. This higher rate of oxidant reactions
resulted in a higher yield of hydroxyl radicals and a more
efficient destruction of CECs.
UV/chlorine was more efficient than UV/peroxide at
reducing all eight CECs, when comparable oxidant doses
were employed. The resulting EEO (the EEC required for
one log reduction of the contaminant) for the UV/chlorine
process was generally 30 to 50% lower than the EEO with
UV/peroxide, suggesting that UV/chlorine has potential to
provide the same or better treatment effectiveness as UV/
peroxide with a lower overall energy use. Additionally,
because sodium hypochlorite is typically already used at
AWPFs for other purposes, UV/chlorine could provide an
opportunity to eliminate a chemical storage and feed facility
needed with the UV/peroxide process.

UV Photodiodes and UV-LEDs
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In 2012, a study from the University of Toronto (Wang et al.,
2012) looked more specifically at the impact of pH and total
organic carbon (TOC) on the efficiency of the UV/chlorine
process and the destruction of trichloroethylene (TCE). As
noted earlier, higher pH water will result in hypochlorite ions
as the predominant free chlorine species. These ions act as
scavengers of hydroxyl radicals, making it more difficult
to achieve significant hydroxyl radical concentrations. In a
similar fashion, natural organic matter, measured as TOC,
can also serve as a hydroxyl radical scavenger in both UV/
peroxide and UV/chlorine, making both processes less
efficient at increasing TOC concentrations.
The 2012 University of Toronto study found that at pH 5, UV/
chlorine resulted in a hydroxyl radical yield more than 2.5
times the yield seen with UV/peroxide, resulting in a TCE
decay rate constant more than twice the rate constant with
UV/peroxide. In contrast, at pH 7.5, the hydroxyl radical yield
for UV/peroxide was unchanged but had decreased 97% with
UV/chlorine. This resulted in a TCE decay rate constant that

was only a quarter of the rate constant with UV/peroxide.
Similarly, a study conducted by the Greater Cincinnati Water
Works (Rosenfeldt et al., 2013), found that the destruction of
the taste and odor compound 2-methylisoborneol (MIB) at a
UV dose of 250 mJ/cm2 and chlorine dose of 5 mg/L decreased
from 90% at pH 6 to less than 10% at pH 7.5. In contrast, MIB
destruction with UV/peroxide was not impacted by pH and
was approximately 75% with the same UV and oxidant dose.
The implication of these findings is that while UV/chlorine can
provide significant savings over UV/peroxide, its efficiency is
highly pH dependent, as it is impacted significantly by the
ionic form of the dissolved chlorine (hypochlorous acid at low
pH and hypochlorite ion at higher pH).
Additionally, the University of Toronto study modeled the
impact that differing TOC levels would have on the pH at
which UV/peroxide and UV/chlorine are equally efficient at
TCE destruction. Since TOC is a hydroxyl radical scavenger,
both AOPs are less efficient when higher TOC concentrations
are present. The impact of TOC, however, was projected to be
more significant with UV/peroxide, since peroxide does not
already serve as a scavenger, and the hydroxyl radical yields
with UV/peroxide are relatively small.
Demonstration testing
Demonstration testing of UV/peroxide for 1,4-dioxane
reduction was conducted at the Leo Vander Lans Water
Treatment Facility during initial plant startup. The test was
accomplished by directly injecting 99% pure 1,4-dioxane
solution into the RO permeate upstream of hydrogen
peroxide injection. To study the combined effects of hydrogen
peroxide plus UV on the destruction of 1,4-dioxane, hydrogen
peroxide was added upstream of the UV process. The test was
conducted by varying the UV system power, UV transmittance
of the RO permeate and hydrogen peroxide concentrations to
determine the minimum UV lamp power, UV transmittance
and hydrogen peroxide concentration necessary to achieve
the required 0.5-log reduction of 1,4-dioxane.

Is Your Laboratory Equipped
for Emerging LED Research?
PearlBeam™
• Up to 3 simultaneous UV wavelengths
• Range of selectable discrete wavelengths (254 - 410 nm)
• Custom configurations available

Demonstration testing was conducted for both the original UV
train (which contained nine Trojan 30AL50 UVPhox reactors)
and one of the two new UV trains (which contained five Trojan
72AL75 UVPhox reactors). 1,4-dioxane was spiked into the
RO permeate at a target concentration of 100 micrograms per
liter (µg/L). The electrical energy dose (EED) was varied from
0.07 to 0.61 kilowatt hours per thousand gallons (kWh/kgal).
The peroxide dose also was varied from 1 to 4 mg/L.
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The demonstration testing of UV/chlorine was conducted
with conditions like the previous hydrogen peroxide testing,
although the flowrate through the 72AL75 UV train was
increased from 3 mgd to 5 mgd. The EED was varied from
0.09 to 0.81 kWh/kgal by varying the power setting from 60
to 100% and by operating between one and five reactors at a
fixed flowrate of 3,500 gallons per minute (gpm). Free chlorine
residual was also varied between 1.2 and 3.7 milligrams mg/L
to identify the correlation between 1,4-dioxane log reduction
and the product of the EED and the oxidant dose, referred to as
the energy-oxidant dose product.

80% power setting at the design flow rate, a minimum 2 mg/L
hydrogen peroxide dose would be required. For the lower
UV transmittance testing (95%), Train 1 required a slightly
higher energy-oxidant dose product of 1.2 kWh/kgal*mg/L.
To achieve this dose product with 80% power setting at the

Samples were collected of the UV feed downstream of the
oxidant injection and the UV product water. The UV feed
samples were used to represent initial conditions with log
reductions calculated from the ratio of 1,4-dioxane in the UV
feed and UV product.
Figure 2. 1,4-dioxane reduction at varying UV/hydrogen
peroxide dose products

current lamp age and the design flow rate, a minimum 2.4
mg/L hydrogen peroxide dose would be required.

Figure 1. Demonstration testing of UV reactors at Vander
Lans AWTF

Figure 3 presents the results of the UV/chlorine testing,
compared against the Train 3 results from the UV/peroxide
testing (96% UV-T). The figure includes best fit linear plots for
each oxidant, indicating that the minimum energy-oxidant dose
product required for 0.5-log reduction was 0.74 kWh/kgal*mg/L
with hydrogen peroxide, but only 0.24 kWh/kgal*mg/L with
free chlorine. These results confirmed that UV/chlorine was
significantly more effective than UV/peroxide at reduction of
1,4-dioxane with the water quality conditions seen in the Vander
Lans reverse osmosis permeate (pH 5.6, 96% UV-T).

Demonstration testing results
Total RO permeate flow remained constant during the UV/
peroxide testing at 5.1 mgd (3,550 gpm), with the flow to UV
Train 1 set at 2.1 mgd (1,470 gpm) and Train 3 at 3.0 mgd
(2,080 gpm). The term energy-oxidant dose product is used
here to represent the product of the electrical dose (EED)
and the oxidant dose, representing a total advanced oxidation
dose applied to the water.
Figure 2 presents the 1,4-dioxane reduction results as a
function of the energy-oxidant dose product. The results show
a good correlation between log reduction and the dose product,
demonstrating that a dose product of 1.0 kWh/kgal*mg/L was
enough to achieve a 0.5-log reduction of 1,4-dioxane with
either of the two reactors when the UV transmittance was 96%
or higher. To achieve this energy-oxidant dose product with an
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Figure 3. Reduction of 1,4-dioxane with UV/peroxide and
UV/chlorine

Conclusions
The testing results from the LVL WTF full-scale spiking study

demonstrated that an energy-oxidant dose product of 1.0
kWh/kgal*mg/L was sufficient to achieve a 0.5-log reduction
of 1,4-dioxane with hydrogen peroxide as the oxidant. To
achieve this energy-oxidant dose product with an 80% power
setting and maximum design flow rates, a minimum of 2 mg/L
hydrogen peroxide dose would be required. The newer 72 lamp
reactors proved to be more efficient than the original reactors
at the plant and achieved 0.5-log reduction of 1,4-dioxane at a
dose product of 0.74 kWh/kgal*mg/L, corresponding to a 1.5
mg/L peroxide dose at 80% reactor power.
UV/chlorine demonstrated considerable promise as an
advanced oxidation process for use in the treatment of
water and wastewater with difficult to remove trace organic
compounds. The process has been demonstrated to be more
efficient than UV/peroxide at low pH conditions (less than
a pH of six), with chlorine conversion to hydroxyl radicals
exceeding 50%, compared with 10 to 20% conversion rates
typical in UV/peroxide applications. This higher yield has
resulted in increased removal rates for CECs and lower
power demands for the UV system.
Results from the LVL WTF testing demonstrated that 0.5-log
reduction of 1,4-dioxane was achieved with free chlorine at
an energy-oxidant dose product of only 0.24 kWh/kgal*mg/L.
These results indicated that the same level of 1,4-dioxane
reduction can be achieved with UV/chlorine at roughly one
third the dose as UV/peroxide, allowing for either a significant
reduction in oxidant dose or a significantly smaller UV system.
It should be noted that the residual chloramines in the RO
product water created a chlorine demand of approximately
1.0 mg/L before a free chlorine residual could be reached. As
a result, the total dose of applied chlorine was higher than the
residual required for advanced oxidation. n
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Review: Education Panel Designs Workshop
The IUVA Education Committee designed a workshop, held
Aug. 27, 2018, in Covington, Kentucky, in conjunction with
a three-day conference, organized and sponsored by US EPA
and the Association of State Drinking Water Administrators
(ASDWA).
The half-day, interactive training, “Reviewing UV Validation
Test Reports” was prepared and conducted by Christopher
Schulz of CDM Smith. Oliver Lawal, IUVA president, and
Alan Roberson, executive director of ASDWA, welcomed
the attendees while introducing the role and mission of their
organizations.
Schulz guided the attendees through the logistics behind
reactor validation, organization of the validation process
and report preparation, also allowing them to spent time
examining real reports provided by Calgon and WEDECO.
Thirty attendees representing drinking water primacy agencies
from 17 states had the opportunity to become familiar with
UV validation reports. Most attendees had not yet reviewed
the reports and, after the workshop, declared readiness to
handle the task in the future. Based on the feedback from the
participants, this informative and interactive training should

be repeated, allowing more state staff to learn to review UV
validation reports.
The IUVA Education Committee would like to express sincere
thanks to Chris Schulz for preparation of the material and for
skillful presentation of extensive information while keeping
the attendees engaged, interested and involved. Many thanks
are due to Alan Roberson and Darrell Osterhoudt of ASDWA
for organization of the venue, facilitation of registration and
sponsorship of participants’ attendance. n
– Submitted by Eva C. Nieminski, Ph.D.
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UV Photolysis, AOPs and/or
Biofiltration for Micropollutants
in Water Reuse
J.P. Malley, Jr., University of New Hampshire, The Environmental Research Group
A. Bowen, CDM Smith
M. White, Arcadis
Z. Angelini, Timberland
A. Packhem, Tighe & Bond
Keywords: UV photolysis, AOPs, UV-H2O2, ozone,
ozone-H2O2, GAC biofiltration, micropollutants, norfloxacin,
17β-estradiol, sucralose, activated sludge, wastewater
effluent, water reuse, drinking water
Introduction
As global water professionals look deeper into approaches
for Integrated Water Supply Management driven by
worldwide climate change and its record-breaking water
shortages, as well as stakeholder desires for sustainable water
and energy options that minimize environmental impacts,
the importance of innovative treatment technologies for
water reuse grow. Numerous researchers since 2009 have
focused on the challenges posed by pharmaceuticals and
personal care products in wastewater, natural waters
receiving wastewater and water reuse production1-5.
These compounds can be detected at extremely low levels
(nanograms per liter) and exert risk to environmental
(aquatic ecosystem) and human health at those levels. In
research reports these compounds have been given several
names from endocrine-disrupting compounds to PPCPs.
This paper will adopt the terminology “micropollutants” to
refer to all these compounds.
Researchers have examined a wide variety of technologies to
address micropollutants from conventional wastewater and
drinking water technologies to membrane filtration including
reverse osmosis, granular activated carbon (GAC) filtration
and advanced oxidation processes6-12. Several researchers also
have reported increases in toxicity as measured by aggregate
measures and techniques following advanced oxidation
processes in certain water qualities that can be controlled by
GAC2,13. The purpose of this paper is to compare the effects
of conventional treatment wastewater and drinking water
treatments, AOPs and biofiltration on the overall removal of
target micropollutants.
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Organic micropollutants studied
Compound selection was based upon three criteria: prevalence
in wastewater and drinking water; susceptibility to direct
photolysis, radical oxidation, and/or biodegradation; and
emerging contaminant that lacks information. Using this basis,
three compounds were selected for study (Figure 1): Norfloxacin,
a common synthetic antibacterial agent that belongs to the
class of fluoroquinolone antibiotics; 17β-estradiol, a common
synthetic estrogen used for hormone replacement therapy; and
sucralose, a chlorinated organic compound commonly used
as an artificial sweetener and sugar substitute in many foods
or directly in packets of Splenda™. In the European Union,
sucralose is also known under the E number E955. Each of
the compounds were purchased as reagent grade from SigmaAldrich and spiked into the test waters at levels of 100 µg/L
to ensure similar levels reported in the literature and allow for
detection of up to two log removals.
The relative vulnerability of each of these compounds to
direct photolysis are shown in Figure 2. Norfloxacin exhibits a
strong absorbance in the 200 nm to 350 nm UV wavelengths.
17β-estadiol has strong absorbance in the 200 nm to 240 nm
range with significantly lower absorbance in the 250 nm to
300 nm range. Sucralose does not exhibit any significant
absorbance in the 200 nm to 500 nm range. These results
suggest a good range of potentials to evaluate impacts of direct
UV photolysis on compound removal in this study. Analysis
of organic micropollutants was conducted by sending split
samples to two commercial laboratories that demonstration
practical quantification limits of two. Analysis of organic
micropollutant samples were conducted by sending split samples

to two commercial laboratories that were selected based upon
demonstrating practical quantification limits of 2 µg/L or lower.
Water sources examined
Initial studies were performed using all three compounds in
high-quality laboratory water (Type I) to provide a baseline
for comparison (UV-T = 100%). Those studies were followed
with studies performed in treated drinking water samples
taken prior to disinfection from a drinking water treatment
facility which uses conventional coagulation, intermediate
ozonation, GAC filtration and chloramination (UV-T = 95%).
The final set of studies used samples taken from a
conventional wastewater (activated sludge) treatment facility
to explore challenging water quality conditions (UV-T =
55%). Samples of activated sludge and settled effluent were
used in these studies. Background studies were performed
by spiking activated sludge with the micropollutants, mixing
with aeration for a six-hour reaction period followed by a
two-hour settling period prior to analysis. This experiment
was also repeated with the addition of H2O2 to ensure any
background effects or removals could be quantified. Settled
effluent samples from the facility were also spiked with the
micropollutants to be used in UV alone, UV-H2O2, ozone
alone and ozone-H2O2 studies.
Advanced oxidation conditions
An Infilco-Degremont (IDI) LPHO UV collimated beam
device (Figure 3) was used to deliver UV doses at 254 nm
to batch samples in 250 mL aliquots adding up to five liters
of volume composited. Doses of zero, 600 and 1,200 mJ/

Figure 2. Scans from 200 nm to 500 nm for organic micropollutants tested

18

IUVA News / Vol. 20 No. 3

operated at two gpm/ft2 with an empty bed contact time of 15
minutes, and all samples analyzed and presented in results were
taken after 10 bed volumes of treatment to ensure stability. The
column operation was performed in a 20°C constant temperature
room for consistency (Figure 4).

Figure 3. IDITM collimated beam unit and mixing plate with
separate IL Radiometer™

cm2 were delivered using the latest generation of UV dose
determination spreadsheets prepared by Bolton and Linden
and made available through IUVA. Fisher Chemical certified
ACS reagent grade 30% (w/w) H2O2 was used to develop
day stocks that provided 0, 6 and 12 mg/L H2O2 to the test
samples prior to mixing and further testing.
All studies were performed at a pH of 7.0 and the dissolved
inorganic carbon (DIC) was 60 mg/L +/- 5mg/L. The 12 mg/L
results for the UV doses were the most promising studied
and are reported in this paper. A preliminary study was also
conducted with ozone and ozone-H2O2 on a wastewater
effluent samples for comparative purposes to UV and
UV-H2O2. In that study ozone was generated from ultra-high
purity (UHP) oxygen using an Ozotech, Inc. bench scale
unit. These experiments were performed in duplicate using
2 mg/L ozone alone and then adding 6 mg/L H2O2 followed
by 2 mg/L ozone resulting in an H2O2/ozone ration of 3.0 to
maximize micropollutant removals.
Biofiltration conditions
Core samples of biologically active GAC (Calgon-F300TM)
were taken from the filters of the full-scale water treatment plant
Waterworks, at Manchester, New Hampshire. These samples
had been biologically active for several years, and the adsorption
capacity of the GAC had long been exhausted by the natural
organic matter being removed. Cores from this treatment facilities
GAC have been studied extensively in other UNH research
and the biological activity has been fully documented.14 These
samples were placed in small scale columns (3.8 cm diameter
by 23 cm deep) packed with 15.4 cm of glass beads and 7.6 cm
of GAC to ensure flow distribution at the inlet and minimize
risks of wall effects or any short circuiting. The columns were

Figure 4. Packed column with glass beads, biologically
active GAC and transfer pump

Results and discussion
High quality waters
The results of UV photolysis experiments at 254 nm in Type 1
lab water are shown in Figure 5. At a UV dose of 600 mJ/cm2
the average percent remaining for each compound analyzed
in duplicate samples was 63% for norfloxacin, 75% for
17β-estradiol and essentially 100% for sucralose. When the
UV dose was increased to 1200 mJ/cm2, the percent remaining
of norfloxacin dropped to 18% and 17β-estradiol to 48%, but
the sucralose remained at 100%. Very similar results were
observed for the drinking water samples (not shown). Since the
delivered UV dose accounts for background UV absorbance,
this similarity is not surprising. These data are consistent with
the absorbance results for each compound shown in Figure 2,
and prior literature for the estradiols showed a wide range of
removals with direct UV photolysis2,7,12.
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Figure 6 shows the results for the UV-H2O2 studies conducted
on the treated drinking water samples spiked with the three
micropollutants. Control runs (0 mJ/cm2 and 0 mg/L H2O2)
show good recovery and quality control in the experiments.
Results of experiments using a UV dose of 600 mJ/cm2 and
12 mg/L H2O2 showed about 80% removal of norfloxacin,
43% removal of 17β-estradiol and 38% removal of sucralose.
Further reductions in the micropollutants were achieved
when using a UV dose of 1200 mJ/cm2 and 12 mg/L H2O2.

Figure 5. Results of direct photolysis experiments in pH 7
Type I water (UV-T 98%)

Figure 6. Results of UV-H2O2 Experiments at pH 7, 60 mg/L
DIC tap water (UV-T 90%)

Figure 7. Summary of DI and tap water experiments
predicting removal mechanisms
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The overall treatment performance at practicable full-scale
UV-H2O2 conditions of 1200 mJ/cm2 and 12 mg/L H2O2 were
98% removal of norfloxacin, 83% removal of 17β-estradiol
and 55% removal of sucralose. The effectiveness of UV-H2O2
found for these three micropollutants are typical of the
ranges reported in the literature for compounds of similar
chemical structures and reactivity2,7,12. The combined results
for studies in laboratory water and in treated drinking water
are shown in Figure 7 with respect to compound and likely
mechanism of degradation. Norfloxacin is primarily removed
by photolysis with additional removal by radical oxidation,
17β-estradiol removal is dependent upon both photolysis and
radical oxidation, and sucralose removal is almost entirely
dependent upon radical oxidation.
Given the recalcitrant nature of the 17β-estradiol and sucralose
following UV-H2O2, studies were undertaken to examine the
effects of UV-H2O2 followed by biofiltration with biologically
active GAC preconditioned through operation in a filter at a
full-scale drinking water treatment facility. GAC following
UV-H2O2 serves several synergistic benefits since the GAC
reduces the residual H2O2 yielding oxygen as a terminal electron
acceptor which can enhance the biological activity on the
GAC. Results shown in Figure 8 for 17β-estradiol indicate that
greater than 90% removal was achieved by the combination of
UV-H2O2 followed by biofiltration. Removals of 17β-estradiol
with UV alone and UV-H2O2 were comparable to those found
previously. UV photolysis with biofiltration, biofiltration alone
and biofiltration with H2O2 addition all demonstrated about
35% removal, and UV-H2O2 alone demonstrated about 75%
removal, which is consistent with prior studies.
Figure 9 shows results of comparable biofiltration
studies using sucralose. These data also suggest that the
combination of UV-H2O2 and biofiltration was the best
multiple barrier treatment demonstrating 88% removal. As
observed previously, direct photolysis, direct photolysis with
biodegradation and H2O2 with biofiltration did not produce
significant removals of sucralose. Addition of UV-H2O2 alone
resulted in a 48% reduction in sucralose.

Wastewaters
Results of micropollutant removals in conventional (activated
sludge) wastewater treatment were studied to examine the
impacts of a more complicated background water matrix
with a UV-T of 55%. This matrix, since it had very low
bromide levels, was used also to challenge an Ozone-H2O2
advanced oxidation treatment so it could be compared as a
feasible and common alternative to the UV-H2O2 process.
Experimental results for norfloxacin are shown in Figure 10,
17β-estradiol in Figure 11, and sucralose Figure 12. For all
three compounds the best removals are achieved by ozone
alone and Ozone-H2O2, respectively. The UV photolysis and
the UV-H2O2 experiments produced reductions on the order of
20% for all three compounds, which is likely the result of the
55% UV-T of the wastewater effluent samples. For all three
micropollutants, the reduction achieved by simulating the
six-hour activated sludge contact followed by the two-hour
settling was not significant.
Statistical significance
Often, mechanistic studies on oxidation/treatment of
micropollutants employ concentrations in the mg/L range or
solely in laboratory prepared waters to control and eliminate
undesirable matrix interferences. Experiments that seek to
reach practical levels involve low µg/L levels and complex
natural water matrices. Therefore, it is important when data
sets are limited to develop quantifications of variability prior
to drawing meaningful conclusions and recommendation.
Selected high-quality water experiments were duplicated as
a check on the data, and all wastewater experiments were
run in duplicate and basic statistical analyses were performed
using JMP software on micropollutant concentrations
resulting in the error bars shown on graphs. Experiments in
high-quality waters without biofiltration were found to have
a maximum standard deviation of 7%. Experiments in highquality waters with biofiltration had a maximum standard
deviation of 11%. Wastewater experiments had a maximum
standard deviation of 21%. Estimated standard deviations
for the high-quality water experiments and actual standard
deviations for the wastewater experiments are shown on all
graphs for comparative purposes.
Conclusions and recommendations
The following messages can be taken from the experimental
results of this study:
• Sucralose was significantly more difficult to remove
than other compounds.
• In high quality waters (high UV-T) UV-H2O2 followed
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Figure 8. 17β-estradiol removal experiments pH 7, 60 mg/L
DIC tap water (UV-T 90%)

Figure 9. Sucralose removal experiments pH 7, 60 mg/L
DIC tap water (UV-T 90%)

Figure 10. Norfloxacin in wastewater experiments pH 7, 60
mg/L DIC (UV-T 55%)
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Figure 11. 17β-estradiol in wastewater experiments pH 7,
60 mg/L DIC (UV-T 55%)

Figure 12. Sucralose in wastewater experiments pH 7, 60
mg/L DIC (UV-T 55%)

by GAC biofiltration was highly effective at removing
all compounds tested.
• In wastewaters with low UV-T (55%) the most promising
treatment was the radical oxidation generated by the
ozone-H2O2 process. Ozone alone (although, in this
wastewater matrix, it is likely that both the direct and
indirect ozone pathways were occurring) performed
well for norfloxacin and 17β-estradiol with less removal
of sucralose. The low UV-T in the wastewater effluent
rendered UV alone and UV-H2O2 far less effective.
• In general, AOPs were very promising in the treatment
of emerging micropollutants.
• Experimental variability must be considered when
drawing meaningful conclusions especially at low
concentrations in complex matrices. The experiments
reported in this study ranged from seven to 21%.

factor evaluated in this study since the only wastewater
used was very low in bromide.
• The benefits of following AOPs with a biologically active
filtration were clear and should be carefully studied in
future pilots due to a variety of additional benefits.
• Efforts to improve the sustainability of these advanced
processes (by reducing costs, reducing carbon
footprint, reducing chemical generation, transport and
use) warrants further research. n

Experimental findings in this study led to the following
recommendations:
• Attempts to determine mechanisms or measure
breakdown products were not performed in this
study so percent reductions should not be used to
infer reduced toxicity or risk in the treated samples.
Additional analysis to determine breakdown products
or cumulated toxicity of the treated samples should be
performed.
• Studies using additional water qualities, additional
compounds and additional treatment scenarios should
be performed to extend these results to emerging
applications.
• The applications of UV-H2O2 and ozone-H2O2 should
be compared in more detail to identify more specifically
which applications would suggest selection of one
process over another. Bromate formation was not a
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Ozone-Biofiltration Direct Potable
Reuse: A Promising Alternative for
Meeting Future Water Supply Needs
Denise Funk, PE, Gwinnett County Water Resources
Kati Bell, PE, Ph.D., Brown and Caldwell
Jennifer Hooper, PE, CDM Smith
Introduction
Many utilities are beginning to consider
indirect potable reuse (IPR) and direct
potable reuse (DPR) as approaches to
provide quality drinking water as the
demand on available water supplies
increases. IPR and DPR projects typically
rely on treatment processes such as
microfiltration/ultrafiltration,
reverse
osmosis (RO) and ultraviolet disinfection
(UV) advanced oxidation processes
(AOP).
While this full advanced treatment (FAT)
approach produces high-quality drinking
water, the treatment train has a high cost
and is energy-demanding, primarily due to
the RO unit process.
Gwinnett County, located in the greater Figure 1. The Shoal Creek Filter Plant (SCFP) is one of two Gwinnett County
metropolitan area of Atlanta, Georgia, drinking water facilities that use raw water from Lake Sidney Lanier (Lake
practices planned IPR without RO. The Lanier) to provide potable water to over 900,000 residents. The SCFP intake is
F. Wayne Hill Water Resources Center located less than 1 mile from the F. Wayne Hill Water Resources Center (FWH
(FWH WRC), the County’s largest water WRC) diffuser returning advanced treated water to the lake.
reclamation facility, uses ultrafiltration,
pre-ozone, biologically active carbon (BAC) filtration and Research approach – pilot scale testing
post-ozone disinfection to return highly treated reclaimed Pilot-scale testing was conducted to determine whether the
water to Lake Sidney Lanier, the county’s sole source of advanced treated water from FWH WRC could be used as
drinking water supply for more than 900,000 people. The an alternative water supply for subsequent drinking water
county’s drinking water treatment plants – the Shoal Creek treatment and whether operational changes would be needed
Filter Plant (SCFP) and Lanier Filter Plant – both use ozone- for this scenario. Two independent, six-gallon per minute
biofiltration process trains to produce high-quality drinking IPR and DPR pilot treatment trains were constructed and
water.
operated in parallel for nine months. The IPR pilot was fed
water from Lake Lanier, while the DPR pilot was fed FWH
To fulfill its mission of providing superior water service WRC advanced treated water blended with water from Lake
at an excellent value, Gwinnett County Department of Lanier. The pilot plants simulated the full-scale drinking
Water Resources (GC DWR) partnered with researchers to water treatment train at SCFP.
evaluate more economical alternatives for IPR/DPR projects,
specifically an alternative treatment train using two-stage The objective of the pilot study was to evaluate whether
ozone-biofiltration, without reverse osmosis (RO), to achieve multi-stage ozone-biofiltration (ozone-BAF) could be used to
potable quality water when operated in a DPR scenario.
achieve potable quality water in a DPR scenario. Data from
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Figure 2. Both the indirect potable reuse (IPR) and direct potable reuse (DPR) pilots replicated
the treatment processes of the full-scale SCFP. The IPR pilot was fed Lake Lanier water only.
The DPR pilot was fed various blends of FWH WRC advanced treated water and Lake Lanier
water. Both pilots were monitored, and their performance was evaluated over nine months.

the pilot plants were evaluated to determine the appropriate
blending ratios of FHW WRC advanced treated water with
Lake Sidney Lanier raw water to meet primary and secondary
drinking water standards. The team also evaluated the
capability of blending advanced treated water in the process
to stabilize operations during a lake turn-over event in Lake
Sidney Lanier, while improving finished water quality.
The pilot plant performance was monitored for a matrix of
operating conditions, including various blends of FWH WRC
advanced treated water and lake water and testing during
periods of cold and warm water to identify differences in
treatment performance.
A diagram of the two pilot facilities, along with Gwinnett
County’s full-scale facilities, is shown in Figure 2. The
IPR pilot was fed lake water only while the DPR pilot was
fed various blends of FWH WRC advanced treated water
and Lake Sidney Lanier water. After the pilot plants were
installed and commissioned, a nine-month pilot testing
program with four phases was conducted beginning in
August 2016 and completed in June 2017.
Phase 1: Baseline characterization. Both pilot plants were
fed with water from Lake Lanier only and performance was
compared to the full scale SCFP facility to demonstrate that
the pilot plants properly represented full-scale performance.

advanced treated water combined with the SCFP raw water
from Lake Lanier. Each blend was tested for a minimum of
one month until steady state conditions were achieved. The
25% and 50% blends were simulated at specific time points to
evaluate the impacts of seasonal variability on performance.
Phase 3: Robustness. The DPR pilot, with a 50% blend of
advanced treated water, was compared to a pilot operating as
the full-scale facility’s planned IPR during a seasonal period
of challenging lake water quality. Each fall is a challenging
period for treatment because the surface layer of the lake
deepens enough to be drawn into the SCFP raw water intake.
The water quality impacts of blended water in the DPR pilot
were compared against the IPR pilot and full-scale SCFP
during this period.
Phase 4: Benchmark sampling. There were four benchmark
sampling events, approximately quarterly, to characterize
water quality at the advanced treated water facilities and the
two pilot trains. Data from the benchmark events allowed the
performance of specific unit processes to be assessed with
respect to removal of a wide range of microbial and chemical
contaminants.
Results of the analysis were incorporated into a cost assessment
to evaluate the overall feasibility of ozone-biofiltration in
DPR applications and to benchmark it against other advanced

Phase 2: DPR blend ratio testing. The DPR pilot tested
four blending ratios (15%, 25%, 50% and 100%) of FWH

page 26 u
2018 Quarter 3

25

t page 25

Figure 3. Along with sampling and analytical testing on each pilot train, benchmark sampling was performed at strategic
locations along the full-scale FWH WRC and SCFP at four-time points during the study.

treatment processes, including microfiltration/ultrafiltration
(MF/UF), reverse osmosis (RO) and advanced oxidation
(AOP).
Results
Pilot testing demonstrated that ozone-biofiltration provided
water of equal or better quality than current drinking
water supplies when blended at a ratio of 15% FWH WRC
advanced treated water. At higher blends (e.g., 25%, 50% and
100%), primary and secondary maximum contaminant levels
(MCLs) for certain chemical contaminants, particularly
nitrate, bromate and cyanide, were exceeded.
During the 25% blend, the DPR pilot effluent cyanide
exceeded the primary MCL of 0.2 mg/L. Cyanide formed
after chlorine disinfection, but was not detected at the
blended pilot influent, ozone effluent or biofilter effluent.
Nitrosodimethylamine (NDMA) was also detected at the
pilot effluent exceeding the California and Massachusetts
notification levels of 10 ng/L. The blended pilot influent was
on average 3.3 ng/L with NDMA concentrations increased
after ozone to an average of 41 ng/L but reduced by anthracite
biofiltration to an average of 14 ng/L.
During the 50% blend, DPR pilot samples were collected weekly.
Nitrate exceeded the primary MCL (10 mg-N/L) in five of 17
samples; the highest nitrate concentration was 11 mg-N/L. The
average pilot influent nitrate was 8.2 mg-N/L and the average
pilot effluent was 8.2 mg-N/L. One exceedance of bromate was
above the primary MCL (10 µg/L), with a concentration of 13
µg/L and one exceedance of di(2-ethylhexyl) phthalate (MCL
6 µg/L) with a concentration of 8 µg/L.
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Figure 4. Fully automated chemical metering pumps and
control valves were used to provide consistent doses.
Online instruments provided turbidity data recorded at fiveminute increments.

The secondary MCL for color (15 CU) was exceeded during
the 50% robustness period with an average of 166 CU for
apparent color and 139 CU for true color. During this period,
60% of the true color samples and 34% of apparent color
samples were above the secondary MCL.
In comparison, the IPR pilot (operated in parallel but
received 100% Lake Lanier water) had an average of 60%
of true color and 41% of apparent color samples above the
secondary MCL. During the rest of the 50% blend test period,
including warm, declining and cold temperatures, DPR pilot
color was below the secondary MCL, except for one sample
of 65 CU. Regarding emerging contaminants for the 50%

regardless of blend ratio between 0.3 and 0.4 mg/L. The
percentage of TOC and DOC removals throughout the pilot
were lower for higher FWH WRC advanced treated water
blend ratios, which was likely associated with a combination
of temperature and less reactive carbon. UV Transmittance
(UV-T) declined with higher blends, as FWH WRC advanced
treated water UV-T ranged between 88% and 94%, while
Lake Lanier ranged from 92% to 94%.

Figure 5. Each pilot had an independent treatment train that
included ozonation, coagulation/flocculation, biofiltration and
chlorine disinfection.

blend, the average DPR pilot influent NDMA was relatively
low at 9.3 ng/L. The concentration increased slightly after
ozone to an average of 14 ng/L. However, more importantly,
after biological filtration, NDMA was reduced to below
detection in all pilot effluent samples except for one, with a
concentration of 11 ng/L – slightly above the California and
Massachusetts action level of 10 ng/L.
Water quality
DPR pilot influent temperature increased with blend ratio,
because FWH WRC advanced treated water was slightly
warmer than Lake Lanier, especially during the cold-water
period. The higher the percentage of advanced treated
water from FWH WRC, the higher the temperature. The
temperatures measured during the cold weather at 25%, 50%
and 100% blends were 53.9, 56.5 and 63.6°F, respectively.
Blending FWH WRC advanced treated water caused a
significant decrease in the pilot influent and filter effluent
turbidity at higher blends. In the DPR pilot, with lake water
only (0% blend), the average DPR pilot influent turbidity
was 0.65 nephelometric turbidity units (NTU) and anthracite
filter effluent turbidity was 0.06 NTU. At the 100% FWH
WRC advanced treated water blend, pilot influent turbidity
was significantly lower at 0.06 NTU and the filter effluent
turbidity was 0.01 NTU.
Organic constituents in the DPR pilot influent also increased
with blend ratio. Net removal of organic carbon, which
includes total organic carbon (TOC) and dissolved organic
carbon (DOC), across the pilot was relatively consistent

Other general water quality limits, such as alkalinity and
hardness, were improved with higher FWH WRC advanced
treated water blend ratios. The alkalinity of Lake Lanier
water was very low, ranging from 16 to 20 mg/L, while the
FWH WRC advanced treated water ranged from 85 to 139
mg/L. Similarly, calcium and magnesium concentrations
were lower in the lake water (less than 5 mg/L) compared to
the FWH WRC advanced treated water (ranged from 20 to
25 mg/L). Higher calcium and magnesium can be beneficial
for increasing alkalinity and stabilizing pH and ultimately
producing less corrosive water. Issues with scaling from
either of these water sources would not have been likely.
Perfluorooctane sulfonate (PFOS) was below detection
for all blends of pilot influent and effluent samples. PFOS
was slightly above the detection limit of five ng/L in three
of eight FWH WRC advanced treated water samples.
Perfluorooctanoic acid (PFOA) was detected at low levels,
well below the EPA health advisory level of 70 ng/L, in all
nine FWH WRC advanced treated water samples. By blending
with lake water, PFOA concentrations in the chlorinated pilot
effluent were reduced to very low values ranging from below
detection to 9.1 ng/L, which occurred during the 100% FWH
WRC blend. Since PFOS and PFOA are highly recalcitrant
compounds not removed by ozone, biofiltration or chlorine,
no significant removal was observed in the pilot.
Operational benefits of blending FWH WRC advanced
treated water with Lake Lanier water
Blending FWH WRC advanced treated water with Lake
Lanier to manage excursions in water quality in Lake
Lanier demonstrates operational benefits in terms of ozone
demand and filter run time. Process robustness was evaluated
during the fall, when Lake Lanier’s epilimnion reached the
SCFP intake. The warm water with higher organics created
operational challenges, which were observed in the IPR pilot
and full-scale plant, resulting in increased ozone demand,
increased coagulant and flocculant doses, and shorter filter
run times. The IPR pilot required increased ozone doses and
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polymer doses to maintain filtered water turbidities below
0.15 NTU, while exceeding the normal level below 0.1
NTU. Simultaneously, the DPR pilot operating with a 50%
blend did not require increased ozone, coagulant or flocculant
doses to maintain water quality and filter run times were not
shortened, and there was up to 100 hours of longer filter run
times possible on the DPR pilot.

Figure 6. The FWH WRC is the largest of three countyowned and -operated water reclamation facilities providing
wastewater treatment for more than 50 percent of the
county’s residents.

Coming in 2019!
IUVA will launch
a brand new publication ...

UV Solutions – Innovations
for Industry, Public Health
and the Environment
“We are all very excited for
what 2019 holds ... for our
flagship applied publication
in the UV technology field.”
– Jim Malley, editor-in-chief
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Significant cost savings using ozone-biofiltration
instead of RO
Implementing DPR using the advanced treatment train at
FWH WRC to provide supply to the drinking water treatment
plants, compared to a RO-based treatment scheme, would
result in significant cost savings. The capital and operational
costs for a new 60 million gallons per day (MGD) advanced
water treatment facility supplying 15% of the raw water
supply to a new 98 MGD potable water treatment facility
were calculated for two scenarios:
• Advanced water treatment facility using the treatment
process currently employed at FWH WRC; and
• Advanced water treatment facility utilizing full
advanced treatment (MF/RO/UV-AOP) with
mechanical evaporation of RO concentrate
While the new potable water treatment facility utilizes the
SCFP treatment train in both scenarios, the RO-based system
had a 30-year capital and O&M cost of $3,200/MG water
treated. The two-stage ozone-BAF system implemented at
FWH WRC and the SCFP was less than half the cost, at $1,500/
MG water treated. The main source of the cost difference
was the RO treatment train, specifically, the capital cost of
mechanical evaporation for brine disposal was significant
and RO operating costs for power were more than double the
cost required using the ozone-BAF process.
Conclusions
DPR was demonstrated to provide potable quality water
when operated with advanced treatment including two-stage
ozone-biological filtration without RO. In addition to meeting
potable water quality requirements, operational benefits
included reduced ozone demand and lower filter headloss
accumulation rates. With respect to biological parameters,
advanced treated water from FWH WRC was of equal or
higher quality than Lake Lanier, indicating DPR could lower
acute risks compared to current practices. The findings from
this research project, Water Research Foundation Reuse 15-11,
indicates that non-RO-based treatment schemes involving
ozone-biofiltration can produce high-quality potable water at
significant cost savings compared to RO-based full advanced
treatment. n

On Developing a Fourth Edition
of the NWRI UV Guidelines
Brian Bernados, PE, senior sanitary engineer, State of California, State Water Resource Control
Board, Division of Drinking Water
Andrew Salveson, PE, water reuse practice director, Carollo Engineers, Inc.
Suzanne Sharkey, MESM, water resources scientist and project manager,
National Water Research Institute
George Tchobanoglous, PE, Ph.D., NAE, professor emeritus, University of California, Davis
The National Water Research Institute (NWRI) is in the
process of determining whether a revision of the third
edition of the NRWI UV Guidelines, published in 2012, is
needed. The purpose of this brief review is to summarize
work accomplished as of September 2018 and to outline
the necessary next steps, assuming the guidelines are to be
updated. A brief review of the development of the NWRI UV
Guidelines is presented for a historical perspective.
Evolution of the NWRI UV Guidelines
The NWRI UV Guidelines evolved several times over the last 25
years. The original document was published in 1993 “to provide
guidance to the regulatory staffs of the State of California
Regional Water Quality Control Boards and the Department
of Health Services in reviewing applications for the use of
ultraviolet (UV) disinfection systems in wastewater reclamation
and reuse applications” (NWRI, 1993). It is important to note
that the 1993 guidelines were written to address only wastewater
reclamation applications in the state of California.
In January 2000, NWRI and its corporate associates convened
at the UV 2000-A Technical Symposium to address changes
that had occurred since the publication of the 1993 guidelines,
including significant progress in UV reactor design, control and
performance validation. A primary outcome of that meeting
was that a new UV guidelines document should be prepared to
include the application of UV disinfection in both reclaimed
water and drinking water purification processes. In December
2000, NWRI published Ultraviolet Disinfection Guidelines
for Drinking Water and Water Reuse (NWRI, 2000).
By mid-2002 it became evident, based on the experience
gained from the application of the 2000 UV Guidelines,
that revisions were needed. The second edition of the UV
guidelines was published by NWRI in 2003; in the foreword,
it was noted that the guidelines were “intended to provide
guidance to state and federal regulatory agencies who review
application for the use of UV disinfection systems in potable
(drinkable) water and water reuse and to utilities who are
interested in using UV for disinfection purposes” (NWRI,

2003). Apart from technical considerations, the major
difference between the 1993 UV guidelines and the 2000 and
2003 revisions is the inclusion of potable water in the latter
two editions.
The third edition of the NWRI UV Guidelines was published in
2012 (2012 UV Guidelines); the purpose of this revision was
to incorporate new recommendations and to “(1) document
the current practice of spot-checking performance bioassays
for validation of full-scale performance in lieu of conducting
velocity profiles, and (2) standardize the assignment UV dose
when conducting MS-2-based viral assays by making use of
a standardized dose-response relationship.” An appendix
was added to the third edition to illustrate the computations
presented in Chapter 3 of the guidelines. The foreword of the
third edition contained the same language as noted previously
for the second edition. One important outcome from the
publishing and implementation of the recommendations in
the 2012 UV Guidelines has been the successful installation
of a larger number of water reuse UV projects in which
the performance of the installed systems was tested and
demonstrated to meet the design (and regulatory) targets. The
third edition UV Guidelines may be viewed and downloaded
from the NWRI web page at www.nwri-usa.org.
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The revision process
Over the past few years, several stakeholders have expressed
interest in updating the third edition to reflect current best
practices and policies. To best capture a broad set of perspectives
in the revised document and to encourage transparency, NWRI
developed a stakeholder questionnaire to solicit input from
organizations that use or will use the UV guidelines. The
questionnaire was sent to individuals, consulting organizations,
regulatory agencies, manufacturers, professional organizations
and other interested parties and contained the following broad
questions along with related sub-questions:
• Interest in the NWRI UV Guidelines
• Concerns with the existing NWRI UV Guidelines
• Additions to technical content of the third edition
NWRI UV Guidelines
• Stakeholder engagement and transparency
• Open comments
The questionnaire was distributed in July 2018. The
stakeholders were asked to submit the completed questionnaire
along with relevant attachments to NWRI by Aug. 15, 2018;
approximately 20 responses were received. NWRI and the
authors of this paper convened on Aug. 21, 2018, to review the
comments. NWRI is organizing the comments, which will be
shared with all responders and posted on the NWRI web page.
Some preliminary observations
As would be expected, there were areas of consensus as well as
areas of disagreement in the responses to the questions. Also,
the Division of Drinking Water (DDW) had some specific
requests for the revision. It should be noted that the Drinking
Water Program (DWP) was transferred from the Department
of Public Health (DPH) to the State Water Resources Control
Board on July 1, 2014. Essentially, the same DPH staff that
pertain to water in California are now DDW staff.

• Using the standardized dose-response curve
• Requiring checkpoint bioassays for small systems
• Analyzing data, including the proper approach for
dealing with outliers
• Defining characteristics of a small system
• Determining what responsible party should conduct
UV testing validations
• Prescribing the qualifications and training for those
who conduct validations
Concepts from the third edition that DDW would like to
retain for a potential fourth edition are:
• Standardized dose-response curve, as now required by
the State of California (CSWRCB, 2015).
• Statistical approach should be maintained, but it needs
to be clarified.
• Checkpoint bioassay should be maintained, except for
very small systems (to be defined) that can demonstrate
ability to apply a significantly protective safety factor.
DDW feels confident that the bioassay requirement
continues to provide appropriate protection of public
health and design and operational confidence.
The next steps
As noted, NWRI will summarize and share the questionnaire
responses with the stakeholders and post the responses
(anonymously) on the NWRI webpage. Simultaneously, an ad
hoc committee, composed of the authors of this article, will
develop additional specific questions for the stakeholders based
on the responses to the original questionnaire. The purpose of
the specific questions is to develop more insight into how to
proceed with developing the revisions. At the same time, NWRI
is working to obtain funding for the stakeholder workshop and
the effort to complete and publish a revised fourth edition. n
References

Some areas of general agreement were:
• The section on drinking water should be dropped. It is
well covered in other EPA documents.
• The new edition should only focus on water reuse
applications.
• A future (and separate) guideline document could focus
on UV advanced oxidation for potable water reuse.
• The discussion of UV system hydraulics, including
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UV Industry News
Osgood Named Committee Chair
At AWWA’s Annual Conference &
Exposition 2018, Jennifer Osgood, of
CDM Smith, Nashville, Tennessee,
secretary of IUVA, became the newly
appointed committee chair of the
Water Treatment Facilities Design & Osgood
Construction Committee for a three-year
term (2018-2021).
AquiSense Technologies Announces
Price Reduction on PearlAqua Product Lines
AquiSense Technologies, Erlanger, Kentucky, announced a
price reduction to its PearlAqua™ and PearlAqua OEM™
models. The reduction in price
makes AquiSense’s systems more
cost-effective, bringing pricing in
line with conventional mercurybased UV systems. The price
reduction was made possible by
a variety of factors, including
increasing purchasing power with
suppliers and the establishment
of new automation in its
manufacturing facilities. Since launching the PearlAqua, both
the UV-C LED device market and the PearlAqua design have
progressed. For more information, visit www.aquisense.com,
info@aquisense.com or call 859.869.4700.
Boston Electronics Unveils
UV-Visible-Near-IR Silicon Hybrid Sensors
Boston Electronics, Brookline, Massachusetts, announced a
line of broadband (UV-Visible-NIR) light sensors uniquely
designed
with
selectable
sensitivity ranges and amplified
0-5 V output. The new line is
designated as Silicon TOCONs,
noting its heritage to the UV
TOCON products. The sensors
output an amplified 0-5 volts
to allow an easy integration
with sensor electronics. Ten
available models cover 12
orders of magnitude (picowatts/
cm2 to Watts/cm2) allowing
the user to match the sensor to their first stage electronics
and eliminate being forced to use non-optimum sensors
and non-optimum electronic designs. The Silicon TOCONs
are compact TO packages and well-shielded from external
noise. Spectral coverage spans from UV to near-IR in a

single sensor (290 nm-1010 nm). Applications include
analytical instrumentation, chemical analysis, illumination
control and laser detection. For more information, visit
www.boselec.com, uv@boselec.com or call 617.566.3821.
New Klaran® Reactor Series Combines
Leading UV-C LED and Reactor Designs
Crystal IS, Green Island, New York, released the Klaran
Reactor series – a compact plug-and-play UV-C LED
reactor for direct product integration of UV disinfection
by POU water OEMs. Powered by Klaran UV-C LEDs,
the Klaran Reactor series allows OEMs to quickly achieve
maintenance-free UV LED disinfection that lowers the total
cost of treatment through an efficient, third-party validated
reactor design. With a disinfection capacity of over 20,000
liters, it delivers complete disinfection performance for the
full lifetime of most countertop and under-the-counter POU
purifiers. By combining Klaran UV-C LEDs and proprietary
Klaran LED reactor design methods, OEMs achieve superior
performance in a smaller, more design-friendly footprint. For
more information, visit www.klaran.com.
High Stability 250 Watt Calibration Standard
Lamp Proposed by Gigahertz-Optik
Gigahertz-Optik presents its BN-LH250 250 watt lamp as
an alternative to the 1000 watt FEL and DXW type calibration standard lamp. Short- and
long-term stability is achieved
due to its highly stable filament.
The lamp’s quartz envelope is
frosted for a more uniform radiation pattern. The BN-LH250
includes a lamp base that
fixtures the lamp securely in
position with electrical connection made via two laboratory grade sockets. A protective cover with a transparent
cross-hair target enables the precise and reproducible alignment/positioning in the calibration set-up. Also, each lamp
is subjected to a burn-in process before its acceptance. The
controlled aging process is recorded and confirmed by certificate. The LPS-250-BT power supply is available to power
and control the BN-LH250. For customers who require the
1000W lamp standard, Gigahertz-Optik still offers the 1000W
FEL and DXW lamp standards. For more information, visit
www.gigahertz-optik.com. n
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Ad Index

Calendar
November 2018

Allanson................................................10
American Air & Water..........................13
American Ultraviolet..............................6
AquiSense Technologies.......................13
Boston Electronics................................12
DOWA.....................................................8
eta plus....................................................9
GenUV..................................................12
Heraeus.................................................. 15

Water Quality Technology Conference
& Exposition, Nov. 11-15
Toronto, Canada
www.awwa.org

February 2019
2019 IUVA World Congress, Feb. 10-13
Sydney, Australia
iuva.org/2019-World-Congress

IUVA News.............................................. 9, 28
Light Sources........................................23
Nedap......................................................3
Neotec................................................ IBC
Philips..................................................BC
Ushio...................................................IFC
UV Lamp Consulting............................16
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IUVA Corporate Members
Large organization
Calgon Carbon UV Technologies
Carollo Engineers, Inc.
CDM Smith Inc.
CH2M Hill Engineers, Inc.
Crystal IS
Evoqua Water Technologies
Hanovia Ltd.
Hazen & Sawyer
Heraeus Noblelight GmbH
Light Sources, Inc.
MWH Global
Newland Hi-Tech Group Co. Ltd.
NYC Dept. of Environmental Protection
Phoseon Technology
Signify BV
Stantec
SUEZ Treatment Solutions
Trojan Technologies
Xylem Inc.
Medium organization
Advanced UV Inc.
American Ultraviolet Company
Aquionics Incorporated
atg UV Technology
Atlantic Ultraviolet Corporation
Atlantium Technologies Ltd.
Bio-UV SA
eta plus electronic GmbH
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Nikkiso
RealTech Inc.
Ushio America, Inc.
UV-technik Speziallampen GmbH
ZED Ziegler Electronic Devices
Small organization
American Air & Water, Inc.
AquiSense Technologies
Best UV
Boston Electronics
Dowa International Corporation
E. Vila Projects & Supplies, SL
Excelitas Technologies Corporation
Foshan Comwin Light &
Electricity Co., Ltd.
Funatech Co., Ltd.
GAP EnviroMicrobial Services Ltd.
Gigahertz-Optik Inc.
Grundfos Water Treatment GmbH
JenAct Ltd.
LiqTech Systems A/S
LIT Europe BV
NEDAP Light Controls
Neotec UV
NPO-ENT
OFI Technologie & Innovation
Prominent GmbH
SA Water
S.I.T.A. SRL
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South Australian Water Corporation
SterilAir AG
Typhon Treatment Systems Ltd.
ULTRAAQUA
Ultra Violet Products (AUST) Pty. Ltd.
UV Dynamics
UV Guard
UV Superstore
Veolia Eau d’Ile-de-France
VGE International B.V.
Very small organization
Bolton Photosciences Inc.
dilitronics engineering GmbH
Fresh Appeal USA, Inc.
GT Marketing & Sales Force s.l.
Naturlig Desinfektion
OMNI Solutions LLC
Peschl Ultraviolet
SenSolution
UV Lamp Consulting
UV Resources

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

